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project area has been studied.

::>f suer.

dependent on tubeuell per:forr!1anCe '.\~hich is turn (~e~i.:'lendon t:.18

of' aquifers and perforr.lance of existine tube\ ..~ells shoulLl be

but attempts have been taken on the basis of analysis

thoroughly studied. E.f'f'icient l;ri thdrai.,ral of Gro~_1.nchvQter is

irrigation makes :it imperative th8t hydl'o{ieolc>gi.cc~l prOfl81'~.:i~s

design of tubewell fixtures to best suit the characteristics of

'U3ter bearing formations, their construction and developuent.

Keeping this in mind the perfonnance of tubeHells in the

existing as ,",ell as V.le ne'....project of the Thakurgaon tube Hell

Due to limited availability of relevant data it has not

been possible to have a detail analysis of local aquifer material

the finest layer of aquifer material of four different installed

tabewells have also been determined and compared. The performance

limited data to have a guide line for the design of screen

510t openirigs and gravel pack material by Johnson f s method.

The design has then been compared ,dth that made by C.le.C., the

consultant of 13"WB for the project. For comparison of design

parameters three different sets of design parameters have been

hole. Design parameters based on D90, D50,

determined based on D90, DSO' D40, D10 etc. of entire project

area, D90, D50' D40, D10 etc. of individual borehole and

D90' D50' D40, "D10' etc. of the finest layer of a bore



, \'

of the existinG Hells have been discussed in light of the Hell

design parameters determined. The tubeHells of the existill{;

project seems to have correct screen lengths Hhile the screen

lengths for the tubeHells of t,-,e ne'., project is required to

be incr~ased to ensure minimum entrance velocity so as to keep

the Hell loss value minimumand thus to make the Hell efficient

",ith a longer life. DiscussinG the probable reasons of early

failure of the defunct '''ells of the existing project it has

been' inferred that the use of higher capacity pumps and larger

gravel packing materials might have caused early defunct of

some ,;ells ,dth Hold type of screens in the existing project.

FrOmthe study of design parameters determined it may

also be concluded that the USe of standard and fixed slot

opening size of 40/1000 inch may create problem in cases ",here

the screen has been placed in finer layers,It is therefore

important that proper sieve analysis of aquifer material be

made before installing the well fixtures for proper selection

of the layers to be Screened.
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CHAPTER 1

INTRODUCTION

1.1 General

Water is most vital for mankind. Without it the existence

of mankind as well as all the living beings cannot be thought

of. Hence, the regions with easy availability of surface water

have always been inhabitated by mankind. With time the demand
~-~--

for water has increased and it is now found that surface water

alone cannot meet the various demands in many regions.

With increase in population and having an agro-based

eCOnomy, Bangladesh should increase ~er agricultural production.

Although there has been some agricultural development in recent

years yet Bangladesh needs to import large quantities of food-

staff spending scarce and valuable foreign exchange. Under such

a condition agricultural production must be inCreased at an

accelerated rate to bring about self SUfficiency in food grains.

This can be achieved by assurance of more than One crop in

most of the land cultivated. For tnis it is necessary to satisfy

crop water requirement not only in winter months.when there is

almost no rainfall but also in monsOOn when there is enough

rainfall but not according to requirement. During rainy season

irrigation demand can be met from surface water sources such

as rivers, canals, ponds etc. by low lift pumps (LLP) if the

local rainfall is not enough. But during the winter months the

irrigation requirement shall have to be met in most of the

cases from sources other than surface water.
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Fortunately Bal~'ladesh is underlain by water bearing for-

mation in many plClces at various depths. So, groundHater can

be considered to bE a potential source of "ater supply for

irrigation during "t,-linter months 't-,Then surface Hater is not easily

available. Intensive tube,','ell irrigation projects undertaken

by different governnent and autonomous bodies show how the

ground,,,ater utiliza tion specially for irriga tion has increased

in recent years to attain self sufficiency in food.

1I'ith increasing emphasis on tube,vell irrigation, it is

necessary to design, install and develop tubewells so that these

can be most economically and efficiently u'tilized. It is there-

fore necessary that the wells should have not only high specific

capacity but also a longer life.

Efficient and economical uti,lization of groundwater through

wells depend on the design of ,,<ells to best suit the character-

istics of the water bearing formations. Flow of ground,wter into

wells is influenced by the physical characteristics of the

,.,.ater bearing formations, the number and extent of these formations,

the elements of well design and the' methods used for constructing

and developing the wells. Keeping this in mind the present topic

has been selected. And as such the deep tubewells under ,Thakurgaon

Tubewell Project are considered for the study, which is the big-

gest project in Bangladesh 1"here irrigation is done by deep tube-

",ells. It is 'expected that the study will help to identify the

various problems associated ,,,ith inefficient functioning of some

of the tubewells of the project and to suggest how these problems

can be taken care in our future projects.
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1.2 Project Description

The project is located in the Thakurgaon district which

lies in the nOrth-west corner of Bangladesh. Preliminary

studies in the late 195Ds have shown that the area is under-

lain by a deep sand and gravel alluvium which constitut-es

a groundwater reservoir of exceptionally high potential for

tubewell development. Again, there are no major rivers in.

the project area and the flow of existing stream is insigni-

ficant during dry season. Considering the inadequacy of sur-

face water resources it was decided to USe the available

groundwater source by tubewell for irrigation. Thus the

Thakurgaon tubewell project was concieved and implemented.

A total of 381 tubewells were installed in the Thakurgaon
tubewell project during the period 1962-64(9). All the wells

were sunk without casing by the reverSe circulation method

having a diameter of 22 inch. The boring depth depended on

the subsoil conditions because workable and suitable soil

layers had to be available for a filter length Of at least

130 feet. On an average the boreholes were 280 feet deep. The

aquifers chOSen for water discharge were tapped with either

Nold bridge~slotted screens or with Hagusta screens 6f 10.

inches diameter(J~)With the Nold screens, the residual space

between the borehole wall and the tube was filled with filter

gravel Of 1 mm. to 4 mm. diameter. Hagusta type Of screenS

were also pr00ided with 1 mm. to 4 mm. diameter gravel packing



design diScharge.

great hazard to proper irrlgation.

to rehabilitate 250 wells

out of these newly sunked

BWOB is going to install another 710 deep tubewells to

although suitable bore spoil could have been used in parts

for these screens which are already gravelled at the planf33).

But from the records it has been found that many wells were

At the planning stage of the project, the operational
'q'life of the tubewells was anticipated to be around 20 years\~j

8WOB have rehabilitated some of these defunct wells by

becoming defunct much earlier than their anticipated life,

while a large number Of wells are giving discharge less than

that obtained initially and in many cases even less than the

the year 1981 and have a ~rogramme

f th . t. . t(9) A .o e eXlS lng proJec . galn,

1.3 Importance of Present Study

and lower discharge Of tubewells causes not only tremendous

tubewells a few are already showing signs Of getting defunct

and infact one has already been defunct. Such early failure

proje~t area and rehabilitated ones in the Thakurgaon project

financial los~es but also sufferings to the farmers, causing

SUpply irrigation water in a new project area in the same

region under the project heading "Tubewell Project (North
(9)Bangladesh) in Bangladesh" • These tubewells in the new
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area may face the same problems as those faced by many of

the earlier tubewells in the existing lhakurgaon Project area,

Hence, it is necessary to undertake a stUdy to identify the

probable causes of early failUres of the defunct tubewells

in the Thakurgaon area and to make recommendations as regards

tubewells design prOcedure to be adopted in the proposed new

area. This may help to obtain better performance Of the tube-

wells Of the proposed project and in any other project for
ground water utilization by tubewell technOlogy.

1.4 Objectives Of the StUdy

The objectives Of the study can be summarised as
follows:

i. To study the perfOrmance of the existing tubewells

fOr identifying the probable causes of early failure
of SOme of the tubewells.

ii. To evaluate the aquifer characteristics of the
project area.

iii. To examine how the design parameters selected for

various COmpOnents of tubewells fit with the aqUifer

characteristics and how this affects functioning of
the tubewells.

iv. To make recommendations, regarding tubewell design

procedure fOr obtaining better service from them.



LHP.PTER 2

DESIGN PRINCIPLES

2.1 Design Of Tubewells

2.1.1 Introduction

Generally, wells are designed for the purpOse of irri-

gation, drainage, sanitation, dOmestic and industrial works.

The design of each type of well for each purpOSe requires

particular attention, taking into account its purpOSe.

A water well for irrigation is designed to get the

optimum quantity of water economically from a suitable

geological formation. The design should ensure an efficient

and economical well with a service life of mOre than a decade
. (2437)or a per10d of run of 50,000 to 70,000 hours , . Though

conflicting design criteria have been enunciated from time to

time by those working in the field of well design, a stage

has now been reached ~hen it is possible to design an optimum

well. for almost all the aquifer conditions.

A water well design involves selection of proper dimen-

sions like the diameter of the well and that of the casing,

length and location of the Screen including slot size, shape

and percent Open area, design of gravel pack if necessary,

selection of screen material etc. Screened wells in unconso_

lidated formations involve considerations of mOre design

details when compared to wells iQ consolidated rock formations.
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Generally, the aim of engineering design is to achieve the

best possible cOmbination of performance, useful life
and reasonable cost.

The hydraulic and. hydro-geological characteristics of

aquifers vary greatly. Irrigation wells should be designed

and constructed to take advantage of the natural conditions

at a given lo~ation. When it is done, and the materials of

construction are properly selected, an economical and effi-

cient well structure of long life can be achieved. Irrigation

wells are usually-designed to obtain the highest yield avail-

able from the ~quifer, and the highest efficiency in terms

of specific capacity. These factors bear directly upon opera-

ting costs. It is not good engineering to use inadequate sizes

of well casing and well screen, Or to choose materials of

inferior quality, merely to cut first cost. This only saddl~s

the Owner with higher pum~ing and maintenance costs, as well

as reduced useful life Of the well. An¥ additional investment

fOr a properly designed, efficient well will, in long run,
usually produce maximum econOmy.

The well structure may be considered to consist of two

main elements. One element is the part of the well that serves

as a hOUsing for the pumping equipment and as a vertical

conduit throUgh which water.flows upward from the aquifer to

the level where it enters the pUmp. This is commonly the

cased portion of the well, althOugh some of its length may be

uncased where the well is constructed in consolidated rock



materials. The other main element is the intake portion of

the well. Since through this intake portion water enters the

well from the aquifer, the design of this element requires

careful consideration of the hydraulic factors that influence

well performance. This applies particularly to a well that

derives water from an Unconsolidated water-bearing fOrmation.

In such a caSe, a well screen is employed, and it fUnctions

as the intake portion of the well structures.

A properly constructed well Screen allow water to enter

the well freely with Optimum velocity, prevents sand from

entering with the water, and serves as the structural retainer

to support the lOOse fOrmation material.

The aim of both Screened wells and gravel packed wells

is to draw clear water frOm the aqUifer without excessive

head loss and at the same time .to keep the aquifer material

out, For this proper ..develOpment of well is necessary. Qeo'e19p
ffient9f ~el~ i~ neGe~~~py. Development removes the finer

material frOm the aqUifer surrounding the well so that only

coarsermaterial is left adjacent to the screen. The aqUifer

material arOUnd the well becomes more uniform in grainsize

and holds back the finer material of the aquifer further

beyond, so that it cannot clog the screen. Of course, when

the well is gravel packed, much of the same pUrpose has been

accompliShed, although deVElOpment is still beneficial.



The choice of whether a well is to be provided with a

screen Or with a Screen with gravel pack depends primarily

Upon the effective grain size 050 and the uniformity co-

efficient (°40/090) of the aquifer material.

2.1.2 Well Diameter

Choice of proper well diameter is very important because

it affects significantly the cost of the well. In deep tube-

wells, however, the well structure usually consists of two

main elements. One element is the part of the well that

serves as housing for the pumping equipment an~ as a vertical

conduit through which water flows upward ~fter entering into
the well through screen.

The other element is the intake portion of the well
where water enters the well ~rom the aquifer. The design of

this element requires careful consideration of the hydraulic
factOrs that influence well performance.

The well diameter must be chOsen so as to satisfy the
fOllowing two requirements:

i. The hOUsing-pipe must be large enough to accommodate

the pUmp with proper clearance for installation and
efficient operation.

ii. The .diameter of the intake section Of the well must

ebe such as will aSSUre good hydraulic efficiency of
the well.



In choosing the size of the casing, the controlling

factor is uSU~lly the size of the pump. The diameter of the

well casing should be two size,larger than nominal diameter

of the pump to ensure adequate clearance and plumbness if it

occurs. In nO caSeS should it be chosen less than one nominal

size larger than the pump bowls.

The well diameter may not be Same throughout. In deep-

wells, the-well diameter can be reduced at a depth below the

lOwest anticipated pUmp setting.

2.1.3 Well Depth

The expected depth of a well is usually determined from

the log of a test hOles. from lbgs of other nearby wells On

the same aquifer or during the drilling of the production

well. Generally, a well should penetrate to the bottom of the

aquifer. This is desirable for the following two reasons:

i. More of the aquifer thickness can be utilized as

the intake portion of the well, resulting in higher

specific capacity.

ii. More drawdown can be made available permitting greater

well yield.

Departure from the above rules may be made in the

fOllowing two cases:
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l. Sometimes the well SCreen is placed at the middle

of the aquifer thickness, to make more efficient use

of a given length of screen, in uniform artesian
aquifer.

ii. When water of poor quality is found in the lOwer
part of the aquifer.

2.t.4 Well Screens

The fOllowing are the basic requirements for any well
screen:

i. Resistance to cOrrosion and deterioration.

ii. Enough structural strength to prevent cOllapse.

iii. Suitability to prevent excessive mOvement of sand
into the well,

iv. MinimUm resistance of flow of water into the well.
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engineering jUdgement and experience. The recommendations on

safe limit of er.trance velocity of the flow into the well

(2.1)A Vo e

Q

7.4B
5 =L

The selection of well screens is usually a matter of

To prevent the rapid clogging, the length Of the well

proposed by Bennison (1947) is that a velocity of 3 to 7.5

Walton (1962) made a study of several well failures due

from the surrounding aquifer vary considerably. A criterion

tions has been attributed to the differences in the particle

cm/sec. through ths indi~idual openings of the screen will

keep the sand mOvement and head losses to the minimum. (7 )

Linsely and Franzini(1964) observed that the entrance velocity

should be kept below 15 cm/sec in order to minimise sand

mOvement and head IOs~?2the variation in the two recommenda-

the values for screen entrance velOcity given in Table 2.1.

size distribution of the aquifer materials investigated~

to partial elogging of the screen openings and recommended

In gravel packwells, the average Of the permeabilities

of the aquifer and the pack is used to determine the Optimum

screen entrance velOcity.

equation (Walton, 1962):

screen for a well is designed on the basis of the fO~lowing



1 J

where,
SL = optimum length of the Screen, in feet

q = maximum expected discharge capacity of well, in gpm.

A = effective open area per foot length of the wello

screen, in sft.

v = entrance veloc{ty at the screen, in fpm.e

The design procedure for the length of the well screen

is as fOllows:

The optimum entrance velocity at the well screen is

determined. Then, from the aquifer test the expected capacity

of the well is calculated. From the information on the open

area of the well Screen per foot, the effective open area is

determined as provided by the manufacturer. After providing

a factor of safety of 2 tos, the length of the screen is

designed Using the equation (2.1).

2.1.4.1 Slot Opening

Choosing the right size of slot width is one of the

important StBps in modern well design. Over-sized slots will

pump finer material (sand, silt and clay) indefinitely and

it will be difficult to obtain clear water, while under-sized

slots will proc'ide more resistance to the flow of ground

water, resulting in more head loss. The ~ine slots are also

blocked by small sand and silt-particles in the long run which



are carried upto the screen by suspension. The problem of

clogging is reduced as the well screen openings are increased.

Therefore, the well slot openings are used as wide as possi-

ble by matching the opening with the grain size distribution

of the material surrounding the screen.

The slot size in gravel packed wells, .with homogeneous

aquifer should be equal to the 090 size of the pack material

so that it can retain 90 percent of the gra'Jel pack-.'''This

criterion is accepted by all authorities except U.S. Bureau

of Reclamation. The latter recommended that the slot size

should be half the 015 size of the pack material. The slot

size obtained by this criterion is also almost equal to the
(24)090 size of the pack material.

In non-homogeneous formations, which occur mOre generally

in nature, slot openings of different sections of the well

screen are chosen according to the gradation of the materials

of the different strata. Each section of screen is made with

openings to fit the material of each individual stratum. If

the 050 grain size Of the coarsestaquif.er is less than four

times the 0SO grain size of the finest aquifer, the slot

,size or the pack should be.based on the finest aquifer. If

the difference is more than four times, the slot size Or the

pack should be tailored to individual layers.

In addition to the above the following two rules are

adopted in selecting the openings for a multiple slot screen:



i. If fine material overlies coarSe material, it is

required to extend not less than 0.60 meter of the

screen with the slot size designed for the fine

material dOwn into the coarSe stratum below.

ii. If fine material overlies coarse material, the slot

size for the screen section to be installed in the

coarSe stratum should not be more than double the

slot size for the overlying finer material. 6ut if

a gravel designed to match the same is provided, it

is necessary to keep the slot size in this coarser

material also in accordance with the pack designed

for the upper finer aquifer so that if the finer

gravel moves down it is retained on the slots.

Generally, horizontal slot openings give a better control

of unconsolidated material than do vertical openings. The slots

may be made in different ways, vertical or horizontal, conti-

nUous or intermittent. The width of the slot depends on the

grain size distribution of the a~uifer and varies in practice

from values as low as 0.20 or 0.50 mm., dependtng on Screen

construction to as large as 2 to 5- mm. The square openings

'in the wire mesh and circular drilled holes in the wall of-

the pipe are easily plugged by particles of nearly the same

size as the openings.

2.1.4.2 Percent Open Area

Water flows more freely through a screen with large open

area than through one with limited open area. When the open
1"\

\ '
"



2.1.4.3 Screen Diameter
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area

1 5greater than

screen~ 1~~en

Q = 27Tkb

The effect of the screen diameter on the aquifer loss

view.

When a screen is placed in an aquifer, sediment will

velocities within optimum limits.

t;) , .

Thus, it may be said that the effective open area averages

efficiency results when the open area is

percent of the total surface area of the

Therefore, screen should be designed keeping this factor in

is not very large, because in the well equation

area of the screen is large, the entrance velocity is low

and the head loss at the screen is minimum. The open area of

larger than about 15 percent affects the structural strength

about 50 percent of the actual open area of the screen.

the SCreen sholild be so selected that the well loss is small,

Corey (1949) ohserved that little Or nO increase in well

areas are found desirable in order to hold the screen entrace

of the open ?rea of the screen is blocked by aquifer materials.

settle around it and partially block the slot openings.

of the-well screen. In actual practice sometimes larger open

Walton (1962) observed that on an average, about one-half

the logarithm of the well radius is used. The yield of a well



former.

of costly large-diameter wells which were put dOwn because of

in a water-table well will increase the discharge
(32 39)

percent. l51lchter, 1899 and Linsely, et. al.only about 11

of the screen

is a function of the diameter of its intake portion, though

belief that "the bigger the well, the more the yield". It is

the two are not directly proportional. Many caSes are on record

1964). Ahrens (1958) showed that doubling the diameter of the

properties of the aquifer as constant, doubling the diamEter

However, the well diameter influences the well lo~s to a

true that the larger diameter well will yield some more, but-

the percentage of increase may be relatively small. An increase

in well diameter increases yield slightly. Keeping the hydraulic

fined well is less than -a water-table well because for the

well screen, in a confined well, will increase its yield by
(ro)

about seven percent:-The value of increase in yield in a COn-

same discharge rate the radius of influence is larger for the

i.e. the aquifer loss. plus the well loss, is kept minimum in

large extent, and has to be selected so that the total loss,

pumping costs required. If the well diameter selected is too

conjunction with the cost of the screen, the boring and the

be high resulting in high running costs.

large the cost of installation would be high but the remaining,

costs would be low. If the well di-anleter selected is too small,_

the cost of installation would be low but the head loss would



Screen diameter is selected to satisfy the essential

basic principle that enough total area of the screen openings

must be provided so that the entrance velocity of the water

will not exceed the design standard. Screen diameter is a

factor that can be varied after the l~ngth of the screen and

size of the screen openings have been selected. Screen length

depends upon the thickness Of the water-bearing sand; screen

openings depend upon the gradation of the aquifer material.

To a large e,xtent, the natural characteristics of the aquifer

fix these dimensions, leaving the diameter as a factor that

can be v2l"'iec1.

Laboratory tests and field experience show that if the

screen entrance velocity is equal to Or less than 3 cm/sec.,

friction losses in the screen openings will be negligible and

the rate Of incrustation and corrosion will be a minimum.( 34)

The entrance velocity is calculated by dividing the

expected or desired yield Of the well'by the total area of

the openings in the screen. If the figure is greater than

3 cm/sec, the screen diameter should be inCreased to provide

enough Open area so that the entrance velocity is less than
( 28,34)

3 cm/sec. If, on the o,therhand, the calculated entran'ce

velocity is less than this figure, the screen diameter may

be reduced somewhat to achi~ve economy.

18



2.1.5 Design of Gravel Pack

A gravel envelope or gravel pack is a layer of gravel

placed around the well screen to prevent the movement of

relatively coarse sand but to allow free passage of water

into the well. Wells can be "Natural Gravel Packed" or

"Artificially Gravel Packed". A naturally developed envelope

can be produced by removing the fine sand and silt from -the

natural formation and transporting these-f~nes through the

well screen openings by surging and bailing. An artificial

gravel envelope can be provided by keeping the bore of the

well somewhat larger than the well screen, centering the

screen in the hole and then filling the annular space around

the SCreen with properly selected gravel designed to suit

the aquifer gradation.

A properly designed gravel envelope should satisfy the

fOllowing two main requirements:

i. It must be fine enough to prevent the passage of

coarser particles from the formation material through

its pores.

ii. It must be coarse enough 50 that the head required

for the flow of water through it is minimum.

2.1.5.1 For.mations Requiring Artificial Gravel Pack

Not all ~ater bearing fOrmations require artificial

gravel packing. Generally, formations with an effective size



wells:
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SCreen openings.

This often occurs when C is betweenu

iii. It reduces th~ incrustations. This.is due to the large

against flow at the well screen.

ii. It increases the yield of. a well due to low resistance

well, thus increasing its specific yield.

The fOllowing are the advantages of the gravel packed

°40of U.25 mm. and a uniformity coefficient (c = --) of 2 Or
u 090

more can be safely developed without a gravel pack, provided

there are few vertical changes in sizing in .the formation. As

Artificial gra.vel pack construction is recommended where

.i. Gravel packing increas~s the effective diameter of the

the formation becomes coarser, the desirability of the gravel

pack decreases; however, exceptions to the above are common.

where the formation isex~en~ively laminated (consists Of

be used for an aquifer containing fine materials, when it is

by the sieve analysis.

the natural formation consists of fine unifOrm sands and/or

difficult to locate precisely). These conditions are frequently

desirable to USe larger screen openings than are indicated

alternating fine, medium, or coarSe layers that are thin and

met in most deeptubewells. An artificial gravel pack may also

2 and 3 and the 060 size is less than 0.42 mm. In areas where

incrustation is a problem it is desirable to USe large screen

openings.
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iv. When designed properly, gravel packs provide sand-

free water, thus increasing the efficiency of the
well and the pumping unit.

v. It provides higher structural strength for the well
screen.

vi. It prevents the caving in of the formation material,

thus reducing the danger of clogging of the well screen.

vii. It facilitates the removal of the well casing and
screens in shallow wells.

Two types of gravel packings are in general USe -the

uniform-grain si~e pack and graded-grain Eize pack. The former

has been widely accepted in recent years, specially when

manufactured screens are uSed because the size of the openings

can be controlled. In the case of a graded-pack, the formation
material may invade a graded pack at the gravel formation

interface, partly filling the pOres and resulting in reduced

permeability. With a well sorted (uniform) gravel pack, the

fines of the fOrmation can travel between the grains and be

pulled into the well during development, thereby increasing

the formation permeability whil~ retaining the highly pBrmeable

nature of the pack. Lack of availability is the main draw-back

in adopting uniform pack material in many cases. The most

important physical property of uniform-grain-size material is

the particle size as represent~d by the mean grain diameter

which is.the 50 percent grain size. The pack need not be of



criteria.
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should lie .between Sand 10.

should lie between 12 and 58.

should lie between 12 and ~O.

