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ABSTRACT

nents, greater length of the 10Her "'ell-casing (UvC), placing of

10 sses by Jacob-Rorabou.::'h method. The extent of impact of the

from t:le data relating to the tl1beHell desiGn, constructional details,

fnctors on the ~,;ell-losses'tVere f'oundout from the \"oll-cl1nrncteristics

bo re-logs, testing and development reco rds "'hich '"ere collected from

'";,e IDA-II D'I'\'I Projects of BADC,"'ere used to determine the "'ell-

<:cndthe aquifer characteristics. These characteristics Here detennined

to track-do'''n the impact of the factors producing the loss. The

A stud;," "as undertaken to evaluate the extent of "'ell-lo sses and

step drmi-c1o"'ntest data of five deep tube"'ells, constructed under

strainer nt different locations "'ere found to' be some of the reasons

BADe. Excessive length of' the Hell-strine, [lrrangement of Hell compo-

Ear ehe higher \Vo1l-108308.

proper nttention to the other factors.

.;.'JX'operlyat n stretch in n single location, (iii) providing the

It appears :from the study that an optimum level of Hell-lo ss could

diameter of' the L:"lClarger than the screens, and (iv) ensuring

(ii) placing the strainers

be maintained by (i) providing the optimwn length of the "'ell-.string

having. properly designed "'ell-screen,

\

~
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)
I
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is estimated to be

(PlanninG' COl11:':ission:"to about 1.81 million hectares
p.l.an O~anizption r"'.,fT)O\ ~s-;...i"~"""'-8d';-he ;-;};i abl G '-"'ro1~~,ci.\"''''''""-0.-'''"..-~.o"::en-~ .•..6 L~ \lLJ; J <.;; L." ,aLi"" L." <.(,L '"':-: ,-~••.- .,.V~ .•..

expected to cover 2.26 million hectares but act:_:.a~_ly cOEtriht:!.tec1

tial 1'or use upto the end of Fourth Five Year (1990-95) Pl::tn as

15,460 -.ii, out of "hich about 9,000 M~have already been c!cvelo,:,ed

(by operating "bout 25,000 DT'.iS, 2,20,000 ST1iSJ,52,000 ,.,TIS) up to

investment in ::;ro'l-=-nc11Vl..1tc}.""c"ievclo:J!:lont oyer the :-:'"i'il""'St :?ivG YCCl:L" ~~lC!n•

is limi'ted, rapid increQse in c1emond for irrigntion from gro'.:nc1-

to the -develop:ment of the countr'J t 5 gro'_...ndt..•.8 ter resourc:; 5 :far il ....ri-

resources of' our country. In the Into 1960 I 5 attention \vQS focl.'!.ssed

This necessity initiated the 8Gvelopmcnt o£ the groun~io.ter

C;;APTER ,.. I

INTRODUCTION

the intensific"tion is constrained by the fact that about 90% of

As a result, during the dry period "hen the surface "ater supply

the total rainfall falls during the monsoon period (U,.y to sept)

sive cultivation and multiple croppings throughout the year. But

and very little rainfall during the dry season (October to A!;Jril).

::;ation. The Second Five Ye:cr ~l= (1981-85) placed heavy emphasis

about 225 cm per year. The temperature and sun-sioine favour inten-

annual rainfall. TI1e averaGe precipitation

Ivatcr source becomes inevitable.

endo"ed with a huge area of fertile alluvial soils and a plenty of

Banglndesh is a deltaic country and is blessed 'lith vast ground

.Unde;:' the Third Five YOClr Plnn, irriG,-:l"tion f'rom ~.;rol1ncl\J;"::ter ~,'las

"ater resources underlying mo"t part of the country. It is also

1.1 • GENERAL



efficiency of the tubewells should have to be increased ". This

. increased, but alse because the declining water tables in some

Bllng1adeshAgricultural oeveapment Corporation (BADC)was

2

"equipments havesharpl,y not onJ.,ybecause the CCo)stof "energy &

the iJprevement of 'Well.-efficiency'by minimising the n tetal

~ift - requirement II was considered as an important(well-cons_

tructim) aspect.

major aquifers caused a higher "lift-req.tirements". As a result,

escalation of the cost of II energy and irrigation equipments" cUv

entrusted with the responsibillties of sinking oeepTUbewells

Crtl'W)titr irrigation thrGlughoutthe country. Since 19ffl-68 BADC

has so far sunk 35,422 rtl'Wsand Commissioned33,658 rtl'Ws.OUtof

which :EJ,462 rtl'Wsare nowin operation and an area of about

17, ffl ,71!D acre s of ~d has beenbrought under irrigation( June

1)92). BADCrtl'Wsare ~~ designed for 2 _ cusec capacity.

But jn somespecial cases 1.2 to 1.5 cusec capacity rtl'Wsare

by daTe The cost of pumpingwater, in the recent da.Ys,has risen

has beenmade considering the 'resource _ constraints' and the

June 1992. NPO f'urth.,r reCOlHElOndsto develop

the remaining groundwater petentials of about 7000 Mln3 during the

Fourtb Five Year Plan by installing about 1,33,000 srws, & 25,000

IJrWSllIlIrethroughout the country. MPOiuso recommendsthat lithe

a~o CIIlstructed. These rtl'Wsare mainJ.,yCommissionedwith the

prime mvers-Ellgines/Electric motors ( the horse-power of which

ranges from 20 to 44 hp) and the turbine pumps( the t.tu head

of whiJ:branges from ~'tO 1eo ft. head). The cost of commissim_

ing materials ranges from Tk.99,588/- to 3,08,385/-( June/1992).

The selection of these pumpsand the primemeversmainJ.,ydepends

en the discharge,statie-water levels,pumping water levus anci



.3

c1ro.'tv-c1OIVns. Tho dro1V-cloHIl is the major controlling I;:]ctor "I.t~-iich

ciency o:f the well "'ill also be increased.

,J.l1.(~ throuC-:1 th.:;) screen or openings in the casing as ~vell as tl1e flol"

These D'I'Wsgravel pack and well development.:for screen,

BADC D'IWSare const:r:ucted with the same design and speci:fi-

costs also become low. The actual cost o:f BADCD'lYs ranges :from
'"J,

It has been observed in our country that though the hydrogeologic

1.1. The uc:;.'Uifer-loss oeCil:;." due to the lrtl:linnT' flolv of "'i:I;}.tEn ..•. tl1rauch

types o:f the prime-movers, pumps, tubewell materials and drilling

the 2\".uifer! and the i';ell-l0 S8 is the to tnl he2c1-1o ss dUG -Co '~h0 floH

lopment o:f the ,,,ell s. For a certain aquifer condition i:f the 1'1ell 10ss

i:;'-1.:f'luence.s. the scl'c:.'ction Dl' t~l0 pumps and ';:;ll.e priDG-:-;::.o-:.'c:-'... .•• 'TI:::cc1rn1'!-

inside the 'tell to the p"Lunp intake. The aquifer 10S8 cnn be minimized

is minimum then the drawdo"'n ",ill be less, and consec;uently the effi-

loss can be minimized ",ith the proper design, construction, anel c1eve-

through a carefull selection o:f -the fonnation mat "rials, and the "Tell

conditions and aqui:fer characteristics vary widely :from place to

Tk. 3,33,588,- to Tk. 7,18,)85/- (June 1992) depending on the various

movers and lO"'-head pwnps, and thus the capital cost and the operating

cations

Lo'" drawdo"'ns are always desirable as less fuel is required to

pump the "'ater. SaviIlGs can also be made on the "'ell construction

materials. A D'I'\'l having less draWdown requires 10'''-poHered prime-

co sts. The average cost o:f one DTI'lis about 6.5 lac taka and the cost

o:f irrigation per acre is about Tk. 4,155/-.

place,
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5

are being CGlmmissilllledWith the prime-mlivers& the pumpswhich

are instantJ,y available at hand ( in sllllllecases) withGlutconsider_

ing the technical & eCllllomicalsUitabilites. Interests have been shoHn

enl¥ to the maximumvolume or water delivered J:rQmthe well,

iguering the additicmal CGlsts( capital and 0 & M) involved

due t4) improper CQllstructillll.af' the well. MoreQver,there is no

Il1GDitoringand reedback c=trQI or post-censtructillllal perrlllr_

manceof' the well. As a result, a. large number .r BADCDTWsare

runetiCllilingat low-erriciency level incurring a very high cost

or Cl4Illsti'uctilllland operatim.

Under the abeve circumstances, errorts had been madeto

evaJua.te the well-loss er semeBADCoeep Tubewells and to reco-

mmend speciric measures to minimise the "total "illt-

re<Pfrements
ll
or the DTWs,keepingthe" a.quirer-Ioss and the 'iell

loss" to an liptimum-level so that the total CGlst(capital

and II& M)or"the m:w haVingpro~Elreri'iciency becomeless.

1.2 OBJBcrrVESOF TH&SIDor I

The objectives or the st~ are I

(i) r. evaluate the well-loss of' the BADcdeep tubewells;

(ti) ro indentify the ractGrs arrecting the well-loss;

(iii)To recommend apprepriate measures ror minimising

the well-loss and thereby imprGvethe eri'iciency or

" the weU.



CHAPTER - II

f'ormntion.

REVIE'>l OF LITERATURE

DEEP TUBEWELL TECHNOLOGY2. 1•

qited below to enrich the present stuc1i",s.

The Hell-loss phenomenon is associated with the Hell-characteristics

the understandings of this phenomenon the relevant topics are incor-

porated in this chapter. In our country very little studies have

the foreign funding agencies. TIle available reference studies are

some sporadic studies Were made in fe1v 2rens in collaboration "lith

been mafieon the ,.rell-losses of the DTWS.It ,.ras observed that

as well as with the aquifer characteristics. In order to facilitate

A Hater-liell is a hydraulic hole, usually vertical, excavated in

the Garth for bringing grouncl1vc:ter to the surface. A t'Ubci..fell is n

l1ydrnElic structul'"'e .'ivl1ich, Hhen ~)roperly designed nnd cons.cl.-"'u.cc0d,

perr:1i"ts the economic. Hithdrawal of' 't'later :from a water-bearing

According to GOB(1985). "Grouncn.rater Nanacement Ordinance-1985" :

Deep Tubewell (DTW)

ground liater when the pumped ,.rater level depth is more than 7 meters.

or turbine pump coupled with a :;>rimemover capable of pumping

Neans a tubewell called as such operated by a submersible pump-set



Different parts of a deep tubewell and their functicns

2.1.1 COMPONENTSOF A DEEP TUBEWELL AND THEIR FUNC'rIWS I

7

G.I.

steel

steel

steel

Typical material
made of

It is water ccm.ductorfrom

field

pumpt. the.water course

Te lift the water by creat!-

which carries water to the

Function

:iJlga strong vacuumhead

under which the water rushes

at a high vellJcity through

and further :iJlto the deli-

very pipe.

To run the pump.

It is the upper p.rtion of

the strainer :iJlto well pipe

Cas:iJlgpipe to accommGldate

the pump.

Typical deep tubewells commissionedwith diesel engine !lIld

electrical moter shewn :iJl fig. 2.1 and fig. 2.2 respective1¥.

Part

SUllllIEri.sedbelow I

1. Delivery pipe

3. ltItor/Engine

4. Bllnsingpipe



remflvedfir installed afterwards

T. supp.rt the hole tempor-

a.ri1,yduring drilling(in cable_

tool method) and subsequent1,y

8

M.S/G.I.

M.S/G.I.

M.S/G.I.
stamless

steel
b2'eIlze

TyPical material
madeflf

sa that n.

F\mctiQll

T. permit sand-free water

entered inta the Screen. -It

entry into the well free1,y

is put in the thickness ofth"

further the water that has

and ta suppert the loose

impermeablestratum.

serves as a conduit to carry

to complete the well assemb1,yo

formation materials in un_

cGlrisGllidatedformations. It

clDIlsists .f very fine mesh

surrounding a slotted or per-

f.rated pipe .r wire-wound

T. close the bottom-mostend

water enters from the battam

.f th" well

as alse t. heuse any sand

which has f"und entry into

the well durmg mstallatien

Part

5. CllSing

6. Blind pipe

7. Stl"ainer

8. Ball plug



9. Dupeller

10. Air Line

11. Depth
gauge.

F\Jncticn

of well assembly or develep-

ment for UltimatEfremoval

through the water to the

surface.

The rotating element pro-

ducing head. It receives

water and impels it to

bowel passage. It maybe

enclosed or semi-enclosed

A. thin tube installed al-

. ongside the pumpand sub-

mergedin water for the pur--

pose of finding the water

levele

It is an instrument for

indicating water level. It

maybe direct or indirect

reading type .

.Typical material
made of

M.So

BrGllze ;

Cast iron

Steel
galvanised
steel or
Cepper

Steel

9



S8urce : asaduzzaman, M. (1~85h HandbllGlk lIf Growid
water and wells.

BANGLADESH DEEP TUBEWELLS PROJECT
TYPICAL WELL SECTION

(DIESEL POWERED)
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Water mrf:lct'l In
Tube .•••• when pumping

-'-, --- Pump Bowl

11

FIG. 2.2
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Not' to Selle

Gravel Filter

Screen

Cantrali"ttrs

Aeducer
Coupling Reducer ta Cuing

...Suction Pipe

Pump Casing

TYPICAL ARRANGEMENT OF
AN IRRIGATION TUBEWELL

(Electrically driven)
Pump House

0',

Sind, Pipe (to be
pl.cOO ill non yil!lldil'lg
formati=)

SGurce :. Asaduzzaman, M. (1985). Handb••••k of Ground
Water and Wells.
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Deep-tubewell design is a progressive precess that begins

(i) Preliminary design

(ii) Gmstructimn

(iii)Final design, and

(iv) CompletiQlland deve1epment

2.-r.Z Principles of Design and constructim Glfa Deeptubewell

wi1llthe need for a well and culminates in the completicn and

de~pment of a constructed well. DeepTUbewelldesign inve1Jles
foar steps:

Wells are tested immediateJ,yafter clllmpletiQllte

determineinitial well performance and pumpselectiQll.

(i) Preliminary design :

The initial step in well design invGlves defining. the water

reqlI!rements,exp1eI'ation and site selection, preliminary determina-

tim oJ;well depth and diameter, cost estimating and bidding, and

COllslructionand evaluatim ef a test hele CJrpiat hele.

(a) WaterRe<pirementsl-
The initial determinants in well design are the specific

vater needs, rate ef flew or design capacity,acaticn ef

delivery and quality ef water.



(b) Expleratian and site seleeticm. I

Manysources of: inf:ormatien and several methods can. be used

te f:ind usable grllundwater and t. determine the best lecaticn f:.r

Yell. SlImeCOIlUlllDll:l,yused inf:ormatim includes tope-graphic maps,

legs .f: existing water or other types 1IIf:wells,geolegic studies, water_

1lIvel and water-quality records,and test-hlllle drilling with associated

samplingand evaluation techniques. other techniques, used less commcnly

in, siting individual wells, include surf:ace electrical-resistivity

investigations,seismie-rei:ractien studies,aerial photography,and remote

sensing. The last tW9techniques are large in scope and usually beycnd

ECmomicjustif:icatioo f:or water wells.

Whensearching f:or an eptin!al well site in an area of: knownground

lIIIteroccurrence, well legs usual:l,y pr.vide excellent inf:orma.-

tion m the compesitian and extent ef: subsurf:ace materials. other

excellent seurces of: inf:ormatioo,which are of:ten based em well-

logs , are geologic and hydrGgeolGlgicstudies, CrGss-sectiGIls .f:

aqrif:ers, conf:ining beds, and Glthermaterials can be delineated such

SDUrcesand used t. identif:y the occurrence of aquif:erso

Other f:act.rs af:f:eeting specif:ic site seleeticn include (1)

accessibility f:1II' drilling and service eqIipmentl (2) unt:avorable

topography,such as lew spets that can accumulate surf:ace drainage

ltJd ccmta.m:inatewell thrlilugbleskage,(J) lecatiGll .f: nearby wells;

lIIld(4) 1.c/lJ. ordinances .r regulatimns that may limit the prGlxi.mo-

.tty .f: a well to certain IDtherf:acilities, its depth, c.mpletion

interval, design rate, .r .ther design parameters.

13



14

(c) Preliminary well depth and diameter:

The informatim used in site selection mayalse help te determine

drilling depth. Estimates of aquifer thickness, transmissiVity, areal

extent, depth and fluctuations in water level, and water quality willheJp

to . estahlish a preliminary target for well depth and diameter.

(d)' Cost estimating, bidding, and contracts :

Before drilling a well, it nuv be useful to cCllsult With one or

marereputable contractors for valuable practical information that

canbe used in estimating the depth and diameter of a well as well

.as its cost,. In addition, specific cost estimates or bi~ maybe

hii;hl,ydesirable.

A contract should include (1) the respmsibilities and liabi-

lities of all parties; (2) any guarantees or warranties for well

performance,water quality, or equipment; and (3) the methodof

p~nt.

(e) Test Glrpilat hole :

At test or pilat hole exp19res the compositiQlland depth of

the materials at a particular site. samplesand infll!lrmatiQllare

gathered continueusly to proVide the depth .and compositiQllof

eac::blayer (recorded in the driller's log), the drilling rate,llI1d

sll!lples. of each material penetrated. Whencertain drilling

tec::bniquesare employed,or if specialized equipmentis. utilized,

slllllples of water a8n be taken !'remthetest hale for analysis

andtentative determinatioo of groundwaterqUality.



(ii) Censtructienl

(c) P.lumhnessand Alignment I

(a) Drilling Technique I

There are several drilling methods, the more commonof which

include cable-t.ol percussion,Hydraulic Rotary or Water Jet & Reverse

cirCl:llatory method. The advantages and disadvantages of each method

must be earefulJ,y clDllsideredbefore the right meth.dcan be seleoted
for a particuJar job.

(b) Formatioo DamageI

Every methodof well constructioo damagesthe £Grmati<mspene_

trated to some~:x:tent.The tyPes o£ £ormation damageresulting £rom

various methodso£ well clJllstruction include(1.) compactionand the

reduction of permeability in uncenselidated formations. resulting

£romthe jarring action o£ tools and the driving o£ casings in cable_

tool drilling; (2) sealing of the borehole race by viscCilus.drilling_

f"lUidadditives in hydraulic rotary drilling;and(3) pentratien o£

tine sand and silt £romthe drilling flUid into porous materials

during hydraulic rotary and reverse-circulatiQl1 drilling.

Important considerations in well cllllstruction are plumhness

(verticality) and alignment ( adherence of the borehCilleto a straight

line). Of'the two factors. alignment is the are important. In general

CenstructiQll begins with drilling the test hole and cCJntinuesthrough

. £inal design, well completiQl1.and development• Understanding well CGlll-

stru~ilJll methods is essential to achieve proper well centruction at the

least CGlst£er a given design capacity and particuJar drilling conditiQlls.
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a vertical-shaft-driven pumpwill operate praperJ.,yin a well that has

goed alignment even if it is out of plumb. Slbmersible pumpscan possibJ.,y

be installed in wells where plumbnessor alignment maylimit the use of

yertical shaft-driven pumps.

(iii) Final Design :

Information developed in the preliminary design phase, including the

CQnstructiaa gf a test or pilot hole basis for final design of the three cem-

ponents of a well: a pump-heusingsection, a vertical canduit (casing),and an

intake (perforations In' screen) section.

(a) POmphousing.and vertical conduit:

Tbepumphous:lngis the upper structural sectian ( casing) of a well

into wltichthe pumpingequipmentwill be lewered. The depth and diameter

of the pump-housingsection must be adequate to accommodatethe appropri-

ate pUllpingequipmentever the life of the well. Anoptimal casing size

in this section of the well will provide adequate clearance for the pump

and mjnimal frictional losses, regardles of the type of pumprequired

fer the design capacity. The vertical C0nduit is the secticn ef casing

betweenthe well screen and pumphGusingthrough which water travels

from the intake ( well screen or perforations) to the pumphousing.

(b) Intake sectian :

AproperJ.,ydesigned intake section ensures hydraulicalJ.,y efficient

e,n.dsand-free performance • The intake section can be a well screen.

several types ef well screens are available. The mest cemmenare the cen-

tinuous-slet screen, the shaped-Wirescreen, the leuvered screen, and the



bridge-sat screen. The CGlltinuous_slotscreen is manufacturedby

windingcold drawn,'triangular_shaped wire around a series of rods.

Thehydraulic efficiency of a screen depends on the amountof uni-

formopen area available per unit length Elfscreen. The CQlltinuous_

slot configuration prevides significantly greater "'penarea per given

length and diameter. In addition to having a large intake area, the

ccmtinuous_slotscreen prevents sand particles frombeComingclegged
in the openings.

( 1) Screen lengtb :

Aneptimwmscreen length can be selected after cQllsidering

the thickness and stratification of the aquifer, the anticipated

water-level drawdownin the well, and amountof water required
fer the jeb.

(2) Screen slot opening:

In natural:o/ developed wells, the size Gf the screen slot

epening is based on the grain-size distributicn. The design of

screen sat openings in grave:L-packedwells is CClordinatedwith

the design of the gravel pack itself.

(3) Screen diameter :

Screen diameter can be selected to satisfy <medesign

principle_ tel proVide sufficient openarea that will maintain .

a desired entrance velocity through the screen. The screen dia-

meter can be varied wideJ,ywithout significantJ,y affecting well

Yield or specific capacity. Field experience has shownthat an

entrance velecity of less than 0.1 fps (0.03m/s) through screen
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openingswill result in negligible friction losses and minimaltransport

of aquifer material and.mayresultin lower rates of encrustation and

corrosion, and this design parameter has beenwidely accepted.

(4) Transmitting capacitya

The transmitting capacity of a well screen is the amountof flow

that will pass through the screen slots at a given entrance velocity.

It is usuallY expressed in gallons per minuteper foot (litres per metre)

of screen length and is the hydraulic capacity Qf the screen itselt. It

is net a measureof the yield or capacity of the aquifer. Whenaquifer

grain size permits large slot openings,screens af smaller diameter may

be selected tQ achieve someCQstsavings.

(5) Strength,cQrrosion,and encrustation :

All of these factors warrant consideration in screen.design.Even

small amounts fJf c.orrosioncan result in excessive sand production,

and encrustation can fill slot spenings andresult in reduced trans_

mitting capacity. Careful consideratioo should be given to proper

material selection for particular groundwaterconditions.

(6) Gravelpack :

Gravelpacking offers the potential of increased screen slot size

and openarea, cost savings thr0ugh installation of smaller diameter

screen, and increased control over sand producticn. Agravel packmay

allow larger s10t sizes,with correspondingincreased transmitting capa-

city while maintaining sand control.



(iv) Completion and develepment I

Cempletion (l)fa well includes the installati(l)n of the casing and

screen in the drilled h(l)le, together with the gravel envelope,grout ,and

other seals as needed. Well development cleans out and removes fine plU'_

ticles around the screen and improves flow into the well.

2.2 INSrALLATIOOOFlJI'WSBYBADCIN BANGLADE:$

DeepTubewells were first constructed in Bangladesh to suppl,y fresh

water in large quantities to major towns to meet thier domestic and indus-

trial demands. It was in tbe earl,y sixties that lJI'WSbegan to be installed

for Irrigation. The first major tubewell project was under taken in the

northwest part Qf the ceuntry between 1962and 1965by EPWAPDA( NewBWDB)

with the assistance .f QermanGevernment. Under tbis project 3&l four-cusec

(113 L/S) electricall,y operated wells were sunk. In a secEllldpilot project

implemented between 1962and 1970by KTCCAin east-central Bangladesh,211

two-cusec ( 57 lis) diesel powered wells were sunk by using manual drilling

techniques ( Hanratty, 1983). In 1987-68, BADCcommencedDeepTUbewell pro-

ject to install 105 DrWSin Northern districts under the <EC-Milnars project.

In 1971,BADCstarted another IDAfinanced tubewell prGject te install 3000

DrWSin the Northwest and in assC)ciation with Nilnars company5,000 DrWS

in the Nortbeast (MacDElllald,1983). Since 1967-68BADebas so far sunk.

35,422 DrWSthroughQut the country under the var1ltus projects ( Slch as

<Ec-Milnars,IDA-I,IDA-II,NWRD,SFD,ADB,DrWphase-I,DrW phase-II, DTWphase-

III,DrW pbase-iv,BIADP etc).
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2.2.1 HYDROGEOLOGIC.CONDITICNSOFBANGLAD&Si

Bangladesh is almest entireJ,y an alluvial, deltaic .plain with hills

on the northeast, east and southeast margins. Within the alluvial plain

there are several slightJ,y elevated areas of older alluvium referred te

as terrace areas. Tbemiecene pleistocene and Holocene sediments have

been divided inte upper and lower aquifer sequences on the basis ef

differing hydregeolegical characteristics. The upper aquifer sequence is

a heteregeneous assemblage 0f sands, silts and clays all essentially in

hydraulic cGntinuity. This upper aquifer has three subdivisions:

(a) THEUPmRSILTYCLAY:

The silty clay CGverincreases in thickness southwards and

towards the northeast from less than 2min Dinajpur and Rangpur

areas t" in excess ef 100m( as shewnin fig. 2.3 ).Lecalised thick-

ness is asseciated with the elder alluvium of the MadbupurTract

nertb ef Dhaka,TbeLalmai Hills of Comilla, and the High Barind of

Rajshabi. The clay compllsitien is highJ,yvariable, ranging frem heavy

te silty clay or clay and sand. Windewsof silt er sand eccur where

rivers have ereded the clay er clay depesits absent.

(b) COMPOSITEAQUIFER:

The top ef the aquifer unit, composedprimariJ,y of very fine

te fine sand is the cernpesite aquifer. It varies in thickness from

about 3min the N/NWto €omin S/gy.part of the country (fig.2.4 ).

Although it is a good aq.ti.fer, its irrigatien deve10pmentpetential

is poor because its sands are teo fine fer s10tted well screens and

high discharge rate wells. Heweverit is used as a source af suppJ,y

for HTWSand MOSl'IS.
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( 0) MA.IN AQUIFER I

Belewthe cemposite aquifer is a series of mediumto coarse

grained sands ccmtain:lnggravel layers with interbedded clay lenses

called the main aquifer, Coarse gravel and oebbles oocur :In the north

and northwest and finer grained materials t. the south. This aquifer

maybe reached at depths between 6 and 120mdependingon the thickness

of the overlying compesite aqrifer and upper silty olay ( fig. 2.5).

The ooarser grained structure of this aquifer is suitable fCllrlarge

scale groundwater developmentwith screened wells. Mest tubewells with-

:In the main aqrifer, except :In Dhakaand the ooastal area, are less

than 150mdeep.

Figure 2.68hews a typical oross-sectionef the upper part of

the groundwaterreservoir. The oompositeaquifer and main aquifer form

one hydraulioally :Interconnected aqrifer. Wells placed:ln either

aquifer withdrawwater from a commonsouroe.

GROUNDWATEROCCU~ CE: I

A~uifers suitable for pumpingoccur in mCllstof Bangladesh. There

are two major exceptions:

(1) The area south of a 1:Ine stretching from Jessoreto oomilla

where grGlundwateris saline, and

(2) The Eastern and Northern Hill areas, together with adjacent

groundwater is eratio (Khan~1982).In SYlhet the rocky ferms,..

tions :In Chattak area and artesUon resources encQunteredduring

drilling in Habiganj and MoulviBazar and Ilccurrence of highly

sticky clay :In someareas makethe sinking of wells quite diffi_

cult.

2J
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Except in the Chittagong Hill Tracts, Rajshahi High Barind and

the MadhupurTracts north ••1' Dhaka,groundwater occur.s at shallow

depth, and groundwater levels are at or near ground level during the

period July-October.Flowing artesian wells occur an the coastal

plain. The lowest seasonal groundwater levels ( April-May) range from

three meters below surface in the north to more than 15min the area

of largest groundwaterwithdrawal northwest of Dhakadistrict and in

DhakaCity. Figure 2.7a sh0wsthe depth to groundwater during period

of lowest armual level.

The principal shollow aquifers in Bangladesh generally lie with-

in 100mof the surface under a cover of clay that gernerally increa-
ses in thicJmess southward to morethan 50mfrom less than 2min

Dinajpur and Rangpurdistricts. Deepaquifers are present in much

of Bangladeshbut occur at depths of 300mor ml!lre( BWDB,1982 ).

It :l.s the shallow acpifer systemwhichhas been of interest for

groundwater developmentin the country~ These aquifers generally

have excellent water storage and transmission properties rot their

developmentis constrained by the overlying clay, exoeptwhere it is

thin or absent as in the northern districts, Fig 2.8 showsvaria-

tions of surface clay layer over the country.

Most tubewells within the country, exoept in Dhakaand the

coastal area, are less than 135m(450 ft.) deep. The top of the

aquifer unit is composedprimarily of very fine sand to fine sand,

sometimesmediumsands, with occassional cJ.a,ylayers. This forms

the uppermostwaterbearing formation often referred to as a compo-

site aquifer. Although it is a good aquifer, because of fine

25



"-,,
-.J
..•.-

i
_..J

FIG- 2.7
--- -

"'-'on.,
>- -rr: I'lffi
hJ (l) a
1_ ~;:t:

:i=!~=- (l: --l
ll1 n. 1.1
U '1:::-
•..:[ 7. hi
tao. 0 ..J
rr:: ;: -t
:.J <f lJ/
If);'Vl

hI 7-
U -' .;
0: I.J llJ
1_ ,; AWi~~ - ~
07.:1-
- i C1
I-- 0

"-W
I--o
CC

--,w
0-

"'-,
or.
I"~
I--
<f
~
o
"-:0
o
n:

'"o
>-
:I:
>-,,-
"Jo

"c
~
o•,
~ a'" 0 ')

~fjjl~



"D SILTOF UPPER CL/W A,,:,__ _ .. _'",
T H IC 1<r~E S S

----'---~-,-
..:. .._---_ ...

27



sediments it is not suitable for developmentby large diameter wells

",f high design discharge considering the constra ints en the selec-

tion of proper screen size. This aquifer unit, however, can be success-

fully tapped by low discharge HTWSand srWS.

Themain aquifer unit lies below the fine sand aquifer. consists

of a series of mediumte coarse grained sands containing gravel layers

and clay lenses, The thiclmess of this main aquifer is highly variable

maybe encountered at depths varying from about Emto 120mdepending

on the thiclcness of the overlying fine sand aquifer and upper surface

clay layer. DUeto the C0arse grain structure this aquifer is highly

suitable for groundwaterabstruction by screened and gravel packed

wells of higher design discharge.

GROUNDWATER MOVEMENT :

The regional groundwaterflow in the main aquifer is generally

toward the major rivers and the Bayof Bengal. Groundwatergradients

vary from 111000in the NWt. 1:1.3000in the Central Bangladeshand

till less than 1:20,000 ~ the ceastal area ( fig.2.7b). GrGundwater

movementto and from rivers is locally imp<l>rtantbut small compared

with the vertical recharge from rainfall and f100ding during the

rainy seasen.

