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AL TRACT

The extensive developuent of grourdwater resources for
irrigation makes it imperative that hydrogeological properiiaos
of aquifers and perfornance of existing tubewells should be
thoroughly studied, Efficient withdrawal of groandwater is
dependent cn tubewell performance which is turn depend on tae
design of tubewell fixtures to best suit the characteristics of
water beariqgformations,their construction and developnent,
Keeping this in mind the perfoirmance of tubewells in the
existing as well as the new project of the Thalurgaon tubewell

-

project area has been studied,

Due to limited availability of relevant data it has not

been possible to have a cdetail analysis of local aquifer material

.but attempts have been taken on the basis of analyvsis . of such

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

s8lot openirgs and gravel pack méterial by Johnson's method,
The design has then been compared with that made by C.i.C., the
consultant of BWDB for the pro ject, For comparison of design
parametefs three different sets of design parameters have been
determined based qn D90, D5Of Dho’ D10 etc. of entire project

area, DQO' D5O’ Dho’ D10 etc. of individual borelole and

D D etc. of the finest 1ayer of a bore

40! D1o’

hole. Design parameéters based on D90, D5O’ Dioo D10 etc, of

the finest lavyer of aquifer material of four different installed

tabewells have also been deterwmined and-compared. The performance




Car

of the existing wells havé been discussed in light'of the well
design parameters determined. The tubewells of the existing
project seems to have correct screen lengths while the screen
lengths for the tubeweils of the new project is required to

be incréased to ensure minimum entrance velocity so as to keep
the well loss value minimum and thus to make the well efficient

with a longer 1life, Discussing the probable reasons of early

failure of the defunct wells 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 wells with Nold type of screens in the existing project.

From the study of design parameters determined it may
élso be concluded that the use of standard and fixed slot
opening size of 40/1000 inch may create problem in cases where
the screen has been placed in finer 1ay§rs,It is therefofe
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

INTRODUCTICHN

i}

1.1 General

Water is most vital for mankind. Without it the existence
of mankind as well as a2ll the living beings camnct be thpught
of. Hence, the regions with easy availability of surface water
have always been inhabitated by mankind. With time the demand

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

S

ailone cannot meet the various demands in many regions,

With increase in population and having an agro-based
econamy, Bangladesh should increase her egricultural production,
Although there has been some agricultural development in recent
years yet Bangladesh needs to import large guantities of food-
staff spepding scarce and valuable foreign exchange. Under such
a condition agricultural produbtion,musf be inCreased at an

. accelerated rate to bring about self sufficiency in food grains.

5

"«

4 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 reguirement not only in winter months when there is
- almost no rainfall but also in monsoon when there is enough
rainfall but not according to reguirement, During rainy season
irrigation demanq can be met from surface water sources such
as rivers, canals, ponds etc, by low 1lift pumps (LLP) if the

local rainfall is not enough. Butlduring the winter months the

“y : irrigation reguirement shall have to be met in most of the

Cases from sources other than surface water,
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Fortunately Bangladesh is underlain by water bearing for-
mation in many places at various depths. So, groundwater can
be considered to be a potential source of water supply for
irrigation during winter months wvhen surface water is not easily
available, Intensive tubewell irrigation pfojects undertaken

by different government and autonomous bodies show how the

- groundvater utilization specially for irrigation has increased

in recent féars‘to attain self sufficiency in food.

With increasing emphasis on tubewell irrigation, it is
necessafy to design, install and develop tubewells so that these
can be most economically and efficiently utilized, it is there-
fore necessary that the wells should have not only high specific

capacity but also a longer life,

Efficient and economical utilization of-groundwaterthrough
wells depend on the design of wells to best suit the character-
istics of the water bearing formations. Flow of groundwater into
wells is influenced by the physical characteristics of the |
water bearing formations, the mimber and extent of these formations,
the elements of well design and.the'methods used for cénstructing
and developing the wells. Keeping this in mind the present topie

has been selected. And as such the. dzep tubeﬁells-underhThakurgaon

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

gest project in Bangladesh where irrigation is done by déep tube-
wells, It is'expected thét the study will help. to identify the

various problems associated with inéfficient functioning of some
of the tubewells of the project and to suggest hdw these problemsl

can be taken care in our future projects.




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 1850s have shown that the area is under-
lain oy a deep sand and gravel alluvium which constitutes
@ 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 saurce by tubewell for irrigation. Thys the

Thakurgaon tubeuwell project was concieved and implementéd.

. A total of 381 tubewells were installed in the Thakurgaen
tubewell project during the periocd 1952-64(9), All the wells
were sunk without casing by the reverse circulation method
having a diameter of 22 inch., The boriné depth depended on

the subsoil conditions because workahle angd.. suitable s0il

-y

layers had ta be available four a rilter length of at least
130 feet. On aH average the boreholes were 280 feet deep, The
aguifers chosen for Qater discharge were tapped with either
Nold bridge-slotted screens or with Hagusta screens of 10
inches diameter§;3?)wifh the Nold screens, the residual Space
between the borehole Qall and the tube was filled with filter
gravel of 1 hm, to 4 mm. diametef; Hagusta type of Screens

~ - were also provided with 1 mm, to 4 mm, diameter gravel packing
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although suitable bore spoil could have been used in parts

for these sctreens which are already gravelled at the planng).

At the planning stage of the project, the operational
life of the tubewells was anticipated to be around 20 years(9}.
8ut from the records it has been found that many wells mefe
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

design discharge. —

-——\.f-!-—

BWDB have rehabilitated some of these defunct wells by
the year 1987 and have a programme to rehabilitate 250 wells
of the existing project(9j. Again, out of these newly sunked

tubewells a feuw are already showing signs of getting defunct
and infact one has already besn defunct. Such early failure
| and lower discharge of tubewells causes not aonly tremendous

financial losses but also SUFferings to the farmers, causing

great hazard to proper irrigation.

1.3 Importance of Present Study

BWOB is going to install another 710 deep tubewells to

Supply irrigation water in a new project area in the same

i region under the project heading "Tubewell Project (North
! (9) o

Bangladesh) in Bangladesh" These tubewells in the neu

projégt area and rehabilitated ones in the Thakurgaon project




area may face the same problems as those faced Dy many of

the earlier tubewells in the existing Thakurgaon Project area;s
Hence, it is necessary to undertake a Stucdy 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 he adopted in the proposed new
area, This may help to obtain better performance of the tubé—

wells of thé-proposed project and in any other project for

'
-1
-
o
¢

-

ground water utilization by tubewell technology.

T.4 Objectives of the Study

The objectives of the study can be summarised as -

follows:

i. To study the performance of the existing tubeuwells
for identifying the probable causes of early failure

of some of the tubewells.

ii. To evaluate the aguifer characteristics of the

project area,

iii, 1o examine how the design parameters selected for
various components of tubewells fit with the aguifer
characteristics and how this affects functioning of

the tubewells,

iv. To make recommendations regarding tubewell design

procedure for obtaining better service from them.