DSO of pack
DSO Of aquifer

The average slope Of the. filter material gradation

All have agreed that different criteria are required

DSO of pack
050 of aquifer

085 of pack
and 085 of aquifer

cUrve should be the same as that"of the aquifer

b. Graded aquifers (Cu> 2)

a. Uniform aquifers (C < 2)
u

material.

has recommended that the maximum size of the particle in the

To prevent" the mOvement of formation material, a relation-

i. U.S. Burea~ of Reclamation adopted the fOllowing

( 'Co.1, \gravel pack should be 6.~ mm;~~)

large grain size. The American Society of Agricultural Engineers

2.1. 5.2 Design Criteria

been determined On the basis of practical experien~e and labo-

wells.

ship between the aquifer grain size and the pack grain size has

ratory experiments by various agencies concerned with water

for uniform aquifer material (Cu ~ 2 ) and for graded aquifer
.

material (Cu> 2). The most widely used criteria are summarized

below:



recommended as fOllows:

a, Uniform aquifers

= 9.5

= 13.5

of pack
Of aquifer

of pack
Of aquifer

Of pack
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model experiments, laid dOwn the following criteria,

050
should lie between 9 and 12,5DSO.Of aquifer

050 of pack
O Of 'f should like between 12 and 15.5.50 aquJ. er

a, Uniform aquifers

ii, U,S, Department of Agriculture, after Kruse's

b, Graded aqui fers

b.,. Graded aquifers

iv, The Central Board of Irrigation and Power of India-

iii., Johnson recommended as follows:

a, Uniform aquifers

070 Of pack
070

= 4of aquifer

b, .Graded aquifers

070 Of pack
070 Of = 6aquifer
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The Central Board of Irrigation and POwer of India

after an extensive experimental studies found that with an

increase in Pack-Aquifer ratio the sand mOvement progressively

increases whereas the headloss through the gravel pack shows

an initial decline but increases at higher values of Pack-

Aquifer ratio due to partial chocking of the gravel pack.

Based on model studies conducted at the Irrigation Research

Institute, Roorkee; the limiting pack-aquifer ratio haa~been_

proposed as given in Table 2.2 for stable filtering action in
tubewells.

The results of model studies conducted at Ludhiana

indicated the upper limits (Table 2.3) of Pack-Aquifer ratios

in order to maintain a stable filtering action.

Ellithrope (1970) stated that in order to minimize the

headloss through the gravel pack, the lower Pack-Aquifer ratio

should be 4.0. Pack-Aquifer ratio exceeding 9.0 may allow the

movement of sand and' perhaps this value of 9.0 should be
( 19)

considered as a practical Upper limit. Smith (1954) reported

that ratios of 4 to 5 were found satisfactory for the efficient
. (38)
design Of wells with gravel packing. However, wells having

gravel-pac~ ratios Of 7 to.1o.were found inefficient because
( 33)

of sand pumping. Smith further observed that still higher

\ialU.esof gravel-pack ratio {10 'to 20) produced excessive sand
pumping.



screen is to be placed.
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2.1.5.3 Design Procedure of Gravel Pack

!
r

(Cu~ 2) and by 6 for non-by 4 for uniform aquiferS

uni£orm-i3fjuifers ( Cu;> 2).

The products so obtained should be marked on 70 percent

abscissa of the semi-logarithmic graph and a line

apprOximately parallel to the central portion of the

unifor~ aquifer gradation curve should be drawn

through this point. For non-uniform aquifers, the

corresponding gravel grading cUrve should have a

uniformity coeffici~nt of 2.

particle size distributioll of different formati<Jns

encountered by the well.

i. To preoare the sieve-analysis CUrves of the material

obtained from the well log and to determine the

ii. To identify the formation depth in which the well

iv. The 070 size of the aquifer should be multiplied

iii. From the plot of sieve analysis the 050, 040,and 0gO

sizes of the aquifer should be read and the Cu of

each aquifer should be calculated from the ratios

of 040 to 0gO sizes and thus the type of .the aquifer

whether uniform Or non-uniform will be determined.

For proper design of gravel pack in the field, the

following procedure should be adopted:
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v. The procedure detailed in item (iv) above should be

repeated for all the water-bearing aquifers and a

COmmon gravel size satisfying the requirements Of all

the aquifers should be adopted for use in the well.

vi. AqUifers of substantially finer grading than the

major portion of the aquifer encountered, which

require gravel of relatively very much smaller size

than for remaining thickness, should be left untapoed.

vii. Where the major portion Of the total aquifers tapped

consists of relatively fine material and comparatively

smaller depths have coarser material, the size Of

gravel should be designed to suit the requirements of

finer aquifers and this will automatically stabilize

the coarSer ,aquifers althOUgh it might r'esult in a

nOminal reduction of discharge per unit drawdown of

the well.

viii. The slot size in the well screen should be such that

at,least 90% of the pack material is not able to pass

through it.

Apart from a stable pack-aquifer ratio the follOwing

c'Dnsiderations should also be'kept in view while designing a
gravel pack:

i. NOn-uniform gravel packs are unsuitable for use as

their placement by a shovel results in segrega~ion,
of particles,. With the present metliod of shovelling it

is desirable to use uniform packs only.
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2.1.5.4 Gravel Pack Thickness

packs should be used.

two OL three grain diameters is

ii. The pack material should be well rounded river gravel

as the flat particles stick to the screen slots and

iv. The well after completion should be fully developed.

reduce the Open area.

based on the mechanical retention of the formation particles,

Since the design theory of gravel pack gradation is

pack with a thickness of only a fraction of a centimeter

iii. Six to nine inches (15.2 to 22.8 cm.) thick gravel

what is actually needed to retaiFuand control the formation

a pack thickness of only

sand, Laboratory tests made by Johnson, show that a gravel

expect the material to completely Surround the well screen, To

successfully retainS the formation particles regardless of

the velocity of water tending to carry the particles through

ensure that an envelope of gravel will sUrround the Bntire .

A thicker envelOpe does not materially increase the yield of the

the gravel pack, However, it is impractical to place in a well

practical fOr installation in the field, Un~ermost condition,

the upper limit of ~ravel pack t~ickness should be about 20 em,

a gravel pack of only a fraction ofa centimeter thick and

screen, a thickness of 9.5 cm.is the minimum that is considered
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well. Thickness, in itself, does nothing to reduce the possi-

bility of sand pumping because the controlling factor is the

ratio of the grain size of the pack material to the fdrmation

material. Too thick a gravel pack requires higher capacity

pump and thus increases the cost and time of installation,

and can make final development of the well more difficult.

Walton recommended a thickness of gravel pack of--1-5--to

23 cm. U.5. Bureau of Reclamation suggested a range of 18 to

23 cm. JOhnson recommended a thickness of 7.6 cm. with a

maximum limit df 20 cm. U.P. Irrigation Research Institute

determined after model experiments that the minimum thickness

necessary to keep out sand mOvement is 12.5 cm. It is sUggested

that the gravel thickness should preferably be between 13 and
20 cm.

Alignment of Well2.1.6
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If a suction air lift or submersible pumpis installed, the

alignment is not So ililportant but it is "till desirable to folloH

the above criterion. nonnaJ.ly a Hell shoulcl be tested for verti-

cality after drillinG' is completed. HOHever, in the case of'

gravel packed HelJ_s, vet'ticality should be tested after installa-

tion of the Hell asse"lbly but prior to commencementof gravel

filling.

The alienment of a tllheHell should be tested by use of a heavy

plunger 6 rum. smaller in diameter than the inside diameter of'

the ,veIl casing. The plunger is suspended by a line rUlu1.ing over

a pulley at least J meter above the top of the casing. The pluneer

is lOHered in steps of J meter and deviations of the line from

the centre. of the casing are observed. The drift at any depth is

given by the deviation multiplied by the length of the line and

divided by the height of the pulley above top of "lell casing.

If the eccentricity of a bore is seen to be more than that

permitted, it can be corrected by loosening earth on one side of

the pipe and forcing the pipe back by applying jacks on the other

side. If the hole is badly eccentric, it may have to be rebored.
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2.1.7 ivell Development

Tubewells are developed to increase their specific capa-

city, prevent sandinG and"obtain maximum economic 'vell lifec

Development 'neans stabilization of the ,.,ellsof a ,','elladjacent

to tbe sereen by a process which removes fine particles from

the formation immediately surrounding the well screen, leaving

coarser particles to contact and surround the screen. The basic

principle in the development operation is to cause reversals of

flo'i'through the screen 'openings so that forma tion particles

are loosened, the fines are drawn out, and the remaining coarser

particles are rea)1ranged. Development is necessary in all gravel

packed ",'ellsand other screened ,,,ellsexcept when the screen is

formed of fine "ire mesh or eoir or other closely knit filters

located in a highly permeable formation.

Development of wells bring the following benificial
results:

(a) Corrects any damage to or clogging of the ",ater

bearing formation ~lich occurs as a side effect from drilling.

Every method of drilling plugs the pores of the water-bearing

formation around the bore hole to some extent. In the direc~

rotary method, where drilling mud is used, a thin skin of rela-

tiveL~ impervious material is plastered on the wall of the

borehole ahd seals the same. In reverse circulation drilling

\"lateris lost into the fOITuation due to excess fluid pressure

that must be maintained in order to'keep the hole open. In

'this process the silts, clays and fin~ sandy material picked



rounding aquifer has therefore to be loosened.
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are deposited onup by the drilling 'fater f'rom

cleaning out, opening up and enlarging passages in the vicinity

it has nevertheless to be completely removed. In case of dril-

(b) ];n,creases,the porosity and permeability of the "later

the ~ralls of tbe bole. Though this material is comparatively

through the developed zone. n~is Zone is coarsest at the screen

e~sier to remove than tbe mud cake formed in the rotary method,

ling by pipe driving, a reduction of porosity is caused in the

surrounding aquifer due to cor,-'pactionand vibrations. The sur-

bearing formation in the vicinity of the well. Development

development for increasing the permeability of the surrounding

aquifer material. The thickness of the developed zone, may vary

pulls out and removes finer material from the aquifer thereby

from a few centimeters to a few decimeters. The efficiency of

or envelope surface and grades gradually back to the original

of the "ell screen so that w",ter can enter the uell more freely

aquifer is better achieved when the aquifer is non-uniform.'

(c) Stabilizes the sand formation around a screened Hell

so that the uell ,;ill yield water free of sand. In a zone just

the screen slot size and 'only the coarsest material is left in

place. The effect of development is progre'ssively diminished

farther away and the aq,:,iferrnaterial progress,ively grades back

to the original form of the ,.raterbearing stratum. By creating

outside the hole, development removes all particles smaller than
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Develo!1ment cre8. tes an a1 terna ting movement 0 f' ,-fa ter

from the ",ell into the aquifer and back to break up bridges of

fine particles in pores bet",een larger particles. The lo"se

p articles are then transported into the Hell.

Development should be started slo.dy and gently and as

development progresses the energy should be increased in steps

to the full capacity of the equipment. Development can be. started

at the top of the screen and .wrked dOHn or started at the bottom

Some advocate the use of the former

this succession of' graded zones, the formation is stabilized

so that no further sand movement ",ould take place. In case of

gravel packed HeLls all particles Hhich can pass through the

pores of gravel pack are removed. It has been obserVed that

fine particles resist movement due to the characteristic

mechanism of bridging of the pores. They do not move from their

position.even on increasing the velocity of flow through the
aquifer by over pwnping.

of' the screen and 'i\'o.rkedup.

procedure, particularly in the case of development bya~urge

1)lock,.probably in .order to :ninimise'the possiq.ility of material

coming in above the surge block, ",hich may result in 'sand locking'

of' the block. Ho",ever, the upper layers compacted as a result

of' development may have .a tendency to bridging. and cavities may

fonn around the screen ",hen t~e 10Her fonnations are being deve-

loped. By starting development at the bottom of' the screen

the compaction takes place as Hork progresses up",ards so that
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the overlying rnaterial can "moved01.m Hards Hi thou t much possi-

bility of bridging and slwuld a bridge develop, the development
action would usually break it up.

The methods COTIliilO111y employed for 1lell devclopn:ent are

jetti:n.g-, pumping, surging, use of' compressed air, and use of'

dispersing agents (chemical-s).



CHAPTER 3

DATA CDLLECTIDN AND PRESENTATIDN

Availability of relevant data plays a very important

role in any study such as one undertaken. It has been round

that it is not a very easy job to collect the appropriate

data and information which are reqUired to evaluate the

performance of the tubewells in the project area. For this,

satisfactory progress could not be achieved in time. In

fact no information regarding the grain size distribution of

aquifer and packing materials of the'wells in the existing

project was available. The probable reaSOns of early failure

of the defunct wells of the existing project could not

therefore be identified on the basis of proper data. The

reasons of failure has hOwever, b.een tr.ied to be expl'ained

On the basis of data available relating to the tubewells of

the new project. These data have been collected mainly from

the offices of BWDB at Dhaka and Thakurgaon. Data have also

been collected from various other sources such as the offices

of the consultants and contractors ihvolved in the project.

Data for specific capacities of the tubwells of the

existing project just after theii installation were coll~cted

from the office of the Director, Grriundwater Data Processing

and Res~arch Circle, BWDB, Sir McDonald & Partners Ltd. and

C.K.C. It was found that the data received from BWDB and C.K.C •

•
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were comparable while those received from McDonald and Partners

Ltd. were quite different. Under such circumstances the data

obtained from Groundwater Data Processing and Research Circle

and from C.K.C. were used in the study.

The following data were collected from tha ~ources as
mentioned ea~lier:

i. The location map of the existing and the new project

of deep tubewells.

ii. The design and construction procedures of deep tubewells

used for the rehabilitated wells and the wells in the

new project.

iii. The recorded lithology of aquifer at different

tubewell sites.

iv. The sieve analysis data of finest layers where

strainers have been provided at different sites in

the new project.

v. The sieve analysis data of gravel packing materials

as used at different sites of the new project.

"'vi. The 'characteristic featUres of t-he well components

such as -strainer, Upper Well Casing (UWC) ,'Lower Well

Casing (LWC) etc. Or the tubwells of the existing,

the rehabilitated and the new project.
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..ix. Pumping test data of some production wells, test

for the period 1983-'84 along with their present

installation i.e. in the year 1962 and 1964 and also

status,

tubwells, SOme of the rehabilitated wells of the

existing project and SOme wells under the new
project.

capacity and discharge as observed in different

wells and observation wells.

vii. The total length and diameter of boring, blind pipe,

viii. Informations regarding static water level, specific

hOUsing pipe and of strainers of all the existing

wells of the existing project just after their

Groundwater is the main SOUrce Of irrigation in this part

The existing tubewell project and the ne~ tubewell

project lie approximately between 88010' to 88040' eastern

longitude and 25045' to 26020' northern latitude and is

situated in the north-west corner of Bangladesh (Fig. 3.1).

of the country. The existing project was planned to irrigate

the high~lands and particularly the areas which were never

project in the study area only one crop in a year was produced

subjected to f'looding•..Before implementation of the existing

depending on the monsoon water. The existing project was

planned to irrigate B6,OOO acres Of land for producing three

crops in a year. The new_project in the same region has been
planned to irrigate about 1,07,740 acres of lanJ13).
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To study the performance of the deep tubewells and

the aquifer characteristics of the Thakurgaon project area,

the related informations anD data were collected from the

conce~ned offices and were analysed. A comparison of tubewell
efficiency regarding the specific capacities were also
included in the present study.

The drilling of wells in the existing project area

started in the year 1962 and during the-f3-e'C'-iod-1962to 196q,
381 wells were drilled and constructed to depths varying

from 210 feet to 355 feet Using two types of brass screens

namely Hagusta (factory made gravel packed with about 1 inch

thick cemented around the casing) and Nold (bridge-slotted

steel pipe) types. The length of the screens varied from

98.4 feet to 155.8 feet although most Of them were about 130

feet long with a diameter Of 10 inches. The pump chambers

were 14 inches in diameter and about 84.3 feet deep. During

the y~ar 1979-1980 SOme of the wells drilled in 1962-'64 were
rehabilitated having a reduced well depth of 171 feet to

267 feet. In the rehabilitated well wire-wound strainers of

stainless steel having, 10 inch in daimeter were Used. Depth

of pump chambers was also reduced to a length ranging from

71 feet to 80 feet with their diameter same as before. As per

d~ta collected,_ the wells in_the new project area- are ~sing

drilled upto a depth of 171 feet to 267 feet which is the same

as those of rehabilitated wells~ These'wells have wire-woun~
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stainless steel strainers having 8 inch di9meter and length

mostly of ~O feet. At present the project authority are uSing
a standard and more or less fixed design parameters and

construction and development procedures for tubewells in the

project. A brief information about design parameters and

construction and development procedure is given below:

Design Parameters:

The design parameters for the deep tubewells of the

new project and fOr the rehabilitated tubewells of the existin
prOject are as follows as per CKC's design.

i. Diameter of boreholes = 20 inch.
ii. Diameter of hOUsing pipes = 14 inch.

iii. Diameter of blind pipes = 8 inch.
iv. Diameter of strain ers = 8 inch.

v. Slot opening = 40/1 DOD ins:h.
vi. Strainer length = 60 feet for wells havinga capacity of 2 CUsees.

= SO feet for wells havinga capacity of 3 cusees.
vii. Screen open area = 24 square inches (+ 10% )

r ,. per foot run of the strainer.
viii. Material of housing pipes = Mild steel.

ix. r'1aterialcf blind pipes = Mild steel.
x. Material of strainers = Stainless steel.

xi. Thickness of the gravel-enuelope = 7 inches.:
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is instructed to maintain the circulation of water at an

The borehole shall be drilled to a uniform diameter of

1

95

20-30

Percent by weight
retained by the screen

5

10

1 8

StandaI'd sieve
Number

xii. Gradation of gravel pack material:

method. The drilling shall be carried out in one continuous

The wells are to be drilled by reverse circulation rotary

20 inch and shall be sufficiently straight and plumb to enable

collapse of the borehole.

such other precautions as are necessary to prevent caving or

adequate head over the static water level (SWL) and shall take

the assembled tubewell components to hang freely throughout

Tubewell Construction:

of gravel pack material is completed, the concerned contractor

of the screen to be inserted and the s~tting of each section

of casing and screen in thetubweell. The casing and the screen

operation. During the drilling operation and until the packing

the full length of the bore.hole. On the basis of the bo-r.ehole

109 and sieve analyses the Engineer will instruct the Contractor

about the lengths of upper and lOwer well casing, the length
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components shall be jOined by the eiectric arc welding method

uSing neutral cOuplings between stainless steel/mild steel

sections. The end of each component section shall be suitably

beveled and the weld deposited in accordance with adjacent

section welded so that alignment is within the allowable limits.

All welded jOints shall have atleast equal strength of the

component material. The contractor shall supply and install

centralizers consisting of four opposing mild steel bands

attached to the assembled components at an interval of 30 feet

throughout the full length of the tubewell components or as

directed by the Engineer. The effective diameter of the centra-

lizers shall be 2 inch less than the nOminal diameter of the

borehole along the lower well casing and screened section. A

bail plug 5 feet long and made of the same material as the

B inches blind pipe having its bottom end securely sealed is
installed at the bottom of the well.

Th~ contractor shall make a record of the construction

of each tubewell in an approved form and shall submit such

records to the Engineer fOllowing completion of the tubewell.

Bafore placing the gravel pack material the full length

of assembled tubewell components must hang freely in the"b6re-

hole. The Contractor shall install the UWC so that the deviation

of it~ axis from.the vertical does not exceed 2 inches at any

point betweenth~ top of the UWC and the top of the rsducer

fitting. Gravels are placed immediately after the-completion
of casing installation.

.-
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Well Development

The Contractor shall develop each tubewell first by

high velocity water jetting and secondly by pumping. Develop-

ment will not be deemed to be complete until the water dis-

charged at 1.5 times the design capacity of the tubewell is

clear and free of sand. The tubewell shall be cleaned to the

bottom of the bail sUmp by Using the suction type bailer

between sUccessive operations in the development process. The
~.~~--

high velocity water jetting tool shall discharge at a rate of

100 mps horizontally from four oppOsing nozzles. Jetting will

proceed thraughout each section of screen beginning at the

lower most and proceeding to the upper most section. Discharge
shall be maintained from the tubewell during the jetting

operation by means Of a suctio~ lift pump capable of pumping

at a rate Of not less than 500 gpm from a level,of 25 feet.

The seoond stage Of development shall include pumping at a

slowly increasing rate until 150% of the design capacity of

the tub~well is reached. Intermittent surging and backwashing

are also part of the pumping development procedure. The rated

capacity or design discharge of each tubewell are then deter-
mined by the Engineer-in~Charge.



------ taken with such limited numbers of borehole data to have a

.,

CHAPTER 4

DATA ANALYSIS, RESULTS AND DISCUSSIONS

4.1 General

Due to nonavailability of any soil report of the study

area other than those carried out under test borihg prOgramme

during 1981-'82, it has not been possible to have a detail

analysis of local aquifer material. Yet attempts have been

guide line for the de~ign o~ screen slot openings and gravel

pack material by Johnson's method. This method as per Comments

of various grOundwater experts is the most satisfactory method-
for efficient design of tubewells with gravel packing.

The design has then been cOmpared with those made by
C.K.C."the consultant of 8WDS.for :rubewell Project, North-

Bangladesh. For comparison Of design parameters three different

sets of design parameters have been fOund based on DID' 0
40
,

050, ogO of aquifer material of entire project area, 0
10
, 0

40
,

050, 090 of individual borehole and 010, 040, 050, OSO of the

finest layer in a individual borehOle. Design parameters baSed

on 0101 040, 050, 090 of the finest layer of aquifer materiai
of fOur different install'ed tubewells have also been determined

and cOmpared. The performance of .ttleexisting wells have also

been discussed ~n light of the well design parameters calculated

since the existing wells as well as the wells Of th~ new project
are in the same region.



In selecting the screen length the optimum

Screen Length

As per Johnson's design principle, the screen length

4.2 Rehabilitated Wells and the Wells Under New Project
4.2.1 Comparison of Design Parameters

of tubewells are found to be 110 feet and 75 feet for wells

respectively.

stedby Johnson and most other ground wat~r specialists. The

project area (Table 4.5). The same value has also been sugge-

co-efficient of permeability of the aquifer material for the

lated from the limited data available for determining the

entrance velocity has been considered to be 6 fpm as calcu-

per C.IC.C.'s design these lengths are 90 feet and 60 feet

having capacities 3 cfs and 2 cfs respectively whereas as

optimum entrance velocity has been determined by C.IC.C. to be

as 0.032 mps. i.e. 6.30 fpm, (12) which is very close to that

considered in the study. The consideration for accounting the

blockage of slots by grains has however been quite different.

In the present study the blockage has been considered 50% as

per opinion by ~ost of the eXperts whereas C.IC.C. considered

variation of screen length. As per C.K.C. 's consideration a

Suggested for 3 cfs and 2 cfs capacity wells. In the field

screen length of 90 feet and 60 feet respectively have been

however a screen length of 80 feet are being provided in most
of the 3 cfs capacity wells.

.,'it as 35% and mainly because of this there has been a quite
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Figure 4.1 shows the range of the Specific capacities

of Thakurgaon Project wells, as measurec just after installation

anD plotted on the basis of Specific capacity per foot of

screen actually installed. The three curves relate to unit

specific capacities for samples of 131 original Hagusta type

screens, 237 original Nold type screens and 21 wire-wound

screens installed as rehabilitated wells in the same study

area. The figure shows a significant differenc8_io_unitspeci_

fic capacities among the three types. The Hagusta type has a

median unit specific capacity of 0.313 gpm/ft2 while the Nold

and the wire-wound screens have median specific capacities of
2 20.486 gpm/ft and 0.852 gpm/ft respectively. Therefore, to

achieve the same drawdown of about 30 feet and hence the same

pumping costs for a discharge of 3 Cfs, the respective Screen

lengths would have to be 143 feet, 92 feet and 53 feet.

Again, since each piece of strainer is of 20 feet length,
the layers ~hich are less than 20 feet in length but feasible

for screening cannot be screened. For this difficulty, wells

are installed to deeper depth for getting layers greater than

20 feet for screening. This causes substantial increase in the

cost of well and well sinking. To avoid such increase in cost,

screens of length 10 feet are more preferable for economy of

well construction. Now, since the wells are sunk with strainers

of 80 feet i.e shorter than that required as per design consi-

deration, the yield may decrease in.COurse Of time. Figure 4.1



shows good performance with strainer of 80 feet length but

under this condition entrance velocity will be much higher

than the standard entrance velocity. For this reason it is

better to use strainers of 11O-feet lengthfor 3 cfs. capacity

wells in the new project and the rehabilitated wells of the

study area to ensure minimum entrance velOcity so as to keep

the well loss at a minimum value which will thus prOvide a
smooth and efficient-wel-l-.with a longer life.

4.2.1.2 Slot Opening and Gravel Pack

There is nO prOvision for grain size analysis of aquifer

material befOre the fixture of the wells are installed in the

field. Th~_suitable aquifer to be screened are selected On the

basi's Of eye estimation and expe-rience. Becaus.e Of this procedure

no sieve analysis data or soil sample of the surrounding a~uifer

material of the existing wells and the rehabilitated wells were

fOund. For installing the screens Of the tubewells Of the new

project, the sBlect~on of aqUifer layer~to be screened is not

entirely on the basis of eye estimation. The sieve analysis Of

the finest layer was performed whenever it was felt that ey'e

estimation i.snot enOugh to form an idea about grain size. Some

of these sieve analySis data have been collected and are shown

in"'Fig. 4.2 to Fig. 4.5. The grain size analysis of gravel

packing materials used fOr the wells in the new project were

also collected as shOwn in Fig. 4.2. The grain size analysis
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of the gra.vel packing materials for the existing project were

not available but from the information available it was found

that their size range was from 1 mm. to 4 mm. This size range

is approximately the same as that now in use in the new

project. With the limited information regarding aquifer

material and packing material analysis were made to see how

the actual design fit with the result obtained from analyses.