The.hydraulic conductivity of the comp0site aquifers ranges

from 0.003 to 28.3 m/daywhereas that for the main aquifer system

ranges from 10m/dayin ~lhet districts te as high as 200m/ day in

Rangpurdistricts. The transmissivity values obtained from pumping

test data range from as low as 100sq.m/day at the foothills of

Chittagong Hill Tracts to as high as 7020 sq.m/day in Rangpurdis-

tricts in the north. Areas of high transmissivity are found near

28



Cbittagong Hill Tracts' and in the older formations in qylhet areas.

O..,spitethe generalJ,y high transmissivity, horizontal groundwater

flow is very small because of the low groundwatergradients, Hori-

zontal flow in the main aquifer betweenJamalpur and Joypurhat, for

example,'is about 0.04 Mm3/da,y,aquivalent to 17 urw pumpingfor
12-hours per da,y•

Themain source of groundwaterin Bangladesh is gravity drainage

of the semi-confining layer of unconfined aquifer at the surface as

the w~er table falls. At very high tubewell densities, Whichnowexist

in par'es of Bangladesh, horizontal recharge is available til)wells at

the edge of the wellfield. Wells within the wellfield have no access

to hlilrizontal recharge because it is captured by the peripheral wells.

All the withdrawals by interior wells must be derived from storage

within the radius of influence of the well or the cone Of depression

around the well if the well field is dense~ developed. Consequently

well yields at full developmentwill depend upon the vertical gravity

flow of steredwater above a falling water table.

The storavity of the main aquifer system is reporeed to range

from O. 0005t" 0.0006 with highest values in the NWzone and gra.-

dualJ,y decreasing towards south and eastern zone,

The regional aquifer types based on as the studies madeas
far are shownin fig 2.9
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2.2.2 MmHODSOF DRlLLING ])Ii;&p TUBI';WELLS

In Bangladeshmost DeepTubewells have been drilled either by the

mechanical revers circulation rotary drilling (Re) or by the manualwater-

jet drilling ( WJ) method. The brief descriptions of the these two methods

and,their comparisons are as follows.

2.2.2.1 Reverse-CirculatiGn Rotary Drilling Method:

The Reverse Circulation Rotary Drilling Nethodis (me of

the fastest techniques for drilling large diameter wells through

unconselidated formations, such as these encountered in almost

all areas in BangladeshjiheregeolGgicaJ.conditions are favourable,

the cost per foot increase little as diameter increase. The circu-'

lation fluid used in this methodis mostl,y clear water directed

downthe armular space betweendrill pipe and wall of the hole by

quantity. The drilled cuttings and fluid are removedfrom the hole

via the drill pipe by meansof a suitable vacuumpumpsuch as the

sykes sertes'II Univac. Onceinside the bodyof the pump,bath

cuttings and fluid are discharged inta the settling pit. To pre-

vent large gravel damagingthe impeller, a stone catcher bucket is

fitted teDthe pumpinlet. This drilling methodcan onl,ybe used

successfull,y whenthe static water level (SWL)is more than 9 ft.

and less than 35 ft. below the surface level.

The process is centinuaus. The hole is nGt ,cased during

drilling and is prevented from cave-in by the hydrostatic pressure

of the drill fluid in the hole and the film of fine-grained material

J1
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n'n'fSt' r!lt1l!')' ,hilling.

11ichaelA.M. C. 1978) Irrigation Theory
and practice.
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2.2.2.2. Water..,Jet Drilling Me"tbod:

The basic principles of' reverse rotary drilling is shownin

f'ig • 2.10

deposited on the wall of' the hole by the circulat5,ng water. A con-

siderable supply of' water, in the range of' 3-9 if,:,ec, depending upon

the size and depth of' the hole, is re ep.ired f'rom the time drilling

is started till the gravel packing of the well has been completed..

Mudis added to water if' the f'ormation starts to cave-in. The

drilling operation has to be carried out round the clock. For

drilling deeper holes, up to 300 m or 30, compressed air is used

33

the drilling naid.for circulating

Manual drilling of' large diameter holes in Bangladesh is done

by a method popularly knownas'Water-jet' method. The name water_

jet is in fact a mimomer as no f'luid jet is used in the operation;

it would be more appropriate to call it "Hanual Direct Circulation

Rotary Drilling Method:' III this method, the drilling nuid is

pumpedthrough a f'lexible hose pipe downthe hollow drill string.

The drill string is manually rotated by a team of' 4 to 6 persons

with the help of' chain tongs. This rotation transmitted to the

drill bit causes the cutting of' the f'ormations. The Water pressure

brings the cutting to the surface through the annular space between

the drill pipe and the borehole.

The rig used f'or this manual c1rilline operation can be easily

fabricated locally in about six weeks time at a total cost of'

Tk. 270,000 ( MaCDonald,198) ). Whenerected, the height between

ground level and the crown is generally about 10 m. The rig



consists of four legs fabricated from 10-cmscrewedand

socketed steel line pip~ bracked and supported by the addition

of steel crOssmembers.The crownsheaves are supported by two

steel 'H' girders bolted across the legs. Hoisting is accom_

plished with the help oJ: a large manualJ,y"perated winch. A

high discIJarge lowheadr<l>tarydiesel poweredpumpis used to

maintain the circulation at drilling fluid. The drill string

consists of 10 cmscrewedand sockted line pipe. The drill bit

is fabricated fromMSplate, with the cutting surfaces hardernd

by tempering. For harder formations a morerobust bit with cutting

surfaces hardened by tungsten carbide'may be necessary.

Sometimesa working table is constructed using drill pipes

and timbers incorporating a rudimentary guide bush. But oJ:ten

the drilling crewproviding the rotary action to the drill pipe

find it more convenient to workwithout a workingtable.

The function of the guide bush is to keep the drill string

in the samevertical line during the drilling operation in

order to provide verticality of the hole. In the 'manualchain

tong systemof providing rotary motion the drill string is

liable to shift sideways and also can be subject to tor~ue. As

such, it maybe desirable to have better guide bush, than the

one generally used, With removale slips capable of guiding the

drill string more closely and also allowing the drill pipe

joints to pass.

The basic principle oJ: WaterJet or Direct Rotary drilling

methodshownin fig. Z.11.
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Fig. 2. 11 Schel1latic sketch illustrating lilt: basic principles of direct rotary
drilling.
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The formation samplas are generally collected by directly

catching the overflow from the conductor casing in a bucket. The

formation material is allowed to settle in the bottom of the

bucket and then the sample collected and identified by the opera-

tor. To ll.nsure accurate samples the foD.owing procedure should

be adopted: A pre-decided interval of sample collection(usually

every 5ft. or 1.5 m) is marked over the drill pipe with paint

clearly visible even at night. !Jll'ing drilling as each interval

mark becomes level with a reference point, the drilling is stopped

but circulation is maintained. The drill string is lifted about

10 to 15 cm. The sample is collected and the drilling resumed by

lowering the drill string and commencingrotation after the over_

flow ceases ta contain formation cuttings indicatine that the

borehole is clean. This will minimise the mixing of the samples

from different depths.

lnspite of the above care, the samples collected can still

be misleading to someextent. For example, some clay or other

finer particles can be washed off and the sample collected may

nlllt indicate the presence of these particles in the formation.

Thin layers of clay could be missed if due care is not taken.

It is recommended that throughout the drilling operation a

complete record be kept of the drilling time and borehole wash-

ing time for every interval of drilling. They assist in the sample

identification for the drilling is easier and faster in the sanqy

formation than clayee layers, it takes muchlonger for the borehole

t& clean when drilling through sanqy layers~

J6



37

2.2. Z.3 Comparisoo of Reverse- Circulation and Water-Jet Methods.

l'able-2o 1 Comparisan between the Re and WJdrilling method

10

Drilling method

Unit description

Reverse dirculation

High technology ( impor-

ted unit); all operations

.mechanical

water-jet

Appropriate techno-

logy (local manufac-

ture); manual rota-

tions and hoist.

b) would require expertise and special equipmento

a) witb a commercial drilling bit,i.e. tricone or plate tYpe:

2.0 days

I! 2.5 days
I
I
I,,
I 23 em,,
I
I
1
1
: Also part of monsoon
I
I
I
I

I
, most sites
I,
I
I

I
: 2 to 3
1
1
I,
I

ITk. 2,70,000.00
I
I Tk. 26,000.00
I

I
I Local
:.,
I soft,mediwn,bard,
1

0.5 day

6 to 9

0.5 day

38 cm

selected sites

dry season (Nov-April)

Imported

sOft,medium,bar.~
boulder"

Tk. 22,00,000.00

Tk. 30,000,00

I
1
1
I
I
1
1

I,,
I

I,
I

I
I,
1

I
I
1
1
1
I
I,
I
I
I,,
1
I
1
1
I
I
I

Dism,:mtling time

Time for erecting

the unit

Ninimumhole dia

site access

Operational period

2.

3.

5.

7. Minimumholes per

montb

80 Unit cost ( Tk.)

9. Drilling cost per bole

10. Spl're parts

11., Drilling conditions



2.2.3 arw DESIGN ANDCONsrRucrla~ PROCEDUREAS PBACrICEDIN BADC

During the last 25 yrs BADCadopted almost fixed pattern of

tubewell design criteria with some variations in thelenforth of UWC

and strainers. The length of UWCvaries from 70 ft. to 112 ft. and

the length of strainers varies from 77 ft. to about 16:) ft. There

was no remarkable change in the slot'-si2J3 of the screens. Different

types of strainers such as G.I. core brase,strainer, GRPscreens,

continuous slat-type SS screen etc. Were used. Since the arws under

study were belongs to the lDA.-II project, the procedure follo,led in

the design and construction of the arws by the project [':Lvenbelow.

2.2.3.1 Components of Tubewell casing:

There are three main types of casing used in a deep tube-

well. The upper part ( upper well casing, UWC)is of a larger

diameter and is used to house the pump. Below this. is a reducer

to a smaller diameter connecting the UWCto the rest of the casinG

Which is divided into lower well casing (LWC)and screen. The for-

mer consists .of blank pipe,whilst the .latter contains slots. At

the bottom of the lowest screen, a short length of blind pipe is

used as a bail plug. These various components are shown in

figure 1.1.

2.2.3.2 Materials of Tubewell casing :

For this pI'oj ect the UWC consist of 35Ernm( 14" ) diti

mild steel pipe. This Was butt welded together to form a

continuous tube. The LWCmade of 152mm(6") or 20].mm(8")

diameter galvanised mild steel pipe with threaded couplings.

J8
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The screen made of either stainless steel ( SS ) or glassfibre

reinforced plastic (GRP) with a slot S1.213 of 1mm(40 thou). It Was

also available in diameters of 152mmand 3:l3mm.)

2.2.3.3 Length of Upper Well casing (UWC)

The length of upper well casing (UWC)is governed by the

lowest level at which the intake of the pwnp is likely to be set.

There are five major factors which govern the setting of the pump

and these are shown in the following equation:

H = ACL + LSWL + PAC + 2.5 ESD + DA + 1/10 DA

Where :

H = Length of upper well casing.

ACL = Height of pump casing Above Ground Level.

The top of the UWCwould be normalJ,y be 0.6 metres (2 ft )

higher than the growld level or the reported normal flood

level whichever is the higher.

L5'IL = Lowest static Water Level

,F This is the static water level usuall,y observed at the end

of dry season around the middle of May, just before any

appreciable recharge to the aquifer takes place. This varies

between 6.1 and 18.3 metres (20 to Eo it ) belo\4 the ground

surface in the project Area.

PCA = pump Clearance Allowance

This represents the length of suction pipe belew the base

of the pump which normally varies from 1.5 to 2.7 metres

( 5 te 9 ft ).



ESD = Estimated Specific Drawdown

2.5 ESDis used in the design calculation as it represents

crease to allow for deterioration in performance of the well.

110

Depletion Allowance

with time.

the estimated drawdownat design discharge plus a 25%in-

This will rllilge from 0.054 to 0.162 m/1/s ( 5 t. 15 ft/cusec).

=DA

This is an estimate of the effect of the total groundwater

abstraction on the water level at the end of the dry season

whenthe project is fully operational.

1/10 DA= This is a factor of safety allowing for a further depletion

of the groundwater lewl in an unusuall,y very dry year. It

is 10%of the depletion allowance.

Using the above equation, along with the hydrogeological

conditions of the project Area, the required length of 356nm(14")

diameter UWCwould generally be between 21.3 (70 ft ) and 33.5

metres ( 110ft ) for 56 1/s ( 2 cusec ) discharge.

Therefore, the recommendedlengths of UWCare as follows:
a) 2103metres

(70 ft )
If the upper clay is less than 12.2

metres (40 ft ) thick and also the lowest

late dry season static water level is less

than 6.1 metres (20 ft ) below ground level

in a grey sand onl,y sequence.

b) 2404metres
( 8J ft ) i) the sameas a), but with yellow/bro'.n/

red sand or a mixture with grey sand .•

. ,'-.,..



c) 27.4 metres
( 90 £t )

ii) 1£ the upper clay is between 12.2 and

18.3 metres (40 to ED£t ) and the LSrlL is

less than 6.1 metres(20 i't; ).

iii) 1£ the upper clay is less than 12.2

metres (40 £t ) and the LSWLbetween 6.1

and 9.2 metres(20 to 30 £t ).

i) 1£ the upper clay is between 12.2 and 18.3

metres (40 to ED£t ) and also H the LS'iL is

between 6. 1 and 9.2 metres ( 20 to 30 £t ).

ii) 1£ the upper clay. is greater than 18.3

metres (ED£t ) and the L5WLis less than

9.2 metres ( 30 £t ).

iii) H the upper clay is less than 18.3

metres ( EDn ) and the LSWLis greater than

9.2 metres ( 30 ft ).

d) 30.5 metres

(100ft)
Wherethe upper clay is thicker than 18.3

metres ( EDn ) and the lowest late dry sea-

son water level is greater than 9.•2 metres

( 30 n ) below ground level.

In generalizing the UWClength into these categories two mjor

£actors have been taken into account, that is UWClength or the existing

lJI'W, andspeci£ication o£ the pumpingplant to be procured £or the project.

This is illustrated in Figure 2.1 2



Upper cloy is 40 10 60fl and

LSi'lL is 20103011.
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202.3.4 Lower Well casing (LWC)

screen.

Design Calculation :

To determine tbe screen lengtbrequired to produce 56 I/s (2-cusec)

of water witb an screen entrance velocity of not more tban 0.03



'irs very fine s"nd, F'S: fine s"nd, 11S medillm scJncJ
CS COf'3rse sand, Gr: ~-1rr.l.ve1., Y yellov], B :bro\.!fl,
i~ Reddish. The grain sizes first n~med f'3re predominant to
t~H~ others.

Grey

Pcnetr~tion f~ct0r
(h)

metre (lEt)
Y/B/R

Desi<1n Flic:tor
(F)
per 0.3

Y/B/R Grey

[,i tholoSY

Cl"y/Cl"yish Unscreen"ble
Silt/Silty •...,i til 110m
'J FS 0.05 '1. 10 (4 '1 tholl)
\'FS/FS . 0.1'1 '1. 20 screen
FS/'/ FS 0.2'1 O. 40 "fS 0.30 (J.6'1 "
rS/r1S 0.4(J 0.8(J "
:'15/FS \J.5(J 1.(J'1 'l.5'l 1. 'l 'l Screen"ble
t-~S '1.70 1. 40 0.7'1 1.40 wi 1:11lmm

. 11S/CS 'l.8'1 1. 60 'l.8'1 1. 60 ( 40 tholl )
.::S/~.!S 0.9'1 1. 8'1 0.90 1. 8'1 screen
CS 1. 10 2.2(J 1.1(J 2.20 "
CS/Gr 1.00 2. '10 1. '1'1 2.'10 "
Gr /CS/i'lS (J.6'l 1.20 0.6(J 1.2'l "



metres per second (0.1 ft/sec)" the following procedures are to be

followed in the field, using the design calculation sheet. A comple-

ted 'form is shownin Figure 2. 13

i) Transfer the simplified graphic log of the formations encoun-

tered from the drilling log onto the design sheet as drilling

proceeds.

ii) Determine the length of uwe byfollowing the u,le design proce_
dures before drilling depth reaches around 30 metres (100 ft).

iii) start marking the position of blank LWe against the unscreen-

able layers before drilling depth reaches around 46 metres

( 150 ft ) in a grey sand aquifer with thin upper clays or

around 76 metres ( 250 ft ) in brown/yellow sand aquifers

with thicker upper clays. This will indicate the possible

location of the screens. Fit lengths of screens ( in multiples

of 3 metres (10 ft ) in positions bearing in mind the

need for a minimumblank casing offset of 0.61 metre (2 ft )

at the junction of each unscreenable layer.

iv) several attempts may be required to determine the lengths

and the settings of LWe and screen, bearing in mind that unit

length of both LWe and screen are 3 or 6.1 metres (10 or 20 rt).

v) Drawhorizontal lines at each formation boundary and at both ends

of each screen section.

vi) Under the column of " Screened Aquifer" on the D~sign Sheet,

multiply the thickness (D) of eacn screened aquifer section by

the design factor (F)corresponding to its aquifer classification



h ..HJC I

ness of farrnalian
n raclor of formalion
nod

uwc

IudinO the boltom
(50, ollhOulJh~L is
possible additional. -

should be scree.ned 10
+:::; L' ~ 150. ,ubj.cl
urn screen lenoth
bolle.

mmalian of L valuAs
ralian faclor of

atian un~creened.

NG SCREEN

ay be ,lopped when
o and ::n.' ~ 50 ore
• Eubject 10 minimum
fH'Qlhs ,lated ab(ll.'e .

ue of L: will be 20ft.
d by its re levont h
ow 1o'.ve5t sc.reen.

aquifer ,seehon
land L' are
d by' ~ulliplyinQ
hle'--f'less. (0) b
F or t1 ond summed
propriole. column,

fer underlain by 1011.
ofcloy/",i1t obo\l(!
,ere!;'n .,lIould be
(rom l~\e caleuloliofl'

ey MS Of (oarHr
Iy-

elf miJed orey and
IIQ.••./reddish sands.

row n / yell 0 ...•./ r ad du,h

ENGTH or SCREEN,

f upper cloy 15 ~ 40
It and lowes' lole
on SWl i. ~ 20fl

n res! 0 f proJecl mea

MARKS

t
~__~X!-,~,1£'JcL__ - ---- ---

Well No_ _ / j
--------~----~-_.-_ .._---
flpp No / . / I
-------------_._--- ---~_ ..----

DESIGN SHEET

8ANGLAOESH AGRICULTURAL DEVELOPMENT CORPOF,ATION.,
IDA DEEP TUBt-WELL PROJECT-II

~ophic Component Se I-lir'll} Screened ~quifer Un'C'eened Aquifer
1CY,j .••. ilh RE
IY ",bol 0, pth Component a F ~ .:::;L a h C :::;l: ,

1-- --

~ 4ft. LENGTH OF
AGL - -

- I 70ft I

I- - - fee I lhic

20 - 2C - * I GL Caul -ho e bE en 2 f1,- e'os
t ul I "loin 2 II mini

- 2_ 80fl , i
mo num

~ MINIMUM L
- C r f - s 1 of ~cre en f orn < Ily - (. 6 in,)

GREY 40 - 80ft 40 ~- c lay pI IE HI_ the whol .-
I. 90 II : Gr

I
CLAY f- UWC ell jsfrint - 110 bee n lift d - tOnds on

- 2 - 2 110t! H
P b brown lye

-

60 - 60 - - -- -- 3 120fl, 8

* I AG is 00 I ng, it rna ~a nd' .
- - -

- - ' e clI os. required' - CALCULATI

7 6
LENGTH

- .- - _.-0-

80 -
Q- - ;:.<; - R. du .,(3-11) --- I. hny oqui80 -- -

~ 1\ I- -- or more
lopmosi

- - - - - e )(cltJ{,~d

- 98' W,I
- - - 2 For each

100 IUU - - - - ~olues of

I BFS/MS ~ 07' - 9 .4 3.6 36- colculole
- oquiff:lf I

I-
116'

- - rele .....ant

BMS I 9 .7 6.3 9.9 in the ap

liD -125' ~ 120 - - -9 .- 3_ Drillino m
BFS/t..5 .4 3.6 13,.5

:H~ 10

BFS 134' I - ..- 9 .3 2.7 16-2- Gchi~v.d
screen'J

~ . ~ ~2'8
- 5 .7 3.5 19-7 4. Final vol

SM$ 140 e- i43 ,; -- -140 -=4 '7- ~1l==.-- >.-- -'- ---0
mulliplie

f- ~~ - value 1><1

GMS I- lsi // ,; - 9 i'4 12.6 15.4- - -
/ / 5_ If ~LJinc

'- " ,/ - 7 .7 4.:.~_22'T - 20ft. I,

SMS I"" 161' I SJ_--160 -- -2~ .7- ~'4- 21'~=- ~ 1001 if

I- - - - aquifer

f- - - make ~l
, 10 minim

- - - - ,Ialed a

1,80 - 180 f--- - e- - KEY

\
--

GRE ':
- - - 0: Thick

SILT't'
- - - F: OuiQ

CLAY - ~f I- - ,c ree

200 - 200 - - - - L: OX F

: '

•
r- - - .. -o;L: Su, h:'Penet
f- - - for m215' - L: 0 x h

220 --- 220 -- --< .- .- - '::£L: SU

1\ - -I- - DESIGNER
GFSIMS - 233' f- 18 .8 14-435'~--- -- Sio,..,ohHI ~.

I-
242'~,~ - - 240:-- 3 -1-4 ,-421245 --~

8.4 ~3g-
IGMS 240

1-4 Nome.
--

.... - ---
- - .-

DESIGN CALCULATION

CONTRACTOR:



IDA DEEP TUBEWELL PROJECT-II

480 - ,-
__. . .__1..

47

120n", 8ro •.•-n/Y';lllow/r6ddl~h
.and •.

3

3.

~L: Surnrr,utlon of L value,

CALCULflTlr~'G SCREEN
LENGTH

KEY

:El.: Sum rr,alic.n of L \/aluE:s
h: Penelrolion faclor of

farmahon unscreened.

( D .• h

L:DxF

Drillin'J rnaI' be slopped ""hen

:::!'l ~ lOa (jfld ::::L' ~ 50 ore
oc.hiP.ved, subject 10 minimum
~qllen tent;ltls ~Ioted 'above

4. Final vatU!? of l,' ..•.ilj be 20 fl
Iflulliplled by its r~le ..••ord h
volue belo~' lowesl1creen.

If Lt.' inc!udinlJ the bottom
20ft.ls (50, ollhDuQtl;:r:L is

~ 100, if pO!>9iblej additional
IOquifer should be scr(:en~d 10
make :::;:l+::L.' ~ 150,subject
to mill!mUIn ,creen lenglh
!ltole d above,

SiQnollJre,

Nome'.

Oesi9no~

2. For ~och D\1uifef :.echon
values of L. and L: ort
colculated t,y mvlllplYH10

aquifer iflicit,ness {OJ b
relovonl For hand !lumrnerl
in the OPPIODriole column

Any oQuirer underlOln by 10 f1.
or more o! clay/sill above
loprno!>1 SCI {-en s~ould be
ellcluded from the (olculallon!l

D: Thic~ness of formohon
F: DesiO" foctor of fo'o'alion

screor,fjd.

_____ E Y, 1\ IM'L E. . j.__.
Well No. t.. ..

,-- .._--_. __ ._--- ----_.
AppNo .I .... / .. I. ..
-----~------_.------ -'---'---'-

O.

o

SHEET

---l
~-- -

- -

- --

23ft.

DESIGN

at

.

l-

f--
460 -.-

420 -

tl,~O 1----

*

Slopdrillin

380

440

<20

400

('Ie: (--
L__ __--.l_

CONTRI\CTOR:



be zero.

column Whichwill indicate the total thickness. of the

cation to derive a value Whichrepresents the thickness

X F

X h

D

D

=1

screened and unscreenable aquifer section .by the penetra-

L 1 =E( D X F )

screened aquifer equivalent to a grey MS/FS, that is;

that iSi

of the unscreened aquifer equivalent to a grey MS/FS,

to derive a value which represent the thickness of the

tion factor ( h ) corresponding to its aquifer classifi-

the Design Sheet, multiply the thickness (D)of each

screened aquifer equivalent to grey MS/FS,that is;

in a clay or silty formation, this final value of I' will

found below the lowest screen, If th~ driUing terminates

column which will indicate the total thickness of unscree-

ned. aquifer equivalent to a grfi.YMS/FS, that iSi

vii) ProgressivJ,y sumall the values, of 1 in the relevant

Viii) . Likewise, under the column of " Unscreened Aquifer" on

ix) The final value of I' will be 6.1 metres (20 ft ) multi-

plied by the .relevant h value of the aquifer material

x) ProgressivJ,y sumall the values of I' in the relevant

,or.1 ='[ ( D X h )



xiv) Drilling may be stopped when~l = 100 and~l'=:n are achieved,

xv) If the value of2:1', including the Ilottom 6.1 metres ( 20 ft ),

xi) My aquifer Wlderlain by 3 metres ( 10 ft) or more of a clay

"9

if possible, additional aquifer should be screened to satisfy

the criteria '21 +111= 150, subject to the minimumscreen lengths

and the maximumwell depths shown above.

is less than :n, although the value ofrl is greater than 100,

out the entire we]~ depth.

36.6. metres: In case of brown/yellow/reddish sands through-
( 120 ft)

subject to the minimumscreen lengths and the maximumwell

calculations.

metres ( lEo ft ).

length of screen that should be used in any well will be 48.8

2404 metres: In case of grey MSor coarser sands ( 80 ft )

through the entire well depth, otherwise 27.4 metres(90 ft).

Maximumwell depth would be 122 metres ( 400 ft ). The maximum

calculations. My aquifer bOWldedabove and below by more than

33.5 metres: In case of half mixed grey and B/Y/R ( 110 it)
(110 ft) sands

depth shown above.

3 metres (10 ft ) and not screened should be excluded from these

or silt above the topmost screen should be excluded from these

xii) Minimumlength of screen

xiii)



2.2.3.6 Installation of casing:

xviii) Once the final design of the well has been established,

the top 40%",f the LWCmust be installed with 203 mm( 811 )

xvi) A tubel,ell aan be designed even if the value ofiJ. fails to

reach 100, if;). +};L' • 150 is aclJieved, subject to the min-

mumscreen length and the maximumwell depths shown above.
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Where a poor aquifer exists at the bottom of the borehole,

and there is little chance of finding a further screenable

aquifer by increasing borehole depth, the value of the

~l + 21' can be reduced to 130 in order to complete a tube-

well, subject to the minimumscreen lengths shownabove.

diameter blank pipe and screen. This is to ensure minimwn

upflow losses, whilst keeping the well costs as low as

possible. The design factor is not affected by the increase

in screen diameter and no other factors are to be taken

into consideration. Thus the final act of well design is to

calo.ulate the lengtb of aJ3mmcomponents tbat will be

installed.

xvii)

After completing tbe well-design,the bail-plug, screens,

blank casing, reducers and UWCwere placed in tbe bore-hole, During

installation tbe bead differential of tbe bore-bole must be maintain_

ed to prevent well collapse.



( 1) Qentralisers :

The centralisers are placed an the outside of the LWCand

UWCin order t@ hold the casing string in the center of the drilled

hole. This ensures an even annulus between the casing and borehole

side, through which the gravel pack can pass and settle.

(2) Verticality :

Upon successful installation ",f the casing, the UWClIUlstbe

checked for verticality. This is to ensure that the pumpwill hang

vertically in the well. The verticality of the hole and of the assem-

bled casing string :l:a it shall be such that:

both before and after placing the gravel filter, no point

on the actual centre line of the upper ]Nell casing shall

deviate more than 89nun ( 3.5" ) from an imaginary plumb line

passing through the centre of the top of the upper well

casing.

(3) straightness ,:

The UWCmust also be checked for straightness to ensure

that the pumpwill enter the well. The straightness of the well

shall be such that;

beth before and after placing the gravel filter, a cylin-

drical dolly should pass freely downthe full length of the

upper well casing.

(4) Gravel Pack :

The gravel pack is used to help prevent the finer materials

of the aquifer from entering the well, whilst facilitating the flow



Tbe following are tbe gradings of materials to be used for

formation is filled to tbe ground level.

and tbus could be called a " sand pack"
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Grain
Size

FGr
FGr
CS
CS
MS

Clfwater to tbe well. Tbe tbickness of tbe gravel pack n0rmally

reducer are recommendedto minimize any difficulties witb placing

,sufficient gravel sbould be inserted to ensure tbat tbe entire

a screen baving a slot size of 1mm(0.040") set in medium/fine sands

( i.e. the fine sands are less tban 25%). It sbould be noted tbat

varies from 76mm( 3" ) t. 203mm(8"). A tbickness of about 152mm

(6") ()f gravel pack below tbe reducer and 76mm(3") above tbe

tbe gravels and the time reqJ-ired for development.

annular space between tbe tubewell components and tbe.undisturbed

tbis " gravel pack" cootains 67%c<!larsesand and Qnly 28%gravel

Table: 2.3 RecommendedGradings of Gravel pack Materials.

B.S.410 Aperture percentage Ideal
Sieve size passing q.tantities
Number mm ( in. ) tbreugb %

3/16 4076 (0.1874) 100 0.0

1/8 3.18 (0.1252) 85 - 95 10.0
8 2.00 (0.0787) 64-80 18.0
16 .1.00 (0.0393) 10 - JO 52.0
25 0.60 (0.0236) o - 10 15.0
36 0.425 (0.0187) 0 5.0



be 1<»w I

ing the water inside the c()1umnpipe to run back through the screen

well inorder that well collapse be prevented. only after final
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WELL DEVELOPl£NT

This methodinvolves alternately pumpingand stopping the pump

(b) BackwashingI

(a) OverpUDlpingI

be insufficent for fully developing wells whosecapacities are very

The capacity of the pumpto be used for this purpose sheuld

be not less than 84 1/s (3 cusecs). Howevereven this capacity Would

During the placement of the gravel pack, the water level in

the well must be maintained at ground level. Allydrilling fluid

checking of the. verticality can the level in the well be allowed

removedto assist in gravel emplacement must be returned tGlthe

This involves pumpingthe well at a muchhigher rate than

its design capacity. Onsatisfactory completion of the " prelimi-

and the gravels in to the aquifer. The pumpis started and stopped

nary Operation", the discharge is gradually increased to a rate at

Whichthe true developmentwork is to be carried out.

in an attempt to reverse the. flow of water inside the well by allow-

high in the good acpifers of the pr<lject area.

to drQPtil the static water level., ~,

"Overpumping"and " Backwashing"are the simplest development

methods used on tubewells in Bangladeshfor a long time .and are outlined



J)1'irKRHINATION OF WE;LL-LOSSGS

The well-loss phenomenonwas described by the various Authors in different

in a nwnber of ways. The available reference studies

:£'Je natbods of determining well-JDsses were suggested by the

various l1.utbors as f'ollewsl

as rapidly as the pumping Wlit mechanicalJ,y permits. Thus, inf'low

and outf'low can produce an effective surging action.