LHRAPTER 2

UDESIGN PRINCIPLES

2,17 Oesign of Tubewells
£2.,17.1 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 efficieﬁt
and economical weil with a service 1ife of more than a decade
Or a period of run of 50,000 to 70,000 hours(ZMFBTQHThDth
conflicting design criteria have been enﬁnciated from time to
timerby those working in ﬁhe fielu of well design, a stage
has nDurbeen feacﬁed'mhen it is possible to designran 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 thatrof the casing,
length and location of the screen iﬁcluding slof size, shape
and percent open area, design of gravel pack if necessary,
SelecﬁiOn of screen material etc. Screened wells in unconso-
lidated formations inuolue.considerations of mare design

details when compared to wells in 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 reasconable cost,

The hydraulic and hydro-geological characteristics of
gguifers vary greatly. Irrigation wells should be designed
and constructed to take advantage of the natural conditions
at a given location. When it is done, and fhe materials of
construction are properly Selected, an econcmical and effi-
cient well structure of long life can be achieved, Irrigation
wells are usually-designed to obtain the highest yield auéil-
able from the aguifer, and the highest efficiency in terms
of specific capacity, These factors bear directly upon opera-
ting costs., It is not gQo0d engineering to use inadequate sjizes
of well-casing and well screen, or to chouse materials of
inferior quality, merely to cut first cost., This only saddlés
the owner with higher pumping and maintenance costs, as well
as reduced useful life of the well, Any additional investment
for a properly designed, efficient well will, in long run,

Usually produce maximum economy,

The well stfucture may be considered to consist of tuwo
main elements. Une element is the part of the well that serves
as a Housing for the pumping equipment and as a vertical
conduit tﬁroth which water flows upward from the agquifer to

the level where it enters the pump. This is Coﬁmonly the

Cased portion of the well, although some of its length may be

uncased where the well is constructed in consolidated rock
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materials, The other main glement is the intake portion of
the well. 5ince 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, a2 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 locse formation material,

The aim of both screened wells and gravel packed wells
is to draw clear water from the aguifer without excessive
head loss and at the same time to Keep thelaqﬁifer material
out, For this proper-development of well is necessary, Bewelos

ment of .11
AeR—OF—ad 1

1S Mmoo
x +

..... vy~ Development removes the finer
material from the aguifer sUrrounding the well so that anly
coarsermaterial is left adjacent to the screen. The aquifer
material around the well bDecomes more uniform in grainsize
and thdsrback the finer material of the aguifer further
beyond, so that it cannot clog the screen. OFf course, when

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

accomplished, although development is still beneficial,
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The choice of whether a well is to be provicecd with a
screen or with a screen with gravel pack depends primarily
upon the effective grain size DSD ant the uniformity co-

efficient (DAD/DQD) of the aguifer materiai.

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 étrUcture usually consists of two
main elements, Une element is the part of the well that
Serves as housing for the pumping equipment and as a vertical
conduit through which water flows upward after entering into

the well through screen.

The other element is the intake portion of.the well
where water enters the well from the aguifer. The design of
this element reguires careful consideration of the hydraulic

factors that influence well performance.

The well diameter must be chosen so as to satisfy the

following two reguirements:

i. The housing-pipe must be large enough to accommodate
the pump with proper clearance for installaticon and

efficient operation,

ii. The diameter of the intake section of the well must
-be such as will assure 000d hydraulic efficiency of

thE.' UJEll.
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In choosing the size of the casing, the controlling'
factor is UéUélly the size of the pump. The diameter of the
weli casing should be two sizerlarger than nominal diameter
of the pump to ensure adeguate 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. -

2.17.3 Well Cepth

The expectec depth of & well is usually determined from
the log of a test holes from logs of other nearby wells on
the same aguifer or during the drilling of the production
well, Generaily, a well should pehetrate to the bottom of the

aguifer. This is desirable for the following two reasons:

i. More of the aguifer thickness can be utilized as
e : 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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i. Sometimes the well screen is placed at the middle
0f the aquifer thickness, to make more efficient use
0f a given length of screen, in uniform artesian

agquifer.

ii, When water of poor quality is found in the louwer

part of the aguifer.

2,%.4 Well Screens

A well screen is a strainer, which separates the ground-
water from the gfaHUlar material having pores filled with water.
Cenerally all formations, .except stable rock, reguire well
Screens, The}yield af é well depends primarily on matching
the characteristics‘of the water-~bearing formations to the
élements of the well screen, The well screen elements refer
to the length of the-SCreen, its diameter, total open area

and size, and arrangement of the slot openings etc,

-

The following are the basic requirements for any well

SCreen:
i. Resistance to COersibn and deterioration,
1i. Enough structural strength to prevent caollapse.

iii, Suitability to prevent excessive movement of sand

into the well, .

ive Minimum resistance.of flow of water into the well,




The selection of well screens is usually a matter of
engineering judgement and experience. The recommendations on
safe limit of entrance velocity of the flow into the well
from the surrounding aguifer vary considerably, A criterion
proposed by Bennison (1847) is that a velocity of 3 to 7.5
cm/sec. through the individua) openings of the screen will
keep the sand movement and head losses to the minimum.( 7)
Lirnsely and Franzini(1964) observed that the entrance velocity
should be Kept below 15 cm/sec in order to minimise sand
movement and. head lDSg?Z%he uariation in the two recommenda-
tions has been attributed to the differences in the particle

size distribution of the aguifer materials investigated.

Walton (1962) made a study of several well failures due
to partial elogging of the screen openings and recommended

the values for screen entrance velocity given in Table 2.1,

iIn gravel packuells, the average of the permeabilities
Of the aquifer and the pack is used to determine the optimum

Screen entrance velocity.

To prevent the rapid clogging, the length of the well

-screen for a well is designed on the basis of the following

equation (Walton, 1962):

5 = o _ (2.1)
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where,
SL = optimum length of the screen, in feet
Q = maximum expected discharge capacity of well, in gpm,
Ao = effective Dpeﬁ area per foot length of the well
screen, in sft.
v, = entranceluelocity at the screen, in fpm,

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 aguifer test the expected capacity

,0f the well is calculated. From the information on the open

area 0f the well screen per foot, the effective Open area is
determined as provided by the manufacturer., After providing
a factor of safety of 2 to 5, the length of the screen is

Gesigned using the eguation (2.1).

2.1.4,1 Slot Opening

ChOOSing the right size of slot width is one Dflthe
important steps in modern well design, Over-sized slots wiil
pump finer material (sand, silf and clay) indefinitely and
it will be difficult to obtain clear water, while under-sized
slats will provide more résistance to the flow of ground
water, resulting in more head loss. The fine slots are also

blecked by small sénd and silt-particles in-the long run which
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are carried upto the screen Ey suspension., The prablem 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 hoemogenecus
aguifer should be equal to the 090 size of the pack material
so that it can retain 80 percent of the gravel ﬁackT'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 alsoc almost eqgual to the

(2%4)

D90 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 diffefent strata, Each section of screen is made with

- openings to fit the material of each individual stratum. If

the D50 grain size of the coarsestaquifer is less than four

times the Dy grain size of the finest aquifer, the slot

.8ize 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 fipe material overlies coarse material, it is
reguired 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, I7¥ fine material overlies coarse material, the slot
size for the screen section toc be installed in the
coarée stratum should not be more than double the
slot size for the overlying finer material, But if
g gravel designed to match the same 15 provided, it
is necessary to keep the slot size in this coarser
mate:ial alsc in accordance with the pack designed

- for the upper finer aguifer so that if the finer

gravel moves down it is retained on the slots,

Generally, horizontal slot openings give a better control
o# unconsolidatec material than do vertical Dpenings; The slots
may 0e made in different ways, vertical or horizontal, conti-
nuous or intermittent, The width of the slot depends on the
grain size distributicn of the aguifer and varies in practice

from values as low as 0.20 or 0,50 mm,, depending on screen

construction to as large as 2 to 5 mm..The sguare Openings
tin the wire mesh and circular drilled holes in the wall of-
the pipe are easily plquéd by particles of nearly the same
size as the openings, |

2.,17.4.2 Percent Upen Area

Water flows more freely through a screen with large open

area than thrdugh one with limited open area, When the open
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area of the screen is large, the entrance velocity is low
and the. head loss at the screen is8 minimum. The open area Of
thé screen Should be so selected that the well loss is small,
Corey (1949) observed that little or no increase in well
efficiency results when the open area is greater than 15
percent of the £otal surface area of the SCIEEH(T%%EH area
larger thamn about 15 percent affects the structural strength
of tﬁe*well screen. In actﬁal practice sometimes larger open

areas are found desirable in order to hold the screen entrace

velocities within optimum limits.