----In light of this analysis the probable reaSOns of early failure

of the defunct wells in the existing project and the rehabi-
litated wells were also pointed out.

The number of sites explored under the Test Boring

Programme by the Bangladesh Water Development Board in 19B3

does not permit to have a sufficiently detailed analysis of

the a~uifer material Of the proje~t area so as fa specify slot

opening and gravel pack design for each individual well. But

C.K.C. has given a slot size and a gravel pack design based on
an average condition of all borelog data.

The slot size of 0.75 mm. (30/1000 inch) as designed by

C.K.C., the consultant of SWOB for TubewellProject, North

Bangladesh is based on -the mean OlD' 040, 050, 090, 070 size of

eaquifer material- of all the.boreholes of the-Test Borin&

Programme in the entire area and is f6und to be much COnserva_

tivain comparison with the value of 0.965 mm. (40/1000 inch)

obtained by Johnson's method on the basis of same data. It may



be pointed out here that screens having slot openings of

1.0 mm. (40/1000 inch) are actually being used in the new
project as per cecOmmendatiQn of CKC.

It is necessary to mention here that the slot size and

the gravel pack material need to be designed considering the

gradation of the finest layer Screened for an individual

tubewell. From this view point it is found that though the

slot opening as per design by CKC is conservative when compared

with the slot Opening obtained by Johnson method of design on

the basis,of same ~ata yet it is relatively bigger as compared

to the slot opening obtained on the basis of grain size dis-

tribution of the finest layer screened. For example Table 4;1

shows that slot opening obtained by Johnson's design principle

varY,quite apprec,iably depending,on'how grain size distribution-

data is us~d in the design. The table shows clearly that the
slot Opening obtained on the basis of mean size of all the

loyers of a borehole is quite bigger in all eaSes than that

obtained on the basis of grain size distribution of the finest

layer. In addition, the slot opening obtained on the basis of

mean size of all the layers of different boreholes is also

bigger ..than tha,t obtained on the basis of g¥adation of finest

layer. On the basis of grain size distribution of the finest

,layers ..on different boreholes the slot openings have been found

to vary from 0.542 mm. (20/1000 inch) to 0.84 mm. (30/1000 inch)

which are quite smailer than that actually used in the field;
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Again, the gravel pack material size as per CKC's design ranges

from 0.59 mm to 4.76 mm. Using Johnson's method the size ranges

have been found to be 0.475 mm. to 3.55 mm. as shown in Table 4.1.
Hence, Johnson's design principle gives relatively smaller

gravel pack materials. Again if the finest layer of aquifer

material screened is considered for the design of gravel packs,

it is Seen from the table that much smaller gravels are required.
The size of gravel pack under this condi tion---nas--beenfound

to vary frOm 0.254 mm. to 2.10 mm. based On certain borehole

data to as high as 0.44 mm to 2.39 mm. based on other similar
data.

4.2.2 Probable Problems as per C.K.C. Design

The fOllowing discussion shows how the Use of slot opening
and gravel packs as recommended by CKC will affect the fUnctio-

ning of tubewells drilled in various locations with wide vari-

ations in aquifer material screened. As per CKC's design slot

Opening and gravel pack material size is based on some average

characteristics of aquifer materials in the project area. Design
based on this will probably be safe as long as the aquifer

-materials screened will be more or less.of similar size"range

an~ distribution. Comparison of slot openings based on gradation

of-finest layers Df different boreholes (Table 4.1) with slot

opening based on average size distribution of aquifer material

as used in CKC design clearly shows .that in all cases slot



Opening-based on finest layer is much smaller than that based

on average aquifer material consideration. It is true that the

finest layer will not be screened in many cases as screens are

not provided continuously for avoiding very fine layers. Even

then chances are there that the slot size as recommended will

be bigger than that required based on the finest layer screened.

Study of tubewell characteristics of the new project has shown

Such-examples and are discussed in the next article. Similarly,

the cOmparison of the size Of gravel packing materials based

on gradation of finest layers of different borehole (Table 4.1)

with thOSe based on mean size distributipn as used in CKC's

design shows that in all cases the Size" of gravel packing

materials based on finest layer are much smaller than thOse

based on average aquifer material consideration. Under such

circumstances there are chances of excessive sand pumping

firstly from the finer layers which are screened. Due to such

sand pumping mare and more sand particles will be removed from

theSe finer layers, and as a result the aquifer material and

specially the gravel pack materials above this layer will be

displaced from their position resulting in failure of the

functioning of entire surrounding gravel pack material. Thus

ultimately failure Of the well will take place due to excessive

sand pumping Or sharp fall in ~fficiency of the well. It may

be mentioned here that one Of the rehabilitated well (oTW No.126)

have already failed due to excessive sand pumping only after



t
~J

50

three years of rehabilitation. As per discussion above it will

be quite lOgioal to put forward the argument that most probably

this failure was due to the use of relatively larger size of
slot opening and gravel pack material.

4.2.3 Probable Problems which May Arise in the Newly Installed
Wells of the Study-Area

Installation of 610 deep tubewells in the study area

under the new project entitled 'Tubewell Project (North Bangladesh)'
are now in progress. The prOcedure followed in selecting the

aquifers to be screened for the tubewells are based mainly On

the eye-estimation and experience of the person giving the

decision. In most of the cases no analySis of aquifer material

was made and fixtures were placed hurriedly to avoid cavity.

Analysis of the relatively finer layers were however made in

case of few tubewells. Four such tubewells have been studied
and their future performance is discussed below:

From the fixture of DTW No. T-281 (Fig. 4.6) it is Seen
that strainers are installed at depths 97.02 feet to 135.41 feet

and 159.B7 feet to 17B,89 feet. Most of the aquifers screened

were selected on the basis of eye estimation and experience.

The aquifer materials in depths 104 feet to 110 feet, 125 feet

to 12B feet and 131 feet to 134 feet were however cOllect~d

and sieve analysis was done as the materials in those layers

were quite fine.Cu value for the aquifer material in depth



090 = 0.715 mm., 070 = 0.B15 mm., 050= 0.94 mm.,

040 = 1.00 mm., 010 = 1.25 mm.; the slot ope~ing=28/1000 inch;------
The installed tubewell have hOwever a slot opening of 40/1000
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090 = 1.18 mm., 070 = 1.68 mm., 050 = 2.26 mm.,
040 = 2.60 mm., 010 = 3.77 mm. (Table 4.2).

104 feet to 106 feet was found to be less than 2.00 and 0
70

size of aquifer material was found to be 0.210 mm. Based on

this grain size characteristics the gravel pack design para-

meters and slot opening as shown in Fig. 4.2 have been found

by Johnson's method. The slot Opening size and the salient
features of gravel pack design are also shown below:

inch and gravel pack material of fOllowing characteristics:

gravels used are also much larger than the designed gravel

From a cOmparison of the above data it is apparent that
the slot operiing uSed is ielalively big fOr~the aquifer mate_

rials at depth 104 feetsto 106 feet. Furthermore, the size of

size fOr that layer. Hence, the use of such large slot opening

and larger gravel pack materials, may cause the finer materials

of the formation to be pumped out with water forming cavities

at the said depth. As a result turbulance pockets might be

created' which might increase the sa'ndmovement with time. 5uch

mOvement of the formatio~ material will disturb the gravel pack

material resulting in mOre sand pumpJng and sharp reduction in

the fu~ctioning of the tubewell with ultimate failure •
.~.
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In OTW No. BG-12, strainers are fixed at depths 93 feet
to 131 feet and 233 feet to 263 feet (Fig. 4.7). The finest

layer screened is at depth 116 feet to 125 feet. Soil sample

was collected from this layer and sieve analysis was done.

The Cu value was found to be about 2.00 and 070 valve 0.337 mm.

For Dhis aquifer condition the design slot opening COmes out

to be 40/1000 inch and the gravel pack should have the fOllowing
characteristics as shown in Fig. 4.3.

°90 = 1.05 mm., 070= 1.35 mm., 050 = 1.71 mm.,
040 = 1.93 mm., 010 = 2.80 mm.

The slot opening and the gravel pack material used in
this case is more or less of the same size and gradation as

used in OTW No. T-281 and also shown in Table 4.2. From a

comparison of the various parameters shown above and in Table 4.2,

it is apparent that the slot size used is exactly the same as

the designed slot size, but the size of gravels used is much

larger than the designed gravel size. This may cause the finer

materials of the formation reach the strainer through the voids

of the large gravels and might block the slot openings in course

of time resulting in a decrease in the capacity of the well.

-Excessive s,and pumping may-also take pl,ace resulting in- qU-ick

failure. Failure procedure will hOwever also depend on the well
development.

In DTW No. T-62, strainers are placed at depths 103.02

feet to 141.07 feet and 205.39 feet to 224.42 feet (Fig.4.B).
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The layers screened at depth 140 feet to 143 feet and 206 feet

to 215 feet are relatively fine and hence soil samples were

collected from these layers and sieve analySis was done. The

Cu value was fOund to be 2.00 and 070 value 0.35 mm. For this

aquifer material the deSign slot opening comes out to b~

42/1000 inch and the,gravel pack design should have the fOllOw-
ing characteristics and as shown in Fig. 4.4.

090 = 1.70 mm., 070 = 1.40 mm."D50-= 1.84 mm.,
040 = 2.10 mm., 010 = 3.20 mm.

The slot opening and the gravel pack material USed in

this case are more Or less Of the same size and gradation_as

used in OTW No. T-281 (Table: 4.2). It is apparent frOm the

above data that slot size used are almost equal to the deSigned

slot_ size. FurtheBmore, the gravel pack material used also

satiSfy the reqUired design size. DTW No. T-62 as constructed,

therefore, can be said to fit very well with the designed

p3-rameters. Hence, this well is sUppOsed to run better than.

OTW No. T-281 and OTW No. 8G-12 and it should run well thrOUgh-

out its anticipated life provided that there has been proper
well develOpment.

OTW .atPiot No. 6595' has its strain"ers installed

at depths 170.99 ,feet to 209.33 feet and 233.77 feet-

to 252.79 feet (Fig. 4.9). FOrmation samples from the layers

at depth 179 feet to 182 feet was found relatively fine. The

soil samples from theSe relatively finer layers were collected

and sieve analysis~ was done. From the analysis Cu v~lue was
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the slot opening = 30/1000 inch.D40 = 1.02 mm.,.D10 = 1.23 mm.

grain si:.:e distribution a gravel pack iias desiGned havi:ng size
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:found less than 2.00 and D70 value about 0.212 mm. As per this

required gravel pacl, material and slot 'opening as per design

distribution as sho,m in Fig. 4.5. From Fig. 4.5 it is evident

T-281 as discussed before.

that the gravel should have the following characteristics :

well at Plot No.6595 should be more or less same as DTlfNo.

The gravel pack material and the slot opening used in this case

is also same as those used in other wells. A comparison o:f the

A 10', Cost technique :for rehab iIi ta tioD. o:f deep tube-

at plot No.6595 show's that in both Cases _ the slot opening

principles used in this study :for well No. T _ 281 and the well

used is bigger than that required and gravel pack material is

4.2.4 Rehabilitation of Deep Tubewells Suggested by BRRI

to install 10cal'1:y made or Indian' made 15 cmt dia PVC.straine'rs

strainers and the existing well is to be packed uithgravels.

inside the existing 25 au. dia ifell-. The gap between the PVC

,,-ells'<8s'developed and. te.sted in BPJ:I. It ,ms sugoested there

relativ"ly ..o.:fbigger. size. Hence, the functioning of the tube-

TyPical constructional d.etails o:f deep tubewells to be rehabi-

advocates that a:fter proper development such a rehabilitated

litate under such technique are ShO.W11inFigure 4-17. BIB.I



CI(Cand failed -after three years of rehabili ta tion.

very little cost. In the field, hOHever it is found that the

since then been in operation and no further problem
(l}O )

report-ed • It may be mentioned here that the same

uel1 hes

ha s been

The ' Hagusta I type 0 f strainers have factory roladegravel

The technique Suggested by BR,.,:{Iseems to be an attracting

11ell gives about 805~ of' discharge of tlle original Hell and

the Thakurgaon TubeH.ell Project, has remarked that the technique

by CRG. :lith reference to the BRRImethod the Geologist, PHEUof

defunct Hell s are being rehabilitated by the method sugc;ested

the cost involvement is only 1/10th of the cost of a nell

tubeHell(40)

tube,,,ell ,..•as rehabilitated in 1979 by the method suggested by

This technique Has used to rehabilitate the deep tube-

\.:ell No. 126, uneler a pilo t study unclertaken in 1934 and the

aIle for rehabilitating the defunct ,,'ells, because this method

Hill ensure about 30jb of' discharge of the orig,inal Hell 'lith

suggested by BRRIHere not folloHed as the PVCstrainers ".'ere

less durable and that the yield ,nIL decrease to a large extent

that of the original ,,,,,11 in course of time.

4.3 1fells in the Existing Project.

4.3.1. 1lells Hith Hagusta Type of Strainers

packing, about:1 inch thick, cemented around the casing having

slot openings 1 mIll. to 2 rnm.(40/1000 inch to 30/1000 inch)(1)

Because of such cemented packing of gravels the effective slot

opening" and percent open area are much re'duced and hence a

relatively longer screen length as compared to screen length Q
in the new project is needed.



Fig. 4.1 shows that the Hagusta type of wells has an
2average unit specific capacity of 0.313 gpm/ft , while the

Nold type and the wire-wound type have average specific capa-
22'cities of 0.486 gpm!ft and 0.852 gpm/ft respectively. There-

fore, under a constaht drawdown of about 30 feet and hence

at the same pumping costs and for a discharge of 3 cfs., the

respective screen lengths for the three types of Screens would

have to be 143 feet, 92 feet and 53 feet. Now, the screen

length of 143 feet reqUired for a 3 cfs capacity well with

Hagusta type of strainer is qUite-large as compared to the

Screen length necessary in case of Nold type used in the exis-
. ~

ting project and wire-wound type of strainers used in the new

project. Most of the wells with Hagusta type of strainers in the

existing project have however a screen ranging from 130 feet

to 140 feet in length (Table 3.1); It can therefore be said

that the strainer length as provided are almost the same as

those reqUired in this regard. As the strainers are provided

with prepacked gravel packing by the manufacturer, the possibility
of sand pumping specially dUe to failure of gravel packing

surrounding the strainer is negligible. Secondly, becaUse of

prepackedgravel packing chance of strainer blockage is rela-

tively less and hence the entrance velocity will not increase.

Thus,'~he.wells with Hagusta tYP~Df strainers are sUpposed tb
provide a better performance in all respect.
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The pumping capacity of the pumps used for the wells

are 4.7 cfs. although the designed well capacity is 3 cfs

Because Of this higher capacity Of pump the well discharge

has been found more than design discharge. But as the Hagusta

type of strainers are pre-packed as mentioned before there has

not'been any sand pumping except in one well even though water

entered the screens of the wells with relatively higher velocity

because of higher pumping rate. The higher rate of pumping may

however cause blockage in the packing material resulting in

the reduction of well discharge. Failure of wells due to reduc-

tion of well discharge has been observed in about thirteen

number of ~ells which is about ten percent of total wells of
this type.

As per very recent report about ten more wells have

started sand pumping very recently. This may be due to failure

of the effectiveness of the prepacked gravel packing whose life

has already expired as per specification.

4.3.2 Wells with Nold Type of Strainers

The 'Nold' type of strainers are bridge-slotted steel

"- "pipe and installed with gravel packing' in the conventional

manner. I! has already been pointed out that under a constant

drawdown uf about 30 feet 1. e. under same pumping lift as has

been considered for other two,tjpes, and for a discharge of

3 cfs, a screen length of about 92 feet is required. In the
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field it is found that most Of the screens provided in these

wells are of length ranging from 130 feet to 140 feet. The

strainer length as provided are therefore much larger than

those actually required as per field performance. The gravel

size provided have been found to be oversized as per design

based On the data available from wells of the new project.

The wells are running with pumps having a capacity of
4.7-.cTS:--eventhoUgh the design discharge is 3 cfs. and are

discharging more than the design discharge. Because of higher

pumping rate and USe of oversized gravel packing materials

the wells may eventually suffer from sand pumping resulting

in.well failure. It may be mentioned here that about 75 numbers

of wells with this type of strainers have already failed

mainly because of e.xcessive sand pumping and 39 others are

reported to have started sand pU~ing. The percentage failures

of wells with Nold type of strainers are much higher COmpared

to that of Hagusta type of wells. The reason of higher failure

rate in nold type of wells as per Our discussion seems to be

mainly because of lesser effectiveness Of gravel packing under
higher pumping rate.

4.4 Hydraulic Characteristics Of the Aquifer Material Of the
SfUdy Area

Pumping test data.obtained from the study of test wells

along with their observation wells and a pumping well with its--
observation wells, conducted :by the Ground Water Circle of BWDB
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during the year 1976 and 1977, and the pro duction "ells, rehabi_

Ii ta ted by the Soil tech, Construction firm engaged by BiroE

during the year 1980, "ere used to determine the values of

transmissibility, l' for the aquifer material at different loca-

tions of the study area. The values of coefficient of' transmissi_

bi1i ty "ere determined by theis method, Jacob I s method and Theis

re.covery method by using data from the test "ells "ith their

observation "ells and a production "ell along uith its observa-

t.ion "ells. Table 4.4 sho"s the variation in the values of

transmisslbility obtained by using these three methods. From

the table it is. apparent that there is not much variation in l'

values obtained by~ifferent methods in most of' the cases. The

variation in l' values ho"ever is quite large from one location

to otherbet"een the piezometers. Such variations in l' valuRS

m'aybe due to their dif:fere.nces in distances from the test ,.;ells

as their differences in depth. This variation of l' values should

be considered in the design of the tube"ell for ef'ficient and

economic design.

If.5 Specific Capacity and Hell. Losses of SomeRehabilitated 1"'el1s

Table 4.5 sho"s well loss values of eight production wells

rehabilitated during the year 1979-80. Well loss values depend

on many fa'ctors such as well deSign, its installation and develo-

pment etc. Study of the "ell loss constants as sho,m in Tab1.e4.5

shows that during multiple step dra"do"TI test large well ~evelop-

ment taolt place in someof the ,.,ells as 'indicated by negative C

values, whilte clogging of the pores adjacent to
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the screen as :indicated by increase in C values also took place

in some other wells. This shows that well development was not

properly done. Increase Of C values may also be due to faulty

design of wells. Table also shows that well loss varies from

about 210 to about 40% of total drawdown at the well. High

percent-age of well loss indicates unsatisfactory performance

of tubewells. This will generally cause increase in pumping

cost. High values Of well loss may be due to improper vertica--~--

lity Df the well fixtures resulting high friction of flow thrDugh

the riser. The high values of well loss may also be due tD the

partial clDgging Df screen beyond the accepted limit due tD

insufficient development of the well. Another caUSe for such

high values of well loss may be due tD the use of shorter screen

length than that required as per pesign consideration. The use

Df shDrter screen length creates generally an excessive entrance

velOcity to the well. The well 1055 values Of these wells may

increase more with time ?ue to the clogging of screen. Hence,

to ensUre minimum well loss it is necessary to increase the

Screen length of the tubewells of the rehabilitated well, as

well as of the wells of the new project. Proper development is

also an important factor for redUcing the well 1055. To minimise

well loss care shDuld also be taken to keep the well components
vertical during cDnstruction.

The specifiC capacitysalculated for the already mentioned

eight production wells-have been found to vary from 55 gpm/feet
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to 103 gpm/feet (Table 4.5). Generally, higher specific capacity

indicates higher coefficient of transmissibility. Table 4.5 also

shows a comparison between the values of T and specific capacity.

Higher T values are seen corresponding to higher specific

capacity values except in one case which may be due to SOme

other unknown reason~.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

From the study of data relating to the tubewells and

aquifer characteristics of both the existing and the new project

in Thakurgaon area,the following conclusions are drawn:

1. The uniformity coefficient of the aquifer material

as found from the sieve analysis of the matsrials of

the finest layers screened for four tubewells in the

new project is around 2.00. The analysis of the bore-

logs' data of the test boring-programme show~ a wide

variation in the values of uniformity coefficient from

one aquifer to another in the same location as well as

from one tubewell location to another. This variation

of uniformity coefficient should be properly taken

care in tubewell design consideration.

2. The maximum and minimum values of effective grain size

(050) of the aquifer material are around 0.93 mm. and

0.20 mm. with most of the values ranging from 0.50 mm.

to 0.25 mm.

3. Wire-wound screens are more ecbnomical for North

-. 8anglad~sh conditions than either the Hagusta or Nold'

screens which require relatively longer SCreen length.
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4. The slot opening size of 40/1000 inch of the wire-

wound strainerS which are nOw being used in the new

project and in the rehabilitated wells in the existing

project may create problem when the scre~en is placed

in finer aquifer havi~g 0SO lesS than 0.20 mm.

S. Screen lengths for the tubewells of the new project

should be around 110 feet and BO feet respectively

for wells having capacities of 3. cfs. and 2 cfs. for

better efficiency and durability.

6. To reduce the cost of well and well sinking, the

length Of each piece Df strainers should be 10 feet

and S feet instead Of 20 feet presently in use.

7. It is necessary to have sieve analysis of the aquifer

material to correctly select the aquifer layers to be

screened. The present practice of selecting the aquifer

layers to be screened from visual observation of the

aquifer material may not give good result always.

B. The grain size distribution of the relatively finer

layers that are to be screened should be properly

determined to fix the slot opening of the screen and

the size distribution Of gravel pack material.

9. Wells Of the existing project with both the Hagusta

and Nold type of strainerS seemS to have correct screen

length but the gravelS us~d for Nold type Of strainers

are oversized.



14. The wide fluctuations in the values of well loss

15. LOwer percentage of well loss values-are the indi-

'T' of the study

gpd/ft. to

Of transmissibility
5vary from 1.21 x1 0

SCr een ed.

The cOefficient

area is found to
61.43x1D gpd/ft.

principle has not been followed in many of the

gravel pack should be used in different places

material and higher capacity pUmps, wells with

did not face such failure.

Nold type of strainers faced earlier failure due to

G4

sand pumping. Well-s with Hagusta type of strainers

depending upon the size of aquifer material to be

the wells in the new ~roject and the rehabilitated

wells may not be ideal for all places. Different-

area should be done for at least 72 hours. This

pumping tests.

constant 'e' indicates insufficient development Of
the wells.

cation of better perf-ormance of tubewells. This results

from proper development -and construction of tubewells.

10. For the Use of larger gravels as gravel packing

11. The gravel pack material recommended by e.K.e. for

12.

13. Pumping tests of the production wells of the project
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Under such condition the cOefficient of transmissi_

bility of the aquifer as well as the specific

capaCity Of pumping wells are found to be higher

in COmparison to those with higher percentage of
well loss values.

16. Multiple step drawdown tests should be done fOr

atleast four steps to get a clear variation in the
values of well loss constants.

17. The Specific capacities of the wells studied are

found to vary within a range of 55 gpm/ft. to

103 gpm/ft. This is based On pumping test data

collected just after their installation.

1a. The specific capacity is dependent on well loss as

well as aquifer loss. The specific oapacity of a

well extraoting water from a relatively more per-
meable aquiper may be low due to excassive well

loss due to faulty construction and insufficient
development.

19. Specific oapacities of SOme tubewells have decreased

with time. The,decrease ih specifrt capacities may

be mainly due to improper, development of the wells.

~hile in Spme tubewells they have been found t~

increase with time indicating further development
with time.

./ ",

I ;
\.' -



66

5.2 Recommendations for Future Study

The following recommendations are made for future study

of the Thakurgaon tubewell project:

1. Similar stUdy in future by using data collected

systematically for the new project and rehabilitated

wells of the existing project will help to give mOre

specific recommendation. The Project authority may

be requested to cOllect-relevant data for this type

of study.

2. Laboratory study may be taJ<en upto See how a variation

in gravel pack design or a variation in selection of

screen slot opening as designed under variolJs condition

shown in Table 4.1, affect the performance of a well.

3. Laboratory study may also be taken upto see how a fine

layer screened by a slot size as per design of most

of the layers screened affect the performance of a well.

4. Laboratory study may also be taken upto see how a

higher capacity pump affect the performance of 'a well.

5. A study may be taken upto observe the effect of

withdrawal of grOund water 00 the hydrogeologic,condition

in the Thakurgaon tubewell project area.

6. A study may also be taken upto observe the effect of

mutual interference of tubewells if any fOr the

installation of such a large number of wells under

the two projects in the Thakurgaon ar~a.