Whenthe well is pumped, the fines are removed along with the

water, Whenit is stopped, bridging of the aquif'er sands and the

gravel pack are broken, and the mud film of the wall of the borehole

destroyed by the'varying pressure differentials caused by the sudden

changes of the head of water in the rl~Jl. By repeating this opera-

tion, the g7'avel pack ,end the aquifer sands in the vicinity of the

well are progressiveJ,y rearr'anged, settle down and become stabilized.

():lce this has occurred, no further fines will be pumped with water

from the well, thus achieving one of the objectives of development.

The pwnp conunonJ,yused for the purpose is a deep well turbine

pwnp without a foot valve. 'The pwnp used need not be of a much higher

capacity than the design discharge of the well, but its capacity should

be nil le ss than this amount.

2.3.1.1 Well-loss determination by Jacob-Rorabaugh assumptions:

2.3 WIi;LL-LOSS IN DEEP TUJlliWU,LS

books and papErs

described below.



WELLLOSS£>S~

To determine the total lift for pumpingwater from well,the

distance SiH between the static P:iezometric surface or water table

and the water level in the well ( Figure 1.1) must be kno'Nn.The

vallle of Siw normall,y is taken as the sumof the drawdownSf in

the aqllifer at the well, and the total-head loss Sw incurred when

water movesinto the well throllghthe developed zone or gravel

enve1li>peand the screen or slots in the casing. The loss Sf is

called the formation loss becallse it occurs in the aquifer. While

Swis called the well 1li>ss.

Since the flow in the aquifer is laminar,sf will vary linearl,y

with Q as indicated by the various well-flow equations. Of course

Sf also varies with time, but if pumpingis continued long enoum

so that Sf changes onl,y very little, the" finalll,Sf will be directl,y

prc>por-tionalto the pumpingrate ( ignoring the effect ef drawdown

em transrnissiV"it~ if the aquifer is unconfined). The flow through

the gravel invelope or developed zone outside the well casing and

throllgh the screen or other openings in the casing, as well as the

flow inside the well itself, however, will usuall,y be turbulent.

Thus,Swcan be expected to vary with somepower of Q, and the total

head loss ~w can be expressed as

Where Cf is the formation constant relating Q to Sf,O. is the well-

loss constant relating rf" t. ~1 and n is the exponent due to tur-

bulence.Jacob (1947)' SUggested that n=2, while Rorabaugh (1953)



concludeithat a value of 205ma,}'be more appropriate. In actual

tests. Lennox ( f}66 ) fOW1dn values as high as 3.5.values "f

n less than 2 mayalso occur- for example, if Q is relatively

lew and full turbulence has not yet developed in the entire well-

entry flow. For very low values of Q, the flow mayeven be laminar

thr0ugh<llutthe system, in Whichcase Ow will be zere. The value

ef Cr could be calculated from one of the well-flow equ'ltions.

The best way tClldetermine Cf, Ow, and n f"r a given well is

by experiment. This can be done with the step-drawdowntest where

Siw is measured fGlr successively increasing values of Q. The

well is pumpedat a certain Q until Siw changes only relatively

little; Q is then increased, and Siw is measuredafter the same

time interval used fCllrthe first flow rate. This process is repeated

until SiH is knownfor about fwror five different Q values. The

depth of the water level in the well during pumpingis usually

measuredwith the bubble-tube techniqu~ 0

Jacob (1947) developed equations ror evaluating Or and Cw

rrom the increase in Siwdue to an increase in Q, assumingn=2.

Rorabaugh( 1953) presented a graphical procedure where n is evalua-

ted rrom the test results themselves,as are Cr and Cw•Fer this pur-

p.se, Eq. ( 201 ) is written as

Siw
T- Or. ClIcfl-1



log

Taking the logarithm of both sides, Viis equR~ionbecomes

(~~ - c.r)= log q{ + ( n - 1) log Q

which shows thR~ R plllt of(Siw/Q - c.r)versus Q QIl double-legarithmic

paper should yield R straight line with slope(n-1) and intercept Cw
S.

wben(-1[- -Or) = 1.Since c.r is not knownhowever such R plot

connot be constructed. The procedure then is to assumedifferent

values of Of and Plotting~~w _ Gf) versus Q en double-lllgarithmic

paper .until R straight line is obtained. Usually, the first Of

value is taken as zero, which yields a concave curve as shownin

Figure 2.14. Then, Gf is successively increRsed until a straight line

is obtained (if c.r is too large, a concave curve on ~he other side

of the straight line will be obtained, as in Figure 2.1~ The slope

of the stright line is equal to(n-1) which yields n.Te eVRluate0,.,

the line can be extende.duntil( S:i.w- Or)=1 , or Cwcan be cal-
Q

culated by substituting c.r, n, and a certain combination of the

me'tsuredSiw and Q into Eq ( 2.1)

Determination of well-loss by Walton,J~.coband RorabaughIS

procedure
•

Apart from the drawdowncomponentsdue to laminar flow of

water through the Rquifer ( Rquifer or formation loss Sa),partial

penetration of pumpedwell (Sp), dewatering of aquifer, if any (3d),

and barrier and rechRrge boundaries ( Sh,- Sr), deviRtions from

theoretically computeddrawdownsoccur because of an additional
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.,
10

Fi:,.:,2.14Doubk.lo}!:;Jrill\JJlic plot of.!.... -/1 wrsu., (l for dilTt,.
Q

rlonl valuc~ of /) to nl1!<Ijjl IJ yielding slraignl line

10'
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Source I KarPillth, K.Bo (1987 ) Ground water Assessment

Development And Management
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( 2.6)

( 2.8)s
Q

Sw = well lOss, in m

C = well less constant, in S2ja 5

Q = discbarge,in m3/s

The value of Cmaybe estimated by conducting a step drawdown

the drawdownin a pumped.well into its components

Plotting S/Q, specific drawdown,versus Q the sl'Jpe of the

straight line gives the well-loss coefficient, and the intercept

em the Y axis gives the value of B,

Jacob ( 1947) suggested a graphical solution for separating

where B is the formation-loss coefficient.

stages in a step fashion and recording the drawdowns,ead! step

being Gf the sameduration.

Well less maybe represented approximateJ,yby the relationship

( Jacob, 1946)

test, which consists of increasing the discharge in three or four

Where

cGmponentdesignated well loss (s.,), arising from the turbulent

flGwof water through the screen or well f'ace and inside the casing

to the pumpintake. Expressed as an equation ( Walton, 1962),



the exponent of Q in the well-loss term as unknown.

pores of the material outside the screen. Adecrease in Cwith
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(AS3/LlQ ~)-" (/152/4 Q2.)

Ll.8.2 +- LI.Q3
c -=

c = (AS,/AQi) -(Sl-'/AGd.')
A~i_, + AQ.i

C= well loss coefficient in S2/m5

AS •• increment of drawdownproduced by each increase in Q

If the value of C changes during the test, the drawdownis

in the rate of pumping, in m

lIQ = increase in the rate of pumpingin each step in m3/s
For step 1 and 2,

The solution was obtained by assuming different values of B and

plotting (s/Q)- B versus Q on a double log paper.
C, as computedby Walton (1962), is given by the equation

+= B + C~-1

(L\.Szl L\Cl-2)-- (AS,/ i1 9 J )

L).ex f -1- II Ch

where

S = BQ + C~

Rorabaugh(1953) obtained a more general solution by treating

For steps 2 and 3,

and so on.

indicated to be influenced by the developmentor clogging of the

increase in Q suggests developmentduring the course of the test,

while an increase in C with higher pumpingrates suggests Clogging

of the well screen or well face. Thus,itis possible to assess, from



suggests the following criteria to appraisethe condition of a well:

and the success of rehabilitaticn work on wells. Walton ( 1962)

the values ofC during a step drawdowntest, the stability of a well
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severe clogging of well

f Well properly designed and developed

j

l Condition of well such that it is

difficult and sometimesimpossible
to restore to original capacity

0.<:... 5 S2/J:t5

(CL..1900s2/m5 )

Cbetween 5 and 10 s2/ft5 ~ Mild deterioration of well
(0 between 1900and 3800s2/m5Jj

C>10 s2/ft5

(C /"3800 s2/m5)

o >IP s2/J:t5
(0) 15,200s2/m5)

2.3.1.3 Analytical Meth.odof determining Well-loss by Garg

and Lal.

The head loss through the screen of a fully penetratine well

in a confined aquifer was determined by Garg and Lal (1971) as
~Sw = (C/!.ApUt-llta)rw III(t/>/r",)_ + .{J~ _

f< ct "l.~ ( 2.12 )

Where Ut = velocity through screen slots at the top of the
aquifer

uta= velocity near the screen in the top region of the
aquifer.

Mother equation was derived for flow through the aquifer, through

the screen slots and within the screen. These tWa>equations were

solved by numerical methods and their validity was



verified experimentally. The well losses were seen to dependupon

the following parameters:

(i) Adimensionless screen parameter csL/D.

(ii) Adimensionles friction parameter £lID.

(iii) Coefficient of permeability of the aquifer.

(iv) The head loss through the aquifer.

where Cs= 8VZq, c;A~= screen coefficient, dimensionless.

Ce= centraction coefficient, dimensionless, value for
square sJ.ots = 0.626

C~= velocity coefficient, dimensionless,usual value
= 0.97

AI' = ratio of the slot area to the total area of the screen,
dimensionless

L = screen length, in m

D = screen diameter, in m

£ .= DarCY-Weisbachresistance coefficient in the formula
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hI ". 4fl v2
2gD

for flow within the well screen, Representative
values of 1: are

( 1.13)

B~ass, copper, lead

Iron, steel

Concrete, rivetted steel

0.003

No information is available about the value of £ .

for slotted pipesjit is expected to be higher than

the above values.

Theyfound that for low values of the screen parameter c"LID
the well loss is very high and as the value of the screen parameter



increases, the well loss gets progressively reduced,till a value

of the screen parameter = 10is reached,beyondwhicbthe well loss

does not reduce further. In nature about Mllf of the slot area of

a screen gets blocked by aquifer grains. In course 0f time the

blockage mayfurther increase due to incrustation and rearrangment

of grains. Hencein actual practice the value of CSL/Dwas recommen_

ded, to be kept morethan 6o.i.e
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2.3.1.4 Ollculating WelJ.-lossesby using Hannine's e cration

for hydraulic Losses in pipe flow

The well-loss was calculated (lin the basis of somefield

experiments and using M9nning'sequation for hydraulic losses in

pipe flow.

Manning's equati011for hydraulic losses in pipe flow,-expressed

in terms of hydraulic gradient, can be written, in fps units.:

s =
dH
d 1 = 4.637 q2 n2

D 16h
Where S = hydraulic gradient ( dimensionless)

H = head or pressure in pipe (length)
1 = length of pipe ( length )
Q = flow in pipe ( length 3/time)
D = pipe internal diameter (length)
n = Manning's co-efficient



Gh

that the significance

Q <+)1'q =and

4.6)7

q = Q <-t-)

dHerr =

A few calculations, however, show

between q and Q might lie between:

The power, p, is tG allow for reduction in unit inflow rate

For a flow in the pipe, '1, varying from zero at the bottom of the

well to Q, the total well discharge at the top, the relationship

down the well as upflew less reduces the effective drawdown

causing influx. Various values of p were tried and the best

compromise oonsidered t. be p = 1.25; this means the lower 50%

Gf the well IllnJ,y produces 42% of the discharge. Thus:

Andfrom the slope of the line in Figure 2.15~n=o.01)4.

This is somewhatrougher than the n value that would be expec-

ted for uncut, GRP pipe formed on a polished mandrel where the

value would be 0.009. The difference reflects both the roughening

effect of the cut slots and the turbulence induced by I jets I

of the total loss is upflow loss inside the well and that the

true entry loss is insignificant •.

entering the flow at right angles through slots.

of these numoorsis enGlrmous.It is clear that the great majority
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According to the following equation (William, E.B. 1981)

west Bangladesh). E:ntry l<llsSmaythus be only 7 to 14%of total
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(2.20)
.•. 103251f~t

(entry) D 163 (Upflow)=

were assumedto be proportional to approach flow

Less

that n could be muchlower, this value being only 29%higher than

the best value for uncut pipe. Avalue of n = 0.0116 also comes

If all results where Cis less than about 100are ignored,

the less/depth line changes so that it has an intercept of C= 1.0

at 210 ft depth and a slope such that n = 0.0116. It is unlikely

The consequencesof these evaluations are considerable. If entry

closest to .reproducing entry losses which are eqJ-al f~r all well

depths, as they should be for constant screen length, diameter

and discharge rate. In terms of the fps units of the analysis,

entry loss is estimated to be 0.143q2 ft or.O.57 feet ( a value

that compareswell with 0.2 to 0.25q2 fer 8 inch wells in North-

well losses with 6 inch screens!

velocity, then total 'dell losses could be expressed ( in

fps units)as I

losses.

2.3.1.5 caleulation of E:ntry loss of ,the Wells.

the entry losses of the arws could be determined I



g = gravitational constant

Va = Screen entrance velocity,and

67

2
Ve-zg .- 1 )1

0<2
(

hl = head loss

Cv = Co-efficient of velocity

=

II The Screen is conunonlyvisualized as a series of orifices

Where,

through which the flow 'Jets' into the well, with transformation

of potential energy to kinetic energy". Headloss across the

orifices is given by



The grain-size distribution, grain shape and grading of

the particles determined the permeabilities of the formation

which was indicated the amount af water that could flow through

it. Depending on this, the si re, length and the location of the

strainer in the a<}'ifer were determined which in tum dictated the

total depth and the structure of the well. Thus the above

factor affected the well-losses •

A. The factors associated with the A<}'ifer characteristics

(1) The size, uniforlT(i.ty and arrangement of soil particles

of the formation
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FAcrORS AFFEcrING THE WELL-LOSS2.3.2

Since the water coming out from the well initiates movement

through the a<}'ifer and then flows through the developed zone or

the gravel-pack, screen-openings and intake section of the well,the

factors contributing well-losses can be grouped into two classes.

One class comprises those factors associated with the A<}'ifer-charac-

teristicsj and the other class consists of the factors concerned with

the well characteristics.

The A<}'ifer-Characteristics have indirect but dominating

impact on the well-Characteristics. As a result, the A<}'ifer Charac-

teristics had also been taken into properconsideration, during the

analysis of the factors affecting the well.-loss. SO, the related

factors may be described as follows:



(2) Formation thiclmess and permeability

The screenable formation thiclmess and the permeability,

affected the ability of the aepifer to transmit water and thus

regulated the size of the slot and the length of the strainer

which in turn influences the loss of wells.

0) The presence of confining beds:

The presence of coofining layers/beds affected the storage

Co-efficient and the design of the well h~t3kestructure and the

. performance of the aepifer under the pumping conditioos. Thus in-

fluences the entry losses and upflow losses of the well.

(4) The degree of coo.solidation of the for1ll9.tion :

During the construction of the well, a certain degree of

compaction (Dfthe formation and the reduction of permeability

were made due to the jarring action of tools, driving of casings,

sealing of borehole-face by viscous drilling fluid and peretration

of fine sand and silt from the drilling fluid into the poroLls

materials.

The above action affected the selection of well-casing and

screen materials, and thus influence the well-losses of the wells.

(5) The chemical cempQsition of formation materials and

ground water I

This factor affects the potential for encrustation and

corrosion in the well and thus influenced the well-loss of the

DTWS.



A. The factors concerned with the Well-characteristics :

1. Well - site selecti(>u :

several points, such as accessibility,topography, soil

texture & structure, annual fluctuation of ground water

levels,' geohydrology of the under-ground,existing irriga-

tion fa.cilities etc. were considered during the selection

of a DTWsite. If the location of .one D'l'Wselected within

the zone of influence of another DTW,then the drawdownof

both the DTWsbecomevery high and thus affected the

aqUifer loss as .well as the well-loss of the DTWs.

2. Well drilling method :

Since the drilling techni qUe, collection of samples,

description of samples and the procedure of selecting the

proper samples, changes with tal! r;(.thod of drilling applied

to a particular well, the extent of well-loss also varies

according),y. The individual impact of these factors are

as follows.

(i) Drilling Techni dle :

The techniqUe of drilling a DTWaffects the accuracy

of the collection and classification of samples, plwnbness

(verticality), alignment(adherenoo to a straight line),and

maximwnyield. Thus influenced the loss of wells.
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(ii) sample collection I

Since the formation sampling was the major source of in-

formations reqIired to determine the underground strata on the

basis of which the arw was designed, the procedure of collection

of tbe sample affects the well-loss.

(iii). sample descriptions:

The accurate descriptions of the formation samples were

very inportant for the successful design of a DTW. The descrip-

tions of the sample include it Is colour, type, size, shape and

sortings of the grain-size. Depending on which samples are

classified as screenable or unsereenable formation and thus

dictated the structure of the well.

(iv) sample selection :

The proper selection of sam~les mainly depends on the

accuracy with which the formation particles were described.

Comparatively well-sorted formation particles having higher

permeabilities usually considered as the best sample for screen_

ing the aqIifer. Less-permeable to impermeable portions of the

aqIifer were selected as unscreenable portion of the aqIifer.

This selection of screenable and unscreenable aqIifers influ-

enced the configuration of the well and thus affe cted the

loss of wells.



3. Componentsof well casing:

The arrengement of the components of the well influenced the

well-losses of the well due to the friction between the rising water

and the LWC.

Materials of well casing :

The selection of materials re ep-ired for the UWC,LWCand redu-

cer ,depends on the factors, such as, (i) strength re ep-irements(ii)

QUality of water, & (iii) potential presence of detrimental bacteria.

A properly selected well casing prevents coD.apse of' the hole,entry

of undesirable water &: escape of good water from the well, and capable

of withstanding corrosive action. Materials selected for well-screen

should be resistant to corrossion &: encrustation and strong enough to

withstand column load (vertical compression), tensiJa load(extending

forces) and collapse pressure ( horizontal forces). Thus the effec-

tiveness of the .well depends on the materials of well-casing.

(5) Design of Well :

The design of a well consists of the design of mainly three

essential components,

Namely,(i) a pumphousing-section ( UWC),(ii) a vertical

conduit ( casing ), and an intake ( screen or perforation )se ction.

(i) Design of Upper-well casing:

An optimal housing-section of a well provides adequate

clearance for the pumpand minimumfrictional losses and thus

influenced well-losses.
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(ii) Design of lower-well casing:

The lower well-casing serves as a vertical conduit between
the well screen and the pump housing ( and in some cases between

the screens) through whic:h wa.ter travels from the intake (screen

or perforation ) to the pump housing. Since the majority of the

total well-loss generalJ,y caused due to the II upflow-losses"

inside the well, .the length and diameter of the lower-well casing

greatly influenced the loss of the wells.

(iii) Design of strainer :

A properJ,y designed strainer having optimum entrance velocity,
length, diamete r, slot-openings, tran sm tting capacity, strength and
resistance to corrosion and encrustation_ensures hydraulically

efficient & sand-free performances. A major portion of the well-
loss occurred due to the well-screen losses which consist of:

(i) Loss of pressure head at the entrance due to size

and shape,

(ii) Loss of head attributed to the turbulence of water
in passing from the formation to inside the well screen.

(iii) Loss inside the well screen due to turbulence
(iv) Loss of head due to partial perforations.
(v) Loss of head due to pertial penetration
(vi) Loss of head due to entrance (entrance losses).
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The entrance velocity,length,diameter,slot_openings,and the

transmitting capacity of the strainer-seriousl,y influenced the well-
losses of the urws. The effectivenes of those parameters are as
follows:

(a) Entrance Velocity :

Entrance velocity regulates transport of aepifer
material, friction-loss in the screen openings and rate. of

encrustation and cerrosion. Thus influenced the well-losses.

(b) .Length of strainer:

Length of the strainer depends on the thickness &
permeabilities of the aepifer,entrance velocities,effective

open areas and the discharge of the DTW. It affects entry
losses as well as the upflow losses.

(c) Diameter of the strainer:

Diameter of a screen provides sufficient open area

to maintain desired entrance velocity. It influences the
entry losses and upflow losses.

(d) Screen slot epening :

An over-sired slot causes sand-pumping while an under-
sized slot offers resistance to the now of ground water,resul_

ting in more head losses. An optimum slot size provides sand-



free discharge with minimumhead loss, by matchingthe

epening with the gr9.:i.Iosi 213 distribution 131' the materials

surrounding the screen. Thus affects the well-losses.

(e) Transmitting capacity:

Transmitting capacity of a screen refers to thellJDount

1'11' flow passing through the slot epenings at an entrance

velocity C1llLsingless of head, and thus influences the well_
1Gsses.

6. Installation of Well-casings:

Installation of well casings refers to the fitting & firing

of the well components( bail plug, screen, blind pipe, reducer &
housing pipe), placing of well components in the bore-hole, and

an effective gravel packings. Despite a perfect well-design and the

use of' the best components,an improper installation adverselYaffects

the well-loss as well as the perf'ormanceof the well.

(i) Verticality:

Verticality affects the frictiOllal_l"ss and the turbulence

within the well, and thus influences the loss of well.'

(ii) Straightness:

Straightness influences the friction-less and the tur-

bulence within the well, and thus affects the loss 01'wells.
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(iii) Gravel Pack I

Aneffective gravel packing reduced the well-less by

increasing the transmitting capacity

offering the potential of increased screen slot-
size and the well.

increasing the area of contact betweenthe a ;pifer
and the well.

increasing the effective diameter of the well.

reducing the entrace velocity of water into the well.

reducing the entrance friction and excessive head-
loss.

reducing the potential of encrustation.

preventing the caving_in of the formation material
. and thus reducing the danger of clogging of the screen.

providing the sand c0Utrol.

in creasing the p<9tential ef the use of smaller
diameter screen.

increasing the permeabilities around the screen.

7. Well nevelcpment I

Asuccessful well-developmentrefers to a sand-free

pumpingwith lowest possible specific-drawdown.Aproper well

developmentmin.imizesthe well-losses by _

increasing the porosity and permeability of the
!i.;pifer adjacent to the screen.
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minimizing.entrance friction and excessive bead_
loss.

breaking downtbe mud-film formedon tbe wall
of tbe bore-bole during drilling.

t'acilitating tbe steady flow of water into tbe

Well and tbereby increasing tbe effective redius
at' tbe screen.

stabilizing tbe gravel packs and assisting in

grading tbe filter materials to prevent tbe fur-
tber entry of arpifer materials into tbe well.

- removingtbe drilling fluid from tbe well.

cleaning tbe inside at' tbe well and tbe pores of
tbe gravel packs and immediatearpit'er.

Tbe available reference studies madeon tbe well-loss of deep

2.3.3 FIH;LD srUDlliS ON WE;LL-LOSSIN BANGLADESR

tubewells in OUrcountry given below.

Well.-loss of BADe deeptubewells in Greater II\Ymensingb
district.

In tbe year 1982,somestudies on tbe well-losses were

carried out in aSSOciationwitb Sir MacDonald,M.andPartners ltd.

and H.T.S ltd. Tbe urWsunder study were Cctlstructed under a

turnkey_type of contract by Milner 's TUbewellsLtd, in tbe

Greater District of ~wm~lsingb.It was stated that:
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liThewells have eitber 2/. or Z1m o.f (355mm)14r-inchinternal

diameter pumpchamberor uppbi'_well casing. Lower caSing/screen

(GRP)strings are generally 6..inch internal diameter,withscreen

lengths varying .from34 to 40mbut cOHunonly37m(120 ft)in a t«ltal

well depth ranging from 67 to 120mbut averaging about 85m.Those

IIorWswere pr@bab],ydeeper than was necessary.

The well-tosses were ana],ysed by using Jaceb (19J.7)asm.tmptions:
I .

Well drawdown=a~fer drawdown+ well-l@sses

Or, ~w = GfQ + ew,j

Where, ~w = drawdownin the well,m.

Q = discharge, in m3/day.

Cr = formation 19ss co-efficient d/m2

CW = Well-loss c0-efficient, d~m5

The test Result of the orWsunder stucJ.ywere summerised
in the table 2.4

The study was concluded with the fellGlwing finding:

(i) The well-less c0-efficient increased linear],y with the

length of screen and casing string.

(ii) Entry losses may be enly 7 tal 14%ef the t«ltal well_

losses with 6-inch screens.

(iii) The use of 6 inch (152mm)-diameterscreen was calmpletely

wrong, considering the higher well-losses.
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TAm.E - 204 Wm..L-LOSSESOF THE In'WS OJNsrRIJcrEl>m THE GREA.l'ERmsrRIcr OF MYMI!NSINCH

sJ.. NllIIleof Screen m Formation-losses We - ss ss iWellNo. tbana Deptb -I.co-eff'1~ent, ~eSfic:ient, hC~~intervaJ.1 d/m
fd/1l

8
J 0

7 Q 10 1-11
1. KJktag8Cba. M160 73 -rt 33-70 18.6x10-4 .5.09x10:B 1.20 S8~

8.5 37 :n-S2* 7• .5X10-4 -S 1.60 69.0.5~MIl 2 6.77x10

M118 79 -rt /1)-76* 1443X10-4 6.72x10-S 7.00 1.60 S1.0~
Mu)8 79 :n /1)-76 * . 10.1r10-4 6.S7r10-S 4094 1.62 7.5 ~

2. Pbulpur Pb 76 98 37 .5:0-95 * . 9.6:x:10-4 8.3Ox10-8 4.69 1.98 70 %
Pb 25 91 34 4'J-8Sti .5.J,x10-4 12. 37x10-S 2064- 2094 47 %
Ph 102 67 -rt 2:1-64 3.7r10-4 3.46:x:1O-S 1.S1 0.81 69 ~

3. Haluagb&t Ha 31 100 -rt $-97 * 7. Sx10-4 10. 18X10-S 3.66 2041 60 %
Ha 3.5 73 -rt 33-70 9.6x:10-4 -S 4.69 1.6.5 73 %6.98x:10
Ha ,6 67 37 2:1-64 4.0%10-4 .5.30x1O-S 1.9.5 1.26 .51 %

40Sbakhipur sa3 77 -rt 37-74 205x10-4 9. 32x10-S 1.0~ 2.22 35 %
sa 44 86 -rt 46-83 10.6x:10-4 -8

5.18 1.12 82 %4. 79x:10

sa 43 79 30 2:1-73 * 4.4x10-4 3.82x1O-S 2.1.5 0.91 70 %

* The exact depth interval was not shown.



Test Results were given in the Table 2.5.
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The) versus discharge ( Q) as shewn in fig' 2.17
S
Q

2.3.3.2 study on the well.-lGss .f ( ADBIUNDP)second deeptubewell
Project of BADC

Under the abo~e project seme studies on the well-lesses

",f the DTWssunk at ThanaBasail& Shakhipur "f Tangail District and

Muktagacha Thana of MYmensinghDistrict were conducted in association

with MacD<llnald.andPartners & HTSLtd. The studies were carried out

during 1982 t.. 1983.Fig. 2.,6 ,Showsthe lithological and construc-

tional details af the three DTWSchosen by the censultants for testing

together with the location of samples recovered by a split-spoon sampl_

ing device. step draw-downtest data of the DTWSwere used to determine

the well-ll:>sses using egl. (2.7) & (2.8)

The formation - less co-efficients ( C:r ) and the well-less

co-efficients ( Cw) were determined by p19tting the values of specific
drawdown(

TABLE-2.5
WELL-LOSsesOFTilEDTWSCONsrRuerEDATBASA.IL,SHAKHIRJR
ANDMUKTAGAOlA

:;:l ~Formation-l"ss o Well-less ~ Ferma_ 0 Well o WellThana ce-efficient Oce-efficient tion less o effi_N". 0 -2 o -5 0 less Ociency .ft.sec ft-sec2 (ft

7
1. Basail 2.85 1.20 5.7 4.8 54%
2. Shakhipur 8.15 1.31 16.3 5.24 75%
3. Muktagacha 10.00 1.25 20.0 5.00 80%



o Location of split spoon
snrnpfe.

Borelogs of OTWs Where
Step Pumping Tests Were Carried Out (Consultants Logging
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study e>nthe WeJ.l,..lossof (ODA/IDA)lJI'WProject of BADe

In order to ensure the construction of the 2-cusec lJI'WS

having 5 to 10 ft/cusec specific drawdown,several studies were made

by the above project in association with the MecDonald,M.andpartner"

Ltd and HTSLtd. The outce>meof the studies were noted as follows I

(i) The well-le>sses composede>flosses due to the entry

of water through the gravel pack and screen, and its

change in the direction of flow from horizontal (in the

acrifer) to vertical ( in the lower well casing). In

addition, further well-loss was caused by the friction

between the rising water and the LWeand the screen.

Therefore, by reducing those losses, a decrease in the

value of specific drawdowncan be achieved.

(ii) Theoretical calculations on the flow of water in-

side the screen and LWeindicated that by increasing the

diameter of the LWeand Screen, a considerable savingS

in well-loss can be achieved.

(iii) It was recommendedthat the top L{J% .f the LWebe

increased in diameter te 203mm( 8"-inch),whilst the

lillwer00% remains at 152mm( 6"-inch) in diameter.This

increaso in diameter of the upper part of the LWewill

assist in reducing the up-flow losses, and thus produce

a more efficient well.

8J



2.3.3.4 Well-loss studies by BADein Greater $'lbet Districts.

In the greater $'lbet district, studies on the well-lesses

were madeby BADein association with MacDonald,M.andpartners Ltd.

and HTSLtd and EPCLtd.,and the results were given in the table-2.6.

step drawd@Wfitests were carried out to determine the well-losses

using the graphical solution of equ. l2.8)

At the end of the study, the following cl!lmmentswere madeI

(i) Manyof the tubewells were hydraulically inefficient

whenpumpingat 2-cusec.

(ii) The causes of large well-losses were not certain but

probably relate to the use of all 6-inch diameter

lower well components~ld perhaps more importantly,

to the difficulty of developing deep silty aqlifers

by over pumpingand back-washing.

(iii) Developmentof bore-hole drilled by dired circula-

tion ( as opposed to reverse circulation) was likely

. to be moredifficult because formation damagewas

greater.
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TABLE- 2.6 WIU-tOSSESOFTHEDl'WSOONSTllUCl.'EDIN THE(BEa.TERSILHErmsr.