When a screen is placed in an aguifer, sediment will
settle around it and partially block the siot openings.
Wwalton (1962) observed that or an éuerage, about one-half
of the open afea of the screen is blocked by aguifer materials,
Thus, it may be said that the effective Dpén area auerageé
about 50 percent of the actual open area of the screen.
Therefore, screen should be designed keeping this factor in

vieuw,

2,17.4,3 Screen Diameter

The effect of the screen diameter on the aqguifer loss

is not very large, because in the well eguation

. hg - Py,
0 = 2nkb —S—t
) ln(ro/rm)

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




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

the two are not directly proportional, Many cases are on record
of cost19 iarge~diameter wells which were put doun because of
belief that "the bigger the well, the more the yield", It is
true that the larger diameter well will yield scme more, but
the perﬁentage 0T inCre&ase may be relatiuel; small, An inCrease
in well diameter increases yield slightly, Keeping the hydraulic
properties of the aguifer ‘as constant, doubling the diameter

of the screen in a water-table well will increase the discharqge
only about 11 percen%?zfg?gchter, 1899 - and Linsely, et., al.
1964). Ahrens (1958) showed that doubling the diameter of the
well-ségeed, in a confined well, will increase its yield by
about seven perceng?)The value of increase in yield in a con-
fined well is less than 'a water-table well because_fqr the
same discharge rate the radius of influence is larger for the

former.

However, the well diameter influences the well loss to a
large extent, and has to be selected so that the total loss,
i.e. the aguifer loss plus thglmell loss, is kept minimum in
conjunction with the cost of the\séreen, the boring and the
pumping costs reguired, If the well diameter‘selected is tdo
large the cost of installation would be high but the remaining.
c05t5:u§Uld be low, IF_therwell diameter selected is too small,.
the cost of instailation would be louw but the head loss would

be high resulting in high running costs,




Screen diameter is éelected to satisfy the essential
basic principle that enough total area of the screen openings
muUsSt 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 léngth of the screen and
Size of the screen openings have been selected. Screen length
depends upon the thickness of the water-bearing sandg screan
openings depend upon the gradation of the aguifer material,
To a large extent, the natural characteristics of the aguifer
fix these dimensions, leaving the diameter as a factor that

can bhe wvaried,

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

i
the rate of incrustation and corrosion will be a minimum.(3 J

The entrance velocity is calculated by dividing the
expectted 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 intcreased to provide
enbugh open area so that the entrance velocity is less than

(28,34) _ ,
3 cm/sec, If, ©on the otherhand, the calculated entrance
velocity is less than this figure, the screen diameter may

be reduced somewhat to achieve economy,

18
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2.1.5 Design of Gravel Pack

A gravel envelope or gravel pack is a layer of gravel
placed around the well screen t0 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—fines. through the
well screen openings by surging and bailing. An artificial
gravel enuelopg can be provided by kKeeping the bore of the
well somewhat larger than the well screen, centering the
streen in the hole and then filling the annular space around
the screen with properly selected gravel designed to suit

the aguifer gracation,

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 enoﬁgh so that the head required

for the flow of water through it is minimum,

2.1.5.1 Formations Requiring Artificial Gravel Pack

Not all water bearing formations require artificial

gravel packing. Generally, formations with an effective size
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of 0;25 mm. and a uniformity coefficient (CU = é%i%) of 2 or
more can be safely developed without a gravel pack, provided
there are few vertical changes in sizing in the formation, As
the fDrmatiDn becomes coarser, the desirability of the gravel

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

Artificial gravel pack construction is recemmended where
the natural formation consists of fine uniform sands and/or
where the formation iS'éxtEﬂSiuely laminated (consists of
alternating fine, medium, or coarse layers thaf are thin and
difficult to locate precisely). These conditions are freguently
met in most deep tubewells. An artificial gravel pack may also
be used for an aquifer containing fine materials, when it ig
desirable to use larger screen openings than are indicated
by the sieve analysis. This often occurs when L, is betueen
2 aqd 3 and the DBD size is less than 0,42 mm. In areas uwhere
incrustation is & probiem it is cesirable to use la;ge screen
Gpenings.,

The following are the advantages of the gravel packed
wells:

i, CGravel packing increases the effective diameter of .the

well, thus increasing its 5pecific'yiela.
}i. It increases the yield of a well due to louw resistance

against flow at the well SCreen,

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

screen Openings.




lv. 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

SCreean,

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 size pack anog gréded-grain fize pack, Therformer
has been widely accepted in recent years, Specially when
manufactured screens are USed because the size of the Openings
ﬁan be controlled._ln the caée of & graded-pack, the formation
material may invade a graded pack at the gravel formation
interface, partly filliﬁg the pores and resulting in reduced
permeability, With a well sorted (uhiform) 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 whlle retaining the hlghly permeable
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-qgrain-size material is

the particle size as represented by the mean grain diameter

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




large grain size. The American Society of Agricultural Engineers
nas recommended that the maximum size of the particle in the

ravel pack should be 6.4 mm§34)
Q

2,1.5.2 Design Criteria

To prevent the movement of formation material, & relatiocn-
ship between the aguifer grain size and the pack grain size has
been detefmined on the basis of practical experience and labo-
ratory experiments by various agencies concerned with water
wells. All have agreed that different criteria are reguired

for uniform aguifer material (C_ g 2 ) and for graded aguifer

u

material (C_ > 2), The most widely used criteria are summarized

below:

i. U.5. Bureau of Reclamation adopted the following

-criteria.
a. Uniform aguifers (C ¢ 2)

DSD of pack

Dsﬁ of aguifer should lie between 5 and 10,

The average slope of the filter material gradation
curve should oe the same as that-of the aguifer

material.

‘b, Graded aquiférs'(cu} 2)
D of pack

=20

Dcg of aguifer

~should lie between 12 and .58,

D85 of pack

D85 of aguifer

and should lie between 12 and 40,




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

model experiments, laid douwn the following criteria.

a. Uniform aguifers

DSD of pack

= 9.5
DSD of - aguifer ’
b. GCGraded aguifers
D of pack
20 = 13,5

DBD of aquifer

iii+« Johnson recommended as follows:

a. Uniform aguifers

D,7EJ of pack .

Doy of aquifer ~

b. .Graded aquifers .