• ",ot
/' ",,"



7. A study may be taken upto predict the rate of natural

recharge to asseS the quantity of groundwater that

may be safely withdrawal from the aquifer system

without causing any groundwater mining.
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APPENDIX - A
SAl-IPLE CALCULATIONS



Ana~ysis of test pumping data for the production ,.,e~~No. 30h

and Fig. 4.13

-1.64 sec2/ft5

2/ 5-622.61 sec mt

0.105 Sec2/ft?
39.86 sec2/mt5•

=

=

6.36/1 - 17.83/3

1 + 3

=

1.95/0.5 - 6-.36/1 =
0.5 + 1

4S./AQ. -~. 1/AQ. 1
~ ~ ~ - 1-

AQ. 1 + .c.Q.~- ~

264 x 4 x 4492.46
1.927 x105 gpd/ft.

S10iPLE CALCULATIONS

0.105 x (3)2

0.945 ft.

=

C =

T =

=
=

Recovery data)

Determination of coefficient of transmissibi~ity (7) (from

From equation

From equation, T =

Determination of we~~ ~oss

."" Average C =. 39.86 sec2/mt5

••• l'{ell 10S5 for a di.scharge of.2:""3cf's.



Hell No. 129.

By Theis's Recovery method

weu) and Fig.4.14

264 q
Ah' and Fig. 4. 16

264 x 1593.95
3.30

1.28 x 105 gpd/ft.

114.6Q
h -ho

1.405 x 105 gpd/ft.

114.6 x 1593.95 x 10
13.0

264 x 1593.95
> "2.385

1.764 x 105 gpd/ft.

264 q 4--~ and Fie. .15~s

76

=

=

T =

T =

T

=

T =
T =

Determination of coefficient of transmissibility (T) of Test

T =

=

By Theis's method

From equa tion,

By Jacob I s method

From equa tion,

From equatiqn,



A Veo

2 x 449
7.48 x 0.5412 x 0.5 x 6

3 x 449
7.48 x 0.5412 x 0.5 x 6

Q
7.48

=

= 80 ft.

77

= - 110 ft.

=

Ve = 3 em/sec = 6 ft/min. "i th 50;6 blackage

considera tion.

& Q = 3 cfs, 2 CIS.

or, Ie = 90.26 mt/day

For,

S[(for i 3- cfs)

From Equa tGon,

screen entrance velocity (Ve)

Determination of coefficient of permeability (l~) and permissible

Then, from Table 2.1, For, K = 90.26 mt/day, Ve = 3.21 em/sec.

Determination of screen length (SL)

equation, T Table 4.5From Ie = 1.2D and

K
2.148 x 105= 1•2 80.83 3.28 7.48x x x

For Production (Rehabilitated) l{ell No.12

Design of Deep tube"ells
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11'0.1'1 m.d. to eoo". SAND w1th p,bbln

B,own too,.. SAND wlltl p.bbl.t

LI III b,ow"l ~oo, •• to m.d ~AND

Gny coo,.. to m.d. SAND .1It! eloy

'rty floor" to "' ••. SAND

."Y fll'l' SAND

O•• y •••• d. to 00"" SAND

G,ty mtd. SAND

LltM brown lint ~ANO

G,.y co.r.. S~ND "Itll ',oet of Plllbl ••

, 0
•••

oz,
OZ,
OZ,

'"
""0,.,
'"os,

..,

.,
'0'

- 107

"0
'"".

100

lfil - lfi1

16T - 173

11'3 - 180

~3 - S2

11 - 14

14 eo

DEPTH
\ F T)

eo - as

o - •

a - 11

17 - as

182 - 18e

'"0
'"116 -

d!2 - 71

18e - 1113

193 1.7

I T - 200

89- 92
oz-
. ge-

"'0'

-~,-.•

NEUTRAL
COUPLIN.

eUND PIPE

R[OUCtR

_ ITRIAHER

-

,
3HlAlNtR

'0-

'0 -

-

HOUlIING
- PIP[

- BLIND PIPE

'0-

NEUTRAL
140- COUPLlNlLl

-

S.L.

'0-

-

100-

180- tU:UTRAL
COUPLlN8

2"0-

200-

120 -

500-

280-

180 - N[UTIUL
COUPLIN.

BAIL SUMP

2ao-

l20-



OEPTH(Ff) fOMATION DESCRIPTION

0' . .' till., T., lOi I it ro."

-
1------ ._..

B' - ,,' ,". S"ND '0"'. I. ; 11 brown
UNION P. : S,,"TOIR OTW "10.- 8 G • 12

----" UPAZILA: ElIRGANJ "L01HO:-766

'0-
.

17'. , B' , ". SAND brown OISl. : DINAJPUR WOUI'" : PRANAGAfl

,
= -_. OAT t 0' DR ILLING : IB.lI.e:.

H DUSING
, 28'~ ,,' • SAND brown
.~ -----

'0 _ Pl"[. ~ :5' '- ..' • t. 0 SAND "'OW"
-----

-
.4'. ,,' ," • 'AND brown

, ----- ..

60-
e

,,'. 60' CLA'" "..,~
-'

... _--~-_.
0 , ••• 'AND "ro."

R[DUCER ~ k 60' - eo' ..

8'0'-
, -~

.UHD PIP I. ~
'N

.~ 80'- B" • SAND G t., lit'" "-L.= ---- --
NtUtRAL I----
COUf'LINQ -::-:. -

100 -
fig' .. 107'

--- - .

- - • SAND Q r.y
-
- -

'0

=
- ---- .-1- - ..

-- -m

STRAINER - ~
120 -

- - .
107 ~ 132'~- • ••• SAND Qr"

- - N

NEUTRAL =- 1 -
.- --COUPLING i- --

j 132'.140' • I. 0 SAND G r')'

1"'0- I 1.or.- ••-3r -
•ill,

-

I
. CLA Y II I a ell

14"- 14S' CLAY G t • .,

148 "I~Z' • to 0 SAND On,, , SAND G roy~:'2' I:U
b , •• n

160- !!lUND PIPE _1~8::-~:I_&-,:- • ~.~._ND _11_~~!n
.

-- -~;-!_~, • SA'UJ Gr'7 br •• n
-, ~~i-1_6_~. - • SANO Gr. 7 .,-~..•..

169 - 174' CLAY IIla~1I

~ Ij~"'=---17'i' -- -- _.
. .f. SAND Qny

,ao-
,

m
IT •• '- 18e' I • SAND Gr.)'~

-
--

'8e -202 • t.O SAND G , I 7. --,----,
200- ~92 -204 W .., SANO 0..'.'7 ", •• n

2:04- 206' CLA.V -Ill a ~ II

- 201l~ 21' W SAND Q,.J' .,....
220-

2:1~- '21 • to' SAND ", ....
'~ - s .)ff)"llo U

'N -if~~:-~j cl"'7 ••

~

,.... 1111 pubbl'l ,nJ'

- NEUTRAL ~ 227"- ••• W lAND QuJ' ~r.w.1
eOUP'UNG -

,

,,0-
- 2;'~'~ 241' 0 lAND 0'"- - -~ ..

- STRAINE.R -
'242'-

i

- - .0 '01 C~h •• I..,ND G~',

- --
- - -¥I -(11

~-" .' N
2:'I'~

260-
N • •• 0 SAND S•••.•p ••••••• tn,

-I>-=--=-
~.. ' -- I.-- [lli:.' ~?:.-: C~.!!.!~l __~.!.!,~~____" -___.____

- SAIL SUMP •• 26M?~' ~_SAND e SILT lO'" brow. - FIG. 4 _7 WELL FIXTURE WITH

2:72'- 21'8' M til C SAND. Qr.,
BORE LOG DATA OF WELL NO_ BG-'2

2ao-
---_._-
--27t1'- 2:IH SILT Gr' y brown -~

-
------. -_.----- .__ .- .

300 -



"'r-"(

OTW. NO.- T-62CH1LARANG

"

FIG 4.8 WELL fiXTURE WITH

UNION P.

UPAZILA THAkURQAON PLOT NO - "120

OIST. THAkUftGAON MOUZA .- VELAJ.&.N

DATl. 0' OJl:ILLING :20.11.8'

BOAELOG DATA OF-WELL NQ.T-62

--

.-

--
--

--

--

"-

---

"

:SAND
SAND

Ouy OODIU to ",'d. SAND

Llihl cn.,. eoor., to ",.d. SAND with "onl

FORMATION DESCRIPTION

Light brown ¥Dr, ring SAND .illl "It

Llthl '''Y ""••. to CO",'' SANO

Or.J 00.'" SAND ""til ,ton.

Brown ooar.,

L10Plt , •.•y fin' SAND ••11111ralco

"' ••.. SAND

-------
Lig'" brown ¥Dry ,i ••• SAND

Ll III brown ,•• d: to ~our~AN-n----:- _-==
810wn_ COD'" s~"'1!l:L.......-j1rJll.l.1L-- _

&"y lu4. SAND willi "OM

enJ m.cl.. to flna SAND
Brown fin. SAI'4D
-.,., OOD'" SAND W1111 .tDf\~

8rown m.d. to fint SAND

LI;h! ,r', coorle ~"'ND
--

DEPTH
(f T.)

26'-1SI'

14' - 23'

Z!I-28

6e'-1!I6'

98'- 107'

107'- l2t

170'-179'

21e'- 221'

221 22e

179'-188'

188 - 191
191-197

315'- 4<
-

78'- ee' ••• , Un' to ••••. SAND

Jf~1i~C~-"..£ m.d. "10 Il ••• SAND
89 97 --- e":C~lGl1IC CLA"

92'- 98' O"Y ,•••d. SArtO

I
•• '- 78'

22,' ..,..233' Brown ",.lII. SAND -
-:.~_.~'- "-,-~~-- -.~--_.
2~3 - 239 8rowI\ co., •• to "'.d, SAND

23:9'- 242 0,., 000'" to lI'I'd. SAN
242' 241' 8fown iliad. SAND

"

f--
122'- 134'

134'- .40'

'40- ,43'
143 I"e
,46- .49

149'-lei

Ird- llle' G•• , 000,11 to ''''d. SAND

.~_ler-::._ ::!'OW" COI"I SAND ",llh "oYII

uu'- 170' Lint b,owl'l fin' !lAND

'~,
"c•

'0,..•~

'.f
-~

L:.

L

'c,

• L"

HOlI!ll'"

PIPf

-~

.

.0 -

'0 -

260 -

.0 -

-
REDUCER

eo -
BUND PIPE

. "

100 _
f---NEUTRAL
t=".

- COUPL1Nt "- -- -
" - -.-- -. - -

120 - - -- - "- -
:!IT""'"'"!.R - -- -- -- -- -- -- -- -- -

140 - - -- -
NEUTRAL r-'-=

r--
COUPLIHI

'60 -

"

8LlJ'tO PIPE

180 -

-
200 ~

N!.UT •.•• L
COUPLlNII

220 -
llTRAIN[R

IUUT"AL
COUPLI"'.

240 - BAIL !lUMP

280 -

290 -



S[)

PLOT NO.- 6SSlS

WOUZA:VELAJAN

CHILARANC;

OATt OF DRILLING:- e. I. e.

UNION P.

UPAZrLA THAKURGAON

DIST - THAKURc;AON

SAND

DESCRIPTION

""II. to coo,.. SAND

000'" SAND "llh ,'o .•,rl

COO". 10 mId. SAND

FOMATION

Brown ,Uly lop loll

L1llllt brO"1t VI" '1". SAND

LlOhf bro." fl... SANO

----------
Light bro." mid. to tIne SAND

8'0"11 '1'" to lII.d. SAND

Light brow" ,•• d. '0 tl"l SAND

'B,own .••• y tlnl SAND

LI,ht bro"" .'d. 10 000'" l!AftO

G,., tIn, to ("oar •• SAND
G'_'Ltl,.., ,_!.o 000,,, SAND 1II1tIlJ!0"'I,

",eDo" tIn, SAND

G"" •••" tIn, 8ANO

et., ,ud. to tl,.., 8,., NO

GreT COOt.. SAND ,,1111 Plbbl ••

B'o",..I.tl '''Y COCl", to mId. SAND

9t.y ""'1' fl,... SAND

6"y "er, fI,.., to mId. SAND

L.!illt btO"":. coo,.,' SAND

LlOhl b,o.,. coo,., SA'NO wIlli "0""'
B'ownllft "I" coo •• , SAND

6n,
0",

LIght bto",. "'d. to flnl SAND

LlJtIt b,o",.. tin, to mId. SAND
II it t:JL..ll .

8'0."1,11 '''' fl,., SAND

U,hI bro",.. oO't., to ""d. SAND

9n, OOCt•• :llANO ""fh 0'0"'11

G,.,

9 •• , 1II0l'" 10 m'd, SAND

LlO'" bro,,1'l COli,.. to mid. llANO

Eh..\:!"'II'':L.I!!:L.co II " , to mid. SAND

Ll,tlt b'own coor.. SAND with fltOul.

9,~ cOIn, SAND

B'own 00., •• to lI'I.d. SAND.

er,.,..,." ,re, co•.••. SAND ""th 'Ibbl ••

•••

..,
'i~o,.,

"7

Tl - eo

0-.
e - 17

82 -7/

DEPTH 1fT

'21

IT - 26

r----
28 - 3&

167 - 110

21& - 227

170 - ITa

202 - ZOtl

20e 212
212 216

184 - ISe

188- 194

184 - 202

134 - l~e

FIG', "4.9 WELL FIXTURE WITH

BORELOG DATA OF WELL AT PLOT1-. _
NO- 6595

I1I!! - IB4

.:S8 142. -
14e-148

IOt-1I3

II! - 1111

~---
Sll - 97 Gr., coon. to IIlld, SAND .ltll Oro, •.• 1

124- 12"

e-------- --
80 - 81 Orey fIn. to ftlld. SAND

lie - 124

87 tOI
101 IO!

103 - 109

148 -

~2'
~o

163 -

227 233

2!3 - 248

248 - 268

-'-
261- 278

•,

'.,
••

G--

'0

'.r-L
t:= -- -

-0=

-- -.,
~_-_- -N

~~r- --

-:.- -

REDUCfR

!lUND "IP[

NEUTRAL
COUPLING

STRAINER

~ ~t-
BAIL SUlllP •. --t-

-

-

'0-

00-

'0 -

100 -

'0-
HOvanu

PIPE

120 -

140-

-

BLIND PIPE

- NEUTRAL
COUPLlN8

STIII.AIIUA

180-

180-

200-

220-

h(UTRAl
240- COVPllNa

2eo-

290-

.280 -

I~,•



,
89 \.,

DEPT H FORMATION DESCRIPTION
I ( FT)

-
- - - -

--
'.1 ~

0'. ,,' Too $0;' • b.o .••.•• "'.d. 10 fi ••, SAND--
12' - '0' G •• y mul. 10 Course SAND .;'11 9' 0",.1'0 -

,
20'- ,.' 00

2 S'- ,,' LO. brow •• "'Id. I, co,,,, •• SAND
P. 5.: 8Al.'''OAN(;1 VILL SHAHUR~'O .-

HOUSING
'0

36' - •• D1ST. DIN AJ PU A WELL HQ.- 504

PIP( G tty "'Id. SA NO
0

DATE 0' DRILLING 7 .• ,80

~
<11.'- .,'-

0,

•0 _ , :'2' - '0' 0, .

. 60'- ,,' LO. -b'o.1t m.d_SAND

68'- ,,' 0, .
.0 -

- :: 76'- •• 0,.

- --~- •• - OZ' 0, . i
100 - 92'- lOa' G rlY mcd. 10 finc SAND

BLIND
IDa', IDS' LO. br_ ••mld.lofi", SANOPIPE ,

-~ 10e'- lt6 ' Grey "'e d. 10 tin, SAND~ -- .120 - .+ .
II Ei'- 12<11' Grly mtcl. 10 ti n' SAND .ilh .ill

- - --- - - - 124'_l,i 0, .

'''0 - r 132'- .40' C. I)' mCd.
" e Ovr "' SAND

~.~r----
140'- ••• LO . brow •• mtel.lo COU'" SAN 0 .- -, ~.S.••.RAINER

{-
••e'- 1~6'

0, .160- -0

-1~6'- 164' Do"":-'--0
.~-

164'- 17~' LO. brow n mo' ., coun. SAND .ilh 9'0"'"
leo_ -' - 172'.. 180' Do- -- -

180'. .ee' LL brown m.d. ., COllr., SAND •
- -- - - .:;t-

aLlND PIPE -,;, t&e' -196' G•• f fin. SAND with lilt .l::' - - - r- e, m'd. SA"lD.'00 - - - -N
196'- 20.'

SAND •• ilh
STRAINER - - G. 'l COli'" vtonl.- - w

20.'- 212tr U. brown COli' I. SANO with 9t".~.1- - ~o - - .._-. __ .
BLlHD PIPE - - -" 212'•. 220' Lt. brown m'd. SAND!20-

240 _

.
"

260_

-
FI G. 4.10 WEll FIXTURE WITH260 - - ., aORELOG DATA OF- PRODUCTlO N

" '_.I WELL NO- 3004.

'00 -

I- .



i:_

12

7

-_. il,' IN MINIMIN

-L.
10 100

FIG.4.11 DETERMINATION OF COEFFICIENT OF TRANSMISSIBILTY FROM

I TOM' RECOV,,, "" 'OM ,"000"'0' WEe' ,o.!, 04 I~
~

... ,..... ~



91

DRAW DOWN CURVE

--------._--
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- --------;
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682• 23.94-17. e8
6.3 tH'T

4.00 CFS

4S3- 25.1&-23.80
, "L9&FT
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22.
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10-11
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z
;0
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~
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o
o DO 0

o o ••

20
o

13
1.0

0000000
"o 0
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o
o

100
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FIG.4.IS DETERMINATION

WELL NO - 129

OF COEFFICIENT OF TRANSMISSIBILITY
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~ GRAVEL
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l:8J BLIND ,PIPE
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TABLE 2.1

PERMI55:BLE 5CREEN ENTRANCE VELOCITIE5

98

4.30

6. 1 0

5.60

5.1 0

3.50

2.00

1.50

1 .00

Optimum screen
velocity, (em/sec.)

20

50

250

200

150

100

< 20

> 250

Coefficient of
permeability,(m/day)

i
.j
.~.



TABLE 2,2

TABLE 2,3

99

9 to 13

1 5 to 22

12 to 1 B

11 to 16

8

1 2

42

33

35

29

Limiting
pack-aquifer
ratio

9 to 13

1:<1 to 1 B

11 to 1 6

1 5 to 22

Pack-aquifer ratio - 50% basis
Range within ;Maximum upper:Recommended
which both :limit after :range of
sand movement 'which the ,stable pack-1 ,and resistance,visible -aquifer,
are minimum. --: failure ,ratio

'takes place
, ", I

Uniform

Uniform

of material.
type Cravel pack

Non-uniform

Non-uniform

Uniform

Uniform

of material
Cravel
pack

Type
Aquifer

Non-uniform

Uniform

RECOMMENDED PACK-AQUIFER RATIOS FOR STABLE
FIL TERINC ACTION IN TUBEWELLS
(After the model study conducted at Ludhiana)

RECOMMENDED PACK-AQUIFER RATIOS FOR STABLE
FILTERINC ACTION IN TUBEWELLS
(After the model study conducted by the Irrigation
Research Illstitute, Roorkee)

Type
Aquifer
type

b

a

Non-uniform

Uniform

Uniform.

S1.
No,

1\1On -uniform

a

d

b

c

,,S1.,
No. :

I
I•
1,,
I,



TAELE ,.1

TUBE".ELL DATA SU!'1l'!A.,Y OF THAKurtGAON TUBS.ELL PROJECT

T 2-2-62 ,337.B 90.5 1.3
T 9-2-62 319.7 90.5 1.3

15.45 3.25 - R Failing
2.55 - H Good

No.

1

2

,OCq-

tiorl •••

late ,
Drilled ,

••

•DeptH
(ft.l

•

omooDeD~ed-\ft •
" rleduceI! . LWC ::: :.icree

(14"l(14'Y10"l(10"l (10"):
• • I I

B5.3 155.B 4.9 4,.02
75.4 147.6 4.9

nit -"i"SWL(ft.) Discharge; i;:icr,
!;ipecitic ' (cts)! een ~
caPaci 1:'7'1962:1984 1962: 198";tYl'd
(llpm/ft2):: :. I 't

0.276

eratiDIZ'
condition
(19B4)

ernarks

Pumpin~ some sand
Rehabilitated
Reported good condition

329.2 84.3 1.0 68.9' 170.1 4.9 65.26 4.04 - N Failed
3
4

T 14-5-63
EA 26-1-62 269.0 90.4 1.5 49.2 12,.0 4.9 25.14 28.BO

38.67'

0.384
0.204 20.00 2.7B 2.33 R Good

Severe sand pumping
Rehabilitated 1980
Pumpi~ some sand

EA 26-2-62 270.9 91.5 1.0
EA 20-3-62 2B8.9 B4;3 1.0
BA 26-3-62 290.3 80.7 1.0

BA 2B-3-62 246.9
BA 16-3-62 268.9
EA 14-;-62 269.7

EA 2-2-62 327.9
EA 16-2-62 313.~
EA 14-2-62 272,2
EA 12-2-62 293.6
EA 16-2~62 2B5.4
EA 2-3-62 264.8

90.5 1.3
,\., ..

90.5' 1.3

B7.2 1.3
B7.6 1.0
87.6 1.0
B4.3 1.•0

Cri~innl DT~ not co~mi-
ssioDed .ue to low yield

Repo~tert low yield

Severe s8nd.pumping

Pumpin~ sand & p:rllvel

Pumpin~ sand & grRvel

~

Good

Failina:
Failin~

Good Reported low yield
Good Rehabilitated 1980

Good

Good Rehabilitated 1980
Good Reported low yield
Good Reported pump ink snnd
Unconformed Power failure
Uncontirmed Power line stolen

Failed Severe snnd pumping
Unconfirmed Rehabilitated 1980.Power line stolen

Not yet commissioned
Failing Pumpiu~ sand

Failed

4.38 2.86 N Unconfirmed Power line stolen
4.22 '2.54N Good

'.90 - N

4.37 3.07 N
3.3B 1.94 N
3.38 2.47 N

2.85 1.3B R
3.00 2.26 R
3.~2 1.84 R

~.22 3.43 N
9.74 2.75 2.0B N

4.3B 3.07 N
3.25 2.26 N

10.96
9.77

12.46
12.14

11.44

11.64 3.3B 1.~1 R
12.73 14.99 4.22 3.21 R

13.64 3.46 2.65 N
9.84 13.99 .~.04 '3.11II
12.17 11.15 4.04 - H

0.459 1;.35
0.612 10.59 -
0.112

0.655
0.394

',; .

0.621

O.4}4 ,

0.648
0.466 '
0.512
0.661

0.247 10.50 10.46
0.258
0.333

'0.29
<
77 .10
65.23'
27.50

51.24 29.40

BO.73
28.52
72.03

61.,9 24.50
75.90

130.0 4.9 5B.01 - 0.446
120.0 4.9 4B.;4 - 0.403 10.46
1;0.0 4.9 ~5.93 ,n:~~.0.353 11.91 15.58

120.0 4.9
114.B ~.9

1}0.0 4.9
9B.4 4.9
110.0 4.9
130.0 4.9

131.2 4.9 32.39
131.2 4,9 33.84 12.60
114,B ~,9 3B.19 31.60
114.B 4.9 49.79
114.B ~.9 74.~5
110.0 4.9 51.24 30.10

14.8

56.9

73.B

53.5 120.0 4.9 55.11
78.7 120.0 4.9 73.4B
23.0 1BO.7 4.9 20.;0

57.9
49.5

71;,r:-

B5.'
64.0
85.3
77.1
64.6
51.B

53.5

'16.4

100.0

1.0
1.0

1.0

1.0
1.0

1.0

1.0

1.0
1.0

B7.6
B2.7
84.6
B7.6
94.6
B5.1

B4.3

B5.9
90.9

294.B
260.B
215.3
2B0,4

•263.6
265.1 '

BA 5-3-62!

BA 1-3-62
BA 6-3-62

BA 26-2-62

BA 13:-;-62
EA 19-2-62

11

12

17
1B

15
16

22

19

20
21

9

13
14

5
6

7

8

,10

T • ThakurgaoD, BA • Bali~daDgi, N • Nold well screeD, H. Hn~stn well screeD
~
o
o



~A3L3 ;.~ (Cor.~i~ucd)

25 Ell 2l.1._2_-::;2 247.;

23 BA ?,?-::-::'2 280.;

24 BA 18-;-62' 269.~

OC.:l- J3~e ,
tierl J,,:lleo, ', ', ,

:(er::a::.{!i

?umping'saod & 'grBvel

VP~:'3t f'i7
conci: t 0:1

(1C'?.:.J.