.! Upa Mouza J)!lte of
No. ot Formation W~lo8s ~ Formationrell-l.oss~ Ef'f'ic:i.enqy_No. Sl;ep Test steps r oo-efi'. oo-et!'.l.. loss m ~ ,
( . . qf mills ~ Cw ., m ~

0:; 4 Q $ U 6 L " p"--

1. Ja~tbpur Jatrapasba 2S-Jan-88 5 0.152 0.0019 8.512 5.95 59 %2. IjiSjlanatb Singerl!:aob 1O-Jan-88 4 0.2~ 0.0012 14..50 3.76 79%3.~ Hassanpur 14-M&y-85 5 0.108 0.0016 6.048 5.017 55 %4. CbWa.ingbat Up!U"batJ.ib~ 1Q-Apr-86 4 0.285 0.0017 15.96 5.33 75 %5. Kanairgbat J)]rgapur OJ,.-De0-88 5 0.1~ 0.0010 8.904 3.13 73 %6. zakiganj KazalB~ 08-Apr-88 4 0.120 0.0018 6.72 5.64 54%7. Beanibazar l:.lipur 16-Feb-18 4 0.312 0.0022 17.47 6.89 71 %8. QJlapgenj Tikarpara 03-May-86 3 0.335 0.0045 18.76 14.11 57%9. KuJ.aura Hajipur 1Q-Apr-88 4 0.340 0.0045 19.04 14.11 57%10. Moulvibazar Barptlg 21-Apr-87 2 0.360 0.0010 20.16 3.13 86 %11. Lakbai 2/lorunda 08-Ma.r-86 5 0.1.50 0.0033 8.4 10.34 45 %



CHAI'Tl'R - III

3.1 MI!.'THODOLOGYADOPI'ED

86

METHODOLOGY
RESEARCH

Fromthe last sixteen years of field experience, it is

stu t(;jd that BADC engineers and lJl'W-drillers have often shownmuch

morekeen interest to the maximumvolume of water comingout from the

well, rather than giving proper importance to the effect 01' the "total_

lift reqUirement" of fhe well. The concenled farmers also feel very

proud and happy to see the discharge during the step-drawdowntest. More.-

over the step-drawdowntest was done usually at a stretch for a

long time, which reflects the actual performance of the well much

better than any other test. As a result, a heavy emphasis has always

been given on the step-drawdowntest whichmakes the data comparative~
more dependable for research Work.

As the success of a research_work main~ depends on the quantity,

quality & reliability 01' the desired data and the methodologyadopted,

the step-drawdowntest data 91' BADC lJl'Wswere chosen to determine the
well-losses.

Five Deep Tubewells, one from each of the thana Nandail, Fbulbari

& Bhl11ukaof district l1Ymensingh,onefrom NniJin"G"r of D.n'""i,, t, one From

');lUc1k"nc1iof Conri.Jln,were selected randomJ,.vJ'rol1l''1II()J'[; i;i", lYli,) 1"'v:'.
I1
C

comparative~ higher drawdownsfor evaluating the well-lesses. All

Of the five lJl'Wswere constructed under IDA-II lJl'Wproject. The

multiple_step drawdowntest data of the lJl'Wswere used to determine
the well-losses.



The well-loss was calculated by using the relevant part (",,:U loss)of
ecp. (2.1) ,Co,

Where, 50 = WelL-less,in m.

OW = Well-loss Co-efficient,d2/m5

Q = Discharge, in m3/day•

n = Exp"nent due t. turbulence.

The value of the well-loss Co-efficient Ow was determined

using step drawdown test data by Rorabaugh graphical procedure as

outlined in article No. 2.3.101 The well-losses and formation_
losses were calculated by using the ecpation (2.1).

After evaluating the well-losses, the factors affecting

the well-losses were determined from the well-characteristics

and the aqUifer-characteristics which were found out from the
relevmlt data of the tubewell design & constructional details,
bore-logs & development records.

From the above study, recommendations were made for
minimising the well-loss.

3.2 s&.ECTION OF PROJECT FOR EVALlJATlOO

During the last 25 yrs, BADC has undertaken S() many IJl'W

projects like NWRDP ( N()rth West Rural Deve:i()pment Project ),

SFD ( saudi Fund' f()r Development),ADB(AsiM Development Ban.lt),

S.5ISP ( Snall scale Irrigation sector Project), lDA(International

Development Association Project )-1, IDA-II, IJl'WRJase-I, IJl'W

Pbase-II,DTW Phase-III, DTW RJase-IV Projects,BIADP(Barind

Integrated Area Development Project)etc. out of these Projects,
IDA-II DTW Project was selected for the present study.
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(iv) Some wQrking papers ( about 56 Nes) were published by

the project on the different aspects ~f " gr"und water
irrigatioo,Management,Monitoring & EvaluatiQll"_

Which had enriched & updated our hydrogeological data
as well as Gur technical knOWledge.

3.2.1 Reasons for selecting the Projectl

The following points were considered in selecting the projectl

(i) C0mparativeJ,y dependable and reliable data 0i' tube_

well design & constructional details, bore-log ,develop_
ment & testings were available •.

(ii) The project envisaged alm~st all aspects of DTW cons_

tructions and pr~served the relevant data with care.

(iii) PrOVisions for training t. the BADe engineers and DTW

supervisory staffs were made within the purview of the

project. But nQ such prevision was made in case of
ether DTW projects.
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ConSidering the above points, the project was selected
keeping in mind that a higher value of well-lass of IDA-DTWs Would

indicate a much more higher value of well-loss prevailing in the
comparativeJ,y less-cared DTW of other projects.



Brief descriptions of the project :
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(2) WellN().BHAL-110
Mouza: Shehal
Thana: Bhaluka
Dist: MYmensingh.

(4) Well Ro. NABI/R-27.
Mouzal Shahabazpur
Thana: Nabinagar
Dist: B.Baria.

(1) WellNo.NJlN_118
Mouza:Chandipesha
Thana:Nandll:il
Dist: MYmensingh.

(3) Well No.HiUL-1EIJ
Mouza: Matichapur
Thana: !'bulbari
Dist: MYmensingh.

(5) Well N<». DAlJD-EIJ
Mouza: Naogaon
Thana: Daudkandi
Dist: Camilla

To identify the impact of the factors affecting the well-loss,

The locati0l1 of the urWsunder study shown in fig. 3.1

IDA-II Deep Tubewell project comprises of EIJ(sixty) thanas

of 11 ( eleven) Districts ( part of greater MYmensingh,Kishorganj,

Dhaka& Comilla ). The name ef Districts and Thanas are given in

Appendix-I. The project was designed by the IDAin 1982, for the

COmmissioningof 4000 urWsand to provide informations for the

improvement of the design of wells.

3.3 COLLEGrlOO OF DATA

In order to evaluate the well-losses, the multiple_step

drawdowntest data of the folowing 5(five) deeptubewells were

collected from BADeand shownin AppendiX-II.

the relevant data of the well design & constructional details, bore_

logs, development &testings of each of the above deeptubewells were

collected from BADGand given in AppendiX_II
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CHAPTER - IV

DBSCIUPrICWSOF Till: Sl.';LECTEDDTWSANDTllliIRWJ;;LL-LOSSt'S

The detail descriptions of tbe deeptubewells selected for tbe

present studies were given in Appendix-II. Only tbe salient features

of tbe deep tubewells mentionedbere. The well-losses of tbe DTwswere

determinetl and tbe impact of tbe factors on tbe well-losses of tbe

DTWSwere also noted in this capter.

401 DBSCRIPrIONSOF THE Si'l,ECTEDDTWS:

Tbe locations of tbe selected five DTWSwere given in article

3.3. The detail design, construction, bore-log,verticality,development

and pumping test record, and water quality test report of the DTWS_

NO. NAN- 118, BHiIL-110,HHJL-1Eo,NABI_R/Zl& DAUa-Eowere sbown in

Appendix-II A ( 1-7 ), Appendix-II B (1-8), Appendix-II C (1-7),

Appendix-II D (1-9), Appendix-II E (1-7 ) respectiveJ,y.

Tbe brief descriptions of the individQal DTWdescribed below:

1. !1l'WNG. NAN- 118 :

This UfWwas sunk by WJmetbod in a Leaky or semi-confined

aquifer baving 334 ft length, consist of 96 ft ( 14"-dia)uwc, 140 'ft
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( 6"-inch dia)LWeand 90 ft 6"_inch dia( O:mtinuous-'iLDttype)screen •

The effective grain-size of the screenable formation was eS/MS,the

average permeability of which was 6.00215 ft/sec. The deptli of screen-

able formation was 102 ft. The Ee and PJ of the water were 485mmhocm-1

and 7, respectively. The IJI'Wwas gravel packed and was deviated 1.81

inch from ve!"tioal and the specific drawdownwas 20.86 ft/cusec. The

screen was placed at single location. The slot-size was 1mmand the

entrance velocity was 0.043 ft/sec.

2. IJI'WNO. BHAL- 110

This IJI'Wwas sunk by WJ drilling method in a leaky or semi-con-

fined aepifer having 459.25 ft 1ength,consist of 112 ft uwe (14"-dia),

195 ft (811-dia70 ft and 611_dia125 ft ) LWeand 144033ft (611_dia)

screen. The effElctive grain size of the screenable formation was

MS/cs,the average permeability of which 0.00124 ft/sec. The depth

of screenable formation 206 ft. The Ee and pHof the water were 380

mmho()n-1and 7, respectiveJ,y. The IJI'Wwas gravel-packed and deviated

0.68 inch frOO1lthe vertical and . the specific drawdownwas 33.20 ft/

cusec. The screens were placed at three different locations. The slot-

size 1 mmand the entrance velocity was 0.027 ft/sec.

3. IJI'WNO. mtJL- 1EDI

This IJI'Wwas sunk by Re drilling method in a leaky or semi-

confined aepifer I,aving 301 ft length, consist of 100 ft.( 14"-dia)UHe

75 ft (6"-dia) LWe,and 118ft (6"-dia) screens. The effective
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grain size of the screenable formation was MSand the average perme_

ability of the which was 0.00176 ft/sec. The depth of screenable

formation was 145ft. The ECand p:t ef the water were 490 mmhocm-1

and 7, respectiveJ,y. The Dl'Wwas gravel-packed and was deviated 2.75

inch from the vertical, and the specific drawdownwas 15.41 ft/wsec.

The slot size of the screen was 1 mmand the entrance velocity was

0.033 ft/sec. The screens were placed at two different locations.

Dl'WNO. NABI- R/27 :

This Dl'Wwas sunk by WJdrilling method in a leaky (lIrsemicon_

fined aqufer, having 457 i't length, consist of 98 ft ( 14"-dia)

UWC,210ft (8"-dia 180 ft & 6"-dia 30 ft) LWC,and140ft (8"-dia_

60 ft and 6"-dia 80ft) screens ( Placed at six different locations).

The effective grain size of the screenable formation wasMS/FS,the

average permeability of Whichwas 0.0011 ft/'BfJc. The depth ef screen_

able formation was 226 ft. The ECand pH of the water were 500mmho

cm-
1
and 7, respectiveJ,y. The Dl'Wwas gravel packed and was deviated

2.7 :indJ from the vertical. The specific drawdownwas 23.45 ft/cusec.

The slot-size was 1 mmand the entrance velocity was 0.024 ft/sec.

5. Dl'W. NO. DAlJO-Eo:

This urw was sunk by WJmethod in a leaky or semi-confined

aqufer, having 299 ft string length, consists of 90 ft( 14"-dia)

UWC,100ft ( 8"-dia) LWCand 100ft ( 8"-dia) screens (placed at
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two different locations). The effective grain-size of the screenable

formation was MS, the average permeability of which was 0.00202 ft/

sec. The depth of screenable formation was 117 ft. The Ee and pHof

the water were 625 mmhocm-1and 7, respectiveJ,y. The orw was gravel-

packed and was deviated 2.15 inch from the vertical. The specific

drawdownwas 19.16 ft/()J.sec. The slGt-si 213 was 1 mmand the entrance

velocity was 0.029 ft/ sec.

402 DETERMINATIONOFWELL-LOSS'SOFTHEorws I

The Well-less of the orws under study were determined using

the multiple-step drawdowntest data ( of the respective orWS)by.

JaCOb-Rorabaughgraphical procedure as mentioned in article 2.3.1.1.

The calculations of the well-losses of the orws described as follows.

1• WELL-LOSSOForw NO.NAN- 118 I

The incremental discharges and corresponding drawdown

of orw NO.NAN-118were recorded in Table-ito 1. The value of

welL-la'ss co-efficient (Ow) was determined by plotting (Siw -Cr)versus,
Q

Q on double-logarithndc paper by assuming different values of

Cr' until a straight line was obtained as shownfig-L,.1. The

slape of the straight line was e <pal to (n-1) WhichYields the

value of n"'1.02• Fromfig.L,. 1 the value of Cr was obtained as

0.001. Cwwas the intercept. The value of Cw, convenientJ,y

was determined using the value of Cr,n and a certain combina-

tion of the measured Q ( 491,2.07 m/day) and ~w ( 12.9Jm)

in er. ( 2.1), which was, Ow'" 1.34 X 10-3•
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0.0005 0.00210
0.001 0.00160
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= 0.001 x 4942

lC _4...95m + '/.85 m
Formacion Well loss
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The value of well-less at the design capacity ( 2-cusec)

of the wellm7. 85mand formation loss = 4-95m. The efficiency

of the well = 38%only.

2. WELL- LOSSOFurw NO.BHJ\L.- 110 I

The discharge-drawdowndata of multiple ste p te st of urw
NO.mAL - 110 given in TABLE-4-2.

The value of well-loss at the de"ign-capacity ( 2 cusec)

of the well was calcul~ted following the simi~r procedure as

mentioned above. The values of Cf =0.002 and n:l.16 were obtained

-4from fig. 4-2. The value of Ow=5.29xl0 was calculated using

the value of Cf' n. and a certain combination of the measured Q

(4893.68m3/da{f")and ~w ( 19.813m) in equ•• (2.1)

Thewltll loss = 10.089 mand the formation lass = 9.787 m

and efficiency of the Well = 49%0

3. Hm-LOSS OFurw NO. H!UL-lEo I

The discharge-drawdowndata of multiple-step test of l1fW

NO.H!UL-lEo plotted in the TABLE-4-3 •

The value of well-loss at the design-discharge ( 2 cusec )

of the well was determined as stated before. The value ef Cf=O.0008

and n=1.227 were obtained form the figure 4-3. The value of.
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fr om fi gure 4. 2, tb e v"11le3 0f
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x 10u = 1/3. 2"- ~~

Cf=o.O~2 diJ.y/m2 and,

= 0.16 and n=1. 16

9.7136
:::: -~-

19.88
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tbe slope=t1_1
11

+ G",Q

0.002 x 4893.14 + q" (i,[;9J. 11,) 1.16

= 9.78tln + 5.2C)xlO-4 ( 19051.17) III

= 9.786m + 10.09/fnforllld,tion ,1~ll-lo38
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•
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-5
'W=7. 82x10 was calculated using the value of Cr, n and a. certain

combination of the measured Q (4m3. 68m3/day) and Siw (6. 55m)in

e cp. ( 2.1 )

The well-loss = 2.632 m and the formation loss = 3.91m and

the efficiency of the Hell = ~.€f)%.

WELL-LOSSOF IJI'WNO. NABINAGAR-R/27

The discharge_ drawdowndata sf multiple-step test of IJI'WNe.

NABINAGAR-nj27entered in the TABLE-404.

The value of well-loss at the design-capacity ( 2-cusee) was

calculated as outlined before. The value of Cr=O.OOO5and.n=1.17
_Iwere obtained from the figure 404. The value of 'W=4.34 x 10 '+ was

calculated using the value of Cr, n and a certain combination of

the measuredQ(4893.68 m3/da~) and ~w ( 11045m)in ecp. (2.1)

The well~loss:9.0 m and the formation-loss = 2.446m and the

efficiency sf the,IJI'W= 21%

5. WEll. - LOSS. OF IJI'WNODAlJD~W:

From the multiple-step drawdowntest of the IJI'WNO.DAIJo-t:o,

the discharge-drawdown data plotted in the TABLE-405.

At the design- capacity, the value of well-loss was calcula-

ted in the sameprocedure as outlined before. The value of

day/m
2

and n=1.07 were determined from the fig.405. The value
Cr=O.0005

-4of 'W=6.88x10

. was calculated using the value of Cf, n and a certain combination
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•• "vlell- iCfficiency = ~ x 100 = 21.39%
11.45

T,IBL/; .•••4.4 DI3CH;iflG&-Dru,\HX)~JN Dill'" OJ' lJI"iJ NO. R/;:(l
TO FHI Ll OUT THe; \[I'1.,,18S OF elf Gw & n •,

From figure 4.4,the value of Cf = 0.0005 day/m2 und,

the slope = (n-1) = 0.1'7 and 11= 1.17
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( 4893.1/+) 1.17

(6)740.4.2)

4 V Q
~

Cf U
(Cl1sec) Q Siw V 3iw Q (Siw -Cf)daY/1ll 2

~ V 2
1ll.3/day

~

(it) ~ 4 ~
daY/ill Q Q

III
~ daY/ill2 ~ i

( 1 Cl1sec) (lL •• 8)ft )

24/+6.57 4.5211l 1.84x:1O-3 0 0.00184

0.0005 0.001.34

0.001 0.00084

(1.5 Cu3ec) (26.08ft)

36(,'3.85 7.94m 2. 16x10-.) 0" 0.00216

0.0005 0.00166

0.001 0.00116

0.002 0.00016

( 2cusec) (37. 58ft)
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(2.5) (49.91 )
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0.001 0.00148

0.002 0.0004"

.\w = CfQ + ~Qn

11.45m = 0.0005x4893.14 + Cw

= 2.45m + 4.34 x 10-4

= 2.4~ + 9.00m
Formation" (.j ell-loss
loss
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Thewell-loss = 6.07 mand formation loss = 2.43 mand the

efficiency of the well = 28.58%

403 IMPAcr OF T!J.[!;FAcrORS 00 T!J.[!;W~.:LL-LOSSi'S OF T!J.[!;

m~p TUBSWELLS

The impact of the factors contributing the well-losses varies

with the aquifer-characteristics as well as with the Well-characteris-

tics of the respective arws. SOmeof the dominantfactors affects the

measuredwell-losses seriously, while somemoderate factors contributed

the significant loss of the arws. SOmeother factors had shown

very little or no influence on the"measuredwell-losses.

The aquifer characteristics and well-characteristics of the

deep tubewells revealed the effectivEnEss of the factors on the loss

of the respective arws as shownin Table 1;.6.
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TABLE- 4. 6 SllLISnTFr:;llTURESOFTIE AlP1FERANDWELL-CH.;RAcrERISl'ICS

JlNDTIE FAcrORSAFFEcrD~GTHE:WELL-LOSS<:::S

2 Q 2 2 Q Q
S1.. 0 Item ~ DTWNO. NJlN-118 DTWNO. BHAL-1100 DTWNO.FHllL-160 urw NO.NABI-R/27 DTWNO.DAlJD-60No.
1 4 5 7

1. salient features of the
aq~ifer characteristics:

(i) Type Qf acp.ifer Leaky or semi- Leaky or semi- Leaky or semi- Leaky or semi- Leaky or semi-

confined aquifer. confined aquifer confined aq.tifer confined aqUifer confined aepifer

(ii) Depth of screen- 102 ft. 206 ft. 145'-011 ft 226 ft. 117 ft.

able formation

(iii) Effective grain cs/MS Mslcs MS Ms/FS MS

size of the
screenable

formation

(iv ) Average permea- 0.00215 ft/s=c. 0.00124 ft/s=c 0.00 176ft/s=c 0.0011 ft/s=c 0.00202 ft/s=c

bility

(v) .Aq.tifer loss ~95m 9.78 m 3.91 m 2.45 m 2.43 m
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(vi) Qlality of water

(a) EC (mmhe_on-1)

(b) F'l

485
7

300

7

490

7

;no
7

625

7

(c) Impact

2. salient features of

the Well-characteris-

~

Free from saJ.;inity

and acidity but
slightly harmful

t. permeability.

Free from saJ.;inity
and acidity but
harmful to per- .

meability.

Free from salinity

and acidity but
sliliht~ affe-
cted the per-
meability.

Free from saJ.;inity Free from saJ.;inj

and acidity and & acidity and
SUitable for good for irri-
irrigatiOD 0 gation.

(i) Total length of
well-string

(ii)Upper well casing

(UWC)(14"-dia)

(iii)Lewer well casing

(lWC)

(iv) Lenght of screen

334 ft., 459.25 ft. 301 ft. 457 ft. 299 ft.

96 ft. 112ft 100ft. 98 ft. 90 ft.

6-jJlcb dia 140ft. 8"dia 70ft i 6"-dia 75ft.' 8"dia 100ftJ 210' 8"-dia 100ft.195ft
6"dia 125ft 6"dia 30 ft

6-inch dia 90ft. 6" dia 144.33ft 6"dia 118ft. 8"dia 60ftj 8"dia 100ft.140'
6"die. OOft .
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1 6 2 6 .3 Q 4 Q 5 6 6 R '7

(v) Placement of screen Single 19cation at tbree different at two different at six different at two different
locations. 1ecations. locations. locations.

(vi) Size of slot 1 mm 1 mm 1 mm 1 IIIIII 1 IIIIII

(vii) Entrance velocity 0.043 ft/~c 0.027 rt/~c 0.0.3.3ft/~c 0.024ft/~c O.029ft/~c
(optimum (Optimwn0.0492 (Opt 0.0656 (Optimwn0.0492 (Optimum0.0656
0.065 rt/~c) rt/sec) rt/~c) rt/sec) rt/~c)

(viii) Metbods of Water Jet Water Jet. Reverse cirula- water Jet Water Jet
drilling tion Rotory

(ix) verticality 1.81 inch 0.68 incb 2.75 iIl;cb 2.70 incll 2.15 incb
deviation deviation deviation deviation deviation

(x) .Well development very poor very poor satisfactory Very poor poor development
development

(xi) Specific drawdown 20.86 ft/(llsec .3.3.20ft/(llsec 15.41 ft/(llsec 2.3.45 ft/CUsec 19.16 ft/CUsec

(xii) MeasuredWell-lass 7.85 m 10.089 m 2.6.3 m 9.0 m 6.07 m

(xiii) we~efficiency .38% Lf3% 51.&1% 21% 28.58%

( .3 )
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:D z 0 3 0 4 0 5 0 6 -0 1------
3. Dominant( major )

factor CausingWell-

losses.

(a) greater length

0f LWC

(a)Execessive length (a)Placing of
of the well string strainers at

two different

(a)Excessive
length ef well

string

(a) Arrangementof
well components

o

(b)Smaller size (b)Placing of strai-

of slots ( in ner.s at three

relation to the locations
effective grain

size )

(c)Water Jet drill (c)water Jet drlli-
ing method ing method

locations •
•

(b)Length of (b)Placing elf (b)Placing of
well string strainers. at strainer s at

six different two different
locatiOlls locations

(c)Diameter of the ( c)water Jet (c)Water Jet
lower well drilling drilling
casing techni qJ-e techniqJ-e

(d) sample collee- (d) sample collee-
tion. tion.

(e)sample descrip- (e)sample descri~

tions. tions.

(f) gravel packs (f) grave1 packs

(g)verti cality (g)verticality

(h)wel1-develop- (h)well-develop-

ment :nent

(d)verticality

(e)(It'ave1 packs

(d)sample collec- (d) sample collec-
tion. tion.

(e)sample descrip- (e)sample deseriF-

tions tions

(f) gravel packs (f)verticality

(g)verticality (g)Gravel packs

(h)Well-develop- (h)Well develop-
ment ment
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5. Facto::-swhich had
very little or ne

effect on the

well-le>sses~

(c) quality of
water

(a)Well site
selection

(b)Materials of
well casing

(b) Chemical cem-
Dosition of
water

( c) Chemical cOlnpGl-(c) Design of
si tion of water Uwe

(d) Diameter of

lower-well
casing.

(e) Design of uwe

(a)Well site selee- (a)Well site
tien selectiQIl

(b)Materials of (b)Materials of
we11 casing we11 casing

tion.

(a)well site

selection

(b)Q=lity of
water

tion.

(a)Q-lality of Water

(b)Well site
selection.'

(c)Design of uwe (c)Entrance
velocity

(c)Entrance velocity (c)Diameter of

screen
(c) Diameter of

screen

(d)Entrance
velocity

(d)Diameter of
screen

(d)Diameter of
screen

(d)screen slot- (d)screen slot-
size size.
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--1--U-------------2--------f---------~--------q--------4---------q--------3-----------j-----b-----------~-----7------------
(e)Diameter of

screen

(f)Placing of
straine.rs

(g)straightness

(e)Screen slot- (e)screen slot-
si213 si2l3

(f)Transmitting (f)Transmitting
capacity capacity

(g)straightness (g)straightness

(h)Well development

(i)nrilling method

(e)Transmitting (e)Transmitting
capacity capacity

(f)straigbtness (f)straigbtness



CHAPTER - V

"-[;/coc).I. .;J C. •than 0.03 m/s (0.1

~IEASURES FOR IUNJNIZIITG T[IE HELL-LOSSES

from an nquifor consistiJ'!L': 0:(' grey medium to fino ~;nnd. 'Lhe len=th

found in compatible h1ith tbe in:C'lucnco of tho cnntrihl.lto!_-"'y

size lIouid be required to obtnin n disch<:u"ge of 56 l/soc (2-0'_1800)

Tho valuos of tho '"oll-lossos dotormined from tlJis stlldy Hero

In the dosign-critorin of thoso DT\1S it "os mentioned thot a

cons-[;ruction of tile D'l~;/Sundor study nnd tho Hol1-10ssos Hero

Dnd 1';011- charactoristics.

f:lctors ns outlinoc1 be:Corc. Fixed c1Qsien-pnttorn '\Vas used in the

found to vnry consic1ernbly Recording to t]]O inc1ividunl aquifer

1011"tll of 120 ft of Gil-inch (152 !l1I1I)dia scroon hnvinr: 1 Illln slot-

of stl.""'ninor lvns dotGlln-:Lnoc1

of' not illOT'O

lilllit mentioned in the c1osiG'll.-criterin. In fnct, it Hns olJsorvoc1

thn't the 1enctll of' tl10 scroens Here cletonllined in SllCtl Q Hoy thnt

the screon ontranco volocities romoin at obout 57'/> to 7G'}'o loss than

tllo upper limit (of 0.1 ft/soc). As 0 result the oxcess lerli~.th

(and in some coses tho multiple locations) of tho scroen clictntes

the oxcossive 10nGth of total Ho1l-string. So, there HOSlot of

scopo for taking an optimwn va1uo of SOroen entrnnce volocity closer

to the pennissib1e uppor limit on tho basis of the pennoaibi1itios

of tho scroonab1e fonnntion.
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It was also understood from the study that since the entrance

velocities of the orws were very lewas comparedto the upper per-

miss:ible limit, the entry losses were found less significant. I-Io"ever,

careful attention should have to be madeon the minimization of

upflow-losses.

The appropriate measures for reducing the Well-losses of the

selected orws might be divided into two categories I nameJ,y,

(i) Specific measures - needed for the particular well under

certain conditions, and

(ii) The general measures - essential for each well to keep

the well-loss at an optimum-level.

5.1 SUGGl>srED SIECIFIC MEASUIlli:S FOR MINIMIZD~G Tllli WELL-LOSSI>S OF

THE .sE;LECTED DE:EP TUBEWELLS

The following specific measureswere suggested for minimizing

the well-losses of the deeptubewells. But the' actual reduction in

well-loss from the following recommendationcould be measuredonJ,y

from the field test - whichwas beyondthe scope of this study.

SO, for getting a theoretical rough approximation of it the! equation

No( 2.20 ) and ( ,2.21 ), were used ( with somelimitations ).

An nnn1y" is of "e11-10 ssess 0f the exi sting deep- tube"e11 s

under study nnd thlllir corresponding recommended deep tube"e11s

nre sho"n in Appendix - XII-C.



1. DrWNO. NAN- 118

velocities based on the permeabilities of tbe screenable formation.

the length of tbe strainer in accordance witb tbe optimumscreen

116

( 5.1 )

= 58.58 ft.
2

0.51Bxo.o656

Q- ,Apva

L =

L =

Where, L = lengtb of screen, in ft.

Q = maximumlilxpecteddischarge, in £t3/sec.

2M = effective area per foot length of screen,ft

va = Screen entrance velocity, £t/sec.

Then tbe length of the 6"-inch dia continuous slot-type

But in case of graveL-packedwells, someinvestigator,; sugges_

The average permeability of the screenable formation was 0.00215 ft!

The well-loss of this DrWcould be minimizedby determining

sec (0.0655 em/sec), at wbichWilLTCN'Srecommendedvalue of Gptimum

screen entrance velocity ( as sbownin Appendix_ V ) was 2 em/sec

( 0.0656 ft/sec). Since tbis suggested entrance velocity was lower

tban tbe upper permissible limit ( of 0.10 ft/sec),tbis could be.

( Walton, 1962),

used to determine tbe length sf tbe strainer by using the equation

screen of 1 nomslot-size having 33%spen area, would be

ted tbe average values of tbe hydraulic conductivity ;,f the aquifer

and of the gravel-pack to determine the entrance velocity. In such a

case WALTONalso suggested to determine the ~ngtb of tbe screen using

eque. (5.1) having factor of safety 2 to 5. sa, Considering a factor
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of safety 2, tbe lengtb of strainer baving samespecification would be-

L =
2 X 2

0•.518x 0.1
= 77.22 ft

<;:::; 80 ft.

Nowif we recommendtbe use of 80 ft strainer witbout any

remarkable cbange in all otber design parameter, tben tbe design of tbe

orw wouldbe as sbownin fig • .5.1(b), wbere tbe lengtb of tbe well-

string become96+3+139+1+80+.5= 324 ft. Tbis reduction in tbe tGtal

lengtb of tbe well-string wouldnot onJ,ysave tbe considerable cost

but also minimized tbewell-loss te about Jl. % less tban tbe existing

one. Tbe cost of tbe orw also becomeTk•.5,18,78;)/- onJ,y, wbicbwas it'OO.ut

7.6% - less tban tbe cost of tbe existing orw (Tk•.5,61,62.5/-) in-

curred during tbeconstruction of tbe well, as sbownin Appendix-VIII(A&B).

2. orw NO. BHAL - 110

Tbe well-loss of tbis well could be minimizedby designingtbe

orw in compatible witb tbe litbology of tbe well. It was observed tbat

a lengtb of about 70I ft screen was placed in tbe screenable portion

( form 270 to 3:>:>ft ) of tbe aqUifer. Tbe effe ctive grain-size of

tbat formation was brownMS/CSwhere tbe average permeability was

0.00128 ft/sec (0.039 em/sec). Accerd:ingte tbe WALTCN'Srecommendation,

tbe ~ptimumscreen entrance velocity at tbat average permeability

( 0.00128 ft/sec ) was 1• .5em/sec (0.0492 ft/sec). Oonsidering tbis

.ptimumentrance velocity, tbe eptimumlengtb of tbe screen ( having

1 mmslot-size .9,II_inchdiameter) would be 78.41 ft. But, Since tbe

lengtb of tbe screenable portion ef the aqUifer was onJ,y80 ft, fer a

greater factor of safety, another alternative screen of 811-dia(baving

1 mmslot-size and 33 percent open area) could be used. In tbis case,

the eptimumlengtb of tbe screen •••.uld be 60 ft enJ,y. St, it was

evident tbat tbe total lengtb Glf the well - string could be
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reduced to 349 1't ( 100+3+1a:J+Eo+l+5) instead of 459.25 ft. The

r~commendeddesign of the DTWShownin fig. 5.2 (b). This reduc-t

tion in length of the well string, and increase in diameter of

the Eoft. screen and 110ft. blind pipe ( from 6" to 8" ),signifi-

cantJ,yminimized . tbe well-losses ( about 64 %less) and tbus would

reduce tbe considerable cost ( about 21.64%less) of tbe DTW

( fromTk. 6,91,256.55 to about Tk.5,41,625/_), as sbownin

Appendix- IX ( A& B ).