'D?D of pack

D?D of agquifer

iv. The Central Board of Irrigatioh and Power of India-

recommended a5 follows:

a, Uniform aquifers

D5D of pack

Do, of aguifer. S1°Uld lie beétuween S and 12.5

b.. Graded aquifers

Dc of pack ' .
should like between 12 and 15,5,

Dgg of aguifer




The Central Board of Irrigation and Power of India
after an extensive experimental studies found that with an
incre&se in Pack-Aquifer ratio the sand movement progressively
increases whereas the headloss through the gravel pack shouws
an initial decline bul increases at higher values of Pack-
Aguifer ratio due to partial chocking of the gravel pack,
Based on mocdel studies conducted at the Irrigation Research
Institute, Roorkee; the limiting pack-aquifer ratio has .been_
proposed as given in Table 2,2 for stable filtering action:in

tubewells,

The results of model siudies conducted at _Ludhiana
indicatec the upper limits {(Table 2,3) of Pack-Aquifer ratios

in order to maintain a stable filtering action.

Eliithrope (1970) stated that in order to minimize the

" headloss through the gravel pack, the lower Pack-Aguifer ratio
should be 4.0. Pack-Aguifer ratio exceeding 9.0 may allow the
movement of sand and perhaps this value of 9,0 should be
considered as a practical upper 1imiéj9§mith {1954} reportec
that ratios of 4 to 5 were found satisfactory for the efficient
. a .

design of wells with gravel packiné?odoweuer, wells having
gravel -pack ratios of 7 tom1b-ﬁere found inefficient because

of sand pumbiné?Bgmith further observed that still higher

values of gravel-pack ratio (10 'to 20) produced excessSive sand

pumping.




2,17.5,5 Uesign Procedure of Gravel PFack

For proper design of gravel pack in the field, the

following procedure should be adopted:

i. To prepare the sieve-analysis curves of the material
obtained from the well log and to determine the
particle size distributiow of different formations

encountered by the well.

ii. To identify the formation depth in which the well

screen is to be placed.

iii. From the plot of sieve analysis the D5D’ U,grand Dgg
sizes of the aguifer should be read and the CU of
each aguifer should be calculated from the ratios

of D40 to DQD Slzes and thus the type of .the aguifer

whether wvniform or non-uniform will be determined.

iv. The D?U size of the acgujifer should be multiplied
by 4 for uniform aquifers (C_g 2) and by B for non-

uniftorm-afuifers ( Cyu>2).

The products so obtained should be marked on 70 peréent
abscissa of the semi~logarithmic graph and a line
apprOleately parallel ta the central portlon of the
uniform aqulfer gradation curve should be drauwn

through this point., Foer non-uniform aguifers, the
corresponding gravel gradihg curve should have a

Uniformity coefficient of 2, o ' v

o




vi,

vii,

viii,

The procedure detailed in item (iv) &bove should be
repeated for all the water-bearing aguifers and a
common gravel size satisfying the reguirements of all

the aquifers should be adopted for use in the well.

Aguifers of substantially finer grading than the
major portion of the aquifer encountered, which
regquire gravel of relatively very much smaller size

than For-remaining thickness, should be left untapped.

Where the major porticn of the total aquifers tapped
consists of relatively fine material and comparatively
smaller depths have coarser material, the size of

gravel sheould be designed to suit the regquUirements of

- finer aquifers and this will automatically stabilize

the coarser -aguifers althoﬁgh it might result in a
nominal reduction of discharge per unit drawdown of

the well.

The slot size in the well screen should be such that
at .least 30% of the pack material is not able to pass

through it,

Apart from a stable pack-aquifer ‘ratio the folliowing

considerations 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 segregation
b .

' of particles, With the present method of? shovelling it

is desirable to use uniform packs only.
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ii. The pack material should be well rounded river gravel

as the flat particles stick to the screen siots and

reduce the open area.

iii. 3ix to nine ‘inches (15.2 to 22.8 cm.) thick gravel

packs should be used.

iv. The well after completion should be fully developed.

2.1.5.4 Gravel Pack Thickness

Since the design theory of gravel pack gradation is
based on the mechanical retention of the formation particles,
a pack thickness of only two on three grain diameters is
what is actually needed to retaim.iand control the FDrmétion
sand. Laboratory tests made by Johnson, show that a gravel
- ' pack with a thickness of only a fraction of a ﬂ:éntiﬁeter
successfully retains the fbrmation-particles regardless of
the velocity of water tending to'Earry the_particles through
X the gravel pack, However, it is impractical to place in a well
& gravel pack of Dniy a fraction of -a centimeter thick and
expect the materiai to completely surround the well screen. To
- ensure that an-enuelOpe of gravel will surround the entire -
: f'. screén, a thickness of 7.5 cm..is the miniﬁum that is considered
practical for installation in the field. Under_most condition,
the upper limit of @rauel pack thickness should be abeout 20 cm.

A thicker envelope does not materially increase the yield of the

3

> ' ) _ -
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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 ﬁhe pack material to the formation
matérial. Too thick a gravel pack requires higher capacity
pump and thus increases the cost and time¥0f installation,

and can make final development of the well more difficult,

Walton recommenéed a thickness of gravel pack on454¢0
23 cm, U,S. Bureau of Reclamation Suggested a range of 10 to
23 cm. Johnson recommended a thickness of 7.8 cm. with a
maximum limit of 20 cm., U.P. Irrigation Research Institute
determined after mode] experiments that thg minimum thickness
necessary to keep out sand mouvement is 12.5 cm. It is suggested
that the gravel thickness should preferably be between 13 and

20 cm.

2.1.6 Alignment of Well

During drilling the well by any metinod, care should be
taken to see that the hole remains'straight and wvertical and

tiiis must be checked before installation of the scrzens, A bore

- containing kinks and bends may create difficulties in installa-

tion and operation of the pump, It may cause undue wear on the
pump shaft, bearings and casing and in a severe case might make
it impossible to get the pump in or out, In case of deep well

turbine pumps, for casing less than 35 em, in diameter, the

7 verticality should not deviate more than 15 em, Fer 30 meter

depth and the deviation should be in one direction and plane only,
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If a suction air iift or submersible pump is installed, the
alignment is not so important but it is still desirable to follow
the above criterion, Normally a well should be tested for verti-
cality aftex drilling is completed, However, in the case of
&ravel packed wells, verticality should be tested after installa-
tion of the well assembly but prior to commencement 6f gravel

filling,

The alignment of a tubewvell should be tested by use of a heavy
plunger 6 mm, smalier in dizmeter than the inside diameter of
the well casing, The blunger is suspended by a line running over
@ pulley at least 3 meter above the top of the casing, The »rlunger
is lowered in steps of 3 meter and deviations of the line from
the centre of the casing are observed, The drift at any'depth is
&iven by the deviztion multiplied by the length of the line and

divided by the height of the pulley above top of well 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 foreing 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 Vell DeveioPment