4.22 2.G5 N Failin~

4.22 3.35 N Vnccnfir~ed ?ower line s~olen
12.43 3.25 1.94 N Uncon~i::~edPcwer line stolen

14.~0 3.70 2.19 ~ Unconfirmed Powe~ ~ine stolen

9.84

. : .:;,\,ii.\ft.) iJiSch;i.r~e ~c:,-:
lC , ,(ers) ,een.
t., :1962 :19A4 ;1962 ;1,;,.q4:t.ype I

t2~ : : : ' I

0.;87

0.349

0.635 11.41

0.2e2

mi t
spec:
cap"c

'lDt:l

c;;.pec::..
c~pa:::

140.1 4.9 48.83

12C.D 4.9 33.84
120.0 4.9 46.41

1;0.1 4.9 82.67
31.2
46.4

45.6

1.0

1.0

1.0

1.0 49.5

vc~~on~r.tsu~8d(~t.)
u.•C ,;{ecuce-? LwG ,tlcreen ;,jAil
(~ll"~ (14'1'1 C'?:(1C") : (10") :plu~

: : ' !1C"

34.,

37.6

90.2

8R.?

•••e.J..J. I

De;:t~
U:.,~

259.<;'6-;-6226T

D---...,'.,
~o~

,

0.;24 10.;; 3.24 1.59 N Failin~
27 T

28 T

6-3-62

2-;-E2

251.4

272.7

87.6

87.6

1.0

1.0

27.9

"9.2

1;0.0 4.9 42.06

130.0 4.9 l.I.2.54 l.l.O.10 0.;27 10.66 11.22 3.24 1.91 N Failedc

Elec~rical CO~Donen~ fnil~::~
Reported p~=pin~ snnd
Severe sand pu~?ir.~ 8~j
casin~ su~sideDce

29 T B-2-62 262.4 85.6 1.3 55.8 114.8 4.9 36.74 51.0041.09.
0.320 15.07 3.08 2.19 H Good

16-2-62 273.9
•

114.8 4.9 36.74 43.30SiS.OB"

139.4 4.9 53.18
123.0 4.9. 45.93 38.00
1;1.2 4.9 39.16 45.50

0.;20 17.?1 16.20 3.25 1.91 H Good

H 0:::,i",ioa1 D:' ...•Dot eomIhissicr:'~
due' to low yield

H Good
1.32 -
2.78 1.77

4.04 3.28 H Good
3.;8 1.91 H Good
3.252.47 H Unconf~roed Mota:,fAilure13.97 14.37

14.04 14.44

11.48

0.298

0.381
0.;7;

0.255

0.15;
31.42
18.85123.0 /.1..9

123.0 4.9

39.4
52.5

14.8

62.3

42.6
31.2

1.0

1.0

1.0

1.0

1.0

1.3

90.9
90.9

90.9
90.9

84.3
90.5

272.3
259.2

242.8

272.2
250.9

'i5-2-62

3-3-f.2

14-2-62

16-2-62
12-2-62

34 T
35 T

30 T
31 T
32 T

33 T

1.041.0

1.0 67.2

127.9 4.9 36.74
130.1 4.9 3E.72 29.)0:~.52.

12~.O 4.9 25.14 2~.?O
123.0 ~.9 21.27 34•40l.I.2.06.
118.1 c.9 u7.86 2~.1C

~eh~:ilitnt~~1?~0

~eported low yield

?u:rlpin...: sand & c:ravel -=Failin~N

2.81 1.77 N Good

1.91; 1.48 H Gnconri:-,-.ed Electrical ce:::,?cr::ent fail\;r'e

2.0? '2.;;14.76

0.1'73 11.2513.56 1.8b 1.94 H Geod

C.252 10.10 6.89 1~.04 2.5li. r; Good

C.405 _ 1~.C9 3.38 2.54 N Failin~

0.25? 1;.71

o. -:97
0.204 12.97

23.69" 0.~120.0

8.2
35.6

;::0 li.~"

7S.7.

1.0

1.0

1.0
1.0

87.6
82.~

84.3
90.9
90.9
87.6

15-2-E2 259.2

20-2-62 260.8

26-2-62 ,278.8

2E-c-62 224.3

29-2-62 259.2

15-2-62 238.9

39 T

38 T

36 T
;'7 T

40 T
41 T

42 T 2E-2-62 25?5 85.; 1.0 46.3 120.0 4.9 40 '10
, • ' J

C.:J.15 9.'74 4.li.8 2.86 ~ Good

SA • BAlindaogi, T. Thakur580n , ~ • Kold ~ell sc:-ecn, H • HAgusta well screED ~
o~



~A3~Z 3.1 (Co~t:nued)

Fower ~ailu~e.Fu~~in~
saml & ~r'avcl

4,22 2.?2 N Failin~10.270.5932e.4 110.0 4.9 65.261.04-3-62 229.6 85.343 T

:J~r~'";:.~L~o~ccaa~,:D~a~t;;e~-:-:::,-:,,~e~:~lc:,;:::-~o~~~~~c~~~,~eln~.~"~~u~s~e~1I;;r,~'.~.~.~;:::;::~,:;:::;:;::r,";;p~e~c~"::f~"~C----',~n~.~':'~:::-:' -~:;,;;,,~'::-Df"tt;.:J::'~'U)"~S~C~h~a~r:;;.;;e,::~S~c~r~~:,c~rE,~e~r:"~'~"f'~"~'::'-;;";;e;:","0,;:r;;:-:os'------
~;o.:ticn:i)ril~ed: :;epth:t,-.~C ,.educer,L'iC ,Screenl.;,ail, c3pacitj" :specii'ic: : (ers,)" leen:co:::ii,;icn'

: : "(.•._ ) :(14")(14"/10")(10") :(10") : plug: p:~:,:/~t.' :C:lPacit:1 :1cE21 198~ : 10fJ2; '19B4 :typfl (1ge""-
l....--...l ' ~~.:: :: ""C" 1062 ,1C?'::~ g.:.- : ;>'':::1 ~t2'f : : : :'

47.9 130.1 4.9 73.48
9.74 14.51 h.;8 2.54 N."-UDcon~inI!ed~ehabilitated 19~1

clect.component fail:.':."'e
44 T

".:1.5 T

13-:-62 268.2 84.,
12-:-62 269.5 84.3

1.0

1.0 49.2 130.1 4.9 89.09
0.5e5
0.085

8.'72 4 ..72 3.57 N Failed ""Severe sand"pumping

45 T 15-3-E3 278.8 84.3 1.0 48.5 140.1 4.9 59.91 41.70 0.428
55.11"

12.79 13.35 4.04 2.40 N Good Rehabilitated 1981

47 T
48 T

19-6-62 259.2 84.3
22-"-62 279.3 84.3

59.0 120.0
59.00 130.1

4.72 2.93 N Good

Rehabilitated 1981

Pumping sand & gr~vel
Abandoneddue to sever.;!
sand ?umpin~

Power railure..Pu~pin~
sand & gravel

N Failing

N Failed

N Good
N "railiru-

3.87 1~91 N Good
2.78 1.59,

I ".04

15.55 4.22 2.93
13.91 2.87

6.40

11.1.010.282
0.319

0.556
0.382
0.274
0.439

38.10

64.78*

18.70
41.30

4.9 66.71
4.0 49.76
4.9 32.87
4.9 52.69

4.~ 36.74
4.9 31.91

120.0

130.1
100.0

120.0
39.4
o

52.5
78.9

1.0
1.0

1.0
1.0

1.0
1.0

272..8 84.3
267.3 82.5

249.5 84.3
210.2 84.3

20-3-62

16-3-62

8-6~62

17-3-62

T

T

T

T

51
52

49
50

53 T

54 T
55 T

17-3-52 ~eo.5 85.5
23-0-52 270.5 83.8
22-3-52 250.2 85.0

1.0
1.0
1.0

59.0 130.1 4.9 35.29
50.8 130.1 4.9 35.29
59.0 100.0 4.9 59.94

41.09' 0.271
43..99* 0.271

0.599

15.09 3.23 2.25 N Good
14.00 3.08 1.91 fl Good
1~.27 4.Q4. _ N Unconfir:ned Fowe':."' failure ..

Fumpin~ some sand

20-3-62 22~.9 84.3
22-?-62 269.5 84.3
24-~-62 26;.2 84.8
25-~-62 258.2 89,1
15-0-62 255.8 85.6
3-4-52 229.6 85.3

Good

H C:"i;::-~::al D~',,'not cc-:--i-
ssi::r.e~ due to !.c\";;;ic"d

N unconfi:::'::Jed FO'''"er Ene stolen

N Unconri~~ed Power' failure
N Unconfir:"1et! rotor ~ailu=e

l'2.01

1/1..14 ~.'70

13.8" 4 ..22
15.60 4.04
1:'i.86 ~.3R

1fi.?61.1.22 2.93 Ii J.;nconfir:-::e~ Fuses :-e:::ovecl.

7.31 _ *1.CO

10.04 14~5f 3.3R ;.47 tl Good

0.323
0.479
0.472

0.126
C.iI.O;

C.367
5f.49' C.:::59

29.00'

4.9 14.50

£1..9 52.S9
h.9 r;1.39

1.1.9 55.11
4.9 u8.'...•.

4.9 42.061;0.1

1;.1 150.1

23.6 114.8
44.3 120..0

49.2 130.1

27.7 110.0

52.5 120.0 4.9 4~.02

48.71.0

1.0

1.0
1.0

1.0

1.0

1.0

8~ ':l..269.019-:.-52

58 T

59 T
EO T
61 T
F2 B

57 T
55 T

E3 3 ;-;-62 2.??9 84.; 1.0 19.7 120.0 4.9 54.63 '::':.06' ":,.u55 1,..76 4,47 ~.07 N Good

T • ThakurgaoD, B. Soda, N ~ Nold well SC:"een,H • Ha~sta we~l ~creen ~
o
N



:A~L~ ~.~(Cor.ti~~erl)

-;5":.•r:,-::Cc,c,,a;:~:;:";;,-"-,c:. ;;o--:-T~.•;;.;r,:.-,-=~~~c~c:: ..::c~c~c::.~e.r"~'~SC~U~5~.~-:J::~'£t~.~)c:=====:;,-,:;;;;;;Ceecc,iC:ClrCC--:,lC:;CC:_lr;:C---'- -c:.:.,:c:-\?::c::.~);:,:--;ur" ..ii"Cc"::-."iU'U'.~r;0~cC;:r~~flc:-ri'.;;e",artt,,"'""".;l.;:' 0"-=... '"0"- ,,:55------
~o.: tior: : .iJ:-illea.' :Je;th ; L...I(; : 3edtlcer: .LNC, ~creer.. ; ~ai~ c;:l.r.oci 7 : s?ecific : : (c~!'l.2 I een : cor.d~tior..

: : : (ft.) ,(14"~(14"/~C"~ ('lC"~ ('10") : ?It:d {:rr:!'1/~ '~) : ca~acit:f: '19f..:, "1,;:,R4;1cf;d 1ge~ t'.'pa (1ge4)
: : I' :' :(1C"~: 1~'t:":2:10 ~7;.;.:...., (~;:~/::'t,-,:''' , I I , I

29-3-62 224.7 78.7

C;.3 120.0

65.6 123.0

4.9 6~.3~6~.~~.O.~52
H Unconfir,r,ed cteh8.'tlilit3te,~".c~r)

!:ot ::ef: co'.~issic::'O!cB.99 3.23

1~.79 4.39 ~.14 n Good

1;.19 4.48 2.19 r: UDcoDfi~ed rowe~ li~e ~t:len0.375

4 a.,

4.9 44.91';
140.1o1.0

1.0

1.0220.0 84.3

278.8 84.56_!l._f2

2-:';'-6264 2

F6 0
65 3

67 = 1'::--::'-62 257.3 8LL.3 1.0 54.1 123.0 4.9 12.09 0.e93 -1.5fi - H C:-i p:inal T::'.-i r:o~ cc'-rr.:-
ssicnerl due :0 low yie:j

68 B 16-4-62 .254.2 84., 1.0 41.a 123.0 4.9 9.67 0.079 -1.09 - H Gri~inal D:'.," ~ot: c,,:::::,i-
ssioned d~e tc low 7ield

30-;-62 259.7 84.3 1.0
28-4-62 239.4 '84., 1.0
1-4-62 279., 84.3 1.0
2;-;-62 259.2 90.9 1.0
6-2-63 277.7 84.3 .1.0

4.9 39.19 55.59. 0.3'0
4.9 4g.79 65.20. 0.405

17.25 3.87 2.26 H Goact

H Unconfi:-med Fower line stolen

rumpin~ s~n~ ~ ~:-~v~l

N Unconforned Rehabilita~e~ 1930. ~o
aCcess to ptlmpicp: h~~se

N Unconfirned Fower line stolen
R Unconri~med Power line stolen
N UDc~nfi~ed Fower l~De ~tolen
H Unconfirced Po~er line stolen

~2.86 3.8? 2.93 H Fa~1inp:
2.76

I .2.84 -
i

11.61, 3.25-
I 4.;B -.

15.;2 3.39-
;.e7 -0.438

0.236

0.236
0.472

0.177
0.282

4.9 29.00
4.9 61.39
4.9 29.00
4.9 57.04

4.9 21.75
4.9 35.74

~6.1 123.0

57.4 130.1
39.4 12;.0

45.9 123.0
42.6 12;.0

;9.4 '30.'
26.2 123.0
59.0 13Q.1

1.0

1.0

1.0

14-4-62 249.3 84.3
19-4-62 259.1 84.;
24-4-62 259.1 87.6

75 A
76 A

69 3
70 B
71 B
72 A
73 B
74 A

4.9 '17.40' H Unconfirned Power liRe stolen
77 A

78 A
18-4-62 239.4 84.,
11-5..62 280.4 84.3

1.0

1.0

26.2 12;.0
67.2 123.0 4.9 9.19

0.141

0.075

2.03 -
.'0.75 H Orh,inal rt:"w Dot CO:Tci-

ssi6ned due to low yi~l:!

4_4_62 223.0 84.;

19-5-62 269.0 84.;
2.45 1.77 H Good

Jl lJnconfir=:eriFower line stolen

Cri~ir..al :;-:".• DOt: cor::::::.-
s.sioned due to 10'"J ".isJr.

H

H Unconfi~ej rower line stolen

.1.lJ.1 -

;.1: -

10.05 '~.5' 2.72-

0.13
'

0.134

0.271

0.252

u.9 14.99

4.9 ?,C.94

4.9 25.62
4.9 37.71

72.2 1:,C).U.

23.0 114.8

55.8 123.0

45.9 139.4

1.0

1.0
1.0

1.0

;:01.8 8.'J..::l:

275.5 84.3

;_!l._E2

"_4_;2

79 A

82 A

81 T
so A

83 ;" 1~-!l-62 269.0 84., 1.0 55.3 12:~O 4.9 10.15 C.083 ••• C'.';5 - ;1 C~i~inRl f.r.6~0t co~~:-
;;sio:-:.e:' r,ue to 10..•.'::c: ~~.

':="4 T 12-4-62 269.0 84.3 1.0 3'~.4 139.4 4.9 2':'.56 o. ".98 12.56 .1.9"; - H ?nilin •• h;;::rin •...~il;;C.

B • Boda., A. At.••.!lri, T • Thakurgaon, ~. i~old .••.e11 s.crech, H- Ha81sta ~ell sc::-eto ~
Co
\...)



~A~LZ 3.1 (Continued)

. ";:",",
::o~

:,,

ocB;- ':'at,e ,
tiorl :Jril!.e~,,

.e.
Der:th
U:. )

O~Do~en~s use~ \ft.
;",~C: ;{ed~cer : Lic ~'.sc::,ee

(14")(14"/10"J(10"):.(10U
) :, " ,., "

=ail I

1U;t :
'lO" "

.:)r:ec:flC
cap_'1city
(~n::l/ft..'

1~~.2 ~:

L;Di t
speei
capac

'O':::::l

ic I
ty ,
t:? .'

~.,_ ~ft.); Jiscnarge ~cr-:
: (c!'s) Ieen I

1962 , 1984,196<:: : 1934 ,t,?pa
I I , I I
, I , !!

Cper tin!':
c~:,:rt tior::

(1 ea)

:-:':::::3 ::->:5

12-2-63 249.8, 84.3

16-4-62 378.3
13-4-62 229.6

49.2 120.0 4.9 34.81 33.84. C.290

?u~pinr::' san:!Failing

Good

It Unconfirmed J-:otor :laill.,;.::'"e

N Uncon!'irmed rotor f8il~re4.38

16.17 2.90 2.01 N

14.402.10 1.62 B
1;.;8 3.080.330

0.4461;0.1 4.9 58.01

16.4 123.0 !L.9 40.~1

2Q c:;
'"-

.65.S 123.0 4.9 22.24 24.17. 0.181

1.0
1.0

1.0
1.0

84.3
84.3
84.3259.49-2-6387 T

88 T

86 T
85 T

26-4-62 242.7

6-6-62 239.5
3-6-62 .259.4

16.4 123.0 4.9 ;6.74 41.;0 C.299
47.56-

29.5 123.0 4.9 55.59
29.5 123.0 4.9 24.65 23.60

~e~ob'litoted 1930

Pu~pin~ saDe s?cd

Good

Good

Good

Good

Good

14.S4 3.23 1.08 B
4.22 2.93 H

16.142.64 1.41 H
17.12 4.48 2.58 N
12.~4 4.38 ;.07 N

0.452
0.200
0.290
0.48~

~? 32-

63.81.
130.1 4..9 3?71
120.0 4.9 58.01

19.2
49.2

1.0
1.0
1.0
1.0
1.0

84.3
87.6

84.3
84.,

84.3

229.6

246.0

7-5-62
1-5-62go T

92 A

93 ;.

9' T

89 T

'J4 T

95 T
27-4-62 279.3 ,84.3
10-3-63 272.8 84.3.

1.0

1.0
59.0 130.1 4.9 44.96
52.5 130.1 4.9 64.78 14.70

0.346
0.498

11.45.3.39
11.004.38

N Good
N Unconfirmed Rehabilit&tcd 1Q90.

Elec.equip~ent failure

96 T 30-4-62 269.0 84.3 1.0 55.8 123.0 4.9 13.05 0.106 .1".;0 B Ori~ical JT~ not cO~::li-
ssioned due to 10w yielc

100 T
101 T

21-2-63 " 272.8

~3-!L-63 279.;

52.5 130.1 4.9 44.47
59.0 130.1 4.9

n Unconfirmed Fower line stolen

Fumpin'l: sand
Power lice stclen

N Failing ,
N Unconfirmed

H Good

11 Uncor:~iI1:led :l:e~abilit"ted -:980
Fower lir.e steIen

1.59
2.86

3.39
3.24
4.22

I2,.18
I'5.35 4,.3810.500.5'3

0.342
0.342

0.197
50.5

24.17
66.71
44.47

4.9
4.9
4.9

130.1

1.30.1

123.0

49.2

52.5
71.8

1.0

1.0
1.0
1.0
1.0

84.;

84.3

84.3
84.3

84.;

269.5

265:7
292.1

.7-5-62
3-3-62
19-2-63

T

T

T

98

97

99

102 T. 14-2-63 276.1 1).78 1J..38 2.5R I; Vncon':'i:-rr.ed Pewer lir.e stelen

103 T
104 T

12-4-62 259.1

1?-4-F.2 2?,6.2

8U.:

8.:+ .• 3

84.3

1.0
1.0
1.0

55.8 130.1 4.9 14E.96
54.1 114.8 4.9 32.39 21.00
;1.2 114.8 4.9 49.79 3C.10

1.129
0.282
0.'-1-3["

3.CO 1.'L8 H

1~.~:~..f7 2.19 ~
::ioed

:,'1ilir.R"

Pu~pin~ sc~e ficd 5~nd
2erorted low vi~ld

105 T 15-4-E2 249.3 8.!.l..~ 1.0 35.1 123.0 4 a
" 31.91 26.'?O 0.259 13.74 14.78 3.00 1.?3 H. Unccnrir~ed Fuses re~oved

13-?'-f2 2.50.9 3.CR 2.01 H~1C6 T

107 T 5-4-62 222.1
84. ;

84.3
1.0
"',.•0

45.q 11h.8 4.? 2?..CO
52.5 13q.4 4.9 35.29 --.7:'""]de.

0.253
0.25" 1~.28 2 .•8'1 1.8!J. R

ucod
Fa:.lec Severe sar::d ~~~~:r.~

T • ThBkur~aon, A • Atwari, M. Ha[usta well screen, K ~ ~olrt well s~::,eeD ~
()



~A~li ;.1 (Ccntinued)

D~.v:LOea"; vate , ...e .•.~ vo::oonent:s used (;t. ~ ,;,,)peC~:lC, un~t : S~.1.l(;.'t.): .LJlscharge ;0C::'~ L.pe::':1:in~_-: :i:e--=:~f:o:s
1\0.: tion: l.:rilled: Deoth: V,\C ; de,duce:-- :,L.•C: 6creen, .:lai~ caoacity : speci:!'ic: : (cf~) :een: cor.~i~ion:

:: : (ft.) :(14"): (14-"/101t}(~C"J (10") : -plurl (S-Drl/ft-:-Lj. capacitv: 1962: 19SLJ.: 19(-)2 :19~4. :typa (19~4):
: .: ; : I ',; :(10") 19h4 1~e~ (rrpr:/ft:2i : t : ': :

H ~nconfi~~edF~ees re~c~ed108 T
109 T

23-4-62 246.0 84.3
25-4-62 264.0 85.9

1.0

1.0

32.8 123.0 4.9 55.11
l~c;.2 123.0 4.9 13.54

0.448

0.110 10.82
14.14. 4.22

'1.03 H Cri~inal D~~ ~ot co~~i-
ssio~erlcu~ te low viel~

111 T

110 T

112 T

117 T
118 T

A~andonen ~ue to severe
sand pu~?ir;,,"

Severe s~n1 ~urpingGood

Failed

Good r:-

Good

N

N

1.41 N

2.93 N

2.67 1.~?II Good

13.61 4-.22 1.94 N Good

12.62 2.87 1.59 N Good

11.68 4.38
!
4[,8
4.l04

I

12.37 lI..22

2.07 1.,8 H Good
'5.51 4.22 2.93 H Geed

0.236
0•.177

C .401

0.375
0.568
0.479
0.383
0.314

55.11'

31.42.

20.00
37.71-

4.9 73.9?

4.9 52.fi9

4.0' 52.21

4.9 62.36
120.0 4.9 45.93
120.0 4.9 37.71

78;7 123.0 4.9 29.CO.

l-J.5.9 130.1

70.5 "".8 4.9- 20.30
65.6 123.0 '.9 55.11 53.EO 0••48

60.91-

39.4 130.1

26.2" 130.1

45.3 140.1

65.6
28.9

1.0

1.0

1.0
1.0

1.0
1.0
1.0

1.0
1.0

84.3

84'.3

84.3

84.3

266.2

275.6
259.7
246.5

2;-4-62 278.8 84.3

25-1-63

15-4-62 295.2 87.6
1"-4-62 277;1 85.9

4-2-63

18-1-63

2;-1-E3

21-1-63 275.8 84.3
18-1-63 239.1" "84.3

T

T

T

T

113

114
115
116

119 T" 7-6-62 229.5 84.6 1.0 39.0 100.0 4.9 55.". 20.10 0.5'1 1?.hO 4.22 N Failed Seve::,e sand pu~pin~

1E-6-62 246.0 8'.3.1.0
16-6-62 2E9.3 84.3

20.-h-62 284.3 84.3

35.8 120.0 4.9 52.21 30.~0 U.435
41.C9.