3. orw NO. HlUL- lEo

It.,was observed tbat tbe well-loss of tbis orwwas minimum

amongall tbe five orWsunder study. Tbe efficiency of tbis orwwas

51. Eft%. But still, tbere was lots of scope to improve tbe per-

formance of tbis well by reducing tbe well-loss of tbe well, at

a reasonable cost ( less tban tbe actual cost of tbis well). Tbis

could be done by designing & constructing tbe well in conformity

witb tbe desired capac:l.ties as well as tbe aq.u.fer cbaracteristics.

Since tbe entrance velocity of tbis well ( 0.033 ft/sec)

was less tban tbe optimumentrance velocity (0.0656 ft/sec), tbe

lengtb of the screen could be reduced and be placed

at a single location,' As for example, if tbe 6"_dia screen of 33%

open area baveing 1 mmslot-opening was used, tben tbe required

length of tbe screen w«l1dbe a:J ft onJ,y, wbicb could be placed

at a stretcb ( from 2JJ7to 21r{ ft ). Tbe lengtb of tbe upper well

.""
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casing could be reduced to 90 ft onl,y. Then the total length of

the well-string would be ( 90+3+116+1 +80+5') = ~5 ft onl,y.

The suggested desigrr of the orw shownin fig. 5.3 (b). In this

arrangement,since the diameter .of the LWC was increased t9

8.11from.611and the strainer was placed at a single location.

the well losses would be :r:'educedto about 18.56%0 As a

result, the minimumWell-loss wouldreduce the cost ( about

10.41% less) of the well (fr.m Tk. 5,57,430/- to about 4,99,390/-)

as shownin Appendix- X ( A& B ).

orw NO•. NABI-R/21

According to the lithology, the length of the well-string

could be limited to 366 ft onl,y. The screenable portion of the

aquifer (from 210 to 3Et:> ft ) consists of brownMS/FS,at which
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the average permeability was 0.0008 ft/f:I3c (0.024 cm/f:I3c).

At this permeability, WALTCNsuggested an optimumscreen

entrance velocity of 1.5 cm/f:I3c(0.0492 ft/f:I3c). considering

this optimumentrance velocity, the optimumlength of the

screen (having 6"_inch dia 1 mmslot size & 33%percent

open area) wouldbe 80 ft on.1,y.This 80 ft strainer could be

placed at a single location ( Zl5 to 355 £t depth). If it

was done, then the totaJ. length of the well-string "I)'lld be

366 ft (98'+3'+179'+1'+80'+5') on1,y,where the 8"-inch dia-

meter 179LWCwouldoe placed above the 6"-inch dia screen

through a roducer (811 t. 611). The suggested design of the

orw shownin fig. 5.4(b). This arrangement wouldsignificantJ,y

reduce the upflow los.s which in turn reduce the well-loss te about

17.13%less • As a result, the cost of the orw wouldbe

reduced from Tk. 6,77,800/- t. Tk.5,52,540/-, which was about

18.48%percent less than the cost incurred during the construc-

tion of this well, as shownin Appendix- XI (A& B ).

5. orw NO. DAUD - €iJ

The well-loss of this well could be minimizedby designing

the well in accordance with tJe average permeabilities of the

screenable portion of the aquifer ( 227 to 295 ft depth ). The

average perme,ability.of that formation was found 0.00aJ7 ft/33c

(0.06309 cm/33c). To obtain the design discharge of 56 lltre/33c

the optimumlength of the 6"-inch dia screen ( having 1 mmslot-
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size and 33%open area) wouldbe onl,y Eo ft. This Eo ft strainer

could be pllaced at a stretch in a. single locaticln ( 22$ tl5l2$9 ft

depth. ). Then the modified configuration of the well wouldbecome

( from top to bottom) 90 ft housing ( 14"-dia), 3 ft reducer

( 14" t. 8"), 138ft 10werwell casing ( 8"-dia), 1 ft reducor

( 8" t. 6"), Eo ft strainer ( 6"-dia) and 5 ft bail plug (6"-dia).

The total length of the well-string (90 '+3'+138'+1'+Eo'+5') would

be 2$7 ft. The recommendeddisign oJ: the IJrW shownin lig.5.5(b).

Since the lithology of this well did not permit any further

shortening of the well-string, .the placing oJ: stra.1ner at single

locatiQIl would reduce. the well-lass to someextent • This effbrt

would not onl,yminimize the well-losses, but also reduce the total

cost oJ: the well fromTk. 5,75,21.)0/- to Tk. 5,07835./_, ( which

was about 11.71% percent less than the cost incurred during the

construction oJ: the well) as shownin Appendix_ XII ( A& B).
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5.2 THEGSNJ::RALM&ASURESFORREDUCINGTHEwaL-LOS.:ESOF

THEDTWS

The general measures recommended for reducing thel'ell-

losses nrc Given bolow :

10 During the application of "Water Jet drilling method"

the sample oolleotion and sample description should have to

be madewith great oare, to ensure the" aoourate sampling".

2. . Gravel packs should have to be designed on the basis

of the grain-size anal,ysis of the formation particles. The

plaoement of gravels should have to be madewith great oare

to ensure the uniform and desired placings of the gravels in

the annular spaoe between the well string and the wall of the

bore-hole ( from top to bottom ).

3. The plumbness and straightness of the well-string must

have to be ensured to avoid additional turbulenoe and friction

losses during the upward flow of water.

4e The Clptimumlength, diameter and effeotive open area

of the soreen should beselected in oonformity with the well

oharaoteristios as well as the aquifer oharacteristios.
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5. The permeabilities of the screenable formaticns should

be considered as the basis for the optimumlength of the' screen

which in turn dictate the total length and the configuration

of the well.

6. The Reverse Circulatory Rotary Drilling methodshould

be preferred over the water jet drilling method.

7. proper importance should be given on the" totaJ.,.lift

re cjJirements"of the DTV/S.

S. The total length of the well-string should be as

minimumas possible.

9. The diameter of the lower-well-casing should be larger

than the diameter of the screen.

10. The placing of strainers should be made( as far as

possible') at a stre'tch in a single location.

11. The well-site should be selected in such a waythat

the zone Cilfinfluence of one DTWdoes not interfare with

another'one.

12. , The length ()f the upper well casing should be deten-

minedon the basis of the lowest static water level, estimated
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specific drawdown,depletion allowance and pumpclearance

allowance. The diameter of the upper well casing should

provide ade<pate.clearance for the pumpand minimumfrio-

tion-1.9ss.

13. The well.-devellilpmentmust have to be madeto ensure

sandfree discharge at lowest possible specific drawdown

( .5-10ft/Olsec).

140 Aft~r the Well-construction, the operational moni-

toring should have to be continued .for the timeJ,y repair &

maintenance of the well to ensure the efficient performance

of the well.
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this study I

5.3 LD-IITATIONSOF THES'lUDYI

Assumed f1111ypenetrated "ell (partial penetration Was not
considered) •

D\ll"atering of the aquifer "os not take,;, into account during

the determination of the Well-loss and aquifer loss.

Contributions of all the factors Were measured collectively
instead of individual meosurement.

All the data used for the studywere belong to' the nel'lly
constructed Well obly.

The "ell-loss phenomenon, some-"hnt critical and complicntod in

nnture is usually beyond our direct-eye vision. It needs rJoopost

the-loss, sincere efforts had boen mnde to include oIl the

and comprehensive perceiveness. So, it l;,as not possible to include

all the aspects in, a single study or in a single report. Nono-

the folloWing points should have to be considered wh~le evaluating

essentinl elements to make this study os a fruitful ono. IIoHevor,

(i) Barrier and recharge boundaries Were not strictly consi-

dered during the calculation of fonnation-lo ss and well-lo ss.

(ii)

(iv)

(iii)

(v) The factors Were not fully depicted, only tho relevont.
rO'rt~onsWere mentioned here.

(vi)



CHAPTER - VI

CONCLUSIONSAND nECmIN1~NDATIONS

From the study on the well-loss of some DADCdeep tubeHells, the

folJ.olving conclusion S o.i"'0dr[llvn ala ll{; l,T i th some recolTIlilendntions

1'0r :furth er study.

6.1. CONCLUSIONS

1. The excessive length of the Hell string, the arrangement

of well components, greater length of LWC,placing of

strainers at different locations, the use of water jet

drilling Technique, sample collnction and selection,

gravel packs, verticality and well development, were found

as the major dominating factors causing the higher values

of the "ell-losses.

2. The length of the strainer provided '"'.1S much more than that

actually needed, which in turn dictated the exqessive lenGth

of the "ell-string end caused the higher well-losses as

well as the excessive cost of the well. Placing of the

strainer at more than one locations also increased the

. length of ",ell string.

J.' '111esize of the slots of the strainer used in all tIle

DTlfs under study "as l mm, which "'as desiened considering

the "medium to fine sand" as the effective grain-size
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of the fonnation. But the sereenable fOTIlIation of the D'TI,No. NAN-

118, Consisted of conrse sand and henee the Hell-lo ss of this D'IW

could have becn minimised by providing lnrger open ,Iren.

4. 'IllC Hell-lo ss could be minimized by reducing the upfJ_oH'10sses by

provid:l.ng the optimum arrnnc;ement of' the Hell_components.

5. Not only the \lell charncteristics but :.Jlso tile aquifer charncteri-

stics hnve significant impncts on the Hell-losses. So, the nquif'er

chnrncteristics should be taken into proper considerntion Hllile

selecting the tubeHe11 sites to reduce the Hell loss.

6. The D'I'\'lS hnving poor 'development have sho\,n a compnratively higher

value s 0f He11-10sses.

7. Vertieality (the p1umbness and straightness) of the 111'1C inf'luenced

the upfloH 10sses and thus aff'ected the "Jell-lo sses.

8. The "total-lift requiremont" as Hell as the total cost of the tu1oe-

lJell could be reduced by ensuring D.VP1."O.priate meDS1JrCS for minimizing

tlle Hell-losses.

9. Since the sample collections and selections arc some Hhat difficult

,
in "Water jet drilling me'thod", it associatsd Hith the risk of

hieher '''ell-lo sses.

10. Tlle entrance velocities of the D'TI{SHere found less than the

optimum entrance velocities due to the usc of the excessi_ve length

of the screens. This l11il1in~izccl the cntry-19Sscs but cnllnncec1 the

total cost of the Hell to a large extent.



1JJ

G.2 HEOOHllENDATIONS

Tho fol101j.,rine recOlllIllCnc18.tiol1.s nrc ill,H..1e for further stllc1y :

1. Since 0 large number of' DT\'1sh:l.vO nlready becon sunk in our

country by the various clc.:.lnrtmonts/orgnnisnt'ions (such os

DADC,DUDD,UASAetc.), study should be conducted to utiJ.ize

the hyc1rozeologie data rolrltil'lC to these DTifS for :l:'ol,nulntina

a guide-line for the desiGn of tho 'location-8poci:Cic DTHS'.

2. Consideril1{; the different optimum screen -on1;1'811.08 velocities

sUGgostod by tho various authors, it is suC'(:est that s-L-udy

should be made to have bettor ideo. bbout OptilllU.1l1 screen

entranco volocity in rola'i:ion to the pennoability of tho

fo 1,na tio 11.

J. Even though the liator jet drill Lng method cnhnnces the risk

of hig'ber "'011-10s8es, its use should bo continued consi-

derine its advantages. 'IOmnke its usc more advantageous

study should be conc1ucted'to reduco tho "loll loss associa-

tod liith this lJlothod.

If. Study should' bo mode to find ou't the illlpnct of the mnjor

inc1ivichtal factors on the 'Holl-10sses.



l'Jote: lJesides the above are"',the Upazilas' covered under Bar-indProj ect \lould also
be considered as the proj ect area of IDll or,J-II proj ect.!Jol<ever,if it is fOWldthat
the project components cannot be absorbed by the original project area,onl,y then
Barind'area would be utilized. .

~endix - I
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7

NarayangonSDistrict
1. sonargaon
2. Rupgonj
,9.lb-Total : . 2

3. Kishoregon.j District
1. 'i'arail
20 Karimga.tlj
3. Hosoainpur
4. PakWldia
5. Katiadi
6. Bajitpur
7. KislJOregonj
8. Bhairj,b
$ib-Total : 8

6. Han:i.kgon.j Di.stri ct

1. S'-turia
2. Han:i.kgonj
3. Singair
4. shiba.laya
5. (}lior
60 l-iaririJJUpLl.r
'7. J)l.ulatplU'
sub-Tatar,

9.

B.Baria District

1. Bancbarampur
2. B. Baria
3. Kasba
4. Nabinagar
5. sarail
Sib-Total: 5

)),tlka Distri ct

1. UJamrai
2. savar
3. NawabgOllj
4: Keranigonj
s,lb-Tot3.1: 4:

l'idrokOlla District
1. Purbadhill\
2. Netrokona
3. ;,tpara
4. Kendua
5. Kd.lmakand'"
6. Barhatta
7. i"lobanganj
,9.lb-Total.1 7

G~zipur District
10 Kapu.sia
2. Kaligonj
3. Joydebpur
4. sreepur
5. Kalitlkoir
.,9.lb-Totul : 5 .

2.

8.

11.

1

MWlsbigonjDistrict
1. sreenagar
SIb-Total :

Gomilla District
1. J)audkandi
2. J)abidccr
-3. Bral1rnanpara.~+.Hurcl.dnagdr
;;iJ.b-Total I 4

MYmensinghDiot.tl2i.
1. Bha.lult'"
2. Gaffat'gaon
3. phulbariCl
4. Trisal
5. Nandail
6. Iowargonj
'7. h:otwaU
8. Huktagaoha
9 • phulplU'
10. Hal.u"'gbat
11. CPuripur
,)..la-TobI : 11

LIS]? OF IJPJl.ZILJIITliilNJl ulm"R
.IJ)Jl Drw- II PfUJ ;,;or

Narsingdi District
1. NarsingdlJi
2. Shibpur
3. B'llash4. Belabo
5. Monohordi
b. R"-ipur
,9.lb-Total I 6

1.

7.
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GRAPHIC
LOG---- - --~--= ..'

.2. 19. 9~
. ",: " I.

42

32

S7

160

.7

192

. "2'

o

THICKNESSlfI.)

F RO~A TO

I:
! .

, .

I

fl.d..~:.r _.~\EJ>!UF~ .~td,
Forn, t:r
IDA OlIN-II/O!

t~
Ill() 1_.160

t

i(.,C,! ".-

1
',- ".- ','
I- .

1<0 I~:
I'-'1-'01:-
i~,

PROJECT- II

~-'::;' ;:i-.:.-"----1-.-~-~-9-.-..---"'---~-1-~~-~--B-:/;~] .
- .. -.- .. MouZl'u Cf"landipasha

I~I (, J I 0 '.. .. ". . .

.{SIC,EET .. ', .of 2,

A.I'

Brown plastic clay

Grsy plastic clay

Grey fS

5

. Gray plastic clay

DEEP TUBEWELL

60

C!0 -

100

120

IDA

CONTRACTOR:
CONTRACT IDA/r-II!1

Lu•••.,t.chnlc'll. Enhrp>';i."llLtd. ORILL ING LOG

, .

!
i
I
i

!
!

I,
1

!( L' 2'0

Itl~_-r-
260 -1_______ ._
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I
I

GRAPHIC
LOG

,.. ', .. '. '. ..
.', ..'.. -~.•..,;, .
, , .,......"-.

, .,: •.' ..-..
,~;:.:.::~
:I:..-.~, ..
.:.. .... ' '.""
I,' "
• ..' I •. ' .. '-' .' .'. ", .. .

;:. .......•;'"
.r .~•.• '" •.~.

I. 118
/ 10!; . /. 184.

295

lS42

Form t~f
~~.~.nTl'.'_' T ,f'l,

m

THICKNESS"t.1
FROM TO

. '.' .2 ..•. 19, 91.
lS;}2' ' ft.

~'G No.~ouzaaChandipll """.
SHEET 2 of.2.

340

- 277

300 295

320'-;}07t

We~ No. . ~~

APPNo .. 1 . ./.9

Brown MS

Grey CS

Guy MS

Grey rs

Brown CS

OESCRIPTION OF FORMATION
(With Sample NO.1

200

, 19 ... 9.1. Dote Complf'ed .... 28, , ... I

oepth ordered below OGL

CONTRACT IDA/ P-II/1
DRILLING LOG

280

340

300

320

500

;;20

4ao

IDA DEEP TUBEWELL PROJECT-II

360 360. Grey pla.tic clay )42 )92

380 3';0 --

I"-

" .:r;<;\~
400 400 j:-

I
(~,') ~-

I- 420 ';'0 l-_
\

;,,~

,MD. ~\I,'N'

I, I\ • 1':;g.~\,

i. I'
."0' !

440 "I;. Eogin er ( DTW ) BADe "., "[----
, . P>A a.gio.., MYIl>el1&ioa/l.

460 46 U

CO'ITRACTO R :

Cah Started.' .. -27... , .... 2 ..

LOIlQodby '~d.l'lukan<llll' 1'o•••• 1n.

DRI LLI NG TIME LOG

'ROD-No. FROM TO

luna.Technioal Enterprise.Ltd.

Record, chtcJtod tly ; Sion(JfDr •.
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Woll No .NIlN .• ' . I 119
App No , .. 1..9 ... 1'105' I .. 184.

GTH

DESIGN SHEET

ER

BANGLADESH AGRiCULTURAL DEVELOPMENT C()RPORATION

IDA DEEP TUBEWELL PROJECT-'II
CON1;RACTOR:

KEY FACTORS SED TOU DET MINE SCREEN LEN •• - • AhA

Deaign Factor (F ) Penfltrotion Foctorl h ) ~hion Foctor (F) Penetration Foctor lh}Lithology LithOlogy
grown/Y'llow Or., tlro •• tY,Uow O"y BrowQ/V.lh Or, , 8to .•.,,/Yellow Or"

Oay/Clayish - - - - MS IFS 0.50 1.00 0.50 1.00
SlIt/SIIty - - - - MS 0.70 1.40 0.70 I. 40
VFS - - 0.05 0.10 MS I CS 0.80 1.60 0.80 J. 60
VFS/FS - - 0.10 0.20 CSI MS 0.90 1.80 0.90 1.80
FS IVFS - - 0.20 0.40 CS I. 10 2'20 I. 10 I 2.20
FS - - 0.30 0.60 CSI Gr 1.00 2.00 I. 06 2.00
FS/MS - - 0.40 0.80 Gr ICSIMS 0'60 I. 20 0'60 1.20

OESIGN CALCUL ATiON

Graphic Component Setting Screenad Aquifer Unscreened Aquiferlog with RE MARKS
symbol Depth Component D F L "L D h L' "I.'
Top ",,1

LENGTH OF UWC .~;7 AG -2
I 70ft : If upper cloy i, '-40C.oley feet thick and k)w8sf Iota

20 20 dry 880son SWL I, ~ 20ft.

2 80ft : In re5f of project area

32 MINIMUMLENGTH OF SCREEN
y.rs ( If 6 In.)

40 42 40-: -
I. 90ft : Grey MS'or ooorll'

8ond, only".8.P.ele 2. 110ft : Holt mixed ~rey Q.nd
brown/yellow/reddish londs.

6057 6 3- 120ft: Brown/yellow/reddish
lands,

CALCULATING SCREEN
LENGTH

80 80 ) I. Any aquifer underlain' by 10ft

,~r", ar more of cloy/silt above~. topmost scrun shOUld be .
excluded from the calCulations-

94 2. For each aquifer uctlon
100 97 100

\ values of land L' or.
calculated by mulUplyingC.P.ale aquifar thickness (0) by
rel'vant For h and summed
In the appropriate column.

120 120 3- Orillinq may be stopped when
:!~~100 and :EI: ~ -~O-':are
ochi;ved. SUbject to minimum
scroen lenoths cfoted ob9ve.

140 4. Final value of l." wiU be 20ft.
multiplied by its relevant h
value belOw lowest screen'

~.If ~L' including tho bottOM
20ft. io "50. although "L io60 160 Ii: 100, if possible, additional
aquifer $houl~ be $creened to
mako "L + ,,~~ 150,"'b)oe'
to minimum screen length
stated above

180 180 KEY,

192
200 200 I1te

C.P.el ./

1
22 -":21

W
22

8.rs 9 0.3 2.7 .7
230

JiB.eS
_.1.Jl.' 7 1.1 .,-7 '10.

240 - 24 ..........................•.._-,---~,--

Luna Tochn1c~l. ~nterpr1B8.Ltd.
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Well NO NA-N / .. 11li '"
A pp No ...• 1 .. / 9 '/105" .1'1M

MOUZ8: Chandlp"""a
Desion Foctor ( F J Penetration Foctodhl

Lithology Design foctor ( F) Penetration faclor I hiL/lholoQY
8ro•• /t,l\l>w GUy Qro."IJ'Uow Or" &'0""h_1I0. Gil, 8ro••,,/,do. Gr',

CloY/Clayish - - - - MS/ FS. O' 50 "00 0'50 1.00Slit/Silly - - - - MS 0.70 "40 0.70 1.40V.fS - - O'OS 0'10 MS/CS. 0.80 I' 60 O'SO ,. 60VFS /fS - - 0'10 0'20 CS/MS 0'9'0 1.80 0'90 1'80FS/VFS - - 0.20 0.40 CS 1.10 2'20 1"10 2. 20 .FS - - 0.30 0,60 CS / Gr I. 00 2'00 I. 00 2'00fS/ MS - 0.40 0'80 Gr /CSIMS O' 60 1.20 O' 60 I. 20

"AN~'-AUt.SH AGRICULTURAL DEVELOPMENT CORPORATION.

I DA DEEP TU8EWELL PROJECT-II
CONTRACTOR:

DESIGN CALCULATION

Graphic Component Set1lng Screened Aquifer Un screened AquHerlog with
REMARKS,>,mbol Depth Campanai'll D F L :lOL D h i.' :lOt:

LENGTH OF UWC

I. 70ft : If upper cloy Is k. 40
feet thick and lowest lale260 260 dry season 5 WL Is ~ 20ft.B'CS 40 1.'1 44.0 44.-' 2. 80ft : 'In fast of project orea

. ,

MINIMUM LENGTH Of SCREENn " (J' 6 In.)280
'1. 90ft '. Grey MS or coarserB.KS 1B 0.7 12,6 56. sands only.
2. 110ft '. Half mix:ed grey and" .•,•....

5 brown/yellow/reddish 8onds,"300 300 3. 120ft '. Brownl yollow /reddishC.MS 12 1.4 16.e n. sonde.07
C"'ILCULATING SCREENG.CS 20 2.'2 4.0 117 LENGTH-320 320 I. Any oquifer underlain by 10ft.

or Inare of cloy/silt obova- - J27
5 2.2 11.0 21 topmost screen should be

J2 t' xcluded from tha calculations.

1340
5 o 6 J 0 24 2. For each aquifer section

value, at lond L' are
! calculated by multiplyingC.P.c18 (1 (1'e 17. _24 4e14 .e( .K.) aquifer thlckneS8 (0) b}

relevant. F or h and summed
~.,~ In Ihe appropriate column'-.--"-.'360 360 : '.'\ 1'" • 3. Drilling may be slopped when

::H?: 100 and ::et ~ 50.are;

;'{ aChievedi subject 10 minimum
!creen lengths ,Iclad above.

380 380 I{\il 'I. Final value Of L' will be 20rt.
multiplied by lis relevant h
value below lowest screen.

J92 ( Mn 5. If :n' Including j'he bottom
400 20ft. I, <50, although ~l is

~ 100, If POS~ibl&,additional
aquifer 'hOUld be screened to
mcke:a t ~C'~ 150,slJbjact
to minimum screen leng-th
,Ialed above420

420
ill!

0: Thidcness of formation
F; Design fodor of formation

'creened ,440 440 l: Ox F

l: Summation of L vol ,
h: Pene~rotio;, (Octor of

formation utlscreenad. /'l; Ox460 460 Ltd,
,,:)t

480 480 "E"lllotl!t'( 'Mf.
. . .'~""';'l1t~ i~.~Oe5I1;1nollon................. .

lUIlll.T,<illbn1Cl81 Entorprba ltd. DESIGN SHE ET

KEY fACTORS USEO TO DETERMINE SCREEN LENGTH
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./
/

,
Form: IDA-II/~

Col.Dev:

01 Depth .••.. 90 fJ.Add.DiSC allowenco.2S

No of

20 It.

4

4

Screen

. .in.

1

1

.. , .19 ...• ' ...

7

Diometer 20 .

Depth to SWT below O.G.L It "' In.

Tol~1 length of UWC 96

Reducer {R)/Mtlterio!: 3ft./ HS

Tolal Length of LWC ..•••. 140. ' .. -.ft.

------.,-.

Do!e ...•

Diameter / molerial: 14 in/ '.1.S .

.ft .Depth drilled beJow,O.G.L ".".'9..l',

.ft.

10

. ; .f t.

Depth below -r- L W C

UWc fop r;;~of No of No Of

'_ (ft.l_J -..!..O.!..t.: 20ft. /0ft.
to 2)9 _ 7

to '29 t-::

~'~~
~ "1 ~Tt l'
'''''''t''1, '.1 r' '. .

--d . iJ.Lli~'!S,--,

. ..... cft.

99
2)9

CI
SS

Malerlal

--:"--"_ .._ ..-" ---.

--"-.

'"6"

Diameter
(in)

t•.-.
to
to

to

10

to
. to

to

to

. to
to

DRILLED HOLE DETAILS

)epth ordered below O.G.L 33:t .

_
en9fh of temporary casing 10 It.

UPPER WEL'L CASING DETAILS

Height of uwe abOve OGl ... 2. ' .. rl ... ,in

Depth of uwe below OGL .... 94.

LOWER WELL CASING a SCREEN DETAILS

ONTRACTOR:

lana., Technclcal' E'ntarprlss' Ltd" ' .

CONTRACT IDA/P_II/1
TUBEWELL CONSTRUCTION DETAILS

LWC

Screen

LWC

Screen

LWC

Screen

i

I
f--:;;c'_.

Scre~n

LWC

Screen

I_~~c
Screen

LWC
Screen

below OGL ..•.....

Gravel quantity (oPPoxl..
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IDA DEEP. TUBEWELL PFWJECT-Il

. ,In,,

140

. ... ,' in ... ..8.

..1725 .... "<S. 10.

'I,----.,.---------, i
Well Ue .. :. '.... NJ:\.~.... / . .'1.18,i, :.

, .

AI'" "0 .. 1./ ..5L. 1105./184.

f'!oUZll.Chandi"""""

,

Oilllll"ICI of Uri/ice

Remer's

lliOll1cl~r of I\pr/ooch pipe

Developrncnr Cornp1c1ed 01

pumping stopped Bt 10-00

3 wot('1 fey"f~ ~hOll!d be Inl!O~UIl"1 jll':1 hr.f('11' 'hi: r:h(l;'9"~ of
disch'llo" Inl,!! ond 01 Ihe I1'nd01 cC'llIil'uod UP 0 Ow OI'Cfolion,

I. 11",""H~fill!J IIll! IUD of UW( (nhflul Iminuf., In every 15minul('s)
is Ml'(ll"cJ fllfoughouf 1~9 deytilorln~nl relied.

2 Sand C<:JIlt!!"f !('s! i! nol !s$('flliul dufi'lq 1I,t"lirs! 111'0 ~ours.

----_._._---------

5 enrt
c enle nl
(ppm)

---- --- ,_.._-_.

fl, .. O.. in

.f( ,9 In

Wofer level
flom
owe !(IT
Im,ll.

54-11

57_9

65-2

CONTRACT 10A/P.11/1
~td.L. OEVELOPMENr I1EC0l10

.... 23.
.. 02 ..

I. 50

OischorQc
(cusec"'

Clock lime

From To

ONTRACTOR:

.,~w:l".T,...,.~n.,i.C81.r"t~r'pr*~~

'olle Wolcr level from lop of uwe

e10hl of lop 01 UWC otlOvO O,G'L..

9velopmonl slorled 01 ... oaoo .... hr~" 10 J 19.91.

elhodor OeveloprnJ!nl.. ".... ..QV.~~.~P~!:I.g. ~ ..~.~~ ..~~r.~ng.

Time!
~Iopsed
(mlns)

~ 0800 0830 0''10 41_5
15 0830 0845 0 05 43.1---
IS 0845 0900 I . 0 0 44-9------ ------ ----
IS 0900 0915 I 2" 47,.4---------
15 0915' 0930

15 0930 0945._----
15 0945 1000

.,

I

'. :!
i,

.

fo2' 2mins 25 sao.
.

iC4!EnteJpri!~I. ~
Ifln 0':\'I-1I/U5

)h.

sampling from 30 eee for 2mins 30 aee.

OP " 8W opereation.

OP & &I ~rst.ion.
""mpling from 30 8SO

sampling from 30 oue for 2mins 25 oueL.--'-------------_. __ ..._- .-- ._----~---- .

27

22

_ .._.O~.~!!d__'!p~.~t.i'!" •.
22 ... .oompling...J'roftL.2;;..••'80

20

--- -~---_ ... -._------------- .----_ ..-

--I

65-9

- 26 S8IIle!!!!9 from 25 SBC for 2nins 20 00" •

75_1

680.6

70~

75_11

•

90 .1420 1550 2.5-- --------
5 1555 ..1600_ •

.
30 1005 11l3S 2.02~

---
60 1140 1240 2:25, 1245 1250 .------

60 1255 1355 2.40------_.-
5 1400 1405 •---------.
------

------

-------_.
------;

--- -'--,

J



Waltr
Woter SpecificTime Level GauQ' Specific Time GouQ'Sf",jIp "om OrCMdOo'tn R eOdinQ OischorQ' Qrowdown Slep (lapsed Level Drowd(7o¥I ReodinQ

[)i$Ch.CI'Qa
()rCWtdown(lapsed fromUWC lOp (f tel ( in. J (cunei ((lieu"lc) Uu ( in I ( cuseel II/cuuCI( minJ t min) UWC lop( f1.1 (ft.1

I st. 0.5.6'_2 19.5 3rd . 0.5. 64-0 4o.J
I • 5 .8 I .2 .5
2 D6 .9 2 -4 .7
3 .7 .10 , D6' .9
4 .8 -11 4 _7 .10
5 .Q "".0 5 .9 61.n
7 .10 .1 7 .10 .1
10 44-0 .., 10 6~ -'15 .1 -4 '5 .1 -4_? -~ -- .~20 20

~~25 ':'"J J. '" J. .