Tubewells are developed to increase their specific capa-
city, prevent sanding and obtain maximum economic well life.
Development means stabilization of the wells of a well adjacent
to the sereen by a process which removes fine particles from
the formation immediately surrounding the well screen, leaving
coarser particles to contact and éurround the screen, The basic
principle in the development operation_%g to cause reversals of
" flow through the screen ‘openings so that foﬁnation particles
are loosened, the fines are drawn out, and the remaining coarser
particles are reapranged. Development is necessary in all gravel
packed wells and other screened wells except when the séreen is

formed of fine wire mesh or coir 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_ﬁater
bearing formation which occurs as a side effect from drilling.’
Tvery method of drilling plugs the pores of the water-bearing
formation around the bore hole to some extent. In the direct
. rotary:method, whére drilling mud is used, =2 thin skin of rela-
tively impervious material is piastered on the wall of the
borehole and sealé the.same.‘In féversé cifculatidn-drilling
water is lost into the formation due to exeess fluid pressuré
that must be maintained in order td'keep the hole oﬁgn. In

this process the silts, clays and‘fing sandy material picked
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up-by the drilling watér from the fofMa”'Oﬁ are deposited on
the walls of thie hole. Though this material is comparatively
easier to remove than the mud cake formed in the rotary method,
it has nevertheless to be completely removed., In case of dril-
iing by pipe driving, a reduction of porosity is caused in the
« surrounding aquifer due to dompaction and vibrations, The sur-

rounding aquifer has therefore to be loosened,

- R (b)-Inpreases,tﬁe porosity and permeability of the water

| bearing formation in the vicinity of thg well, Development
pulls out and removes finer material from the aguifer theredby
cleaning out, opening up and enlarging passages in the vicinity
of the well screen so that water can enter the well more freely
tiirough the developed zone, Tﬁis Zone is coarsest at the screen
or ehvelope surface and grades gradually back to theroriginal
aquifer material, The thickness of the developed zone, may wvary
from a féw centimeters to a few decimeters. The efficiency of

development for increasing the permeability of the surrounding

aquifer is better achieved when the aquifer is non-uniform,

(c) Stabilizes the sand formation around a-screened well
so that the well will yield water free of sand, In a zone Just
outside the hole,'developmént'removes all particles  smaller than
the screen slot size and only the coarsest material is left in
place. The effect of development is progressively diminished

}l farther away and the aqgifer mafefial progrgssively grades back

to the original form of the ﬁatér bearing strafum.‘By‘creating




this succession of graded zones, the formation is stabilized

so that no further sand movement would take place, In case of
gravel packed wells all particles which can pass through the
pores of gravel pack are removed, It has been observed tha<t
fine particles resist movement due to the characteristic
mechanisﬁ of bridging of the pores. They do not move from their

positiongeven on increasing the velocity of flow through the

aquifer by over pumnping,

Development creates an alternating movement of water
from the well into the aguifer and back to break up bridges of
fine particles in pores between larger particles, The loose

particles are then transported into the well,

Developnient should be started slowly and gently and as
dévelopment 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 worked down or started at the bottom
of the screen and worked up. Some'adyocate the use of the former
procedure, particulariy in the case of developmént by a surge

block, probably in order to minimise the possibility of material

coming in above the surge block, which may result in !'sand locking!

of the block. However, the upper layers compacted as a result
of development may have a tendency to bridging and cavities may
form around the screen when the lower formations are being deve-

loped. By starting development at the bottom of the screen

the compaction takes place as work progresses upwards so that




the overlying material can move down wards without much Do SSi-
bility of bridging and should a bridge develop, the development

action would usually break it up.

The methods commionly emploved for well developnent are
jetting,'pumping, surging, use of compressed air, and use of

dispersing agents (chemicals),




CHAPTER 3

DATA COLLECTION AND PRESENTATION

Availability of relevant data plays a very important
fOle in any study such as one undertaken. Tt has been found
that it is not a very easy job to collect the apprapriate
data and information which are Teguired to evaluate the
performance of the tubewells jin the project area, For this,
satisfactory progress could notrég_gggiéued in time. In
fact no information regarding the grain size distribution of
aquifer and packing materials of the'wells in the existing
project was availablie. The prabable reasons of early faililure
0f the defunct wells of the existing project could not
therefore be identified on the basis of proper data, The
reasons of failure has howeuer:beeﬁ tried to be exélained
on the basis of data available relating to the tubewells of
the new project., These data have beeﬁ collected mainly from
the offices of BWDB at Dhaka and Thakurgaon. Data have also
been collected from various other sources such as the fongs

Of the consultants and Contractors involved in the project,

Data for specific Capacities of the tubwells of the
existing project just after theiffinsﬁallation were collected
from the office of the Director, Grounduwater Data Processing
and Research Circle, BWDB, Sir McDonald & Partners Ltd., and

C.K.C. It was found that the data received from BWOB and L.K.C,
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were comparable while those received from McDonald and Partners
Ltd. were guite different. Under such circumstances the data
obtained from Groundwater Data Precessing and Research Circle

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

The following data were collected from the sources as

mentioned eazlier:

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, : .

iji. The recorded lithology of aguifer at different

tubewell sites,

iv. The sieve analysis data of finest layers uwhere
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,.

"+ yi, The -characteristic features of the well components -
- such as -strainer, Upper Well Casing (UWC), 'Lower Well

- - Casing (LWC) etc. of the tubwells of the‘existing,

the rehabilitated and the new project, -




vii. The total length and diameter of boring, blind pipe,
housing pipe and of -strainers of all the exidting
tubwells, some of the rehabilitated wells of the
Existing project and éome wells under the neuw

project,

viii. Informations regarding static water level, specifie
Capacity and discharge as observed in different
wells of the existing project just after their
installation ji.e. in the year 13962 and 1964 and also
for the period 1983-784 along with their present

status,

ix. Pumping test data of Some production wells, test

wells and observation uells,

The existing tubewell project and the new tubewell
project lie apperimatély between 88°10' to 88%40" eastern
longitude and 25°45' o0 26°20" northern latitude and is
situated in the north-west corner of Bangladesh (Fig: 3.1).
Grounduwater is the main source Of irrigation in this part
of the country, The existing project was planned to irrigate
the high-lands and particularly the areas which were never
subjected to filooding, .Before implementation of the existing
project in the study area Only one crop in a yedr was produced
depending on the monsoon water, The existing project was
planned to irrigate 86,000 acres of land for producing three
Crops in a yeaf. The new project 1n the ‘Same region. has been

planned to irrigate about 1,07, 740 acres of lan413)




To study the pefformance of the deep tubewells and
the aguifer characteristics of the Thakurgaon project area,
the related informations anc data were collected from the
concerned offices and were analysed. A comparison of tubewell
efficiency Tregarding the specific Capacities were alsao

included in the present study,

The drilling of wells in the ExlStan project area
started in the year 1862 and during the- perlod-JQBZ to 1364,
381 wells were drilled and constructed to depths varying
from 210 feet to 355 feet usieg 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
88,4 feet'to 155,8 feet althdugh 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 %eet deep. During
the year 19?9-1980 some of the wells drilled in 1962-'64 were
rehabilitated having a reduced well deptH of 171 feet to
267 feet. In the rehabilitatgd well wire-wound straimers of
stainless steel havimg 10 inch in daimeter were used. Depth
" of pump chambers was also reduced to a length ranglng from
’?T feet to 80 feet m1th their diameter same as before As per
dgta Collected'- the wells in, the new project area— are -being
drilled upto a depth of 1?1 feet to Z67 feet which is thé Same

as those of rehabilitated wells, Theserwells have wire-woupd




stainless éteel strainers having 8 inch diaméter and length
mostly of 80 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 beloy:

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 strainers = 8 inch,
v. Slot opening = 40/1000 inch.
i vi. Strainer length = 60 feet for wells Raving

& capacity of Z cusecs.