~eh~bilit~ted 1?79

]e~noilit~tec 1?79

fu~pin~ sn~~& ~~avel

3.70 2.4.0 H Goon

1Lj.• 00 lJ..04 2.65 N Good

4.48 2.36 N Failio5
5.12 111.C1 ~ .os 2.26 r" "Good

6.q2

0.539
('.lJ.OS

0.371~4.0 130.1 4.9 48.32 2?fO

4.9.0 130.1 4.9 70.10
67.2 13C.1 ".9 52.E6 29.S0

1.0

1.0
1.0

29".5 84.33-f,-62
123 T

122 T
121 T

120 T

124 T

125 T
2:-6-62 354.8 84.3
15-:-62 279.3 84.;

P~~r-i~~sc~e fir.j sand
F~~r~~~~r=e fine ~~~d
~eh~bilit~tec 1~7?
Sev~r~~~n~~ur.rin~

Fa i:. inr.N

4.3<9 2."2 N Gooj
4.22

!I..h8 ,.50 N Good0.71;

C.5?6
0.5°5

29.7071.55" 0.,120.074.8

59.0 1;0.1 4.9 90.40
1~~.5 1~O.1 4.9 92.821.0

1.0
1.084~3285.125-6-62T126

127 T 2!-7-h2 289.2 8~.; 1.0 68.9 1~C.1 ".9 7'.55 50.60 0.550Re.?,' 3.15 9.35 4.40 ).78 N Good ~9~G~jli~~ted1~;9

128 T 2;-~-53 28?8 84.; 1.0 52.5 140.1 ~.9 51.24 4~.70 0.3~6
lJ.~.?9.

1C.~3h.20 2.hO n Goed

T • Thakurgaon, H • Hagusta well screen, N • ~cld well sc~cen

129 T 27-6-62 285.4 85.0 1.0 7lJ..5 120.0 4.9 72.03 OJ-CD h.~8 3.50 N Good
~
o
VI



:~3l~3.1(:ontin~ec)

~v;:.~,T.-;..rcc~c~a~";:"~ul1ttee--;,-.;;;;.!,1;:, =:]'_£o~~:.:-:<:"~'~-D":lt~sGu~"~e~-:3\:::'~.;:Z)====JI-:;~~p~e~C~,,~rrlCC--;, -;;cnn1i~t,~;,-:~~,.~;..::-IT,tt,~.T;,-":reesscc~""a~r~5~.':;"CCLr~":;-;c~ppee"r;;a:'~1~n~,;;.",;,-",,~e:~~,a~r~r"55-------
~:o~ ti::r.': Drilled: De:::th: Li'IiC: ;ieducer: L..•.C : ~cre.:!d '::;l:i.~ capRcity : speci~ic: : (c~s) .: een: condition'

:; : (ft.) :(1ll.")(~4"/10":: (1,)"~ (10"): ~lt:;-; ("':::::/~~.2: cap"lcit~: -;"-;6.::; 1934: '1962,1994 t?pe (19f:1I.)
" , :: :: :('iO"1 1Qf2 :1C??~/~:';'~(O!n:r./ft~~ : : ::

130 T 19-~-62 276.1 94.3 1.0 55.8 ~~C.1 4.9' 60.91 53.40 0.L:.68 9.35 4.48- N .:n.iJ.~d Se'.rere s:'J,nc ptl:r:p:.":.~

135 EG' 1C-7-62 275.6 84.3

31-;-6; 26(-.2 84.3131 T

55.3 '30.' 4.9 55.59

Seve~e sand ~u~Pin~Failed
Good

Unconfi~ed Lo~ volt~~e power

Unconfi=men aehabili~atec 19?9
Power line ~tolen

N

N

N

1.96 1.48 N

4~42-
I

4!48 -

..J22
,10.46

1fi.89

11.41

9.94

13.51 4.38 2.93 N Unconfirmer.~cha~ilit,0ted1979
LGW voltage po~er

O.fiOo

0.621
0.427

0.145
0.42"55.11

80.73

78.804 a--

4.9 18.85

4.9

4.9
130.1

1;0.1

130.1

13::) .1

75.'<

95.9

,,- a,--

79.5

1~'J

1.0
1.0

1.0
1.0

84.3

84.3
84 7..-316.2

295.7

299.8
3Ci 29-6-::2

BG 1-7-62

BG 13-7-621'34

132

133

142, T 28-,-6) 262.9 8".3
143 T 26-)-63 289.2 8".3
144 EG 25-2-03 294.1 84.3
145 EG 23-3-63 276.1 84.3

10-4-63 262.9 84.) 62.6 '30.' 4.9 71.06 48.50 0.546
69.61'

36.1 130.1 4.9 54.63 58.01' 0.420

12.56 4.22 3.57 N Unconfirmed Low voltage po.•.•.er

~u=pin~ some sarod

Fu~pin~ seme sand

?u~pinr.so~c fine sa~d

Rehabilitated 19?9
RehabilitAted 1°79
Rehabilitrtted 1~?9

Severe SAnd ru~pi~~

Good

Good

Good

Good

G"ood

Failed

N ,Failed

N3.'5 -

4.22

4.22 2.86 N
4.22 3.53 N Good

".48 2.58 N

9.58 4.0lI. ,.57 N Unconfirmed Transformer failure

13.12 4.~2 3.4~ N

12.76 ".04 2.86 N

10.82 1/~.l1j 4.22 2.86 N

c. 513
0~!.!72

0.286
0.1"6

0.394
0.632

0.554
0.559

55.9 130.1 4.9 G6.?1
73.3 130.1 ll..9 E1.29

49.2 130.1 ,4.9 72.03 54.20
49.2 140.1 ".9 79.76 59.20

"2.6 130.1 ".9 51.2"
68.9 130.1 4.9 82.18

118.1 14C.1 ,4.9 "0.12
82.3 140.1 4.9 24.65

1.0
1.0

1.0

1.0
1.0
1.0

1.0
1.0
1.0

1.0

348.4 84.3
3'2.6 84.)

256.4 84.3
2F.9.5 84.3
272.5 8".3

138 T

136 BG 5-7-62
137 BG 4-7-62

139 T 8-"-63
140 T 4-4-63

'''' PG 6-"-63

1~8 BG e-~-63 267.5 84~3
149 EG 11-~-63 2F9.5 84.~

4.O!J. :,.07 N Good

4.22 ).57 N Unconfir~ed ?o~er line stoler.

4.~8 2.A) N Uncor.fi~r.ej~lec.cc~poner.tfail~~e
N Ur.con~ir~ectFo~e~ line stoler.

Ii Unconfir:ned Fo',</er line stolen4.0!J. _

4.38 -
0.)2'7
12.502

0.523,

0.554

0.435

59.9 130.1 't.? 6e.65

5e.8 130.1 4.9 ?2.03

62.; 130.1 ~.9 f5.25

A?2 1~O.1 4.9 56.56
49.2 130.1 c.? L:.2.5~

1.0

1.0

1.0

1.0

1.0

252.6 84.3

279.3 84.3
271.1 8".3

146 EG 6-3-63
147 BG 1-)-63

15C TI~ 5-;-6;
151 3C 7._'l:_hA-' , ~. 262.9 84.: 1.0 42.6 ~;O.1 4.? 87.~2 C.C,f-9 4.22 - N rnconfi~~cd Fo~r.r line st~le~

153 E~ 1~-~-63 27?3 84.3 59.0 130.1 4.9 4~.41 15.12 ~.872.33 N Unconfi~~ed ~lec.cc~?c~en~ f~i!~~e
152 BG 1?-~-~3 2~?; 8h :l.~1.']

1.0
59.0 130.1 4.9 51.2Ll. O. :?'"

0.357
3.P7 1.70 N ':iooe.

T • ThakurgaoD, aG • 3irganj, ~G • Pirganj, ~ • Nold well screen
~
•
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•••
..,. ~.-
_J\_.l.1:.. ;.1 (Co=:ltiTlued)

'''T,~'~~r~c~c~a~,:r:"~a~"~e~=-,r.;.C~,?:;::~;"~O~,,~=~cg"~e~"p.t~"~.:C~.5~e~O:J\~:~t~.~;;;::;:;;;J:-;"~p~e~C;"~:~''~'Cr-:,~C~r.~.'~t~~::,:". ,:,~.'';L~(1.~tC.~'r:,:u1;~a~C~h~a~=~K~e;;,~,~c~r~-:r~L~p~e~'~,,~a~t~lr'~r.~.'T'--;.,,,.'''::,.3a:'''''0.5'------
~IO~ tion: Drilled: ;)eptn, :-il";,, :tec'Jcer, J.,lV ,oClcreen, ."jill Cllpllcity : speci~ic: : (efs) :een: co::rlition'

:: : (ft.) ;(14") (1411/11~"J (10") (10") : I,>lug: (.::r.!:l/ft.) : CupBcit'f: 1062 I 1cR4 '1:);;;'2: 1('.'U-:typo (19~4.': t: __: .: : : ('10"l1C\~2;1~Sq~.4~ (::r:r.~/ft2J ' : ' : .' : '"': :

4.9 51.24 - O.3,9Li.

4.9 39.16 52.21' 0.001

4.32 3.00 N Unconfirmed No RCCess :0 pc=phouBe

10.50 11.18 ;.39 2.26. N Failin~

N Unconfir~ed Fower lin~ stolen
Purnpins sa~d & ~~avel

Lows of ~rouDd of wet!
head

PUr.:pin" sand &. ~rflvel

Furnpin~ sand & ,,:r:l.vel

N Ffliled
N Fa il in,!>

~.3? 1.91 ~ Failin~

Li..~R 3.CI~ N Geod

":l: 1.0 _
." ../-,

4.48 -

2.87 1.94 N Good

16.37

11.28 3.e7-

0.32'7

0.275

0.4C9

0.264

0.497

0.383

4.9 53.18

4.9 42.54

4.,9 35.77

4.9 49.79

4.9 5'1.63

4.9 3'+.32

59.0 1;0.1
77.'1 130.1

85.3 1;0.1
6.6- 110.0

88.6 130.1

62.3 130.1

59.0 13C.1

'34.5' 130.1

1.0
1.0
1.0

1.0
1.0

1.0
1.0

1.0

354.8 84.3

292.6 84.3
279.; el.i..?

279.? 84.:

297.4 84.,

305.6 84.3

202.8 84.3

308.9 84.3

156 BG 24-2-63

15:; ,BG 19-;-E3

154 3G 14-3-F3

157 BG 22-;-63

158 BG 2-3-63

159 BG 4-3-63

160 3G 5-3-63

161 BG6-3-63

164 BG 10-3-63282.6' 84.3

166 BG 1lJ.-3-63

167 BG 16-3-1i3

165 BG 14-3-63

Loss of [round at well
head
Pumpin", sand

Reh8bili~~te~ 1979

Pumpin~ so~e s3nd

Good
GO'od

N Failed

if Failinl;

3.24 -

lJ..~g 3.00 N Good
3.87 1.55 II Goed

lJ..ou 2.40 N Good
4.22 1.911 N Good

~.05 1.84 N

:.05 1.64 N

lJ..22,.00 N Good

16.43 4.04 2.72 N Good
18.06 4.04 2.97 II Good

14.99 3.55-

14.07

14.99 16.01

1.'.J..04 18.f)0

0.342

0.339

C'.394

0.420

0.314

0.275

0.487

0.591

C.327

0.264

0.26437.71-

29.00'

3.:t.32

311.32

4.9 44.47

4.9 51.24

4.9 44.47

4.9 37.7:

4.9 .54.63

4.9 35.77

4.9 63.33

4.9 76.86

lJ..9 u2.~

4.9
4.9

'30.1

130.1

62.3 130.1

11i.4 '30.'

70.5'3'.2

32.8 100.1

100.0 120.0

26.2 130.1

45.9 130.1
29.5 120.0

3E.1 130.1

3lS.1

36.1

1.0
1.0

1.0
1.0
1.0

1.0

1.0

1.0 '

1.0

1.0

1.0

291.9 .84.3

236.7 84.3

266.2 84.3

239.7 84.3

246.5 84.3

~53.1 84.3

3'0.2 84.3

256.4 84.;

256.4 84.3

256.4 84.3

'3-2-64

BG ',7-3-63

EG 17-3-63

162 BG 9-;-63

163 T

168 BG 15-3-63

169 BG 8-3-63

170 BG 'e-3-63
171

172

226.9 84.' .1.0 lJ..222.75 N Good173 BG 21-;-63

174 BG 29-;-63 308.6 84.3 1.0

6.6 130.1

98.4 120.0

4.9 6a.65

4.9 37.71

0.523

0.314 16.20 :.24_ H Failed Loss of ~~ound at wel~
head

176 BG 26-:-63' 277.? 84.3

3.B7 2.12 N Good175 BG 27-3-63 276.1 84.3 1.0
1.0

55.8 '30.1

57.4 '30.1

4.9 42.54

4.9" 47.96

0.327

0.368 ::'.OlJ. _ N railed
F~~pin~ ~c~e s1~d

Loss of ,~ocn:at well
r.cnd

T • ThR~~rgaOnt BG ~ Birfanj, N. Rold well screen ~
o

-.•...1



-JI!;---------

TA21E 3.1 (Cor.t:cuej)

J,:,\ ; locu- .J~;;e "Iell; I,.,cc;ccnents us~d ~!';.) , ~DeC::lc ,~:'li,; : ...J'.~L(ft.) .J':'3,:".RrlZ:e;:..,c:-..;,,::Jer<itlJl~; ::e:::a:!.{-s.
~~o. : tiod Dril:ed: Derth I l',."C: .-1....duce= : 1...IC ; .'icreen .:):1il : ;,:.~Dacit:' : !:':;ecific : (c~sf' 'een: cor.d.:tio:-::

:: : (ft.) ;(14") (14"/:10") (10") (10"): plt:,,: : £~;~/ft.5 : c.1p,citZ' 1°62' 1C'l84;10~2: 10Ph :ty;,O (19Rl~) :
': : :: _:: " (1C") ;1 !s2 :10#5 .• ").~~ ( ..:-~r:::/ftc:J ". : ~ : ~, : "':; I

182 BG 8-3-E3

177 3G 31-;-63

10.12-62 269.0 8".,

183 :EG 8-4-63

184 BG 21-4-63

?~~pin~san~& ~~n,~1

PUtlpir.f, SO:Joj f.: "r':l...,~l

~eh3bilit~~ed 1???
Loss of ~rcund at ~~ll
head "

geha~ilitated 1?79

~ehabilitated 19'79
Pumping some s~nd

3,'vere san:! pur::pinp'

Lo~ volt1l:ge po~er
Fu~pin~ Snod & '::-~vel

Good

Good
:Jood

ji

:~

N

N Unconfir~ed 3ehabilitatert 19PO
Canal under re~air

N Good

1l Ftfiled

N Good
N rnconfirmed ~ehAbilitated 1979

Canal un~er rep~ir
N Failed

H ur::ccnfirr.:ed 'slec.co:r.ponenl-- f[li::';J:-"

2.83
1.52
1.34

3.70
1.71

3.24

:;.87 1.73 ~ Failin~

4.22

4.38 2.19

4.22 3.14 N Good
4.38 2.93

4.04 2.,1-!u r; lin~onrirr.led 7r8nsfo::-::::erfnilure

4.04 2.19 Ii Failinl"';

4.04 3.53 N Good

'4.22 2.19 N Good

9.94 lJ..22

13.7l;. 4.;3 2.65 N ur.con!"i:':1ed PO'fo'e::- line stolen

13.78 lL.04 1.~4 X ?ai1inR
15.38 3.87 2.15 N Good
15.65 ".04

14.59 4.;:::

1~.25 4.()4. 3.14 N :Jood

13.154.22 2.!l.O 1: linconfirme~ Tr1l:nsfor"ll!er fC\il'J~e

9.09 14.99 lJ..22

10.69

12.'+0

1.'+.30

10.33 15.38 4.04 ~.21 H ~cod

0.327
0.130

C.327

0.290

0.;42
0.458

0.271
0.355

0.446

0.394

0."5,
0.472
0."83

0.691

0.364

0.395

42.54
"2.51+

15.92
;.".71
60.91
44.47

35.29

42.54

58.01
51.2"

58.98
61.39
62.85

89.92

4'7.38

~?86 ;5.30 0.368
53.18 3?~O C./j.43

42.54 32.RO 0.327

55.11
52.69 58.55' 0.3?8

4.9
".9

lL.9

4.9
4.9

4.9
4.9

4.9
4.9

".9
4.9
".9

".9
".9 "B.A, 53.18' 0.375

4.° 46.41 ?U.10 0.357

4.9

4 0.-
~.9

".9

lJ..9

4.9

130.1
1~O."!

'30.1

55.8 130.1

16.1+
49.2
26.2

36.1 130.1
4.2.6 130.1
55.8 1,C.1

52.5 .120.0 ".9

68.9 130.1
65.6 130.1

59.0 130.1
80.1+ '30.1
52.;' '30.'
59.0 '30.1
59.0 130.1
59.0 1;0.1

fJ5.n 130.1

59.0 130.1

72.2 120.0
59.0 1?0.1
;.9.4 139.!+

39.4 1~9.4

1.0

1.0
1.0

1.0

1.0
1.0
1.0

1.0

1.0

1.0

1.0
1.0

1.0

1.0
1.0

1.0

1.0

1.0
1•.0

1.0
1.0
1.0

262.9 84.3

276.1 84.3

256.4 84.3

2,6.7 84."
169.5 84.3

262.7 84.3

246.5 84.3

2'7F...1 ,g4.3

289;2 81+.3
285.9 84.3

279.3 84.;

300;7 84.3
282.6 84.3

279.3 8".3
279.3 84;3
279., 8".3
285.9 8".3

279.:; BU.3

279.; 84.3
84.3 84.3

269.0 8".3

3-'-1--63

5-4-E3
6-4-6,

29-4-63

28-,-6,
17-3-63
26-3-63

29'-3-53

31-3-6;

10-4-63

5-4-63
6-4-63

18-"-",
13-4-6::'

S-12-Fi2

3G
BG
Do

178
179
180

191 T

185 BG j9'"'+-63
186 BG 17-4-6,

187 T
188 T
189 T

190 T

191 T
192 T

19: T
194 T
195 T
196 T
197 T
198 T

T • Thakurgaon, BG • Birganj, N • Nold well screen, Ii", Hagusta well screen
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.:,.\~:.:::: ;.1 (Cor::tinued)

9.32 13.78 4.22 2.19 !-i ~:oje:'ate ~ehabi;.itate~ 1':'79
Yield ~e~~ction.

'6.,8 18.85'0.5484.926~.4 84.3 1.0 . 32.3 139.4~-12-1i2199 T

;.J~-~,,:::,L~o~c~a~"r-"2a~t~e-:-:~:.~...~e~"J-C::-:'-'::;~c~=~~~.gc~r.~e~n~,~e~_~"~g~"~3i.~t~.I.;:;;=:;;;;:;::;::;'~o~-~,.~ecC~:~:~l~C:---~,L~n~,~-:o:-:-:-:-:.-o~':;.1L:I~.r.t.~.T:.J"~'~S~C~"~a~C~"~.e,?,o~C~r~":--sp~e~"~o~t~l["~.:.:,-~_,,,e":~~.c:;--=_c~:ss~.-----:.0. :tic::l: :ri1led: Dept~: L-"C,. educer I L'iJC • .:3creen ,..::ai ,cn~~city :specific: : (c!"s) :e~n: conrliti:.:r.'
, , (rt.) I (14")(14.1/"1C"~(10"~ (10") iPl:':Q:: ("'~=:/~';.) :ca'pncity: 1962; 19~4 196.:: :1';~ll:t.?pa (1QA/J.

: :: ,(10") :"u'S':: :-;:::'3::::7s4. :CIt1:r::!/f't2): : I : ' ,

202 T 8-8-62
4.9 83.E3 59.~6' 0.643

4.9 72.89 33.34- 0.556

4.9 60.91

aeh~r.ilitated 1970

Re~abiljtnted 1q?9

~ehabilit~ted 1979
?umpiD~ sc~e fine s~nd

15.48 ~.04 2.86 ~ Good
4.'72 3.07 N Good

10.00 3.37 3.35 N Good

9.18 12.60 4.22 2.33 H Good
0.420
0.468

54.F.;~.99.8 130.1
49.2 131.2

59.0 '30.'
49.2 130.1

270.6 84.; 1.0
2:0.1 84.; 1.0
269.5 84.3 1.0
279.3 84.3 1.0

2-12-62
8-8-62

13-8-62

201 T

203 T

200 T

2C4 T 18-9-62 279.3 84.3 1.0 .59.0 130.1 4.9 55.11 0.434 9.S7 4.22 - ~1 Failiop: ~otor failu:,e,pu~pinF-
sand

211 PC 12-10-62 276.3 84.3 1.0

205 T 16-8-62 269.5 84.3 1.0
206 T 10-9-62 279.3 84.3 1.0
207 FC 14-9-62 279.3 84.3 1.0
208 PC 10-9-62 266.0 84.3 1.0
209 T 21-9-1i2 279.3 84.3 1.0

12-11-62 269.2 84.3 1.0

212 FC 15-11-62 269.1 84.3

Rehabilitated 1979
Rehabilitated 1979

~ehabilitated 19'79

Pumping sand & ~rBvel
Severe sand pu~piDrr
Furnpin~ sand & ~rav~l

N Dnconfir~ed POwer line stolen4.22 -

11.55 4.38 3.'74 N Unconf'ir~ed~otor failure

12.04 4.48 3.00 N Good
~

10.61 4.22 3.21 N Good
9.68 4.22 3.14 N Failin~

4.22 - N Failed
1~.094.22 2.86 N Pailiof,

4.22 2.79 N Good

"8.9911.794.22 2.14 N Good

0.649
C.576

0.584

4.9 ?7.83

4.9 63.33

4.9 100.07 62.85' 0.'69
4.9 83.15 87.02' 0.639
4.9 75.90 67.20' 0.583
4.9 .70.10 - 0.584
4.9 61.39 50.24' 0.472

4.9 70.10

4.9 85.05 69.13' 0.782

49.2 130.1
59.0 130.1
59.0 130.1
55.8 120.0
59.0 130.1
59.0 120.0.
76.1 110.0
68.9 110.0
58.9 120.0

1.0

.

279.1 84.3 1.0

210 T

213 FC 7-11-62
214, PC 1-11-62 .276.3 84.3 1.0 76.1 110.0 4.9 F.9.(:1 0.633 8.40 4.22 - N Unconfi:-::ed dehabiEtated 1980

Not ~et cO~missioned
215 PC 29-10-62 272.5 84.3 1.0 62.3 120.0 4.9 71.C6 0.592 4.22 3.14 N' Good ~ehabilitated 1979

Pu~pin~ some rine s~nd
".9 58.55 ?6.86' 0.52821& FC 24-1C-62 259.7 84.3 1.0

217 'FG 17-11-62 265.6 81.1.3 1.0

39.4 130.1

75.4 100.0 4 a., 58.49 0.585
9.71 4.48 ~.50 N ~ood

9.74 10.76 4.22 3.50 N lnconfirmed ~eh3bilitated 1979
Fower line dam~r.ed

218 PC 2:-11-62 249.8 84.3 1.0

220 FG 16-10-62 209.2 84.3 1.0

221 PG 21-11-62 2~?4 84.3 1.0

4.9 10C.C7 83.15. 0.910

4.9 89.43 ]ehubilitnte~ 1979

rtehabilitated 1979
?ehnbilit2tee 1979

4.38 ,.57 N Good

4.38 2.93 n Good
5.44 12.56 4.22 3.25 N Joort

5.94 8.72 4.38 ,.5? N Good
7.74

10.140.568

0.795

'73.95

5~.C1 73.00' 0.527

4.9

4.9

29.5 1;0.1
78.7 110.0
59.0 120.0
49.2 110.0

1.0219 PC 2,-1C-62 278.9 84.3

T ., Thakurgaon, PG • Firganj, H • Hagt:sta .•..ell sc:een, N • Nold well scr~en
~
o



~A~l3 :.1 (Cc~t'nuer.)

';[-8Cl:'J.C : COlt ; ;:"',/L (ft.): J:3c!1ar~e ;:.icr-i i..-:;:e:-.ltH:~, ..\e:::.,:--.-::s
c,1,Pllci::y ; specific \ : (cfs) \ee:l; :-:O:",:'!.:t:ion
( ,/ rt)' . t ' ' " 0 )lr::H!'i"_'. I Cf\f-,'lCl v I 1""C6'5 10.••4 I "'of,.:: 1u~~t~o \ 'I ,ga
1~62, 1l?Q,Y21J.~ Cp"o~/ft?~ ,.; .': I~, :.' ,I

11;,,':_CC3."; j.:lte : ,~ell: L.c:n~on~r.::s '.:sed (:-::.) i
~;o. ::::'::l:11 Drilled: De~th' \T..,;e ; Eieducer : L,oj'(; ; 6c:'E'ed 3ai:;'

:: : (ft.): (14"l (14"/10"~ (10"X (10"): pluk{
:: : ;: ': :C 10"

49.2 130.1 4.9 119.89 102.CO. 0.922222 FG 3-11-62 269.5 84.3
225 FG 19-10-62 262.7 84.)

1.0
1.0 52.5 120.0 4.9 78.3" 0.553

1C.20 {J..C4 ;'.11. j; Good

4.39 ~.35 !l ~cod

~ehJbilitated 1979
~eha~!lit~t~~19~?
Fc~pir.~SOme ::ne s8~d

227 FG 3-11-62 272.4 8:;'.;

236 rtA 8-11-62 269.2 84.3

2;; RA 16-11-62 2~9.2 84.3
232 RA 14-11-62 269.2 84.3

Fower line steIer.
Severe sun~ pu~pi~5

rlehabilita..ted 1t;l8C

Severe snnd p'.:,,:,,~!n"!"

IUr:lpin" sane

Fum?in~ some sand
Rehnbilit~ted 19??

3.21 N unconfi~ed Fower line stolen
3.57 N Unconfir~ed Fower failure

1.87 !1 Good

4.;3

4.~8 3.28 l! Good

12.96 !.L.38

4.04 3.00 N Good
13.33 4.38 3.21 11 Unconfirmed Lo voltaf,e po~.•er

4.;8 2.65 N ~Dconfirmed Fower line stolen

12.96 !J..:3

,.
15.47 1"-.;8 2.:"3 N Unconfinr.ed Rehn.cilitated 19'7:'

10.33 4.:8 2.e6 N Failin~

11.~1 4.;2 2.93 H Failed

10.59 4.38 3.43 ~ Good

10.92 ~.22 2.72 N Good

14.40 lJ..22 ;.57 N Unconfirned Fower lin~ stolen

8.99 - "1.38 3.21 N Good

9.25 12.73 lJ..~8 3.21 ~ Unconfir~ed Fower line stolen

3.90

0.572 12.92 15.51 4.38 3.00 N ?~iled

0.737
f).SOO

c.52'+

0,.606

1.225
0.650
0.528
0.439
0.572
0.753

0.919
0.483

0.531
0.5"'.