30 -4 -7 30 -4 .7
40 .5 -II 40 .5 -II
50 D6 -9 , 50 : D6 •••60 .7 .1n 60 .7 .1n
80 -II .11 80 -II .11
100 .9 1?1.n R" 1, ~J.on 5" '00 .9 42-" .." ".b~ ~n .'70

2nd. 0.5 SJ., 29-6 *-'"'- ;) 4th, 0.5 7"-11 ;n..7
I .5 -II , -6 .9
2 .7 .10 ..) 2 .9 ;1.n
3 -I! .11 -~, _C.«Jf( .• 3 _4n _4
4 • 1n '0-1 ,~-U - ,.~.!>• 4 '7'W1 -,"t
5 «;6.0 -' J:l\\S, -.:'\4, 5 •• ,
7 .1 -4 •• 7 .2 .5.2 .5 ..-10 10 -' -615 ."t -6 15 .~ _e
20 -4 .7 ~ 20 -6 •••
>< .5 -II 7 .25 .7 .10
'n D6 .9 " ..&<1lP 30 .8_ _-11
40 .7 .111•,n':Jl!HA fLUI'. Ii-AHMAt' I 40 .9 <?..n
50 .8 .11 "" ;(nTW\BAD 50 .1n .1
60 •9 "J1..n ~.-_.

. !lh• 60 • ...1 .J.
80 •1n _. 00 ..

100 ••• ~n .,. - ... ?" ?n_"~_44 -" " '00 _44 ;;
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. ..... In
In.

"-, I
'. i

echnieai EDtefp~ I .:;; I
i j

Form Nr. I •

lOAOTW-H 106. j... ,

Well No .•.. NAN ... 1.111\

A PD. No .. 1.1 .. 9. 1.105.1.1"4.
I'louzaaCha ndip" aha

,.,

----
. 3rd step 4th step Remarks

2 .. 5 50 100

e 8 B r
~5
7.0 ,

Diameter of Orifice ... . ..6 ...
Dlometel or Approoch pipe ..8 ."

Telltfarled 01 ..... 1000.. ~($1 •.. 11 ..•.. :J119.9-1 ..•
Tes! completed 01. 164G . hrs •.. 1.1... ,.J. ,19.9.1.

CONTRACT IDAI p-1I/1
PUMPING TEST RECORD

SlQ",olure

Q

I DA DEEP TU BEWELL PROJf:CT- II

Time elop$ed {min' 2 ~

Sand content (ppm J

EClmmhacm-l)

PH

~teo(d •. checked b:'

TESTS

CONTRACTOR:

. L!J~ Tec.hnic81.EntBrpriea ttd~

~Iotic Woler table depth from lop of owe ..2> .. ft .. 9... In.

Helc;lht of top of UWC above QG.L. "" ... 2 ... ft .. O in

Ot'lelopm'en~ completed 01.172.5. hn. :'iO.. .'., 19.91- ...

PUMPING TEST READINGS

.)..

't
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.J

PROJECT- II
".;;:,-;-;,:----ijHAL/~ii.l R)
t;:;;;~~.~~~-..-'i %67'. ! '.1 .

~P.IG .110 .. ~Qu~•. ~~l.
( S H ~ E. r . . ,I., . of. . 2,

DEEP TUBEWELL10/\

r;ON TR r,,:, 1 I [) t,! p- III

~/••90n~~dGoh.r,ng~~~r.(Pvt)Lt.8/{i~~.~~?~
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". 1
2

, .

.. ~,

.' '..

, .. ('

, .
(: :

, .

•..•'."' ~ ' I'-. ~ '

, .' , .

G RAP Hie
LOG

I, t.'

01

. Form Nr
lOA OTW;"l I/Ol

2

THle"NESSlfl.!
FROM TO

.4. , 19..

.US'''''.

SHEE T .

480

440 J

380

460 -

360

280

n ?

~

.- ..._-_._~,.
W'" No.. IlIfl L. -"--.J1.O- R
Ave N< ... ,.1.,... : 267 '-S1' .

R113NO.~~. Sftc)hal

Dole Completed ...•. 29..
Depth ordered below OGl;.

Brown MS

er •••n rS/Ms/.ut" cl"y

Ilro<on ,,11 t y cl""

OESCRIP110N OF FORMATION
{WIlh Sompl4 NO.1

520

500

__~ ..L. . .._._. ..__ . ,._--'- _

380 -

480

,340

300 l.
f-
r,

320 t-.
t

120

400

280

I
I

~.~""''''
Brown "Sf" S/cl"" bell 260 270 ".- '.-••.

------ ---- ---- ;~:-!.,'.

BAN (, L <\DESH AGR ICUL TURAL DEVE LOPMENT CORPORATION

IDA DEEP TUBEWELL PROJECT-II

I-r
!

f

I

t,-
I

~
I

CONTRACT IDAI P-1I/1

"1••~"ll1"clD"" .(,..,in .•••re(Pvt )Lll£ IL1ING LOG

DRILLING TIME LOG

ROUNo. FROM TO

"RlIeord. ch.cked by : SIQnature ....

Nome I Deslqnolion .

CONTRACTOR:

001. $tcrte1 .. 27. .•..• 19... 91

LOQQ.db, "".!lbdlar.Raehld'
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1.00

I. 40

.1.,60

1.60
2.20

2.00

I. 20

REMARKS

I.CO 0.50
1.~.O 0.70
1.6:) OBO

,. Be 0.90.
2.20 I. 10

2.00 1 I. 00
I 20 , O' 60

----l..

SIQooture.

NOtr'e ' .•...... "f\... .
Designation ... , .l'P. .. ~.. ,Io; •

r:" .._ '-'r If\~ nTwM¥; In.,.

5. If '~'H'inCludingtho bottom
20ft. is .( ~O, although =el is
?; IOU, it possible,additional
aquifer should be screened to
tr'Oke :!:l+ 21-' f; 150) subject
to minimum fI creen length
,10 ted above

KEY
0: Thlckne_'i! of formation.
F: DesiQn foclor

.cr e
.0< . \u40

.:>l: sum",o!i>l\\N~<lIue.
h ; .J\I~lifoctor at

- taJ).i~o.tRrrmolion unScr!ened.
" ~: Ox h.

::;:l': Summ ,to

lIESIGNER

0.50
0.10

060

0.90
I. 10

1.00
060

r-----;;;- (""R
1 Well No ...•... B••••.L .. I ... 110 .<""/- ..

I App No .... 1. ./:1--. :7261. /--61.

"OU%!!. Shahal
Desion F(lc. . -;:) P.enetration Foelor (h)

h

__1.._9 ..5.•!! ._~•.!l.

Unscreened Aquifer

Lllhnlooy

MS /FS .

MS
MS / CS

CS / MS

I CS

i
CS / Gr

Gr /CS/MS

..L lEr~GTH OF UWct II ..:. 170ft: Ifuppe~cloyis f!4°1
feet tt'!ick and lowest loll!! II ! dry seas Oil SWL is b 20tl.'--.t- .oj 280ft: In rI!!t of proJflct.arp.ot I ~ (;:"~'~~ IL~~TH OF SCREEN I

---r' -- [I I -]' ,. 90ft: Grey t'S or coorser
-.- I 51:lnds only'

J I l?. !10ft: Half mixed 9rey and~,- I I:irown/ye1l0w/redo15h londs.
::} 120ft. orown/YAIIOWlrllddlShl

fl. I 1CALs;~::lING SCREEN
LENGTH _

I. Any oqulfer ;Jnderloin by 10ft.
or mOte of claY/Rilt abov.
topmost screen should be
e)(cluded from the colc~lotioo,.

l \ For each aquifer sectlan-, ,,;1\, ~.~__ volues of l ond ~ or.
i '1.... colcula'ed bV mulflplying

t 'il ~ cquir'!r thickne" (0) by
L C1\~ ~ relevant For h ond summp.d

.
~_ ••.•.• 1 .' • ~'\"\i --:-J In the oppropr;ol. column.

3 Orilfirq may be stopped wh;.rt I
-:EL2:. 100 and :et:;: 50 ore

. J oChT;ved, -:ubject 10 minimum '
I . screan lenon'll stoled obove.
1 4, Finol value of L' ••..in btl 20ft.

multiplied by its relevent h
\lolue below lowest sCleen'

I

T

"L 0

0.10

0.20
0.40

O. 60
0.80

l

Screeroad Aquifu

Grey

I - 0.05

i -JOIO
I = 020

- 0 3(JL- 040

I';.n' 160.~.
J"~ --;58 1.0 9.5
.1;;'5-'-1/1- .... -I.. --I-..

2.00 ._~. J. I

I

Component 0 F

4' J..I !
! !
I 1
I r I

, I I, ,.
I I

40--" I
1

0-' Ii i

Component SeHing

Lithology

Clay/Clayish I
Silt / SlltJ

VFS

VFS 1F S
FS / VFS

FS
FSI MS

BANGLADESH AGRICULTURAL DEVEl.OPMENT CORPORATION

IDA DEEP TUBEWELL PROJECT-II

KEY FACTORS USED TO DETERMINE SCREEN LENGTH

DuiQ" Faclor (F) Penetration Foetor(l'l)

DESIGN CALCULATION

CONTRACTOR:

"/e.llangl!!."" ~noJ."'.U(l'vt )Ud,lE SIGN SHE ET

8."S"" /cle.y



14.5

1-00

"40
I. 60

,. BO

2.20
2.00
1'20

0'50
0.70
O'BO
0.90

1'10
I. 00

0.60

Penetratlon foctor (hi

RE MARKS

Drilling moy be slopped when
:!L ~ 100 and :l!!t ~ 50 ore
aChieved, subject to minimum
'!ICfestl lengths sloled cbo":le.

Finol value Of l: w'lli be 20ft.
muHiplied by its relevl')nf h
value bela.',' lo\'.'~!>tScree-n-

: Th;c\f;MS' o( fo('q.~n

F~~~~~~O"I
: Ox F .

l: Summation of l. values
h: Penelration foclar of

(ormation unscreehed.
~: 0)( h

Signofu.r •. ~.

Name .
n"'~i•.•••"fi"' ••

5;. If ~L' Including lhe bottom
\o.e:t\ 20fl. I, <50, although ~L i,

\ ~ 100, If pouible, oddilionol
aquifer should be screened to
make ~ t ::n." ~ 150}!!ubject
to minimum terun Illngth
,tole d ob

w;;;-;'-;;-==JiHA~. 110(R) .J
App No ... , . .1. ""'/"2ti7.'/'6t'" .
llo"ZII. She""1

o'

hD

UnScreened AQuifer

LFD

Sereltned Aquifer

1':~;~~f:'1
20 .B 16 4'.

1+ 8. 52. (0. .)480

450-3
455-3

460

\

PenelrolionFaC1or(hl. I Design Faclo'r (f)
- lithology

ero."/y_Uo. 0, • ., --J 8ro."I,.lIow G""

- - Ms/r5 10'50 "00
- MS' O. 70 1',40

- - 0.05 0-'0 Ms/cs. O'BO "60

- - lO"O 0.20 CS/MS O'DD I'BO-J - 020 0.40 CS ill' 10 2.20030 0.60 CS/Gr I. 00 2.00
.::: _-__ ~~~_~B~~-,./CS-,~ 060 120

LENGTH OF UWC

/ _~ I. 70ft : If upper ClOy Ie ~ 40
'l5S~" feet thick and lowest loleI I dry season S WL Is f: 20ft.\ 2eo

, ~ I I I 2 eOft: In rest of project orerl

/ 'ls.Cl' ~ .. t . r .. :t~:'~I,1'.B' ~I:46.". ~;'~Y~)LENGTH OF SCREEN

/

11 '1_. 280,[ - I I ,'. -]t I. 90ft", Grey MS or Coorser
r sands o.r:ly.

2. HOft', Hetf mixed gtty ond
brown/yellowlreddish sencia.

I.t [67,;$.8 ".. 3.. 120ft: !=\rcwn/yellow/r8ddiSh
I :1 300 "- '. sand!.I j ..

I ~j~~j" ~~~~.~ATlNG SCR'-EN

320 I. I. Any aquifer underlain by 10ft.
I or more of cloyllilt above

topmost screen should bl!

t'lCcluded from the calculations.

Foreoch oQuifer section
values of l cnd I.: ore
colculated by multiplying
oqulfer fhlclr:neJII (0) b}
rel9von' For h l!lnd summed
In the oppropriof. column/',, \

Desion Foctor ( F)

I '42n
: !!"-S,r ,~ .8 2.0 96.'

1 • .k.- .. _ .
1:....1 .......l

h{,,~~~ .B 113 11 '}

CompOnent Settl"g

Depth Compon9l'l1

LIthology

KEY FACTORS USED TO OETERM'NE SCREEN LENGTH

c;aY/CIO}'iSh
Silt/Silty
V FS

VFS IFS

Fs/vFS
~S
FSI MS

'BANGl.ADESH AGRISUl.TURAL DEVELOPMENT CORPORATION

fDA DEEPTU 8EWELl_ PROJECT-II

Graphic
100 with
symbOl

DESIGN. CALCULATION

SONrRACTOR:

Il/ •• Ila.ne.l•••• lth. ~ng~~.(Prl)LtdQESIGN SHE E T
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J20.

90'

D!..,

H;

COI.r)'ev:

0.7'. ;"

II,

IAO)(.O' •••.IOIIOn .•••••• : •.• , In.

01 Orplh •..••.•.••. " q.

Form Nt. IDA. OT'r'I-IIl03

. u.

No; of
20rl.

.Serun

1
-
1

•
1

W'II >I, •... ~.L .. '. I. :1111.i.~.
'PO >1, .. ,:1.1.. ' . ./.,~11.".
"ouza. She""l

rll G, No, .•...•..... " '.

tlo. of
10 (I.

------

-~-
---'-'--.---No. of

2Q fl,

9

L ~, C

tlo. 0 (

10 fI,

1

Dlomertf •. U/20 .. In.

Deplh d.rlJled b.low OGL •••••• 41.0 ... fl.

Oeplh to SWT halow 09L •..•.. fI .. , ... In.

~ l.n?11':I of ~c.112.. ...:..:....:.
RedVqr(RJI1M1erlol: 3 II 1P!l~.

OJomelu /mclulol: 14 In.r.MS •. ~•.. , .• , •.

COl, ..•...•.. , ••.••. , /9 .••••..

To lo!

CONTnACT IDA /P_II//

TU8EWELL CONSTRUCTION DETAILS

IDA DEEPTUBEWELL PROJECT-II

-....._'- .. --- .. -....:..-- .. --.:.- ..- .. --'-

- .... -.'-'-'- " -----,. - ..... - ..

-iJANGlADESH AGRICULTURAL DEVELOPMENT CORPO,qAT/ON

)/J i R 4 C TOn:

" / •••1la"ll1" doell Eng! •••••••••( Pvt: ) LJ:d.

. - - -- ---_._--tlLLSD HOLE OSTA,ILS

'pI" Cfdtrec below O.Q.L 4'5-3 ..' (I,

~YlELl C.~SING.O£TJ\IL5

;/gll, Of UWC oboy. OGL .• : .'1. fl .•• In.

'I'll .• or.uYlC t'Jl:" ••.. fJt;l. lOll .... 11.

•. :; fl •.

t IAc/'tl.". S'lP, S5 :Slolnl

'"Ih I, '."11"" " '."1 pi", C•.....•. 111, II.

Or "-;:no Ii",. , ..

UOIt .•.....• , .• , •.•.• ,



750

H;

-";"',Reodlr.lI: 1- r_ ~l-~--j
.....•. In.7I,1lt- •.. ~;)

70 fl. -ffi-,--, q:;L
e". Dn, i:;l•.•..-,.r<..>-I:i,
........",u J..r::rI Y.f.:J

I
. . IT'~. :-LDRecdln,Q •. Q:':),- ~\.i

...... I". 'riJI . .....:1::\.
BOll.~~, -f-r

Col.Dev. ~): I
...... In.b__ l::_J

II.

IAex. Oevlolion: .. 't.e"5-. in.

01 Oeplh ....•. SP rl.

~dd.D.lac .11~ ••25
FOfr;'l Nr. IDA OTYI-II/03

flO •••••• ~~ .• /. 11D...
flo •• , 1"'.1.. 1. .. / .. U7. / ,61.A pp

Ilouza. 5"" ••••1
Hl G, No •.....

W~II

Conlroclor

( h'.t I d ~I tel.).

rOf I he

LVI C _._~:~_e~ _
. No. 0 ( No. of /';0. orfo. of

10rt. '"20 ft. 10 flo 2.0rl.

..__ . _.-

DJomeltr. 2lif20'" In.

Oeplh d,tllltd below OGL; ••••. A.10 ... flo

AtducedRl/lAo'letlol: 3 (I / .••. "

Tolar lenQlh or uwc •.

Deplh 10 SWT b.low DGL •.••.. fl. ••••• 11'1.

Tc>lel Un~lh of LWC •.....•...•...... (I.

Tolol lert9lh of. S"een. (S 1. fl.

"
Dol •••••••••• , ••••.. 1 19 ••••••.

_ .. O~i: plllQ I,OP} ...•..... " .... ' •.. S fl.

Diomelll( / ,"oltrlol: 14 In.!.

II.

crt.

(Uwc+n+Lwc+ S+BP)

Tol n I

10

. 10

Depth b.lo""

UWC,lop
( f1. )

STRING

,Stolnless SIHI} or

Molerla!

OGL

JlJTn AC TOR:

.1l/•• IlaIlll1•• '" [ng.l ••••••••(Pwt)Ltd •. I. .

IA III t r Ie;

,,'h -Cldutc be!cow O.G-L 455.3. .. (I,

IILL!::D HOLE. DfTA1L:;

CONTRACT IDA If' -11/1

TUBEWELL CONSTRUCTION DETAILS

IlQflt al Ie mpOflHy cosIMJ ..•••••• II.

"IJAIIGI..\DESH AGfliCULTURAL DEVELOf'/'IENT CORPORATION

IDA DEEPTUBEWELL PROJECT---II

---- .. --- .. ---

'PER ""'ELL CASING DETAILS

--- .. -- .. --'- .. --- ..-- .. ---

lI"kl l){ UWC abo .•.• DGL ....• : fl .•. In.

----_._--_._-

,plho'.lJWC ttl!lo"" OGL ..•..• ;11",

OWEn WELL CI,SING 0. SCREd, DETAILS

ewe

---,----~
(In.)

s, r It rt

•

--------------------------------- -------
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- --- -- . -----_.

IOtl, PT'U-1I/05

-----------_ .., .

F"orm fir

..-.- -_._-------

APi>.1~..1.I. ..L...I.. ~., 1.'1 i
PI_a Shohal

- _ ..- .. ----------.::-.-_--:_..;.-

PROJECT-II

:; .... , ..
Diameler o( Approoch pipe 8

fJevelop'nllnl Cr.mplell!d 01 1540 nr,,' I '1'991

{jiomelef of Orific,

Remark •.

_ .._----_._---_ .._---------- .- .. _-.-

R?

..----.-.-~l-.._

I. Hommerioo Ihe top o( uWC {o~our I minur, in eVety 15 minutes J
Ie n~eded Inrouahou' 11'1"devllloprnenl periOd.

2 Sc"",,, conlenl Ie" 13 nol iB.'l!n'iol durino Ihe firel ""'0 hOUf,.

3. WOfe' levefs: should be ml!ostJfed Just berore Ihe chonge' Of
diiChO'Ol! role, (lnd d !til!' '!nd.ofcon'inU~OP8 8WOPfroJ;''Jn

------------------- - - ..

.....__ ._-------

, "
Ir. -D .. in

5 19'1

'y,
. ,~O.. \\. v,. ,

, 1 '. \"~'"~""at<, ~•,.u~. .

IDA DEEP TUOnVELI_

~ONTR 11C TOR:

H.lghl or lop of UWC abO"e O.G'L

Tim. Clo(\ JiITl~

Olschoroc Woler I~ver
Send

'Iop.,d
('Om(CUSBC)
UWC "f COnlel'l1(mint) F"t(lrn To
. (m. ft. (ppm)

~O D6DD 000 0.11'0 oU_~
15 lICg 1164' 0'S5 50-4---.. ------ ----15 0IS4' 0700 '.00 5~'-"--._- ...._._---
15 0700 0715 ,. 24 52.6-------15 " 'ana 1 .so 71-0

-C!__ III745 '--'.-.-- _. _.- -/5 76 8D-:J_ ._-_..15 4' IJ8DD ., O~ !IO-ll'-

CONT RACT lOA /P_II/I
"/.~~.~ ••lltI~[~!"~ .•.(P.1It)~t~~.... DEVELOPMENT RECORO

" .,

Fiicords c/'lr.r'op.,f by

/0845

., '0. :tl9Ofl.!t[jOt! I 2- 2_;;;- -9/)..8---'---=--- - oJ&!~~~.;",.i:~~:------"-----
I I _.2...•_25.__. __=-_--= ~=-~~t~~,;i....r~-i~=_~--~~~e.11"KW •._~:' i~i__-110OS_( . . ,l'"

"~l110~-!-1200 i-._~2._2-'__ ~!~ =~=-~--=:=:0.116:~~i.~~~-:~::=-_.__ . -- _
-'- ""-I'~f..'." .. - -~.. ._..!L. ... ••••••,••_,_ .••.•••..""_ ••'~ ".:_' __:

t ...--.--..----- .. _ ..
J - 2-2~5

-------,----------_._._- .2 25 'Dr 2mlne~-1- - .~---------- ------------ .
:0. 'Ii~~~,;::~l-f~:~?:'.-_:2-8 -= .;. :-'_.:~~~;:~~!'~~--:--__._~---.

---I-I: .---- '--.-..-"--...- _
--'.1

---.__1 ..l, I
-=~:(-'-='f -~=---:-~- c ~~'~~~\~ ~--.- -

I _._ ~&.~~.'. __~.~ .

- --- ---I ----: -'---. --

---~~II .=I~-"--~~-:~-::-:~::.:_~:_~:_-:::-_-_.-_.._-'._._--_-_-__- -_,
I,-l. -.'.I-~::: :-:- ---- ....-\'_~~hv.lOf,ioe~~(rvt-> I~:-:-- .._-__.~.~=...:.-_-:-- J 'gxlJnog .. , . . .---_.-

,

J.
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--

._-

S.",9 .. 91.'
..',19 .. !J.1.,

. SpteiUc
[)u;.horqt l)'"a-oNdown

(cunc) fl/cUI.lIc)

. .. , ,.. .. ". Ir •
... 6.. . .' In.

.._-

rOrtn N:.
1116DTW-Ir 106

_..--f-
I

We" No .:~BJ:iAl .. I. tio R.

A PO. No .• 1. I.. 1 . 1.267. I: 61 .

"oU%8l1 Shohsl

4!h step Remarks
2 5 00 100

B , 2 By !Mott eon.~

'SO - Iy EC ilote.
7.(1 - BY PH ".tor,

o R

. . .. . (~~)L('''\
. I" b.Y.!t.ll'lDc:ers J.-"'~ .QiDO!l;! ".tld ~.,

3rd step.
2 5 50

1214

2nd sle'
2 5. 50

CONTRACT IDAI P-1I/1
PUMPING TEST RECORD

-50

2'
5

6,7

~

h'i: Sir;nofurt.. . 't' ..•.n:
. .>

No mll/De!ionof . .~) ~., ., ~,. -\",,"
Oo!.. .. ,. V' )r>'~7..to. \9~'

Dev,lop:oMt cOl1'p1eted 0'.1540. hn •. ' ..... 5.13.9.1., .• Tut &tcrled 01 ... 1000 .... ~",. ,",.

Tesl completed 01.1640 .. hu, ...•.

2nd._.

IDA DEEP TUBEWELL PROJECT- II

r 'JMPING TEST READINGS

ReCord, eh~cktrl

Time o,)lopsed tr"in1 L2
Sand ~ol1tenl(ppm' "t..
"•._ I

U~(m.mhocm-!i' '

C ONT RACTOR :

~/ •• BIII091"d'"b Engtp.••u(PvtJl-td.

. Static Water ft,:lle dt"pth from top of lJ'NC .2' fl" 4.. In. D''Jmeler of Orifice .

Hel!Jht of tt"~' of UWC nbove QG.L 2 0, . O. In. DIameter ':::~ APproach pip, .



11/1

It

231

77

-~.__ .-~

--'--- ---~-0"

'--

.1 , .. 19 .. ':11

.-:-':'7

H7

Z"l7

o

180 167 1?'1

.._ ..----_ ..
200

1fl~ 212. ,

- .-.._~---- ----

7-:? "--n-'"
80 ~~--:::-7:i----- ~- ... _-

120
17? 1:'i2

1~ .,~ ... 1.~7
...---'-- -

'40

137 157

.---"'-- -
'60 1ro •.., 167, ,

100 .-07

- 1t'J:

60 ---

20

40 --

260---_._- -

-,---,. -----' -

,

GrQY r1S;rS

8rl')wn H5

Gr.y 115

Gray r1S

8rnll/n rs

---_ ..-._--_.__ .---_._-

Grey MS;rS

Guy r 5/115

. IJr"Uln plfl ~t.h-:~1ay

Top .en

----_._"

,---.--- -rmCKtlrSS Ift,"f--
DESCRIPTION OF FORMATION .__ ._ ... . r;ntd"llIr:

I With Sample No.) F ROM TO \,On

..._------_ .. ---

._--~-~.-.-_. -_.

CONTRACT IDA IP-II/I
DRILLING LOG

--------_._-_.,--

240 240

l.iqht nrnlljn t,~

Grey rs

180

220

160,

80

140

120

60

'00

20 . _

40

DEEP TUBEWELLIDA

BANGLADESH AGRICULTURAL DEVELOPMt.NI 'NI"-V"""~"

----------

Aecordo eheett.l!ld by:

DRILL lNG TIME LOG

ROD. No. F R(;M TO

. nl G No.

( SHEET

DoteSlorted ... 29 .... , .. 01 .... ,.19 ... 91 ... 00t8 Complelfld.. ~q ",.
LOOOEld by Md'o-Rirr:1-juddi-n.. Depth or.dered below OGL ..

CONTRACTOR:



Bf\NGLf\OESH AGRICULTURAL IHVI'l.\ll'MI-['Jl Ujl"-I/I''''''.''V

IDA DEEP TUBEWELL PROJECT-II

~;III I 1
o i

CONTH~OO R

M,a.Purbnchal Drillors Ltd.
CONTFU\Cl 10A/ P.-llII

DRILLING LOG

Iwell No~P{l No

PHUL . / 160 ,
1 / 10 / G~

r1"uz:l~t-b lich:"lpur
til) ,

2

91

"
I
C;R/'d-'IIIC

\, ()(j

, I~l

307

2n2

- Forrll 1[1/'.--11/1

1

297

257

THICKNE.SS (ft)

IIHIM '{l

.282

5?0

<180 -_._-

500

1GO

~80

.HHI -_...

340 ~

.360

Grsy MS

280

Oeplh moerp.d below tj';1

Dole Corn;lleted 30

OE SCRIPTION OF FOR:.-1AT ION

( With Snmplp No)

, 19 91

500

520

480

460 -

3s0

400

340

360

320

300

2s0

Record, checlted by: Slgnoture.

Oote ~Horl£'d 29 . .1 .' 1
LO'1lJeo b'/ t1doSlrnjuddln

DRILLING TIME LOG

ROO_ No FROM r 0

420 "'?O

~
Ctl,J!,

.=_t~ , 440 "0



h)

I. Any aquifer underloin \'ly 10f!
ar more of cloy/sill abovf.'
topmosl screen sl10uld bf.'
excluded from Ihe l':olclilat'

2 For each oquifer sf.'c1ion
volue~ of [ ond l' orp.
colculolt>d by mullirlyinq
aquifer Ihickne~s (D) b
-relevant For h ond ,>u mf.'d
in the appropriate l':

3. Drilling may IH! !:

:::E~~ 1000no
acI11e"f.'d. Subject In minimllm
screen lengths slolt'd n\'lov"

4. Final volue or l' will be,
multiplied by its r"I~I: '
value below lowf''J''-t'':r ••

5. If :::!:l including ltt''t\'n''.
20U is <50. olth~1 IS ••
::: 100. if pO'lsibl",nddili<:'lnnl ,1' r
;;quifer !Ihould be' 5crf'pnp!'n
moke :;t t ;:;:(~ I:,b subjp.d
10 minimum !Icrtl!'n It'nolh
slaled above "

CALCULATING senfF. N
LENGTH

1. 90ft Grey MS or C:OfH~{'r
sond~ only

2. 110ft Holf mixed gr(>y and
brown/yeltow/rf'ddisl1 Sl1nds

3, 120ft: 8rown/yellow/r~r1dish
!lands

KEY

O. Thickne" of formotinn
F' De!lign foelor of forn

screeMd
\..: Ox F

~l: Summa lion of "olu(>,
h: Penetration.foclor.or

farmalion unscreenl!d

REMARKS

LENGTH OF !J'~.~'<;
70ft If upper cloy i!> ~.,o
feel thick nnd lOWt'5t 101"
dry seoson SWL Is f.:. 20ft,.

2 BOfl In rest 0,1 proJ{'d oreo

MINIMUM LENGTH or SCRF.:F N
(1t 6 in,)

ho

" .,

Un! creene d AqulfP.r

10

35 03

SHEET

F

---- -~-

1.010.63.

1.4 21 53 9

DESIGN

o

20 .7 1/, 15.

Screened Aquifer

o

15

40

20

60

\4

\80

\6

22

240

200

6
99100

Component

./\ L_ '

Otplh

22

Componenl Settlno

12

137-
137

B.rS 100

60

197
200G.rls;ts

\40

8,MS

G.rs

8.

GraphiC
100 with
SYlolbol

IDA DEEP TUBEWELL PROJECT--II
CONTRACTOR:

r1nuz~- '1 C Or ur -
Design Foelor (F) Penetration Fadodh) D@sign Foetor ( F) Penetration Foetor (

,Lithology . Lithology
8few~/Ytl1e"e'G••••/v.lIo. Cr., Brown/Vltlo •• Gr" !lto .••••/Vllle •• G., , GHY-_ ...•-

Cloy/Clayish - - - " - MS IFS 0.50 I- 00 0-50 I. no
Slit/Silty - - - - MS 0.70 \ 40 0- 70 \ 40
VFS' - - 0-05 0'10 MS/CS 0.80 ,. 60 o-eo ,- 60

VFS IF S - - 0'10 0-20 CSI MS 090 I.BO o 90 1.80

FS/VFS - - 0-20 0-40 CS ,. '0 2-20 1'10 2 20

FS - - 0-30 0-60 CS I GR I- 00 2.00 \ 00 2'00
FS/MS - - 040 O-SO Gr les IMS 0-60 \-20 0- 60 , 20

KEY FACTORS USED TO DETERMINE SCREEN LENGTH

\'60 :.157
G.f15

---- 167

\20

n.rS/hs

OE$I<?N CALCULATION

M/ ••Purbochol Drillers Ltd........... ' - .
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5.0 112;9

TUBEWELL
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I. 0 '10

-100_

El El'= 26.