= 80 feet for.wells having
a capacity of 3 cusecs,

vii. Screen open area = 24 sguare inches (+ 10%)
¥ . ] . r .per foot run of the strainer.

viii. Material of housing pipes Mild. steel,

1

ix. Material eof blind pipes = Mild steel.
_ f x. Material of strainmers = Stainless steel,
J - xi. Thickness of the gravel

7 inches,’

n-

enuelope :
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xii. Gradation of gravel pack material:

Standard sieve Percent by weight
Number retained by the screen
5 1
10 20-30
18 95

Tubewell Construction:

The wells are to be drilled by reverse circulation rotary

method, The drilling shall be carried out in one continuous
operation., During the drillinmg operation and until the packing
of gravel pack material is completed, the concerned COntiactor
.is instructed to maintain the circulation of water at an
adequate head over the static water level (SWL) and shall take
éuch other precautions as are necessary to prevent caving or

collapse of the borehole.

The borehole shall be drilled to a uniform diameter of
20 inch and shall be sufficiently straight and plumb to enable
the assembled tubewell CDmpDnents to hang freely throughout

-the full length of the borehole. On the basis of the borehole

' log and sieve analyses the Engineer will instruct the Pontractor

about the lengths of upper and lower well casing, the length

of the screen to be inserted and the setting of each section

of casing and screen in the. tubweell, The casing and the screen
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components shall be joined by the electric arc welding method
USing neutral couplings between stainless steel/mild steel
sections. The end of each component section shall be suitably
Seveled and the weid 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 contraﬁtor shall'supply and install

Centralizers consisting of four opposing mild steel bands

attached te the assembled components at an interval of 30 feet
throughout ‘the full length of the tubewell compunents 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 énd screened sectiﬁn. A

bail plug 9 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.

The 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.

Before placing the gravel pack materiél the full length
of assembléd tubewell components must hang freely in the.bore-
hole. The Contractor shall install the UWC so that the deviatian
of its axis ﬁroﬁ,the vertical does not exceed 2 inches at any
point betﬁeen'thé top OF the UWC and the top of thé reducer

fitting. Gravels are piaced 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 Sesign capacity of the tubewell is
Clear and free of sand. The tubewell shall be Cleaned to the
bottem of the bail sump by Using the suction type bailer
between succeeeiueroperations in the develocpment erccess. The
high uelocity_mate;mjegzing tool shall discharge at a rate of
100 mps horizontally from four opposing nozzles. Jetting will
proceed throughout each section of screen beginning at the
lower most end proceeding to the upper most section, Discharge
shall be malntalned from the tubewell during the jetting
Operatian by means of a suction llft pump capable aof pUmplng
at a rate of not less than 500 gem from a level.of 25 feet.
The second stage of development shall include pumping at a
Slowly increasing rate until 150% of the design capacity of
the tubewell is reached, Intermittent Surging and backwashing
are al;o part cf the pumping development proceeure.-The rated

capacity or design discharge of each tUDewell are then deter-

mined by the Englneer ~in- Charge.




LHAPTER 4

DATA ANALYSIS, RESULTS AND DISCUSSIONS

4.1 General

during 1981-'82, it has not been possitle to haye a detall
analysis of local aguifer material. vet attempts have been
taken with such limited numbers of borehole data to have a

guide line for the desSign of screen Slot openings and gravel

‘pack material by Johnson's method, This method as per comments

of various grounduwater experts is the most Satisfactory method

for efficient design of tubewells with gravel -packing.

The design has then been tOmpared with those made by
C.K.C.,.the Consultant of BWDB for Tubewel] PIDJECt North~
Bangladesh. For Comparison of design parameters three different

sets of design Farameters have been found based an D, 3]

0t T40°
DSD’ DQD of aguifer material of entire project area, D?D’ DAD’
DBD’ DBU of individual borehole and D?D’ DAD' DSD’ DQD of the

finest layer in & individual borehole, Uesign parameters based
on 9102 D4D: 050, DQD of the flnest layer of aguifer materlal

of four different installed tubewells have also been Uetermined
and compared, The performance of the existing wells have also .
been discussgd in light of the well design parameters calculated

since the existing wells as well as the wells of the neuw project

are in the sanme region.
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4,2 Rehabilitated Wells and the Wells Under New Project
b,2.1 Comparlson of Design Parameters

h.2.1.1 screen Length

As per Johnson's design pPrinciple, the screen length
of tubewells are found to be 110 feet and 75 feet for wells
having capacities 3 e¢fg and 2 cfs reSpectively whereas as
Per C.K.C,'s design these lengths are 90 feet a;dﬂga—feet
respectively, TIn selecting the screen length the optimum
entrance velocity has been considered to be 6 fom as caleu-
lated from the limited data available for determining the
co~efficient orf permeability of the aquifer material for the
pProject area (Table b.5). The same valye has also been sugge~
sted.by Johnson and most other ground watér specialists. The
op timum entrance velocity has been determined by C.K.C. to be
88 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
bPer opinion by most of the exXperts whereas C.X.C. considered
it as 35% and mainly because of this there has been a quite
variation of screen length. As per C.K.C.'s consideration a
Screen length of 90 feet and 60 feet respeptively have 5een
Suggested for 3 cfs and 2 cf's capacity wells, In the field

however a screen length of 80 feet are being provided in most

of the 3 cfs capacity wells,
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Figure 4.1 shows the range of the Specific capacities
of Thakurgaon Project wells, as measurec just after installation
ano 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
Streens installed as rehabilitated wells in the same study
area. The figure shows a significant difference_.in_unit speci-
fic capacities among the three types. The Hagusta type has a
median unit specific capacity of 0,313 gpm/ft2 while the Nold
ano the mife—mound Screens have median specific capacities of
0.486 gpm/ft2 and 0,852 gpm/ft2 respectively. Therefare, tao
achieve the same dramddmn of about 30 feet and hence the same
pumping costs for a discharge of 3 cfs, the respective screen

lengths mﬁuld have to be 143 feet, 92 feet and 53 feet,

Again, since each piece of strainer-is of 20 feet length,
the layers which 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 ané well sinking. To avoid such increase in cost,
Screens of length 10 feet are more preferable for economy of
well constructien, Now, sinCe the wells are sunk with strainers
~of 80 feet i,e Sﬁorfer than that required as per design consi-

deration, the yield ma; decrease in course of time. Figure 4,1 -
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$hows good performance with strainer of 80 feet length but
Under this condition entrance velocity will be much highér
than the standard entrance velocity. For this reeson it jis
Cetter to use strainers of TTD-feetiengﬁ1fDr 3 cfs. capacity
wells in the neuw project and the rehabilitated wells of the
Study area to ensure minimum entrance uelﬁcity S0 as to keep
the well loss at a minimum value which will thus provide a

smooth and efficient-wel—with a longer 1ife.

4,2.1.2 Slot Upening and Gravel Ppack

There is no provision for grain -size analysis of aquifer
material before the fixture of the wells are installed in the
field. The.suitable aquifer to be Screened are selected on the
basis of eye estimation and experience. Because of this pfocedure
no sieve anélysis data or soil sample of the surrounding aguifer
material of the existiné wells and the rehabilitated welis were
found, For installing the écreens of the tubewells of the neuw
project, tne selectdion of dguifer layeruto 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 eye
estlmatlon 1s not enaough to form an idea. about grain size. Some
OF these sieve analysis data have been collected and are shown
in"Fig. 4.2 to Flg. 4.5, The grain size analysis of gravel
packlng materials used for the wells in the new pIDJECt were.

also collected as shown in Fig. 4.2, The grain size analysis

.




of the éraUEl 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
15 approximately the same as that nou in use in the neuw
project. With the limited information regarding aquifer
material ang packing material analysis were made to see how

the actual design fit with the result obtained from analyses,

In light of this analysié the probable reasons of eariy failure
of the defunct wells in..the existing project and the rehabi-

litated wells were alsu pointed out,

The number of sites explored under the Test Boring
Programme by the Bangladesh wat;r Development Board in 7983
does net permit to have a surficiently detailed analysis of
the aguifer materiail of the.pgﬁjeét area so as to specify slot
opening and gravel pack'design for each individual well. But
C.K,C. has giuen a slot size and a gravel pack design based on

an average condition 0f all borelog data.