36.74*

18.85*

66.23'

14C.1 u.9 73.48
120.0 ".9 88.47

120.0 4.9 63.33
120.0 4.9 52.69

110.0 4.9

1t;.U

26.2

59.0 120.0 4.9 68.65
59.0 120.0 4.9 90.40
49.2 130.1 4.9 69.13
27.9 140.1 4.9 72.03
59.0 120.0 4.0 72.03

59.0
59.0

59.0 12C.0 4.9 58.01
39.4 139.4 4.9 123.11'

72.2 110.0 4.9 66.71
68.9 120.0 4.9 146.96
59.0 "30." 4.9 84.50

68.9

119.1 120.0 4.9 68.65
1.0
1.0

1.0
1.0
1.0

1.0
1.0

1.0

1.0

1.0
1.0
1.0
1.0

1.0
1.0

1.0

84.3

84.3

84 '%..

84.3
84.3

8-11-62 226.6
I

18-11-'52256.5

12-11-62 269.2
12-11-62 269.2

2,7 RA
238 a;.

234 RA 8-12-62 269.5 84.3
235 ?~ 28-11-62 84.3 84.3

2~? FG 21-11-62 329.; 8~.;

224 FG 1-12-62 2E9.0 84.3
225 FG. 25-10~62 269.2 84.3

230 FG
231 RA

228 FG 5-11-62 279.1 84.;
229 FG 7-11-62 279.3 84.3

,

226 FG 16-11-62 2E9.1

240 fG 5-11-62 279.1 84.3 1.0 6~.9 120.0 4.9 68.65 0.572 6.95 12.37 ~.33 2.93 K Uncor.ri~erlRe~~~i~:t~ted ~9?9Fow~r ~ir.estolen

24' FG 5-11-62 269.5 84.3
21J.2FG 20-11~62 269.0 84.3
243 F" 22-11c62 278.8 84.3
244 FG 28-11-62 269.0 84.3

1.0
1.0
1.0
1.0

49.2 13~.1 4.9 68.65
39.4 139.4 4.9 64.29
49.2 139.4 4.9 73.48
39.4 139.4 4.9 88.95

0.528
0.461
0.527
0.639

11./184.22 3.4; t~ Unccr.:-irr.ed Fower line steIer:

9.Sb 13.7A ':1.22 ~.OC' H L'nconfi''':':1ed Po'.....:'r lin~ ~';cler,

11•.1511.;8 3.00 H t;nconfi:,~ned Fo..•..er ~jne !':toler:

6.'79 13.E1 4.72 ;'.25 :{ Uncer.firned Po.....er line ~tolcr.

PG • Pirganj, RA. Ranisnnk~il, N. ~old well screen, a * ~~~usta well screen
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~A~~~ ;.1 (Continued)

Loss o~ ~~Ound ~~ll
he~d

Fail~d"N4.380.'-;25.F3.654.9110.04~.51.084.32.'.J.2.931-1Q-!i2245 r4

'"i1.,~.J.-=_:CC"c:."~-::-",!,a",ee::---.~.,~.e;;:,l"-:-;.~::::~v~C~c~_~O~O~"~.ei:Qn~,1s~.~J~s~e~.~I.:;I~~:-I-~.l)====::;:::;~v:;;;"€e"c:-,r.f1l:CC:--:. cnn]l~t:-:-:--;--=~~.~.~r;-I\~fftt~.T:.-=~Gl:;S~C~h-;.,"r~s~e•.. ~";;C:-r"-!-:'L-~~,22~r"a;;,-,,""-;~-:---,;ee:O"acr?:~<,s:----
:. • • v ' .• 1 d' - >,' --..• " " ,. C' .1 . ,. ,. , ' ( f , . . ~. t._'0ot ::~C~l j.,rl. e .:.Je'r-u;1 I ...:•••(..;, ;'\e•.•...•cer ,~... .:lc:,e~n I ':;;),1 C!'Inaclt:r ,spec1..;..lC' Ie !';( ,een, CO:: •••1 10n

:: : (~";.) ;(~!l.") (1ll."/10") ;(10"): ('10") : -plu~ (;;:,~rn/~t.) :CCl!=:acit:r: 1'-:3<:::,1i?e:. I 19nc: ,1,:,e~ ;type (1(\~4)
" , : :: ' ("C'''', 1'-'f;.:1 '105';7.0:.:1" :(p:'C'Tt./ftc:1 : : 1 '

2~& FG 15-2-F.3 262.7 84.3 1.0 52.5 120.0 4..9 85.57 0.713 " li..22 H FRi led Loss ~: ~~~~nd we~l
head

8.82 10.50 4.38 3.14 N Geod

4.04 2.26 H Uncon~i~~ed Fower l:r.e stolen

4.22 2.65 N Unconfirmed jlo access to pt.::tr :-:Ouse

24? ~A 1~-1-6;
248 2A 6-12-62
249 RA 4.12.62
250 ~~ 8-12(062

27:.9 84.;

25~.4 84.3
243.: BLL.3

295.9 8".3

1.0

1.0
1.0
1.0

60.? 123.0

36.1 130.1

2;.0 1:0.1
85.3 12C.0

4.9 f-O.91
~.9 F.0.91 52.3F-.
4.9 62.18
4.9 50.73

0.495
0.458

0.632
0.E?3

12-.89
8.95 4.38 N railed

Re~orted pUDpin~ sacd

Loss of ~round ~t well
head

251 RA 10-12-~2 269.5 84.3

255 JA 17-12-62 248.2 84.3
256 aA 21-12-62,241.6 84.3

49.2 130.1

27.9 130.1
21.3 130.1

Severe sand pu~pi~~
Severe sand pumpin~
Rehabilitated 1980
Fower failure
Po~er ~ine.stolen
Severe s~nn r-unpin~

Unconfirned,
UnconfirI:Jed

Failed
N F<liled
N

3.49 N
2.12 N

4..38

4.38 2.40 N Unconfirmed ~eha~ilitated 1979.
Fowe~ fnilt.:re.Beoorted
pu~~in~ sorr.esand

4.55
4.38

.4.38
I

- I

15.58 4.22 3.28 l! Failed

0.?25

0.698

0.628

0.487

0.881

0.773

62.60

4.9 1CO.55 36.20
4.9 81.70

4.9 94.27
4.9 63.33

4.9 114.57
4.9. 90.88

130.1
130.1
130.123.0

49.2
52.5

1.0
1.0
1.0

1.0
1.0
1.0

84.3

84.3
84.3

269.5
272.8
243.3

1;-12-:62

14-12-62
19-12-62

252 RA

253 aA
254 R1..

4.22 3.43 H Unconfirmed Fower failure

4..'j8 3.21 Ii Unconfi •..t'!e:c PC',oIer failure:.:~e?orte-::
. pumpin~ some ~nr.d

257 !lA .4-1-63
258 aA 5-1-63

259 "A 7-1-63

251.2 84.3
249.6 84.3
251.2 8".3

1.0
1.0

1.0

41.0 120.0
39.4 120.0

41.0 120.0

4.9 124.72
4.9 101.04 28.?0
4.9 99.1li.

1.039
0.8"2
0.R1S

4..55 1.66 11 Failed Severe snnd pu~ping

260 :u ~-1-63 243.0 84.3 1.0 32.8 120.0 4.9 66.71 41.QO 0.556 4.38 !i Uncenfirmeri :teh<'l""lilitatcd
Po..•.er fni lure

261 ~ 1~-1-63 30?0 84., 1.0 96.8 120.0 4.9 55.11 62.60
f.Q.C?1.

0.'+59 15.28 4.22 3.21 Ii Goed

262 R:' 7-2-63 267.4 85.9 1.0 65.6 110.0 4.9 ~2.03 2F.59- OJ55 1r.i&0 4.~2 2.C5 N Geod 7e~te~ ~une 1S~2.Few9r
line stolen 1~8~ S~~V~7

263 aA 9-2-63 310.5 84.; 1.0 90.2 130.1 ".9 83.63 D.c!!.:; l1..3R H Uncon~'irmed ]ehJ.~ilitnted 19"":':'
Power line stoler.

264 RA 11-2-63 269.5 84.3 1.0 49.2 130.1 4.9 72.03. 0.554 4..22 :.64 N GoOG

PG • Pirgang, RA • Rar.isBnk,dl, H '" HOr.::u"ta \oIell sc:-een, N " !laId \oIell screen
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TA3LE 3.1 (Continued)

No
occt- .Jate I

tieD drille~',.
"

ell; ljQ[:wonen~used ~ft.) I

DeptH miC 1 ;i:educer I D..•.C ; :"creen :aBll :
(ft.~ (14"~ (14"/10"~ (10"J (10") Iplu~:

•• I ~ ! (10lt

,woi t
:specHie
:capaci t~

84.- :(g:nm/ft

, ~tt.) : nlscharQ:e ;.scr; Upernt:l.ng
: : (ers)'" :een I condition
11962 : 1984 ;'962 : 1984 .type (1984)
I , I I :.1

;{el:larKS

,6;1 123.0 4.9 41.09

41.0 123.0' 4.9 45.44

39.4 '30.1 4.9 73.48

;9./c 120.0 4.9 79.28
o '30.' 4.9 99.10 29.80
29.5 120.0 4.9 66.71

19.7 1,0.1 4.9 85;57
45.9 1,0.1 4.9 97.02
1,.1 1,1.2 4'.9 69.13

Canal poo':' condit ion

eBonl poor condition

Low yield

H Unconfi~cd Powe~ line ~tolen

H Unconfirmed No access to pu~p house
H Unconfi~~ed Power line stolen

N Unconfi~ed ~lec..co~ponent fBi1ur~
N Good
H Good

4.22 3.21 H Unconfirced Fower failure.Reportedpumping some sand
4.22 1.70 N Failing Reported pumpin~ sand

~4.38 2.65 N Uncoofirmed Power lile stolen

3.39 -

13.8l~.2.f.,3 -

; l~•.3e -,
I 4.48 -

I ,.70 -
i12.96 ,.,9-

13.19 4.48 3.07 N Unconfirmen Elec.co~~onent failure

16.99 4 ..48.0.95 N Yield Power line stolen
Margi:Jal

17.09 4.04 3.14 N Uoconfirmed Power lioc stolen
4 ..22 2.61 N Failin~ Repo~ted pu~ping sand'
4.22 1.17 N Yield Power line stolen

I'larginal
19.68 4.48 3.14 N UDconf~ed Power line stolen
13.61 4.49 3.43 N Unconfir~ed Power line stolen

4.38 3.28 N Failing Pumpir.~ sn~n & ~ravel
4.38 ,.43 N Unconfirme:l No acc~>ss to pucp hot:!;c

4.38 3.00 N Unconfirmed Power line stolen
12.56 4.38 2.08 H FBilin~ Reported pumping: sand

3.05 2.33 H Unconfirmed Power line stolen
13 ..22 3.39 2.26 H Unconfirmed Power lice stolen

15.78
1?,5

10.40 4.04 1.02 H Failed

0.658
0.6r;9
C.527
0.265
0.694
D.h,7
o. ,85

0.,66
0.;:34

0.661
0.762
0.556

0.669
0.48,
0.471

0.538

0.565
0.472
0.;0,
0.3,4 -
0.4,7

0.,69
0.565

1,1.2 4.9 34.81

140.1 4.9 75.41

o

o

,2.8 1,0.1 4.9 88.95
39.4 120.0 4.9 76.,8
39.4 123.0 4.9 47.38
;6.1 123~O 4.9 44.96

55., 1,0.1 4.9 87.02 26.,0
59.0 120.0 4.9 58.01 ,9.40
29.5 120.0 4.9 56.56

45.9 1;0.1 4.9 73.48
39.4 12,.G 4.9 58.01 21.20
45.9 12,.0 4.9 37.22
45.9 12,.0 4.9 41.09
,9.4 1,9.4 4.9 60.91

1.0

1.0,

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0
1.0

1.0

1.0

1.0
1.0

1.0
1.0
1.0

1.0

1.0

1.0

1.0

1.0

273 RA 8-2-63 275.6 84.3
274 RA 18-1-63 269.2 84.3
275 RA 8-1-63 239.7 84.3

276 RA 10-1"63 249.6 84.;
•277 RA 20-12-62 220.3 84.3

,278 RA 12-1-63 239.7 84.3

265 RA 18-1-6, 259.2 84.,'
266 RA 10-12-62 259.7 84.,
267 RA 11-12-62 230.3 84:3
268 RA 1,-12-62 266.2 84.,
.269 RA 17-1-63 252.6 84.,
270 RA '5-'-6, 259.1 84.,
271 RA 14-1-63 259.1 84.,
272 ,RA 15-12-62 ,269.0 84.3

279 RA 7-1-63 240.0 84.3
2eO RA 6-2-63 266.2 84.3
281 RA 17-12-62 23".5 84.3
292 RA 18-12-62 221.4 84.3
283 ~A 4-1-63 253.1 84.,
284 ~A 5-1-63 249.6 84.3
285 p~ 22-1-63 252.6 84.3

.286 HA 21-1-63 249.3 84.3
287 HA 24-1-63 249.3 84.3

RA • Racisankail
t

HA • Haripur, H. Ha~usta well screen IN. Nold well screen
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TA3LE ;.1 (Continued)

'",ell; \.;O~DOnp.r.t5 USer! tft.) I

Depth :O',o/C : rleducer ; LIl':C ; ;;,cr-eed ~a~TI
(ft.) ;(14"J (14"/1011) (10"~ (1C") , plu'

, ,I I' Ie 10"
,. ". 1

304 BA 12-5~63 272.8 84.3
305 SA 15~5-63 '272.2 84.3

Reported f:;.iled ::';);'"
sClnd pU::l:"'in~

Rehn':;ilita:ec.

Rehabilitated 1980

Power failu:.-e
Reported pumping san~

Severe sand pu~pin~

Good

n Unconfi~:1ec!neh::1bilitated1~':'J;0
Fower li~e stolen

R Ubconfirmed Fower fnilure
H Unconfir=ed Fower.fai1ure

IT ~nconfirned ~otor fai:ure

N Unconfirmed Power line stcle~
"

N Failed

N UncoDfi~ed Power failure

N Unconfi~med Powe~ line stolen

1; Unconfirned

N Unconfirmed .Power line s~clen
N Unconiirxed Powe~ line stoleG

N Unconfirmed Power line stolen
H Unconfirned Fower line stclen

H UDconri~ed FQ~er line stolen
H Unconfi~ced Powe~ li~e stclen
H Unconfi~ed Power line stolen

H Unconfirmed Power line stolen

2.87 2.26 H Unconfirmed Power failure

10.33 2.52-
4.22 -

'3.23 3.24-
4.38 -

16.14 4.22-
15.06 '2.87 -

4.38 -
4.48 -
4.22 -
4.38 -

16.30 4.22-
'4:22-
4.22 -

9.25 12.82 4.04 3.04 N

9.74 14.01 4.38 3.81 N Good
13.15 11.22 4.38 - N lailed

12.~O 12.86 4.22-
13.35

1C.5~ 11.97 ~.87 2.75 H Uoconfirmed Power failure
11.38 12.96 2.35 1.70 H Unconfi~ed Po~er railu:.-e

C.lJ.49

0.565
0.565

C.318

0.362

0.200

0.580

0.417 10.30 12.10 4.04-
0.200 9.28 10.82 2.18-
0.;68 11.68 12.69 4.22-

0.632
0.469

0.554
0.822
0.420

0.413
0.542
0.649
0.307
0.741
0.661

0.424
0.244

,unit r-S\JL (ft.) :Delschl'l.r~e Scr-; bperRtlog: ct.e:t",-rks
:specific " I (crs.) :een: condition:
:capflcity: 1062 ; 1984 ;1962 : 1984 :type: (1984) :
:(gprn/ft~~ ": : : :: :,

130.1 4.9 82.18
130.1 4.9 60.96

47.6 12).0 4.9 ;9.16

49.4 130.1 4.9 73.48
59.0 130.1 4.9 73.48

52.5 130.1 4.9 75.41 54.44'
59.0 123.0 4.9 44.47 39.20
49.2 123.0 4.9 24.65 25.60

49.2 130.1 4.9 47.86

59.0 123.0 4.9 51.24
49.2 123.0 4.9 24.65 20.00

59.0
59.0

55.8 130.1 4.9 5E.49 23.80

36.1 12;.0 4.9 37.71
62.3 120.0 4.9 88.95
52.5 120.0 4.9 79.28
13.1 130.1 4.9 72.03
57.4 110.0 4.9 90.40
55.4 '30.1 4.9 54.63

55.8 123.0 4.9 29.97
39.4 123.0 4.9 52.21
64.0 114.8 4.9 47.38
45.9 123.0 4.9 66.71
59.0 120.0 4.9 77.83

1.0

1.0.
1.0

1.0

1.0

1.0

1;0
1.0
1.0

1.0

1.0

1'.0

1.0

1.0

1.0
1.0

1.0

1.0
1.0
1.0

1.0

1.0
1.0

279.3 84.3
•279.3 84.3

299 BA 10-5-63
300 BA 24-4-63

309 SA 1a-4-63 269.5 84.3
310 SA 20-4~63 279.3 84.3

301 RA 17"5-63 272.2 84.3
302 SA 14l5-6, 262.4 84.3
;03 SA 21~-63 269.5 84.;

306 BA 12-5-63 262.4 ~.3
307 SA 10-5-63 260.8 84.3
308 SA 18-4.63 276.1 84.3

.•••LQCn- D3.te
No~ tian Drilled, ,, ,. ,
288 HA 23-1-63 269.0 84.3
289 HA 26-1-63 252.6 84.3
290 HA 2;-1-63 269.0 84.3
29' 'HA 27-1-63 259.1 84.3
292 HA 27-1-63 269.2 84.3
293 p~ ;0-1-63 249., 84.;
294 HA 29-1-63 272.5 84.3
295 HA 31-1-63 262.7 84.3
296 HA 4-2-63. 23;.4 84.3
297 HA 16-1-63 257.6 84.3
298 RA 10-2-63 275.6 84.3

HA _ Haripur, RA- Ranisankail, EA- Baliadanr,i, N- Bold well screen, H- H~custa well sc~een
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TA3LE 3~1 (Continued)

Re~ar%s

rtehabilitated 1980

L;peratinfj
condition
(1~84) :,,

H Unconfirmed Slec.component rnilure

H Unconfirmed Power line stolen

Original ~~ not commi-
ssioned due to low yi~ld

H Unconfirmed Power line stolen

H

H Unconfirmed Fower line stolen
H Unco~formed Fower lile stolen

2.02 1.70 H Unconfirmed Power line stolen.Noaccess to pump house

3.24 2.08
4.22 2.72
4.;8 -

4.22 3.46 H Goo~

-1.26 -

9.84 10.59 4.04 -

12.89 -
11.55 -
13.19.
1;.12

11.74 12.564.22 ;.;5 H Good

11.94 12.60 4.;8 ;.18

13.61

"5.78

0.48;
0.162

0.110

0.442
0.262
0.~02

0.586

,001 t : 5"¥v"Ll ft ..) : Discharge ;Scr
:speci~ic 1 , I (cfsr :een
ICApaCl.t;y • 1965 ' "Q8"'1962I 1°8" ,typ

7j:T :(£pm/ftc~ <-: I, ••. : : / •.•.:

59.0 12;.0 4.9 72.0;

59.0 12;.0 4~9" 13.54

72.2 12;.0 4.9 ~E.71 ;5.10 0.542

47.6 1;1.2 4.9 58.01
49.2 1;1.2 4.9 34.;2
68.9 1;1.2 4.9 52.69"
49.2 "3".2 ~.9 6;.;;
68.9 1;1.2 4.9 21.27

59.0 123.0 4.9 6B.61 29.;0 0.558
59.94- .

1.0

1.0

1.0

1.0

1.0

jwell. : vomoor.ents 'Jsed lft.~ I OJpecific
:Depth: lJ..JC: rteducer- ; L..•L; ,crean: Ba~i I c.f\pacity
'(ft.) :(14(1): (14"/10") (10"~ ('IOn) : plug: (p:prr./f~.
I I' I I ' I 1q62 !1o.E

272 ..2 84 ..;

269.0 84.3
.270.6 84.3
290.3 84.3
270.6 84.3

,,
I

BA 12-5-63'
BA 15-5-63
BA 27-5-63
BA 29-5-'63

T 9-5-G3

319 T 11-8,,63 290.3 84.3 1.0

312 itA 23-5-6; 272.2 84.:. 1.0

314

315

316
317
318

311 RA 22-5-63 :285~4 84.3 1.0

313 RA 22-5-63 272.2 84.3 1.0

i.'~"1oca-i :ate
No.:' tiOD I iJrilled,

:

322 T 25-2-64' 269.0 84.3 1.0

323 T 24-2-64 280.4 84.3 1.0
324 T 23-2-64 280.4 84.3 1.0

320 T .11-2-64 267.3 84.3 1.0.
•321 T .11-6-63 275.5 84.3 1.0

326 T 29-11-E3 301.8 84.3 1.0
327 PG 27-2-64 305.6. 84.3 1.0
328 PG 28-2-64 279.3 84.3 1.0
329 T 29-2-64 .292.4 84.3 1.0

Loss of ~rou~d at ~ell ~~1ct

N Unconfirmed ?o~er line stolen

H Unconfirned Power line stolen

1; Fail ed.

H Unconfirmed Power line stolen

H Unconfirmed Zlec.component failure
it Unconfirmed FO\-Ier line stolen

H Unconfirmed Rehabilitated 1980.Fower lin'
stolen.Canal under repai~.

H Unconfirmed Power line stolenCanal under repair
H Unconfi~cd f;otor failure

2."8 -

1.74

Ll..04 2.58 1; Good

4.04 -

~.04

3.70 -

4.04 -

12.1/.1.

11.02
10.5;

11.;2

8.76 1~.01 2.93 2.01 H Good
12.50 14.69 4.22 '5.16 N Good

15.ug 17.15 /.1..0/.1. -

12.96 15.89~.04 -

15.94

16.;7

11.78 -
12.37 15.12 4.04 -

0./.1.09

0.169

0.22;

0.;65

0.287

0.442

0.35"

0.354
0.262

22.24" 0.-59.0 1;1.2
49.2 1;0.1 4.9 29.00

72.1 1;0.1 4.9 5;.18

ea.6 12;.0 4.9 30.94 8;.50 0.25272.51'
85.; 1;0.1 4.9 80.25 - 0.617
59.0 1;0.1 4.9 41.09 - 0.;16

59.0 131.2 4.9 58.01
49.2 131.2 4.9 47.86
44.3 131.2 4.9 37•71

47.6 1;1.2 4.9 46.41

45.9 1;1.2 4.9 ;4.;2
54.1 1;1.2 4.9 46.41

1.0

1.0

269.5 84.3 1.0
280.4 84.;10-2-64330 T

331 T 8-2-64.

325 T 22-2-64 265.7 84.3

RA • Ranisankail, T. ThakurgaoD, BA • Eali.'1dangi, pc- Pirp;anj, n•. ~old well screen,H .•H"F;usta well screen
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TA3LE 3.1 (Continued)

337 T 21-1-64 262.4 84.3 1.0
338 T 15-1~64 295.7 84.3 1.0

3~,3 T

332 T

eca:-:<s

H Unconfirned No RCCess to pump hOllse
N Unconfirmed RehabilitAted 1980.

Power failure

H Good

H Unconfirmed Lo~~voltagepower
H Unconrir~ed No access to pucp hous~

3.11

4.04 2.30 H Oood
4.38 2.54 H Good

6.13 '3.12 3.87
6.30 - 4.48
7.45 -- 4.48

10.43 - 4.00
10.79 15.12 '1,91

12.07 -

9.450.;97

nit : d\/L U't;TTJJlscharge ~cr..;lJperatln"l
specific: : (erSt) :een: cor.dition
capAcity: '96-' 198~ 1°641984 :t,ypa (1aS4) :~om/ft21 c. : , ... c:: ~- -." .~_ .. - . i' .. - --

0.365

0.255

0.568

131.2 4.9 _7.86 -
123.0 4.9 48.83

50.0
75.4

49.2 123.0 4.9 31•42 -
75.4 130.1 4.9 73.96 -

39.4: 123.0 4.9 52.69 35.'0 0.428
32.8 123.0 4.9 56.56 -- 0.460
49.2 "131.2,4.9 59.94 - 0.457

1.0
1.0

1.0

1.0

1.0

eilT CO;:loonents usee (ft.
Depth : OWe t.~educa.r I .L",C; ,bcreeo;,nai
(ft.) :(14") :(14"/10") (10") :(10") : plu~, , : :. -.<10".