'l20

for

:~nor--

3C;O

r••••

.25

~ (10 .-

292
297

DEEPIDA
1\ 1\ I" ", ' . J\ 1.1 ,

'l

.\ lj( ..•

I

"
0Il

I
I

'120\

r s,'

r C" .I V r •.

[1f ~.IGtJ C f\Lern f\ r InrI

K['I' FflCll)lI',; u:,1:0 111 [)[TF.:nl,nfJE scnF.EN LENGTH

1

_......... I '",i",,' ,,,I,, I F I
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I C'hIYi(hl"l,',r,\

: ~i~:I;'SIII 'i .1
,! I ., / f

~~
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\111 ,,;;.t

f_()I~}TJ,'i\( rOI,'

M/s.pur~"chol Drillors Ltd.
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19.75
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118
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100

t,1 n 11'
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155

•

,,'
.. 1,'

..._,

. "1'

2 '" 91

noc •.

sec,

Il'" (11\'1.11/01

rrll'" r1r

6

[l .

fnr.. ?.minn

Zmino 30

",

-~-------_._-_.- ._-'"

_.--------------,._--------_.

.------_. -_._ •.._ ..... -

. --_ ....__ ..._-_.----~.... _.

Oevr.toprll~nl (or"ptt'lefl 01 .... 17(~n.,.hr~13

Dlollleicr of Orille!.' .. '

snmpling from 20 sec for 2min:l.

'or &: .f3\i_~p..!l~~~.~'~~'..

~omp"'l}_~.~.,~.g_..~~9_.~~~.

I. HflIlUllo:rllHI Ill'! 101101 l}VJ( (nl><lul I ,.,i"III,! In r.v~ly I~ fl1l!1,df'~I
I~ needed 1I1101l0"oul till' ,1r.¥elol'llleIl1 l'erlC'ti

2, Sand cf1nlr",,1 le~t h nol ('~~enlif/r ,hid"'" Ihl! lh~t h~o r'!)\1r~

3. Wn!tl le\'r.t~ ~hrllJlll hr. 11\l!n~lIltljJlI~t t'f!llllt 'I," r.hnr'l)r~-')1
c1i~';,h(,Honr(ll,,~ (lwl 01 II,,, "nf! nr r("rditlun,Jor' I' II\'{ {l111!''lIl""

----_ .._ ..__ ..• - .....• -....

-_::-~~$"u..
-$ 7,

.---- .-...• --_ .._. . ~-- - ,

---_.--_._ ...-._---_ ...

----~..__ ..-._ •...

1,0

2.0

9.0; nnmr-iing rrn~ 30 nne f~r 2mins 1~ Gee.
2.0 snmpiing-- rr~m'30-onc- 'tar '2rrii'rlr;:-'

SOfld
content
(I'l rlln)

__ '_ _ __ ~ ~_'.~ ... !?:~_. ...:t:1 P.o_~~:_~~!'J.':l.~.
3. 0 ~~P.J..~.~9_.~.~.~~..}rr __~.Gt? .~.or.-?m.~t~_.'16

.--.-' .-
-_._-_._. ---_._.-._ ..

-'---

11.... 0 ..... 1"

2 , 19 91.

..•...... 5 II.'

CONTRACT IDA/P-II/I
DEVELOf'MENT f1ECOllU,

39-3

40-6

29-10

21-6

16-10.

woter leyel
(rorn
IJWC lo{'
1m, l.~l

24.3

27.0-- .__ ._.- ._---- -_ ..__ ....-...

30-2

---_ •........ -.-"\" ----- ---_._ .•._ .._.-

...' :8....

.. .. .4.

..-_ ...'- ---_ ..__ . ----.--_ ..- ..

2. a

... 0"'01' :punping' t,..beck 'washing ..

202

,. "in

l)ischorge
(t U!HIc)

0.80

._ ...._- -- - ---- ---- ------_._ .. ---
2~-3.._--_ .._--
-2

.'~._.._ ...._'.'- ----_ ..

.. _ ..........:....:...-.-- -"'---
..... ~._---------
..... -._-_._--- --
_ ..-- -~-,--- .._. ,-_ .. _.-

._..._._--_...:.- .._-_. -_.-

- .-'"----_ ..._-- _.---'"--"

2--3..--"---
3

2--3 .37-10
._._-'- --- ._'-"

2

1112

1000

1015

1030

, ,

140

141

..L._~...__..__...-..._--

1 checked h)':

_. -,,:----:-.

15 0930

60 1630 1730._- --_._._ ..- -_..__ ._-
5 1735 174

90 1430 160-. -_ .._-- ---_.- -
5 1605 161

._- -_... _._-_.- ....__._-- ._----

-------_ .. _-- ....
-_ .._-- .._--- ..-~_..._ .._----

60 1140 1240 2__3. 34~B.-- _ .._._- _ - -_..--_ ..---- ------
4 . 1245 124 3-- ---_. _._.- ---_.--- --_ .. -~

----- ....._- ---------- ._----
32. lotiO-- --_......... -_._---- ----
-'- ~.'- ~-_ - ._--_.....:."'--. ~..

-- ---_. --- -------

_~=-_9245'
~joI:lQ_

,5 1015

-- ----- -_._._._-
60 1305-----

.3 1/110-- --~---

Iliad or Ol'velol'lml!l1l

15 0900 0915 0.05 17-'1
--- ----- --_ .•.-. ------ -_.-'--

15 0915 0930 I. 0 (J 19.0.

IJf\WiLf\UESIT IIGfllCULTUf1AL IJEVELUI'I,ILlII ClJlIl'lJIU\lllJI1

IDA DEEP TUBEWELL PROJECT-ll

._- ._-_ •....__ .

nile Wnlct l"y~1 lie-ill Ie'p nl owe ..

-ll)hl I,r lop or uwc 1l1lcvr. ntH.

'vel0Jltrlll1l1 ~rllf'ed.ol .. 0Ef.50: ... hr~I' ,3.

ONTRACTOR:
M/s.purbnchnl Drillora Ltd.

::",•.................... ~' .. , .. '.' ...

--,--_._'._--_.
'hi '! Clock lImo
";O~l!d

.,,,'"~:O~';~'I 0
1

;00



8 A NGLADE!lH AGRICULTURPL DEVELOPMENT COflPORI\TIUf'

FNIl1 Ill.
Ins' Of ;\'- 1 T "OG

______ •.c..- __ ..J

R e 111(1 r k,s
•••.•••.. ~ .•__ ..J- ••~_-1

~

~~.I-'O-~-:~~~\~:!-.-.1:a-~;-=1
A PD. No. . . /. ... I. . . I ._._---'--~-------

T10U7..::"1:::f'1:,tich"lpur

"" "" N

DIameter of orirlce ... 6 In

Dlomel!!! 01 I\pprooeh pipe li 'n.
T ,e.1 Ilort ('Ill 0' .110n. . hr, ... " 2 , ,~) 1}1
Tesl comple'ed of 171,n . hr, .. I, .2, ,g, 91

2nd sl.
2 DO. 00

CONTRACT 10AI p-1I/1
PUMPING TEST RECORD

1st sic
2 DO 00

IDA DEEP TUBEWELL PROJECT .. II

Tim e~p..~:_~.._~~~~I
S.ond conlcnl I ppm I

ECIrn mh'~;;;-=i)
PH

PUMPING TEST I1EADINGS

51011c Waler lable depth from lop of UWC ... 8 .. ft ... 6. In.

HelQnt 01 lop 01 UWc; above o.O,L. '" 4. ,fl.,.O In.

Otvtl0prnenl eompit.!8d oI17'~O. ttrc .. 3.. 2 i 19 ... 91 ..

CON rr1 A.CTOA :
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t.~ l60
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Gra:rClal/FS.
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B.ANG.LADESH AGRICULTURAL DEVELOPMENT CORPORAT.ION

IDA DEEP TUBEWELL PROJECT-II

GRAPHIC
LOG

272

THICKNESSlft.l
FROM TO

~OO

340

~20

\
280

Brown HS/FS.
(No-1?)

DESCRIPTION OF FORMATION
lWlth sample No.)

WoU No .. NAB! .. I. R~27 •...

. CONT.RACT IDA/ P_II/11 APR No.4 .:..:.!.:....:.f>_I 59"'/'199:
"'TM" DRI L LI NG L 0 <1'89-9 RIG NO.H~~~al-~H.ljjJ.dAZPU1'. •. I

,SHEET .. 2 of ... 2. I

Dolo Complotod ....•.. 7.... , ... 3 ,.19 .. 91 '
Depth ordered ,below OGL. -500'" tt.

~80

440

~20

~40

C111'ay Hl>/FS"
.460 (1'10-16) 460 465

465

Gra,. rs.
(No-17) 480

490

"
'Gray Cla;r. 490 ~(),

&

400

420

~oo

~60

280

TO
260

FROM

I

ROUNo.

0010 Siortod ... .5 ... , ... 3 ... ,19'1' ...
Loggod by Sr.,S. A.IL. (Irri) .Nabi>lAlior.

DRI LUNG TIME LOG

CONTRACTOR :'

.H(S.~OYEN~~RfRf~~'.

Record! chedted by : Signature ... -'{y(.,~ ""i-(';"~ \ "~~fc.;1'-~m.(,m))
lOy FNTF.M',11111 Namo/.Oo"gnotlon .j'l.o!i;ii'.' ""."'1~ 'B,"f;{~..,..).
....\J,.L\k ~'f"".eut"~._: ..... ,.. 'l~1i111f;f'l,.~l.t ..



BAN GLADESH AGR ICULTURAL DEVELOPMENi CORPORATION

IDA DEEP TUBEWELL PROJECT- II
159

I
.1

GRAPHIC
LOG

. ,of.'

.. , .19.9,1 .. , , ,
. .. ' . f I.

o

20
20

THICKNESSlfl.1

FROM TO

60

40

Clay

Gray VFS/FS

OESCRIPTIOU OF' FORMATION.
{With SOll'lple NO,)

60

40

20

Well No .N.ADII I. .R-:27

CONTRACT I DA/P-II/Iy" APr."O. 4. 1 .8. / .5~. I.
DRILLING LOG gj-~P ouza I • a azpu

. PIG Ilo .'
(SHEET '.

.1~.... I •• ,J .. , 19 ~~~.~~ D.ote comPlet~d .. ,13... 'j ~

~.A.E(Irri) Nabinugur 451. Depth ordered below OGL.

Mis. Joy Enterprise. . . . .

DRI LUNG TIME.LQG

ROO No, FROM TO

Dott Storied.
Logged by 111".

.CONTRACTOR:'

i:



BANG LADESH AGRICULTURAL DEVELOPMENT CORPORATION

160

GRAPHIC
LOG

THICKNESS(ft.l

FROM TO

270
270

300

320 _

\
280

Brown Fs/VFS (No.6)

Brown MS/FS (No-7)

DESCRIPTION' OF FORMATION
(With Sample NO.)

340 340

360
360. 360

Light Brown Ila/FS (No-8')

380 380 385

3

40.0. 400
Brown M••(No-9 .)

420. 429

435

440. 440.

Gray Ma/FS (No-tO)
480

460. 460

Gray VFS (No-tl) 483
480 480.

300

320.

280 0

IDA DEEP TUBEWELL P;lOJECT-11

DRI LLI NG TIME LOG

ROo.No. FROM TO

CONTRACTOR:
WeO.NO:. !/AUI. . I. ~.-27 . . .

CONT.RACT IDAI P-ll/itl APR No..•. .to 8 . / . .159'/'199
DRILL! NG LOG ~!,"ouza I shahabazpu-';. -----.... I--,,-,-=-_,-,-__ RIG NO.. . . 0 0 • •• •• •• ••

, SHEET. . 2 ... o.f ... 2.. I

Date Starled, ,1, p, .' 'f • ,~ •••• I 19~,1 ., Dale compleled .. ,13..•...• f • ,:S , ••• " 19D.t. ..... ,
Logged by S,r.S.A.E.(Irrt.)N.aljil)agal:. oepth ordered below OGL .. 4:51. ... . . 0 ••• 0 It.

-'



161

REMARKS

I. 90ft: Grey MS or COOuer
80M, only'

2. 110ft: HOlt mixed prey and
brown/)'ellOw/r~ddlth tond •.

3. 120tt: Brown/yellow/reddiEh
lond •.

CALCULATING SCREEN
LENGTH

-
-

-

-

.
-
-
-
.

-.

LENGTH OF UWC

- I 70 n : If upper Cia)'Is W 40
feet thick and lowed late
dry season $WL I. a. 20ft.

2 80tt : In re,t at project area

MINIMUM LENGTH OF SCREEN
( •• 6 'n.)

I. Any aquifer underlain by 10ft.
or more of cloy/lilt above
topmOI' .creen should be
excluded from the cakulotions.

~ 2. For each aquifor laction
valuee of land l.' ore

. colculot£:d bV multlplyino
aquifer thickneu (0) by
releyont For h and Gummed
In ,the oppropriot~ column .

3. Orillinl~ may be .topped when
---. - :I ~2:. 100 and :tL ~ 50 are

oChi; ••••d, subject to minimum
Ilcreen lenQth9 stol.d above.

4. Finol value or L" wiD be 20ft.
multiplied by iti relevonl h
volue below lOWell .creen'

,. If 2L'includinG tho botiom
20ft. I. "'eo. ollhouoh 2.~ i•
~ 100, if pOl8ible. Oddltionol
aquifer should be scruned _to
make 2:L+ ::I1.'.s; 150, Sl,IbJect
to minimum Icreen lenoth
stated above

ill

Woll NO N ABI. •.. I .. RIl"<!!l .
App ,j•.... 4 ... 1.. 8 .. I .59 .. I.

Mauz.:-Bhahabazltur.

Aquirer

~. :0 L'

Un SC'eened

o h

i-
i-

.

-19
r- 6

0.( 20.~~

') -~

--.
-,.
-I-
-

-I-
-I-

-

f

--_. --- --- ---

SCJlfJnad Aquil'tr

o

l-
i-
I-

20
-
-

4(-

22(1--
I'"

30 i- ';0
t-

24Q4(r-

AG •..•I t

l-
t-: .

SCt--
l-

I , -
I

I I i-
80-
t-

2 -
5 -

OQ 100..,
II 0

t- 120'20

II - oj---
.~ ,J

~
14~40_

1/
1\
1"- 16Clt60_

1/
1\

18Q90
-

II 7

-.-
r 2O'f00-

210 10

Companent 50ttino

Depth Componfllnt

--
20
o

-

BANGLADESH AGRICULTURAL DEVELOPMENT 'CORPORATION

. IDA DEEP TUBEWELL PROJECT-II
CONTRACrOR; CONTRACi IDA/P-III

DESIGN SHEET

KEY FACTORS USED TO DETERMINE SCREEN LENGTH

Grophic
log with
.ymbol

.

CIO,J'.

Litoology DUign Foctor tF ) Ptlletration Foctor(h ) Delign Factor lF ) penetrotio'n Foctor (h)Lithology8ro •• /VlllolI ou, 8ro•• I''''lto. ch.}' Sro•• / YII,.. II,. , .'o."I't,lIo,," Gu,
Cla'y/CloyiSh .- 0 - 0 MS/FS 0.50 1.00 0'50 1.00SIIIISIIIy - - - 0 MS 0.70 '.40 O. 70 L 40VFS - - 0.05 0.10 MSI CS 0.80 1.80 0.80 I. SOVFS IFS - - 0'10 0'20 CSI MS 0.90 1.80 0.90 1.80FS I VF9 - - 0.20 . 0.40 CS I. 10 2'20 1.10 2.20fS - - 0'30 0.60 CS I Gr 1.00 2'00 I. 00 2.00FSI MS - - 0.40 ,0.80 Gr ICSIMS 0'60 I. 20 O'sO I. 20,

90-

DESIGN CALCULATION

100

401-
---

Gr. sol-
Vi'S/rS -

'r-V'S: . r-
i20

!:e!'!!LY_l?~l?2
Gr.
Clay/V
Gr. 140[1i8
lrs/vrs .lJso
Or. t-

Cla,.J.)l/i.
I'"

(Jr.

I

.• ~80

Cla1. I-
M93

'., •••./w' 1197
2001-

Gr. i-

IlS/FS ,-
"'1'

~i-a220!n'+
GR.MS/ [.S.

lair IN, iRn:(S/I I- .

~ •.~~ i40G1,~
- .'.\,J
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well No... .. ./.ll-'-2 .
APP \;0 .. 4.... /.8,., .. /.59"
.n~_I- • a a p 0

CONTRACT IDA/P-I I /11/89-90

DESIGN SHEET

BANGLADESH AGRICULTURAL DEVELOPMENT CORPORATION

.IDA DEEP TUBEWELL PROJECT-II

LIthology
onlgl\ Foelor ( F) Po neltotlon Foc1or(h) Lithology

~oesion Foctor ( F) penetrallon Foclor (hi

••••• I,.noO. ,,., 810••_/,.110"" 't., "0""1,,110" •.., ••.••"1' ••0. .,.,
Cloy/clQyiSh - - - - MsI FS 0.50 1'00 0'50 1.00

Sill/slI'V - - - - MS 0'70 1.40 0.70 1.40

V FS - - 0'05 0'10 Ms/cs. 0'80 1'60 0'80 1.60

VFS IFS - - , 0.10 0.20 CS/MS 0.90 1.80 0.90 1.80

Fs/vFS - - 0.20 0'40 CS 1.10 2'20 1'10 2.20

FS - - 0,,0 0.60 CS I or 1.00 2.00 1'00 2'00

FsI MS - 0.40 0.80 Gr ICSIMS 0',60 1.20 0.60 1.20

CONTRACTOR:

.M,/~.J0'S, .~t~~p~h.o~

KEY FACTORS USED TO DETERMINE SCREEN LENGTH

DESIGN CALCULATION

Graphic component Sen Ino Screened Aquifer Un&creened Aquifer

log \iII'\th
REMARKS

aymbol Deptn component D F l. :n D h ~ ::l~

a.Jhl\ LENGTH OF UWC

'Sa/V)'
10 .20 1I.0 25. a : if upper cloV \e: 1£40I. 70ft

255 255 feel 'thIck and lowoct IDle

260
dry seolon 5 WL 1• .; 20ft.

5 .20 3.0 28. 02. 80ft : In relt of project orea

.50 2.5 30. o MINIMUM LENGTH OF ~CREEN

275
(16In.)

280 280 I. 90ft " Grey MS or ;ocr.or

0 .50 O.
,and. onlY,

O. 2. 110ft '. Half mbcad 9re)' and

. l!R. 295

brOwn/yellow/redd,lilh .and •.

3- IlOft., Brown/yellow lreddilh

IIS/nQ 300 landl'
20 • 50 1p •

40. CALCULATING SCREEN
LENGTH

'.31S" Any oQuilar underlain by 10ft.

~20 320
I.

•50 o. o• or-more of cloV/lilt above
",pmoet terMn lhOOkS be.

)35
tlCcluotd (rom the coltulohonlil.

36
2. for each oqutfer •• etien

y(Uue' of land l: or'

340 340 11 .50 .5 6.1 colculaled by mulliply~

46
' oqulfe, ",!"ne •• (D) b)

relevant F or h and summed

.50 •0 47 •
In tu Q.ppropriate collJ",n

14.
360

3. Orilllno ma)' be .topped when

Licl\t 66 5 •50 '2 • 59.
~l. ~ tOO and ~,~ 50 or'
achieved, subjlc' to minimum

Br.HS/ •
screen lenothi ,tolad abOve.

4. Finol value of t: ~i,1lbe 20ft.

380 385
380

multiplied by U. relevant h

386
value below lowed acreon.

1 5' It :n' Incll.K1inolhe bottom
20ft. I. <.50, ollttoug\'l 2,L it

i1P0 400 ~
i'. \00. If pou'lbll,additionol

Dr.M • 06
aquiter IIhoufd be .(reflood to
",01Ut ~l t :It:' i= I50J.ub)ect
to minimum ureen length
state d above

420 420
426

29 n.? 20. ,,, F: Deslon fador of formation
Icreened

---' 435 L: D:.r: F

440 446440
11 1.0 11.

Gr.HS/ •
L I Summation ot L values

h: Penotration factor of

451 14 1.0 14. 74. (armot\o" untcreened'
L: O:.r:h

" ...••_- _.-44(#
2L: Summation a( L' valuo.

: :,.'. VFS
6 0.1 0.6 DESIGNE~

fe' :l'i:r:r mE
L+ .~~1.5 + 4.7 74.

-j 6 !._Q ~.!
• Slonolure........ . .. ,)l

~..;j ...h. ~ll_ ,1ft~e';;;..;:.. :.~;.rlt,.. r:-~t'~'I)

480 ~e_iion tion~~•.• ~._'.,'," ;..•... .': ..
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Roodlng: i=l1~.
'.7/n. 1"lCJli

70 It.
Col. 00'/: h '
2~18...In.ox

In.

W,II No.: ~~B.r... I .. R-27...
APP No.~ . ./.e 1.59. 1\.9 .
ouza I a a azpur.

RIO No.....

Total Length of LWC.... 2.10 . :" .. It.

Total Ltnoth 0.' Screen(S) ... '1,\0. ft.

Diameter ... ~. " In.

Depth drilled below DOL" • :l~=J, .. It.

Totol length of uwc. 98.

Roduced RII Motorial: 3 fl./MS/.1t:tSS

Dopth 10SWT bolow OOL.. , , ,It"
\

ft.

oiometer / malarial: 14 In./.
-"--"--"'-

CONTRACT IDA/P-1I/11/89-00'

TUBEWELL CONSTRUCTION DETAILS

CONTRACTOR:

tlAN(;LJlUESH AGRICULTURAL DEVELOPMENT CORPORATION, ,
IDA DEEPTU8EWELL PROJECT-II

--,--_., ---_. '--- .._-- .._--

DRILLEO ~OLE DETAILS

Dopth ordered bolow o.O.L. ,1:~1,. II.

Stoned tor teEn ~ Signed for the Cantrector

NlY!"~ ..:0; ~.:::iT'r.>ls) Name .Cql .•. D.ey•. Q/:;2.~t 95ft:3.42(Sa..,direction
@~ 1-~F,~:1in t."'I~i~fii\. Ma~. oeylation .. 3.4~., In..

Deoio!19.tfllJf>;.il.il'l"'~,~F.1~--)~O'ionotiO~N.TeR.1<'tli'Jt.. ot Cop'h' ... p~ .... It:

DolO •... ~~~ •.~9"~?~1 I DOlO ..•• ".' .~~~ . ol!l ~.'~ ~~

~1;il ''It ( ,1ft; ) • "!>1t ,~
.••• "",.., ~l~r~

UPPER WELL CASING DETAILS

Length of temporary cOlling .. 70 .. ft.

." MQte~lal: GRP, S-S (Stolnleu8 stee1)ar MS (Mltdltoel.l.

Height of UWC above OGL .• 6. ft ... In.

oopth a' UWC below OGL. , , , , i'P, It.

Copth 10bollomo' boll plug

below OGL .. 4~, .. " .....

LOWER WELL CASING a SCREEN DETAILS

Depth below LWC Screen
Diameter . M oterlol 'UWC top No of No of No of . No of(; n.)

I I I. ) 10It. 20ft. 10It. 2011.
LWC 8 G.1. 93 10 .200 5.25 - -
Screen e 8.8. 200 to 210 - - 1 -

"'i: WC 8 Gol. 210 10 .230 - 1 - I -
Screen 8 S ~~. 230 10 240 - - 1 -
LWC 8 G. I. 210 to 275 - 1.75 - -.. .. -
Scroen 8 S.S. 27~ 10 295 - - - 1

LWC 8 G. I. 295 to 3,15 - 1 - -
Screen 8 8.5. 313 to 333 - - - 1

LWC 6 G. I 336 to 346 1 - - -
Screen 6 5.5. 346 10 365 - - - 2

LWC 5 / G. r ,!,. 386 to 406 - 1 - -
Sereef\ 6 S.S. .406 10 446 - - - 2

LWC to .

Screen to

I Totol 1 10 2 5

Grovel Quantity lappa'.). . :~2!5Q.. oft: Boil plug lap) .
!i:xcesB Gravel usod' duo to Cavi tat.lon
'TOTA'LLENGTH"OF WELL STRING I UWC+R+LWC+ S+BP) 457

( 98+4+210+140+5)



SAND CONTENTS

164

2~O 20
12 - 6

'80
20

Form: IOA-II/05

'50120

Well No .. ~A,nL.. /. 1l,,2.7.

Wh No.4. / . 8, .t, 59. / 1'~9'1'

Mouza s Shanabazpur.

90
120

60
185

CONTRACT I DA/ P-1I111/119
DEVELOPMENT RECORD

2

-Mu del

Q'('lt:!.~' !.~~ . ,"' ~: -'P'll'[ r:~f)
SIQ,alure, . , , 'j' 'j"f" ''''~>''''1''\!....:.':<:jo.fllJi "II ~~, ~h •••... "=' "'111 .,

Nome/Oe.lon',.,:'", • , 'l~j(i f'l; ~t{i"hil1' , ,
Dale. . .. ,t9. . . . ...
/ ~8

Time .lap •• d( min)

Sand content t ppm}

107I.~'TRIl""

--U, l/\ I

R eeorth chedl.ed by:

TIME (clockl . Water TIMEt clock I Water
GauQt Level Gougi Level

Reodlno' Oischaro e from orowdown ReodloQ 01 a ch1r"98 from Orowdown
F>om To ( In.) l cuncl U W Clop ( It. ) From To \ lin.) ( tUlec I UW1:.op \ft. I

( ft,) If .I

9.00 9.20 5-6 Be!ow 14.03 14.01 54 2.50 58-1
1.00

9.20 9.40 7 14.11 14.1E II II

9.40 10.06 8 1.00 29~0" 12'-211 4.19 14.2 II , II

14.27 14.32 II II

10.0~1 0.08 18 1.50 35:'1" 14.35 14.4C II II

'(L 11 0 16 II II 14.43 14.50 II II

0.24 II II 14.53 15.0C II II .'51-3 4~5
10.191

10.2" 10.32 II " 15.03 15.08 II II...

10.3f II 15. 11 15. H II II
10.48 II .

10.5l 11.00 II II 30,,0 19l.7" 10.1" 10. '"

II II 15.27 13.3, ". I
11.0 11 .0

II II 15.35 15.4( II II
11.19 11.24

11.27 II II 15.43 15.50' II "11032

11. 3~ II 15.33 16.00 II II 52L11 45-1
11.40 II

11.4' II 15.03 16.08 II II
11.4 II

, 11. 3~ II 38.6" 211-8" 16.11 16.1e II II
12.0 II .

15.19 15.24 II II

12.0~ 33 2.00 45'-911 16.27 Ib.3, " "12.0
II 16.35 16.4( II II

12.11 12.1 II

16.43 16.50 II II

12.19 12.2 ;''' II

16.53 17.0C II II 63'-t' 46'-9'
12.32 12.4l II II

12.52 13.0 II II 47'-3" 3DL 511

. 13.0~ 13.0 II II

13. 11 13.1 II II

13. 19 13.2 II II

13.27 13.3 II II

13.3f 13••• II II

13.4' 13.4' II II ~

13.52 t4.OC II " 49' -10' 33'-0'
~l"

V

f~ "

".. ~f\gf", fu ~T\9"h1frn~~
T'

Static: Waler table 'rom lap of UWC .. 16 .. ', ft •... 10 .In. Diameter of Orifice 6,. .. . .. :in.

Ht1ohtoftopofUWCob0ll8 'O.G.L .•.. 6 .. .ft. .... In•• Diameter ofApproachplp9 ...• 8... . ... In.

Development .tartld at ... ~., ... hrl .•.~ ..•.. 4 .• 1991 ... Development completed at 1.7 hrs.2..4.1;199!. ..

Method of Oevelopment ..Ov:e~ :P!1.mp.~n.g.8: .B.8.C~.~8.~h~~~: , , , " .

BANG LADESH AGRICULTURA L DEV ELOPMENT CORPORAT ION

IDA DEEP TUBEWELL PROJECT-II

CONTRACTOR:
M/s. Joy Enterprise, .
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; ..... In
In .

R e ma r ~ S

II..
... B ...

step
50 100

Well No .. N~~.I / ,R. ':'" .27, •

CONTRACT IDAI P_11/11!B9- <APP. NO.:'. I B. I.. 5_9/.1~9~-

_P_U_M_P_IN_G_T_E,-,S,-,T-'CRc::Ec::Cc::OccR.::D"I S h' h bI" ouzn: a a azpur •

I DA DEEP TUB EWELL PROJECT- 1\

BANGLADESH AGRICULTURAL DEVEUWMt.'" vvn' ~ ••" .. _."

Time. elapsed Imln) 2
Sand eonlen! (ppm I

EC I", mho em -! I
PH

Rocorct I cheeked

TESTS

. Water
Time Level GOUQ8

Specific Time Waler Gouge
Specific

St.p (lapsed fr"", DrawdOWn Reodino Discharge rowdown Step Elapsed
\ Level DrowdONt Reading

DischarQEI [)l'owdown

uWC top (fl. J r In.1 (ft/euseel
Jrom (fl. I ( tusec)

{ min.l
(cusee) ( mini U Clop (in1 It/euucJ

I" .l
(It .l

I $I- 0.5 28-0 g 1.00 3rd. 0.5 IH-4 33 2.00

i 1 " I """5

2 2 " " 2 6 " "
'3 3 " " • 7 " "
4 4 " " 4 B " "
5 5 " " -5 9 " "

7 7 " " '! 11 " "
10 10 " " iO 52-1 " "

i5 29-2 " " 15 3 " "
20 4 " " 20 5 " "
25 6 " I "," ....., -,,- -,,-

".. '30 8 "" ~" IT '30 ~

40 -30-0 -" 40 o~-u

50 3 " " 50 3
till "

60 6 " " 60 6 " "
80 11

"i1 IT 80 >l ,,-

100 31-4 14- 10 11 11 14.83 lOa 54-1 37-7 " " IB.79

2 nd. 0.5 -~R_Q "18 150 4th. 0.5 63-6 54 2.50

I 10 " " i 7 " "
2 11

11 "
.2 8 " "

'3 39:.0 11 "
'3 Q

11 11

4 1 " "
4 10

11 "
2

11 " 5 11 " 11

5
7 4 " " 7 64- 1 "

,r

iO 7 " " iO 3 " "
I

.15 10
.....- 15 "

.. ~

20 40- 1 " " 20 8 " "

•• 4
11 " 25 11 " "

-, n 8 " 11 '30 65-2 " "

40' --;U-n " "
.40 5 " "

50 4 " " 50 B " "
60 9 11 " 60 66-0 " "

80 42-2 " 11 80 2
-,,- "

iOO 42-7 26-1 " 11 17.38 100 66=5' '"4!J- 1 " .. 1~.~o

Oo.olopmon' cornplotod ot .. 9. .. .ro •. 2 ...•. 4.. " 1991....• re.t ,torled 01. ..... 10 ...• ro .... 3 ".4. " 19. 9.1 .. '
Test completed at. .17.•..4.0 hrs •.. .3. 1 •• 4,199.1. ...•

Stotic Water table depth from tbp of uwe ..16.:. ft .. 6 .. In. Diameter of orifice ...