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

C.K.C., the consultant of BWOB for Tubewell Project, North

Bangladesh is based on -the mean Dqg’ DaD’ DSD’ DQD’ D7D size of
~#aquifer material” of all thefboreholes of the Test Boring
. Programme in the entire area and is found to be much conserva-

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

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

%
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be poirited out here that Streens having siot Openings of
1.0 mm. (4071000 inch) are actually being used in the new

project as per TeCommendation of CKC,

It is.neﬁessary 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 vieu 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 vasis, of same data yet it is relatively bigger as compared
to the slot Opening obtained on the basis of grain size dis-
tributién of the finest layer screened, fFor example Table 4.1
Shows that slot Opening Dbtalned by Johnson's design principle
vary qutE appreciably depending-on” how grain. size distribution”
data is used in the design. The table shows clearly that the

slot opening obtained on the basis of mean size of all the

layer. In addition, the slot Opening obtained on the basis of
mean size of all the layers of different boreholes is also

blgger Lhan thag obtained on the basis of gradation of finest

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

. layers. on. dlfferent boreholes the slot Openings have been foung

to vary frOm U.542 mm, (20/1000 inch) to 0.84 mm. (30/1000 inch)

which are quite smaller than that actually used in the fieldy
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Again, the gravel pack materiél 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. Pgain if the finest layer of aguifer
material screened is considered for the-design of gravel packs,

it is seen from the table that much smaller gravels are reguired,
The Size of gravel pack under this CDﬁdlthﬂ ‘has“"been found

to vary from 0,254 mm. to 2.70 mm. based on certain borehole

data to as high as 0.44 mm to 2,30 mm, based on other similar

data.

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

- The following discussion Shouys how theruse of slot Opéning
and gravel packs as recommended by CKC will affect fhe functio-
ning of tubewells drilled in various locations with wide varj-
ations ih aguifer material screened, As per CKC's design slot
Gpening and gravel pack material size ié based on some average
characteristicsvof aguifer materials in the project area. Design
based on this will probably be safe as long as the aqulfer
fmaterials Streened will be more or lesss *0f similar size- range
AanU dlstrlbutlon. Comparlson Of slot openings based on gradatlon
. af flnest layers Of dlfferent ‘boreholes (Table 4.1) with slot -
Openlng based on auerage Size distributjon of aqu1fer material

as used in CKC design clearly shows that in all cases slaot




,suchLExamples and are discussed in the next article. Similarly,

based on average aquifer material consideration. Under such

‘have already failed due to excessive sand pUmping only after

45

Opéning-basEd @n 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 M&8Ny CasesS as Screens are
not proviced 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 shouwn

the cdmparison of the size of gravel packing materials based
on gradation of finest layers of different borekhvle (Table 4.7)

with those based on mean size distributian das used in CKLC's

Circumstances there are Chances of excessive sand pumping
firstly from the finer layers which are screened, Due to such
sand pumping more and more sand particles will be removed from
these finer layers, and as a result the agquifer material and
Speclally the gravel pack materials above this layer will be
displaced from th81r position resulting in fallure of the
functioning of. Eﬁtlre SUIIDUndlng grauel pack material, Thus
ultlmatély fallure of the well mlll take place dun to excessive

Sand pumplng or sharp fall in efflclenCy of the well, It may

be mentioned here that one Of the rehabilitated well (DTW No. . 1265)
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three years of rehabilitation. As per discussion above it will
e quite logisal to put forward the arqumant that most probably
this failure was due to the use of relatively larger size of

slot opening andg 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 thelStUD‘y area
under the new project entitled 'Tube@ell Project {(North Bangladesh)!
.are now in Prlgress. The procedure followed in selecting the
aguifers to be screened for the tubewells are based mainly on
the eye-estimation and experience of the person giving the
cecision. In most Df the cases no analysis of aguifer material
_was made and flxtures were plzced hurriedly tec avoid Cavity,
Analysis of the relatluely finer layers were however made in
Case of few tubewells. Four such tubswells have been studied .

and their future performance is discussed below:

From the fixture of DTW No. 7-281 (Fig. 4.B) it is seen
that strainers are installed. at depths 97,02 feet to 135,41 feet
and 158.87 feet to 178.59 feet. Most of the aquifers screened
were selected on the basis of éye estimation and experience.

The aguifer materials.ih depths 104 feet to 110 feet, 125 feet
to 128 feet and 131 feet to‘134 feet wererhomeuer chlecﬁeﬁ
and sieve analysis was done as the materlals in those layers

were quite flne._Cu value for the aquifer material in depth -
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104 feet to 106 feet yas found to be less than 2,00 and D?D
Size of aguifer material uas found to be 0.210 mm. Based on

this grain size Chearacteristics the gravel pack design para-

meters and slot Opening as shown in Fig. 4,2 have been foung
by Johnson's method. The siot Opening size and the saljient

features of gravel pack design are also shown beloy:

D90 = 0.715 mm,, D?U = 0,815 mm., DSD= C.24 mm,,

Dyg = 1.00 mm., 1.25 mm,; the slot Opening=28/1000 inch,—

“10
The installed tubewel] have however a slot Opening of 40/10008

ng = 1.68 mm,, DSD = 2,26 mm,,

D,g = 2.60 mm., Dig = 3.77 mm. (Table 4,2).

From a comparjison of the abave data it isS apparent that
the SlDtVOpehing Used is féla%iuely biéifargthe aquifer mate-
rials at depth 104 feeteto 106 feet, Furthermore, the size of
gravels used are also much larger than the designed gravel

: 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 sanu movement with time. Such

‘the functioning of the tubewell with ultimate failure.
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In DTW No., BG-12, strainers are fixed at depths 93 feet
to 131 feet and 233 feet to 253 feet (Fig. 4.7). The finest
tayer screened is at depth 116 feet to 125 feet. Soil sample

was collected from .this layer and sisve analysis was done,

The C value was found to be about 2.00 and Dog vaiue 0.337 mm,
For this 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,

DQD = 1.@5 mm, , D'?D: 1.35 mm., D50 = 1.71 mm.,

Cpg = 1.93 mm., D1D = 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 DTW No, T-281 and alsc shouwn in Table 4,2, From a
comparison of the various parameters shown abouve 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 muﬁh
larger than the designed gravel size. This may caudse 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 sand puUmping may.also take place resulting in- gquick :
failuxe. Failure procedure will houwever also depend on the well

-deuelobmenf..

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.4.8).
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. Collected from these layers and sieve analysis was done. The

and sieve analysiss was done, From the analysis C  value uas

The layers screened at depth 140 feet to 143 feet and 206 feet

to 215 feet are relatively fine and hence soil samples were

L, value uas found to be 2,00 anc D?D value 0,35 mm. For this
aquifer material the design slot opening comes ocut to be
42/1000 inch anc the.gravel pack design should have the follow-

ing characteristics and as shown in ' Fig. 4.4,

= 1.70 mm., D?D = 1.40 mm, DSD_‘ 1.84 mm,,

3,20 mm.