255.9 87.6
246.0 84.3

270.6 84.3

ate
Drilled

1-11-63
5-11-63
1-7-63

5-2~~ 280.4 84.3

22-11-63 288.6 84".3

T

T

T

335

336

334

W J.,oca:-
No. itio~, ,, ,,

70.5 123.0 4.949.79 -
59.0 123.0 4.9 22.24 -
59.0 131.2 4.9 49.79 - 12.99 12.66 4.04 -

7.71 13.61 2.00 -

H Unconfirmed Motor failure

N Unconfirmed Power line stolen
Pumpin~ sand & ~ravel

R Unconfirmed Elec.co~ponent failure

H Failing

N Unconfirmed Motor & transformer
removed

2.07 -

.1.81

4.04 -
5.02 -

10.17 -
3.31

0.379
0.186

0.156

0.405'
0.181

130.1 4.9 24.17 -

'30.' 4.9 20.30 -

54.1

49.2339 T 18-~-64 269.5 84.3 1.0

340 T 3'-'-64- 283.7 84.3 1.0

341 T 24-1-64 272:2 84.3 1.0

342 A 28-1-64 280.4 84.3 1.0

343 A 12-1-64' -~74.4 84.3 1.0

345 A 1-11-f3 264.0 84.3 1.0

346 A 22-1-64 262.4 84., 1.0

349 A 12-1-64 272.2 84.3 1.0

350 A 29-6-63 273.9 84.3 1.0

347 T 19-1-64 265.7 84.3 1.0

348 A 15-1~64 272.2 84.3 1.0

failu:,[:
AbandonedN Failed

H Unconfiroed Elec.coc?onen~ failure

H Unconfiroed Fo".,.erline stolen

H Unconfiroed Elec.co~poDent fail~re

N Unconfirned Power line stolen

H Good

Ori~inal VTW not co~~i-
ssicned due to low yield

H Unconri~ed Fower line stolen

n Unconfirrn.ed Elec .co::lponent

1.32' 2.58 H Good

2.S7

3.24 -
1.81

1.32 - H

2.21

2.07

4.92 -

7.02 -

5.48 12.00 3.70
4.48 2.79

5.58

6."6 - I
5.74 11.51

I
!

7.02
'~.56 -

4.79 10.n9 2.07
8.59 1".43 2.63 1.52 H Good

'5.9'

0.181

0.118

0.110

C.;65

0.;87

0.253
0.293
0.169

0.185

0.197

123.0 4.9 3'.42 36.26' 0.255
123.0 4.9 22.24

123.0 4.9 22.72
13'.2 4.9 47.86 -
123.0 4.9 47.86 -
123.0 4.9 32.39 -
140.1 4.9 41.09 -
123.0 4.9 20.79 -

59.0

59.0

52.5

55.8 130.1 4.9 25.62 -

52.5 123.0 4.9 14.50 -
59.0 123.0 4.9 13.54

50.8
49.2

59.0

49.2
55.8

1.0

1.0

1.0

269.0 84.3 1.0

279.5 84.3

276.1 84.3 1.0

19-11-63 272.2 84.3
15-11-63 272.2 84.3
3-3-64

A

A

T

354 A 9-1-64

351
352
353

344 A 9-1-64

T _ Thakurgaon, A • Atwnri, H. ~~gusta well screeD, N. Nold well screen
~
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TA~LE 3.1 (Continued)

NO~,,
0Ca'"tiOD: ,,,

'ate
Drilled

~ell ~cmoonents use
Depth (Ji.,Jd: 3educer : L ,
(ft.) (14") (14"/10") (10"), "

~cree
( 1 On) :,

nit ; S\,.jL tit ..) : ;hschare;e I~cr,
specific: : (cIs.) :een:
capacity 1 19.2 i 1984 11962 '1984rtY1'e(~pm/ft<::''' I 1 I I I

)'Derat iol:':
condition
(1984)

emarlts ..

3-12-63 272.2 84.3
29-11-63 272.2 84.,
10-2-64 272.8 84.3

28-1-64 265.7 84.3
4~1-64 267.3 84.3
22-12-63 265.7 84.3
21-12-63 280.4 84.3
19-12-63 277.2 84.3

1-2:64 262.4 84.3
•12-12-63 287.0 84.3

11-12-63 282.1 84.3
4e12-63 272.2 84.3
7-12-63' 300.1 84.;
14-12-63 296.8 84.3

52.5 123.0
45.9 131.2
52.5 '123.0
59.0 131.2
55.8 131.2

Elec.compoDen~ failure

Severe sand pu~ping

H Unccnfirmed Power line stolen

H Unconfirmed Po...:er line stolen

H Unconfirmed Power llne stolen

H Unconfirmed Power line stolen

R 'Failed

H Unconfirmed Elec.componect failure

H Unconfirmed Power line stoleD
~

H Unconfirmed Low voltage power

H Unconfirmed Transformer failure
H Unconfirmed Transformer failure
H Unconfirmed Elec.componect failure

H Unconfirmed Low voltage po~er

R Unconfirmed Elec.component failure

3.70 -

1.71 -

2~CO 1.94 N Goon

1.68 -
4.48 -

1.96 1.84 H Good

4.22 -
4.22 -

9.94 1.81

9.05

12.14

10.00
11.51

11.61 4.04 1.52 H Good

12.10 '1.68 -
14.86 2.07-
12.27 2.18-

12.89 4.00 2.79 H Cood

13.19
12.89
11.97

6.36

8.6;

4.43
6.17

6.33
8.40
8.63

7.05 10.46 '1.49 2.05 H Good

7.94 11.11 2.78-
7.15 11.15 2.07-

6.46 10.56 '1.68 2.40 H Good

8.00
10.04

10.56 12.23 3.;9-

4.76
4.23
11.19
5.74
9.28

0.287
0.358
0.342
0.165
O. ;07

0.171

0.147

0.181
0.181

0.416
0.184
0.197
0.203
0.173
0.262
0.391

0.346
0.161
0.295

4.9 42.54 42.54'
4.9 19.81
4.9 ;8.67 -
4.9 54.63 45.70
4.9 24.17 46.41'

4.9 24.17 30.10
4.9 26.59 57.80
4.9 21.27 30.00

1~3.02.
4.9 34.32
4.9 51.24 56.30

51.24'
4.9 19.34 45.80
4.9 22.24 71.30
4.9 22.24 -
4.9 35.29 29.50
4.9 41.09
4;9 42.06 -
4.9 20.30 -
4.9 37.71
4.9 22.24 63.00

43.99'

123.0
123.0
131.2
131.2
131.2

41.0 131.2
73.8 123.0
68.9 123.0
59.0 123.0
95.1 114.8
83.6 123.0
59.0 123.0
59.0 123.0
52.5 130.1

59.0
49.2
29.5
52.5
59.0

1.0
1.0

1.0

1.0

1.0

1.0
1.0
1.0
1.0

1.0
1.0

1.0
1.0
1.0
1.0
1.0

1.0

1.0
. 1.0

280.4 84.3

272.2 84.3
262.4 84.3
250.9 .84.3
273.9 84.3

24-6-63
6-1-64
4+1-64
25-6-63
6-1-64

355 A
356 A
357 A
358 A
359 ;..
360 A
361 A
362 A
363 A
364 .A

365 A
366 A
367 A
368 A

369 A
370 A
371 A
372 A
373 A

A • Atwari, H • Hagusta well screen, N. Nold well screen



TABLE 3.2

TUBE~ELL DATA Su~ARY OF SOM3 REHABILITAT~DWELLS OF THAKDRGACN TUBEJELL PRCJECT

DT'.,.'iLoea .• Date 1 Well; Com onents used -ft. specTric: Unit : SW'L(ft.), Discharg~
No.: tiOD: Drilled.: Deptl] . educe!" 1.::.creen : a1 I caPacity , specific ' , Cots) ,

:: : (rt.) (14") t14"/10') (10"): '10") I plug: ~~PM(ft.) :' caP8citx ,1979 11984' 197~ 19840
:.: :: : : :. : (1011) 1 19' 1983/84~(gpm/ft~: : : : :
'! " , , , ! I It! , I , I

or"'" Up era tina:
een: condition
typ~ (1984)

:te~arks

126 T-'.7~6-79

127 T 30-6-79
133 llG 18-8-79

5.50 16.01 3.40 2.26 S
7.33 - 3.23 2.40 S

Good Rehabilitated 1979

Rehabilitated 1979
Rehabilitated 1979
Rehabilitated 1979Severe sand pumping

Good
Good

FailiDR

Unconfirmed-Rehabilitated 1979
Power line stolen

s

S

S

4.18 -

9.35 4.18 3.78
9.94 -

5.00

3.50

0.306
0.295
1.118

0.942

29.80
29.30
29.70

60.60
'80.73

9.25 40.00 80.00 5.00' 24.46
9.00 57.50 76.08 5.00 22.43
9.00 68.50 80.00 5.00 89.44

6.25 48.75 80.00 5.00 75.34
9.00 39.36 80.44 4.58

212.58 78.33
226.08 78;50
241.50 79.00

216.83 76.83
211.38 78.00

18-7-79
!24-5-?9

122 T
123 T

135 BG 28-10-79 179.25 77.00 9.00 0 88.67 4.58 1,3.51- 2.93 s Unconfirmed Rehabilitated 1979
-:: Low voltage power

136 BG 15-10-79 187.52 78.00 9.00 26.08 69.86 4.58 2.58 s Good Rehabilitated 1979

BG 15-9-79

137 BG 7-10-79.254.5078.33

183 BG 18-8-79' 190.83 78.58
185 BG 7-9-79 245.33 78.33
186 BG S Unconfirmed Rehabilit~ted 1979

Canal under repair

Rehabilitated 1979

Rehabilitated 1979
Rehabilitated 1979

Rehabilitated 1979

Rehabilitated 1979
Severe sand puopinv.

Good

Fl'Iiled

Good

Good
Good

2:15 S

3.23 - S

2.21 - S

14.43 4.00 2.86 S
,.00 S

15.,38-

14.56 -

7.58

5.00

8.00

0.350

0.677 .

0.721

9.00 92.51' 69.66 5.CO 24.36

, 48.509.00 48.,3 101.67 5.00 68.87 '69.61
9.25 21.67 82.67 4.83
9.17 19.83 78.42 4.83
9.25 72.09 80.66 5.00 58.16

••
20-6-79 241.25 77.25

195.75 77.33
138 T
169

189 T 26-6-79 221.83 76.67 9.00' 39.66 91.48 5.00 50.28 4.18 2.19 S Unconfirmed Rehabilitated 1979
Canal under repair

187 T 28-7-79 188.00 77.25 9.25 16.50 80.00 5.00 56.20 0.702
0.550

6.00
8.00 -

4.18 3.14 S Good Rehabilitated 1°79

199 T 25-1(>.79 215.43 79.00 9.25 39.16 83.02 5.00 76.10 '18.85 0.917 9.00 13.78 4.35 2.19 S Moder~te Rehabilitated 1q79
Yield reduction ...

6.00 15.48 4.25 2.86 S201
203

205

T

T

T

23"7-79 2,31.5079.00
16-10-79 2,32.9,379.00

266.17 79.00

9.00
9.25

9.25

58.50 80.00
59;68 80.00

72.34 100.58

5.00 5,3.20
5.00 8,3.46'59.46

5.00 96.77 '62.85

0.6E5
1.043

0.962

7.00

8.17

10.00 4.35 ,3.35 S
I
I12.04 4.35 ,.00 S

Good
Good

Good

Rehabilitated 1979
Re~A~ilitated 1979
Pumpin~ so~e sand
Rehabilitated 1979

T • Thakurgaon, BG. Birganj ~
~
~
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TA3LE 3.2 (Continued)

OC8.; Date WilT i Comoonenrs used (ft.) I Specific : Unit : - S'JLCft.J i Ihschnrge{c-Is4 Scr"'; Operating ;\e:n8:-./Cs
No~ tiOD: Drilled DeptH we :~educer: LWC:Screed Bait capacity : .specif~c h979 : 1984: 1979 : 1984 \ eeo: condition
:: (ft.) (14")(14"/10")(10") (10n): Plu~ (ll:Om/ft., : CnP"lcit2': : : : I type (1984)
:: ::::: (10" 1979 ;1983 84~ (gpm/ft l : : : I:!. !,!! I,! , I!! I •• ' I

206 T 5~9-79 220.96 79.17 9.25 45.87 81.67 5.0080.18 .87.02 0.982 4.50 10.61 4.18 3.21 8 Good Rehabilitated 1979
212 FG 21-7-79 207.50 79.00 9.25 33.00 81.25 5.00 83.15 .69.13 1.023 10.67 11.97 3.48 3.14 S Good Rehabilitated 1979
215 FG 2-8~79 216.43 78.17 9.25 43.01 81.00 5.0062.10

263 RA 16-n-79 272.08 79.00 9.00 99.08 80.00 5.00 78.09

217 PG 7-7-79 199.67 79.00 9.25 26.42 80.00 5.00 54.49

376 RA 29-n-77 198.00 79.00 9.00

Rehabilitated 1979
Pumpina some fine sand

Rehabilitated 1979
Rehabilitated 1979
Rehabilitated 1979

Rehabilitated 1979

~eh.bilitated 1979

S Good

S Good

S Good~
S Good

S Good

5 Good Rehabilitated 1979
PumpiD~ some fine SAnd

5 Unconfirmed nehabilitated 1979

S UncoDfir~edRehabilitated 1979
Power line damn~ed

S Good

5 Unconfirmed Rehabilitat~d 1979
' Power line stolen

S Unconfirmed Rehabilitated 1979
Power failure

S Unconfirned Rehabilitated 1979
Power line stolen

S

3.57
3.25
2.93
3.11

3.28 3.14

3.56

3.78 2.19

7.67 -

9.25 15.58 3.56 3.28

9.92 10.76 3.02 3.50

6.25

4.50 -

6.67 - 3.48
1~.83 12.56 3.40
9.67 - 3.48
10.00 10.20. 3.68
10.83 - 3.33 3.35".
15.25 15.47 3.35 2.33
13.50 10.59 3.50 .3.43

12.37 - 2.93

0.767

0.681

0.891

1.245
0.978

1.417
0.929.

0.880
1.059

0.954

0.976

80.00 5.00 71.27

76.25 5.00 94.93 .83.15
85.00 5.00 83.15
80.00 5.00113.38 .1<:£.00

80.00 5.00 74.34

88.00 5.00 95.53 36.20 1.085

110.00.5.00 96.77
80.00 5.00 84.72 .66.23
84.00 5.00 -

105.00 5.00 100.22

o

o

26.42
13.18
29.83
26.41
52.83
82.50
13.18
36.43

9.25
9.25
9.25
9.25
9.25
9.00

79.00

72.00
79.00

70.67

71.00

80.00

19906-7
175.67

218.08

281J.50
187.43 80.00 9.25

9-7-79,
16-7-79
18-7-79 208.08

188.335-7-79
PG 14-7-79
FG 14-5-79

3-6-79

218 PG
219 FG
220 FG

222 PG
223
228
229 FG
240 PG 9-6-79 214.43 80.00 9.00

255 RA 24-6-7~ 170.75 7~.OO 3.75

T - ThakurgsoD, PG •. F).rganj,. RA. • Ranishankail.

~
~
OJ
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TABLE 4.1

VARIATION IN THE DESIGN ,OF WELLS UNDER DIFFERENT CONSIDERATIONS

~
~
\0

Bor ehol e i Considering the finest layers Of the I Considering the mean Of all the layers,number , individual boreholes , Of a borehole to be screened,
I ,

ISlot , Range of gravel pack , Slot I Range of (ravel pack design, I design (mm.) I ,
mm. )

. ' opening' : opening I
,, (mm •) ; , (mm. )

"'
I

TH -1 o,B4 0.73 to 3, 1S 1 .02 0.90' to 3.55
TH -2 ! 0,.66 0.56 to 2.70 0.91 0.77 to 4,1 0
PI -1 0,772 0,665 to 2,90 1. 02 0.90 to 3,60
PI-2 0.542 O. 470 to 2.10 0.77 . 0.66 to 3,10
BI -1 0.542 0.475 to 1 .80 0.77 0,63 to 4.40
BO -1 0.795 0.72 to 2.39 1 .17 1. 02 to 3.88
80 -2 0,72 0.62 to 2.65 1.02 0.89 to 3.83
KA-2 0.70 0.60 to' 2.67 0.B76 0.77 to 3.40
AT -1 - 1 .025 0.91 to 3.90
Mean,X' - - 0.965 0.B4 to 3.55



TABLE 4.2

DIFFERENCE BETWEEN THEORETICAL DESIGN AND ACTUAL CONSTRUCTION

IN SOME NEWLY INSTALLED WELLS OF THE STUDY AREA

I , I I I --,

1 1 I , I :

~l.: OTW No.1 0
70

of formation I Grain size distribution of: Slot : Approximate distribution of. Slot : Date of
0., : material at depth. gravel pack as per design lopening'gravel pack used : opening' drilling

I '; (mm.) : (mm.) :as per: (mm.) ;used ;
I I I j , t design I ' (inch) ,
I ' • 1 , t I ( ) I : J , , I

• I 0 '0 • 0 • 0 • 0 in chiD' '0 • 0
: 90 ; 70 t 50~ 401 10, ! 90 °70:°50: 40; 10: :

1 •

2.

8G-12

T-62

116Ft. to 125Ft.
~0.337 mm.
(Cu < 2.00)

140Ft. to 143Ft,
& 2D6Ft.to 215Ft.
~ 0.35 mm.
(Cu~2.00)

1.05 1.35 1.711.932,8040/10001.18 1.682.262.60 3.77 40/100017.11.85

<

1.07 1.40 1.842.103,2042/10001.18 1.682.262,60 3.77 40/100020.11.85

T-281 0.715 0.815 0.94 1.00 1.25 28/1000 1.18 1.68 2.26 2,60 3.77 40/1000 10,1.863.

4.

104Ft. to 106Ft.
~0.201':'mm~
(C < 2.00)

u

OTWat 167Ft. to 170Ft.
Plot.No.& 179Ft.to 182Ft.
6585 ~ 0.212 mm.

(C < 2.00)
u

0.76 0.B5 0.96 1.02 1.23 30/1000 1. 1 Bi
i

1.6B 2,26 2.60 3.77 40/1000 8.1.B6

-'
No
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TABLE 4. 3

SCREEN rrnERVALS FQR HYPOTHE TICAL DTW CONSTRUCTEDUN TES T BOREHOLES

Screenable Zones DesignedTest Borehole For 2 cfs. capacity wells FOr 3 cfs. capacity(75 Ft. ) wells (110 Ft. )
TH -1 22 to 31 m. (9 m. ) 22 to 31 m. (9 m. )40 to 55 m. (15 m. ) 40 to 55 m. (15 m. )

65 to 74 m. (9 m. )

TH-2 22 to 31 m. (9 m. ) 22 to 31 m. (9 m. )41 to 56 m. (15 m. ) 44 to 56 m. (12 m. )
70 to 73 m. (3 m. ~79 to f8 m. \9 ,n.PI -1 34 to 46 m. (12 m. ) _____34 to 46 m. (12 m. )59 to 71 m. (12 m. ) 59 to 71 m. (12 m. )80 to 89 m. (9 m. )

PI-2 35 to 47 m. (12 m. ) 35 to 47 m. (12 m. )51 to 63 m. (12 m. ) 57 to 63 m. (12 m. )
70 to 79 m. (9 m. )

81 -1 25 to 43 m. (18 m. ) 24 to 48 m. (24 m. )50 to 56 m. (6 m. ) 50 to 59 m. (9 m. )
80 -1 22 to 31 m. (9 m. ) 22 to 31 m. (9 m. )34 to 49 m. (15 m. ) 34 to 49 m. (15 m. )

57 to 66 m. (9 m. )
80-2 26 to 44 m. (18 m. ) 26 to 44 m. (1B m. )47 to 53 m. (6 m. ) 47 to 53 m. (6 m. )

59 to 68 m. (9 m. )
KA-2 28 to 46 m. (18 m.) Not suitable for70 to 76 m. (6 m. ) 3 cfs. -capacity well.
AT -1 26 to 35 m. (9 m. ) 26 to 35 m. (9 m. )44 to 59 m. (15 m. ) 44 to 59 m. (15 m. )

68 to 77 m. (9 m. )





TABLE 4.4

Serial
No.

1 6

1 7

1 8

1 9

20

I
I
I
I

I
J

(Contd ••. )

Location of the aquifer
Test "Jell No.

Pumping No. 93

Observation well NO.P-1
of Pumpihg welT-No. 93

Observation Well NO.P_2
of Pumping well No.93

Observation Well NO.P_3
of PumPing well No.93

Observation Well NO.P-4
of Pumping Well No.93

12)

-Coefficient of Transmissibility(T)
(gpd/ft),

IThesis's I Jacob's I Theis'sI I
method ,

method II • I recovery, , method, ,, --r

5 51.46x10 2.527x10

5 5 52.33x10 2. 66x'] 0 2.053x10

5 5 52.104x10 2. 404x1 0 2.143x10

5 5 7.802x1057.78x10 8. 376x1 0

5 58.57x10 8.47x10



-
",J

Table - h.5

ValueS of \'1e11 loss constant (C), Specific Capa~ity.coefficient of Tr8J1sm;SSH,;.lity (T),Co8fficient of P",.••"""-,,,bi.liS (K)
am optimum screen velocity as observed in Different RehabiEtated;1ells of Thakurgaon Projer.t.

Sl. D'C,,, Locati on Value of 'c' (Sec 2/NtS) Ave"rage Hell 1053 Total Speci- Coeffi ci ent :3 t.r8i.ne r Coeffi- opt1 rltJlT

No. No. 1st step 2nd step value of as percent draw- fie of tranS- length cient s.cr£en
'C' of total dClt!n capa- missibility (ft-in) of pe nne veloc it
(sec2/mt5 lass at 3 (ft) city 'T' (gpd/ft) ability (em/sec

. CFS r~"1.t.e (gpm/ (K'
of pumpiT>:j ft.) . (mt/day)

1 12 Ball adangi + 15.19 -960.1~8 +15.19 2.08 17 .27 81 .37 2.1 h8xl05, 80 '-1!J II 90.26 3.21

1. 7u;xl 05
--

2 16 Bali adangi " +lhQ.h7 +253.38 +196.93 17 .39 25.62 56.9h 71~'-7" 75'.2h 2.88

3 76 Ahlari + 31.1.55 +1~h7.97 +2h1.26 24.21 23.62 54.42 1 .68 xl05 80'-0" 71-.33 2.64

4 96 Thal\Urgaon + 31 .51 -726.25 + 31 .51 3.66 20.39 68.hQ 2.528 x105 84'-9" 101 .32 "3.50

5 253 Ranishankai 1 - 44.23 + 63.wO + 63.hQ 13.27 11.33 102.98 2.56 xl05 92'-1.1" 94.17 3.32:

6 :p4 fuliadangi + 39.86 -622.61 + 39.86 5.30 17 .83 74.65
1 /, .927 xl0 - - -

"

7 308 Bal i adangi -7.10 +382.67 +382.67 39.37 23.04 56.86 1 .75 lC 105 81' •.8 " 72.78 2.68

8 31) Hanishankai 1 +242.97 222.65 ';'242.97 36.09 15.96 81 .34 1.976 x 105 98'-4" 68.26 2 •.,5
,.

Ve (:1verane) 72. Gi
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TABLE 4,6
GRAIN SIZE POPULATIONS OF THE BOREHOLES CARRIED
OUT UNDER TEST BORING PROGRAMME IN 19B3

-----~I-----~I-----------------"------~i---------- _
1 I I

Hole I Sample I Mean of predominant screenable: Finest layer among the screenable
No, : tested 1 material (mm,) : mater'ial(mm.)

I ' i ' iii i i

: ; Samples! 010: 040: 050 : 090 : 010: 040 : 050 : 090:_ : used: I ,! ! I : I I

TH -1

TH-2
PI -1

PI-2
8 I -1

BU-1

80 -2

KA-2
AT -1

4

1 2

1 0

1 0 .

1 0

1 3

1 0

9

1 0

4

B

1 0

6

6

1 1

6

6

7

0,66 0,39 0.34

0,96 0.40 0.35

0,64 0.37 0,33

0.57 0.34 0.29

O,B5 0.37 0,39

0,66 0,42 0.37

O,B6 0.41 0,36

0.600,350.30

0,65 0.40 0,35

0.1 0

0,06

0,11

0.06-

0,06

0,12.

O. 1 0

0.07

0.10

0.54

0.43

0,52

0.48

0.29

0.60

0.36

0.45

0.39

O. 31

0.243

0.30

0.222

0.182

0.26

0.263

0,27

0.306

0.27

0,21

0.26

0,1 9

0,1 6

O. 2/,

0.23

0,23

0,27

0,08

0.09

0,05

0.06

0.07

0,07

0.075

0.U76

O. 1 B

Mean of the
entire study
area

88 0.69 0,38 0.33 0,1 0

~
{..i

'"
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