Height of top of uwc above QG.L. , ..6 .... , .ft .•.. In. r;>\Qmeter of APproach pipe ...

CONTRACTOR:

~s. Joy Enterprise.. . '.' ..... , .

'PUMPING TEST READINGS
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~
~-:-:-:--
'-', .',
""-' :',.

70

55

70

110

130

10

THICKNESS 1ft.)

,. ROM TO

to

80 -

100 ~

20.-

. 00

120

140

W.II No ... DAUO. 6() I ...•l
Ap~Nt>.. 1, J, 4, ,h';~~),.J5!J

Clay

Crey FS

Photic Cloy

Top 5011

l\pPDl DIX-II-E

Black Clay

o£9r.nlrTION or rOnMI\T10N

f Wllh Sampl, Nt'.)

CONTRACT IDA IpclIl1
DRILL ING LOG

00

20

100

IDA DEE P TUBEWELL PROJECT-II
BAN G LADESH AGRICULTURAL DEVELOPMENT CORPORATION

ORIL LING T1),l ( LOG

qOD,No fA-f)'" TO

.. Jl •.. J..., . .:}Jar'A r . .l..tci •. ,

CONTRA CTOR :

nlO No.. ~.O~.[.81.-: N~t:lg.o.a~

(SHEET. I ~t. 2

Doh Sto r II d -20- , ., , .19, 9.1. 00 I. Co "'pl. I. d . 22 I ••• 3' .. , .. 1.991 .
1.
0
00
1<' b1 ~r ~!l.~~l .u~.cJ~p.. ~r.~p.l~.;.. O'Plh Of',c.r.d LaIn .• OGL 325 II

'00 100

, . 'I. ,

., ' .

~1?

,

I '90

I~-
7I_J _ 200

I
I

L

Gre)" MS'

GrAY fS/lJn

Groy I! 5/1' 5

I~(l

i'oo

215

, '227
? " , , . ' I" .• , (:-. f'."

~.: .' .~
. . .'.,',

'. • .• ", I

u.



167

H11CKNESS (f1.J 01H\ f'lI1C

rnoM 1 tl L(ll"l

-----_.
• • •
•
•

I
.. . •.

295

~O()

320 -

'00 - 295

?np

Well Nq.PAUP'-.b.b . .(. -,
App. No: 4.. , / .. 4. h34_.:...:!}~4 ..

RIG.'NO..~.o~.~.8;:.-.. N.~aeC!~~ I
SHEET .2 ...••.. ~f .. _..2 1

Grey lrlS

, .

Plastic Cloy

Ot SCnlPTIOH or roR"'ATION
( With Sompl. No I

CONTRACT IDA/ P-II'/I
DRILLING LOG

0180.-

••0

,eo .~\~~~
,eo

'.. ~"'Oi\,~",:,,)
'00 _ .e,'«l. 1.\i'a,,0\" "- '00

f"iI\',- \ f>\. '\\'11.' \,..'" .~...~\
'ZO .ZO

'60

'GO

TO

IDA DEEP TU8EWELL PROJECT-II
BANGLADESH AGRICULTURAL DEVELOPMENT CORPORATION

11111

. f-
-1- :'tOO

1
320

DRILLING TltJ[ lOO

:'('01'40). 'FRO""

. ~',.~ 9)l'\4~};.k~~"""" .

~,~,~.!lorted: ... 20 ..... .1 ••••• ).,.,,1991 Oaf. Compl,ted. _~2.... ' " .3 .. '.... ,- IQ91 ..
. o".d b1 .. 11r..•. J"".1.Utd1nSr •.SAS 0.Plh "'d."d b.low OGL }25... . 11.

c.OIHRACTO R.
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, ."

l.i.. '13.

J
/~54 I

W.II No ,\IAUU, -0, I

App No. 4 /. 4. . / 334
DESIGN SHEET

E T

BI\NGLADESH AGRICULTURAL DEVELOPMENT CORPORIITION

IDA DEEP TUBEWELL PROJECT-II

11..;..•. ~u.B.c!er. Ltd.

t" F TO

.'mTRACTOR:

,, y AC RS USED TO OETERMIN SCREEN LENG H M"" 'S ! _N on '0 l.n
0":0" Foetor IF ) Ptl\8trolion Fodor{h ) o •• iO~ Faclor (F) l'!tn.hollon roclor I h}L ,'''OIOOY LltholOOy' ___ /Y,ne ••

Or ., tI•••• /T •••• "'Y ••••• /v •••.• On, "'.'/'1"11, •• (h.,.- --
~\~T/C50Ylth - •.. - - MS"Fi 0,50 1,00 0,50 1,00
• d'/ SIlty - ... ... ...' lAS 0,70 ',40 0.70 I. 40':.r 5; ... - 0,0:5 0.10 MS ICS ,O'BO 1.60 "0,60 I. GO
':r'S IF s: ...

1
... 010 O'ZO CS/IAS (). 90 '.80 0.90 1.80

f ') I VFS - ... O.ZO 0.40 CS I. 10 2.20 'I 10 2.20", S - ... 0.30 O. 60 CS/ Gr 1.00 "l'00 I.: 00 Z.OO
r 'i I MS ... ... . 0.40 0.60 GrlCsms' 0'60 " 20 0'60 I. 20 '-...
C<;IGU CALCUL ATJON

.

r~optVe ColJ'ltlOMnt S.!ri~ Ser •• nad Aquirtr.-- ... Unser""'d Aquihr
REMARKS".0' ""'h .. - ,I ylnbol Oepth COJnpo.ntnf 0 F ~ :lI~ 0 h., .~.'" ~..

L£NGTH OF uwelOP iT A.I L. 4'-( I-80
"10' --I-- I 70rt : It upfler cloy 1. '40... ...

"'""" •.• r•• t l\ic_ end lowe., lole
2C .

,
2C -' - dry "ooon SW~ I., 20n.- - -

2 . 80rt : 1~-ttSI..o".~~oj.cl-oi.an. CIa, t lIC 90' • -
r MINIMUM LENGTH OF SCREEN

( •. Bin.)
4Cr- 40- - l- .- I. 90ft : GIIY MS Of eom.etr f.. . .

~ 'and, only''.

- 2. lion: '\lolhnlxod ~"Y ondr r
55' - ., . bro\lfn/y.llow/nddlth londe.

']. F SBC- Be- -- '-- '3- 120n: 8rown/ytllo",lreddfth
. 'ond' .. ...

70' CALCULATING SCREEN,. ,
LENGTH,

- , , •..
Any oQuifor undllrloir'l by lort.e - , • Be- -- - I.
or mot. ~ftloy/till oboy,86' . .. foptno.t 'crailn '1160ld be..".Clay r 89' f- of- . uelud.d from the C(lkulollon',

l- t-- - - 2. For edch aquifer "cllon
100I- 100 - '-- - Yf1tUII ot l nnd l' ore

1\ -
~~

'~ ealculated by "'lVlllplyi~O- oquif ••r thlckn •• , {;:;} by110' r-r- 109'
,.Ievont For h ~nd ,urTlIrtOd... ~ tG"!. rt!". - In Ihe oppropriol column'.

';.'1Y~c;O- 120- -;; Til' \r'S\~ - 3- Oril~ may .~~slopp.d wh.n
e.T~ \iIt, .'l "L?, 100 Ond :t;L":: !5,O on
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'60 - 16( '-- -- - l:. IOU, if POI"ibl •• odrlllloMI

. 166' 1/1\ . ' aquifer ahOuld till scr.~""d to
169' mot-II ~l + %l.' ~ '150. rubJoefI.J. - 3 1.4 '.2 4.2- 10 ,.,.,itllN'lum H:t"n "noft'!

C- .. - ,talrd abo .•••
180 ~ -- - KEYL
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..
200 - 200 - - - -
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~"1"? \~"lli5 6 formolion uf'l"scr<>t'n"ld215 ' ~. 1 • 8.4 12,1 "1.:: Dll'''
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REMARKS

LENgTH QF vwC

I. 70n : If "PP" eloy!' It ~O
rut Net. ond lowe.I lot.
dry •• Olon S WL. 1I.!1 20".

2.; son ,.In r.ot of proJect or.a

MINNlJM L£NGTH OF SCREEN
I' II In,)

'.. 9Of1 ~Gtt)' MS or coar'"
.end, only.

20 11011\ iiolt ••l•• ~ 9"y end
brOWfl/y,"ow/udd.t"" 'o"d"

.~ t20tb Brown/y,nN/rtddlilh
'Iond,.. '

CALCULATINO tCnHN
LENGTH

I- Any oqutrar und.rlof" b)' 10ft.
• r "'0•• oI"lcy('liI bM'"
lOP"''' ,<iNn-/hOold b. '

'-. I .xduckd (('01\\ the e-llevlOllon'O,

2. Fortoth oqJru ueHM
volut. of l and l.' Of"

• calculated by ",ulliplY\nO
dqulf., thlc~n••• (0) L)
ultYOnt For hand lu".fTl.d
I" thl approprlale eot.Jrnfl

3. OrilRno mo)' b •• 1oM>'.d WMn
:H ~IOO ond 2~ ~ 50 Crt
oehi.y.d, tubj.c::t to 1I'It,,",um
tcr.'" 1Inoth. ,Iol.d abo•••••

4. FInal w •...~ ot l" W"111bo 2C1f1.
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o
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260
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290'295'"

300
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.l_- 0.20 0.40 CS 1.10 2'20 1.10 2' 20
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OOIDE TO WATER QUALITY TOLERANCES

Note I (S&1:1nity)arreats orop vater availability
(permeabillty) arreats inflltration into the soU
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APPmDIX - IV

MIT GIllIN SUS (LI\ SSIFICIITI(J{

/J9sariPEicn (l-1i3ii ••••• (WIll )

flairse 20.0 Eo.o
Ql"avel Med1Da 6.0 - 20.0

!1Jle 2.0 - 6.0--- ---
COBr. 0.6 - 2.0

. :'. sand MediUII 0.2 - 0.6
.. Fb1e 0.06 0.2.. .

. 'I

----- --------
coarse 0.02 0.06

Silt Med1Ja 0.006 - 0.02
!1Jl. 0.002 - 0.006

------- ---------------
~ 0.002 and bew------------------------------



APPFNmx-v

WlILTON'S reOOlllllendedvalues of optimumscreen Sltr!ll'loevelocities
in reJation 1lothe permeabil.ities of the formation materials given
by Sicbardtol

175

Coetrto:i.ent of permeability
(Clll/sed))

O. ;;S
0.26
0.2.4
0.19
0.14
0.12
0.09
o.en
0.05
0.0)

0.01

optimumscreen
Sltrance veloc:l.ties

(an/sec)

6.0
5.5
5.0
4.5
4.0
J.S
J.O
2.5
2.0
1.5
1.0

•

velOcity outsiae:the
screen according to
Sicbardt( an/Seo)

0.18

0.18
0.17
0.15
0.1J
0.12

0.10
0.09
0.07
0.05
0.05
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APPFN !JI X-VI

. Permeabill.ties of D1.fferent GIain Sizes determ:l.ned from pump:lngtests
and laboratory tests given by IDA prw Project.

Lithology' Permeability Permeabill.%
x .%1 m/see x .%1 tt secJIB ll'ey y/B R ll'ey

Clay/Clayish - -
Silt/Silty -VFS '1.'124 rj.rj49 '1.'18 rj.16
VFS/FS '1.'149 rj.9f98 '1.16 '1.32
FS/VFS rj.l1I98 '1.195 '1.32 '1.64FS '1.146 '1.;83 11.48 11.96
Fs/Ms '1.195 Ii.~ '1.64 1.28
MS/FS 11.244 16.1;88... '1.8'1 1.f9
MS ~.;e3 '1.683 1.12 2.24
MS/CS ,ri.~ rj.78fJ 1.28 2.56
CS/MS '1.439 .. '1.878 1.44 2.88
Cs rj.536 . 1.r;n 1.76 3.52
Cs,IGI:' '1.488 '1.975. 1.6rj 3.~
ll'/CS/MS 11.;e3 rJ.585 11.96 1.92

VFSa very tine sanda Fs: tine sand, MSI mediumsand CSa coarse
sand, ll' I gravel, y a yellow, B a brown, R a red. The grain
sizes first named are predClll1J1antto the others.

\



Al'PJI{DIX- VII

RKOOf:I'lEN D&D GRADINOS OF GRAVJlL pAat MAXmuJiLS

~S.410 --xperture- p;r08Iiliige--,aen--tfiim-
S:lsve si2llt pass:lng QuBntitilts si2llt
Number - (:In.) tbrougb (~- - - -
3/16 4.76 (0.1874) 100 0.0

1/8 3.18 (0.1252) 8'." 9' 10.0 Fll'

8 2.00 (0.0787) 64-80. 18.0 FGr

16 1.00 (0.0~3) 10 - J) 52.0 as

2' O.&) (0.0236) 0- 10 1'~O as

36 0.425 (0.0167) 0 '.0 )IS

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

177



'78

4,500/-

6,~0/-

700/-

28,000/-

1.1,700/-

Tk. 90/-

Tk. 75/-

Tk. ~/-

e<nt •••• 2

-

Tk.135/- 13,500/-

Tk. 1~/- 12,000/-

Tk. 150/-

Tk. 350/-

Tk.1250/-

TJr.1OOO/- 90,000/-

Unit

rrt

r1'l;

L.S

rf't

L.S.

perrrt

perrft

-do-

per No.

A.I

50 rt per rtt

100 rt

84 f't per r 1'1;

100ft

1

15 Nos

iNos

140 it

90ft

250 to above

~O to 250 f't

100 to 200 it

Fraa 0 to 100rt

cosr OF THE OONsrRUCIED IlrW NO. NAN -118

APPENmX-VIU-A

6. Couplings with key

7. centralizer

2. LWCI-lJl dia G.I. Pipe

S.' . Test bQ['~g (With chemical.
anal.ysis of water) J9Qtt

10 UWCI-14ft dia Hous:lngpipe 96 f't

9. Mobilisation & transportation
of drill:lng equipment 1

4. s.s.strainerl lJl dia

~ )~S<n"iption

10. Dt"il.ling oost,-
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APf'El'JDIX-VIII.B

sJ..V Dr!seriptiOll Quantity Unit Rate Amount (Tk.)No.Q
-J
11. D'lstaJJ.ation of Tubewell

fixture: -

(a) Bail Pltlg (~,,) 1 L.S. Tk.2DO/- ;!JO/-

(b) strainer (6") 80 ft rft Tk. 35/- 2,900/-

(0) blind pipe (81~ 139 rt rrt Tk. 2D/- 2,780 /-

(d) COuneotion with reducer
(between housing and

Tk.400/- 400/-b~ind pipe) 1 L.S.

(e) 14" dia houa:ing pipe 90ft rft Tk. 50/- 4.:IYJ/-

(r) p~aoing of (]entrall:zsr
Tk. 25/- 325/-app:.:ox. at. 15rt internal 13 Nos ~'Ich

12. Gr'avel pack:!ng 555 oft Tk. '$)/- 16,(q;j/-

13. well developDllIlt 1 L.S. Tk.1QOOO/- 10,000/-

14- l'Umphouse construoticn 1 L.S Tk.48000/- 4S,OfJJ/-

15. Canmissiouing 1 L.S. Tk. 12DOO/- 12,000/-

16. Tllrb:lne pump (70ft head) 1 each Tk.7oooo/- 70,000/-

17. lillg:l.ne 1 eaob Tk.100000/- ;00,000/-

18. (]Ill"\!" head 1 each Tk.2DOOO/- 2D,000/-

19. 10 rt D1.scharge pipe &tdia 1 each Tk. '$)00/- 3,000/-._ .._- _ .._--_ ...-
Total Costa- 5,18,780/-

B.2

181



Amount

17,.500/-

213,7.50/-

2,100/-

2,700/-

14,100/-

.28,000/_

4,500/-

1.5,375/-

Coot ••• P/2

Tk. 400/- . 44.800/-

Tk.l000/- 1,44.330/-

I Rate

Tk. 30/-

Unit

r!'t

rf't Tk. 2.50/-

r!'t Tlt. 2:JJ/-

L.S. TK.l.500/-

L.S. Tk. :JJO/-

r!'t

L.S. Tk.1250/-

rtl;

L.S.

each Tk. 1.50/-

per No. Tk. 3.50/-

112 1'1;.

1

1

5,-on

6 Nos.

50 f't. per rf't Tk. 90/-

18 Nos

470 !'t.

10Q1't. per r!'t Tk. 13.5/-13,.500/_

100 f't. per rf't Tk. 120/- 12,000/-

205 per r!'t Tk. 7.5/-

oosr OF. TU a:lNsrll1GrEDurw No-BHAL_ 110

D9soriptim

200 to 2.50!'t.

100 to 200 !'t.

2.50to above

1. UWCI- 14n dia Housing pipe

A,ppmuxrx - IX - A 182

2. LWCI- 8n dia G.I. blind pipe 70 tI;.

6n dia G.I. Pipe 125 tI;.

4. s. s. strainer 1 6n dia

3. Reducerl (14n to 8n)

(en to 6n )

5. Bail Pl.ug 6n dia

7. central.! 2l!lr

8. Test boring(witb cbemical.
anaJ,ysis of water)

9. Mobilisation & transportatiCll
of drilling equipnent 1

10. Ik'illing cOst 1_

E'rom0 to 100 !'t.



Tk. 6,91,256/55
-------_. ._----------_ •._ ..._--_ .._,-

A.2
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!mount (Tk)Rate

Tk.400/- 40,000/-

Tk.25O/- 4~,OOO/-

'l'lc.1.500/- 1,500/-

Tk.300/- m/-

Tk.1200/- 72,000/-

Unit

L.S.

rft

L.S.

L.S. Tk.125O/- 1,2:n/-

Per No. Tk.:;:n/- 700/- .

Quantit.y

180 1't

1

1

))lscriptim

Q)sr OF THE RECXlMMFJJDEDorw AGLINsr orw NO.BHAL-110

2. LWCI-8" dia GU. blind
pipe

APPEJlmx - IX - B

1. WC 1- 14n dia Housing pipe 100 f't

3. Reducer1( 14n to 8n) 3'

(8n to 6n) l'

4. s.S.strainar 1 8n dis

5. Bail Plug 1 (:J' d:la 5,-on

6. Couplings with Key . 2 Nos

7. centralizer 12 Nos

8. TeHt boring (~rith chemical
analysis of water) 345 ft

rt't 'l'k. ~/- 10,3';1)/-

9. Mobillsa.tion & transportat:l.on
of drilling equipnent 1 L.S. 22,000/-

10. trilling cost 1_

F\"an0 to 100 1't 100 t't per r1't Tk. 135/- 13,500/-

100 to 200 f't; 100 f't per rf't Tk. 12!J/- 12,000/-

200 to 250 1't 50 f't per rf't Tk 90/- 4,500/-

Cent •••• p/2.'

.250 to above 95 f't;

B.1

perrf't Tk. 75/- 7./25/-,



B.2



Tk.J50/... 1,400/-

ZS,OOO/_

Tk.l.250/- ',.250/-

Tk.400/- 40,000/-

Tk.l000/- 11S,000/_

Tk•.2JO/- 17,.250/-

Tk.l50/- 1,950/-

Tk.30/... 9,300/-

Tk.lf8Qj_ 1,.200/-

Tk.135/- 13,500/-

omt ••••• p/2

Tk.1.20/_ 12,000/_

Tk. 90/- 4,500/-

Tk. 75/- 3,S.25/-

r:f't

r:f't

L.S.

rft

L.S.

rft

L.S.

per No.

1

100:f't.

75 :f't.

11Sft.

5'-0"

4Nos

1

13 Nos

100 ft.. per r:f't

100:f't. per r:f't

310 ft.

50 ft. per rft

51 ft. per r:f't

Il3scriptio n

200 to.250ft

cosr OF THE OONsrRIJCl'EDUl'W NO. PHUL-100

APPEnDIX-X-A 186

From0 to 100 :f't

A.l

.250to above

100to 200 :f't

1. OWC,-14ft dia HOUSingPipe

.2. LWC,-&t dia G.l. Pipe

3. Reduoer, ( 14" to 6") .

5. Bail Plug, 6" dia

6. Couplings with key

7. centralizer

S. Test boring(With ohemical
analysis of water)

9. Mobilisation & transportation
of drilling eqUipnent

10. Dl'illlng cost,-



APP@JDIX-X.A 187

sr:~ Description Quantity Unit Rate Amount (Tk.)No.

11. :,llstalJ.aticn of Tubewell
fixture 1_

(a) Bail Plug 1 L.S. Tk.2fJO/- 2t)()/-

(b) strainer (&' ) 118ft. rft Tk. 35/- 4, 1~/-

(0) blind pipe (6") 75 ft. rf't Tk. 2fJ/- 1, ':IJO/-

(d) Counect.ion with reducer
(between hous:lng and
blind pipe) 1 L.S. Tk.J{JO/- 400/-

(e) 14" dia housing pipe 100ft. . rft Tk. ':IJ/- 5,000/-

(f) Placing of oontralizer
2.5/- 32.5/- tapprox at 15f't :Internal 13 Nos eaob Tk.

I
I

12. Gravel pg.cking Tk. 30/- 2D,700/-

13.~Vlell developnent 1 L.S. Tk.1OOO0/- 10,000/-

14. Pumphouse ocnstruction 1 L.S. Tk48OOO/- 48,000/-

15. Commissioning 1 L.S. Tk.'12000/- 12,000/-

16. Turbine plIIIp(80 f't head) 1 eacU . Tk.80000/- 80,000/_

17. Eng:\ne 1 eaob Tk.100000/-100,000/_

18•. ()lar he1l.<i 1 ea".h Tk. 2fJOO 12,000

19. 10 ft Dl.soh(\,l'gepipel_

6" dia 1 eaob Tk.~OO/_ 3,000/-

Total Costl- 5,'5l,4~/-
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12'50/-

Tk,l?JJO/- 1,200/-

Tk,250/- 29,000/_

Tk.1250/-

Tk1000/- 60,000/-

l Rate ! AmCAlllt(Tk,)

Tk,/iJO/- 36,000/-

Tk. 300/- YJO/-

116(f rf'l;

1 L,S,

5'-0" L,3.

80 ft. rf'l;

~PEN!lIX - X -B

oosr OF THE REOOM1mDED orw AGIINsr orw NO'PHU1-1E':iJ.

2.. LWCI-811 dia G,l, Pipe

10 UWCI-14" dia Hous:!ngpipe

(811 t@ 611)

3. Reducer 1- (14" to 6")

4. S,S,S1:z'a:!nerl-6" dia

5. Bail bJugl- 6" dia

6. Clplings with Key 2.Nos per No •. 700/-

12.Nos ea.cb Tk,15O/';' 1,800/-

8. Test boring (With chemical
analysis of wal;er rf'l; Tk, 30/- 8,8';1)/-

9. Mobilisation & tran.'lportation
of drilling equipnent 1 L.S. 28,000/-

10. DI'illing oostl-

Fran 0 to 100 ft

100 to 2.00ft

100 1) per rft

100 ft per rft

Tk.135/-

Tk.l?JJ/-

13,500/-

12,000/-

2.00to 2.50ft 50 ft per ri'l; Tk. 90/- 4,500/-

2.50to above 42ft per rft Tk. 75/- 3, 150/-

B.1 Coot" ,p/2.





1,250/-

1,500/-

4,200/-

45,000/-
6,900/_

72,000/_

80,000/_

1J,800/-

28,000/_

13,500/-

12,000/-

~500/-

15;525/-

ccnt ••• p/2

. ', ,

Rate [Amount(Tk.)

'Ik.I,OO/- J9,~/-

'!k.2:IJ/-
Tk.2~/_

Tk.JOO/_

Tk.1200/_

Tk.1000/_

Tk.1250/_

'Ik.J50/-

Tk. 150/-

Tk.JO/-

Tk.1J5/-

Tk. 121)/-

Tk. 90/-

'Ik. 75/-

L.S.

L.S.

l'rt
r1'l;

rrt

r1't

r1't

per No.

L.S.

I Unit

each

1

1

60 rt

80 .t't

12Nos

5'-0"

23 Nos

400rt

IQUIllltity

F.ram0 to 100 1't 100 rt rrt

100 to200 ft 100 rt per rft

200 to 250 rt 50 ft per rft

.250 to above 207.ft; par rrt

oosr OF THE OONSl'RUCrED IJrW NO NABI- R/Z?

2. LWC,-8" di~ G.I. blind pipe 1801't
6" dia G.I. pipe 30 tt

1. OWC.-14" dia Housing pipe 98 1't

3. Reducer, (14" to 8" )

(8" to 6" )

6" dia

5. Bail plug, 6" dia

6. Cc)lplings with key

7. Qentral1:zar

8. Test boring(With chemical
Illl!l.lysis or water

9. NobiJ..:l.sation" transportaticn
or drill:lng equipnent 1

10. DrillinG cost ,_



APPliN OIX-XI.A

sr.g-
Deser:l.ptim J~tit;r

~

Unit
~

IPte iAm.<:mlt(Tk.)~!
11. lnstallatim of Tubewell

fixture 1-

(a) Bail plug (6") 1 L.S. Tk.2.00/- 200/-

(b) strainer (6" cr 8") 140rt rft Tk.JS/- 4,900/-

(0) blind pipe( &tcr8") 210ft rrt Tk.20/- 4,200/-

(d) C<:mleotimwith reducer
(between housing and

Tk.400/-blind pipe) 1 L.S. 40°/-

(e) 14" dill housing pipe 98 rt rft Tk. 50/- 4,900/-

(r) Placing of centrali~r
Tk. 25/-approx.at 15rt internal 23 eaall 575/-

12; (}'avel packing 1250 ort Tk. 30/- 37,500/-

13. Well development 1 L.S. Tk.1OOoo/-10,000/-

14. Pumphouse construction 1 L.S. Tk 4f!JJ00/-48,000/-

15. Commissioning 1 L.S. Tk.12000/- 12,000/-

16. Turbine p1q) (SOrt head) , eaall Tk.SOOOO/-SO,Ooo/-

17. Blg:Jne , eaoh TIt 110000/-110,000/-

18. Gear head 1 each Tk.2D000/- 20,000/-

19. 10 rt D1sohargepipe 8"_dia 1 eaall Tk.4000/- 4,000/-

Total Cost 1- 6,77,SOO/-



APpmWIX - XI-B

. oosr OF THE REOOMMENDED DrW AGAINsr DrW NO. NABI-R/ZT

sr:~ .

No. Dascripticn Quantity Unit Rate AmOllnt(Tk.)

B.,
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lIlPliNIlIlt -n:Jl

~

.Desaription J~tityrnit
~

Rate IAmount(Tk.)

11- Installation of TUbewell
f:lxt;urel-

(a) Bail plug (6") 1 L.S. Tk.2f)O/- 21)0/-

(b) st;ra:lner (6") SOft ri't Tk. 35/- 2,800/-

(0) lWng pipe (8") 1791't r1't Tk. 20/- 3,'%J/-

(d) CQI1neot:la1with reducer
(between houaing and

Tk.400/- 400/-blind pipe) 1 L.s.

(e) 14" dia hous:lng pipe 98f't rf't Tk. 50/- ~900/-

(r) Plac:lng of centralizer
upprox. a.t 15f't :Internal 16 each Tk.15/- 400/-.

12. (k'e.ve1paok:lng 612 oft Tk. 30/- . 18,3(0/-

13. Well developoont 1 L.S. Tk.1OOO0/- 10,000/-

14. Pw.~pbOllBeconstruotion 1 L.S. Tk.4BO00/- 48,000/-

15. COlllmissicning 1 L.S. Tk.12DOO/- 12,000/-

16.' Turb:lne PJIIIP (00 £'t head) 1 each Tk~SOOOO/-t!I:J,OOO/-

17. 8lg:lne 1 . each Tk.100000/-1OO,OOO/-

18.' Clearbead 1 each Tk.2f)QOO/- 20,000/-

19. 10 f't Discharge pipel 8"-dia 1 each Tk.4000/- ~OOO/-

Total COstl- 5,52,540/-



A. 1
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A PPEN])lX. RJl. A

~Q
Deseripticn ~Q1.l!lntitJ Unit

~
Rate

~
lInamt(Tk.)g

11. ])1stallaticn of TUbewell
fixture 1-

(a) Bail Plug (6"). 1 L.S. Tk.f?JX)/- 200/-

(b) strainer (a") 100 ft rft Tk.35/- 3,500/-

(0) Blind pipe (a") 100 ft r1'l; Tk.ZJ/- 2,000/-

(d) Couneotion with reducer
(between housing and
blind pipe) 1 L.S. Tk./j)O/- 400/-

(e) 14" dia housing pipe 90ft r1'l; Tk.5O/- 4,500/-

tf) PJAcing of centrali3?r
approx. at 151'1;internal 13 each '!'k.25/- 325/-

12. Gravel packing 7/j) oft Tk.YJ/- 22,200/-

13. Wall development 1 L.S. Tk.10000/- 10,000/-.

14- Pumphouse ocnatruction 1 L.S. Tk.4BOOO/-48,000/-

15. COmmissioning 1 L.S. Tk.12000/- 12,000/-

16. Turbine p1IIlp(80 ft head) 1 each Tk.80OO0/- 80,000/-

17. Blgine 1 each Tk.110000/-110,000/-

1a. Gear head 1 each Tk.20000/- 20,000/

19. 10 1'1;Discharge pipel

8"_ dia 1 each Tk.4,OOO/ 4,000/

Total Cost 1_ 5,75,200/-

A.2
,



9. Mobilisation & transportaticn
of: drilling equipnent 1 L.S. 28,000/-

10. Drilllng cost:-

Fran 0 to 100 f't; 1ooi't .per rft Tk.135/- 13,')00/-

100 to 200 f:t 100 i't per rf:t Tk.12O/- 12,000/-

200 to 250 i't 5Oi't per rf:t Tk. 90/- 4.500/-

2')0 to above 47 i't per rf:t Tk. 75/- 3,525/-

B.1 Cont•••• p/2



~DIX-XIk1!



O.OZl

0.0$

0.033

0.0$

0.029 Reco.
based on

0.048 . cost
anaJ,ysis

8.78

7.15

2S1

3.68

2.82

APFENDIX - XII - C

ANALYSIS OF WE;LL-LOSSi!:SOF I>XISfING AND

Heco. IJrW

Reco. IJrW

HiUL - 1~

NABI - R/27

DADD - ~

ReCG. ill'W

Sl. 0 IJrW Q Entry o Upflow
~ TGtal wenO EntrWlceO0

RemarksNc. 0 NO. Loss, ft Loss,ft Loss, ft Velocity
(ft/sec)

1. NAN- 118 3.29 22.34 25.63 0.043
Heco. OfW 3.64 10.99 14063 0.0$

2.. BHAL- 110

3.
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