Dgg
DAD = 2.10 mm., D

!

10
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 wa No, T-281 (Table: 4,2). It is dpparent from the
above data that slot size used are almdst egual to the designed
slot- size. Furthesmore, the gravel pack material used also
satisfy the required desigﬁ size, DTW No, T-82 as constructed,
therefore, can hbe said to fit very well with the designed
parameters. Hence, this well is Supposed to run better than.
OTW No, T-281 and DTW No, BG-12 and it should run well through-
out its anticipated 1jife provided that there has been proper

well devilopment,

DTW .at Plot No. 6595 has its strainers installed
at depths 170.88 feet to 209,33 feet and 233,77 feet.
to 252,79 feet (Flg. 4,9). Formation samples from the layers
at depth 1?9 feet to 182 feet was found relatluely fine. The

s0il Samples from these'relatiuely.Finer layers were collected
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found less than 2,00 and D70 value about 0,212 mm, As per this
grain siie distribution a gravel pack was designed having size
distribution as shown in Fig. 4.5, From Fig, 4,35 it is evident

that the gravel should have the following characterigticg

D9O = 0,76 mm, , D70 = 0.85 mim, , D = 0,96 mm,

50
Do = 1.02 ma., Pip = 1.23 mm, ; the slot opening = 30/1000 inch.
The gravel pack material and the slot opening used in this case
is also same as those used in other wells, A comparison of the
required gravel pack material and slot opening as per design
principles used in this study for well No. T - 281 and the well

at plot No.6595 shows that in both cases - the slot opening

used is bigger than that required and gravel pack materlal is

-relatively of . blgger size. Hence, the functioning of the tube-

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

T-251 as discussed bef{fore,

L.2.4 Rehabilitation of Deep Tubewells Suggested by BRRI

A low cost technique for rehabilitation of deep tube-~

-wells.was-developed and.tested in.BRRI It was suggested there

to 1nstall locallv made or Indian made 15 cm* dia PVC strainers

1n51de the ex1st1ﬁg 25 aa, dia {Jell., The gap between the PVC

strainers and the enlstlng well is to be packed with gravels,
Typical constructional dptéils of deep tubewells to he rehabi-
litate under such technique are shown in Figure L4-17, BamT

advocates that after proper defelopment such a rehabilitated
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well gives about 80% or discharge of tue original well and
the cost involvement is only 1/10th of the cost of a new

tubeweli(qog

This technique was used to rehabilitate the deep tube-
well No, 126, under a pilot study undertaken in 1984 and the
vell has since then been in operation and no further problenm
has been reportéd(ho). It may bé'mentioned here that the same
tubewell was rehabilitated in 1979 by the method suggested by

CEC and failed-after three years of rehabiiitation,

The technique suggested by BRRI seems to be an attracting
one for rehabilitating the defunct wells, because this method
will ensuye about 8Q% of discharge of the original well with
very little cost, In the field, howvever it is found thét thé
defunct wells are being rehgbilitated by the method sugpested
by CXC. With reference t& the BRRI method the Geologist, PMEU of
the Thalurgaon Tubewell Pro ject, has remarked that the technigue
suggeéted by BRRI were not foliowed as the PVC strainers were
less durable and that the yield will decrease to a large extent

that of the original well in course of time,

ii,3 Wells in the Existing Project.,
h.3.1. Wells with Hagusta Type of Strainers

- The 'Hagusta!' type of strainers have factory made gravel
packing, about.1 inch thick, cemented around the casing having
| 3 | . - (1)
slot openings 1 mm, to 2 mm,{40/1000 inch to 80/1000 inch)

Because of such cemented packing of gravels the éffective slot
opening -and percent open area are much reduced and hence a

relatively longer screen length as compared to screen length i)

in the new project is needed,




Fig. 4.1 shoﬁs that the Hagusta type of wells has an
average unit specific Capacity of 0,313 gpm/ftz, while the
Nold type and the wire-wound type have average specific capa-
cities of 0,486 gpm/ftz and O, 852 gpm/ftz ré5pectiuely. There-
fore, unden a constant drawdoun 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 MNold type used in the exis-
ting praject and uiré—wound type of strainers used in Ehe-nem
project. Most of the wells with Hagusta type of strainers in the
existing project have however a Streen ranging from 130 feet -
to 140 feet in length (Table 3.1): Tt 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
wiih 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

prepécked.graUel packing chance of. strajner blockage is rela-

“tively less and hence the entrance ueloaity'uill not increase,

Thus,~the. wells with Hagusta type' of strainers dre supposed tb

provide a better performance in all respect.
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The pumping capacity of the pumps used fer 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 strainérs are pre-packed as mentioned before there has
not-been anylsand pumping except in Dné 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 uwell discharge. Failure of wells due to reduc-
tion of well discharge has been observed in about thirteen
number of wells 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 1ife

has already expired as per specificatjon., -

4.3.2 Wells with Nold Type of Strajners.

The 'Nold' type of strainers are bridge-siotted steel
pipe and installed with gravei packing in the conventional
manner. It has already been pointed out that under a constant:
drawdéun f aboﬁt 30 feet i.e, under same pumping lift as has

been considered for other tws. types, and for a discharge of

S cfs, a screen length of about 82 feet is reguired. In the




fielo it is found that most af the Screens provided in these
wells are of léngth ranging from 130 feet to 140 feet. The
Strainer length as provided are therefore much large% 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 cfs., even though the design discharge is 3 cfs. and are
discharging moré than the design discharge. Because of Nigher
pumping rate and Use of Oversized gravel packing materials
the wells may eventually suffer from sand pUmpiné resulting
in.well failure, It may be mentioned here that about 75 numbers
Of wells with this type of straipers haye already failed
mainly,because‘of exCessive Sand pumping and 39 others are
reported to have started sand puping. The percentage failures

- of mells with Nold type of stralners are much higher compared

to that of Hagusta type of wells, The reason 0f higher failure

i

rate in nold type of . wells @S per our discussion seems to be
mainly because of lesser effectiveness of gravel packing under

hlgher pumping rate,

4.4 Hydraulijc Characterlstlcs of the Aqulfer Material of the

Study Area

PUmplng test data obtalned from the study of test wells

along with their DDSErUatan wells and a pUmplng well with its

o

observation wells, conducted by the Ground Mater Circle of BwDB

I,
=
i

-




during the year 1976 and 1977, and the production wells,rehabi-
litated by the Soiltech, Construction firm engaged by BYDD

during the year 1980, were used to determine the values of

transmissibility, T for the agquifer material at different loca-
tions of the study area. The values of coefficient of transmissi-
bility were determined by theis method, Jacob's method and Theis
recovery method by using data from the test wells with their
observation wells and a prodﬁction well along with its observa-
tion wells, Table 4,4 shows the variation in the vaiues of
transmlssnblllty obtained by u51ng these three methods, From

" the table it is' apparent that there is not'much variation in T
values obtained by different methods in most of the cases, The
variation in T values however is quite large from one locétion

. to other between the piezometers. Such variations in T values
may be due to their differénces in distances from the test wells
as their differences in depth. This variation of T values should

be considered in the design of the tubewell for efficient and

ecornomic design,

h,5 Specific Capacity and Well Losses of Some Rehabilitated ¥ells

Table h.s shoﬁs well loss values of eighf production wells
rehabilitated during the vyear 1979—86 Wéll loss values depend
on many factors such as well de51gn, its installation and develo~
pment etc. Study of the well loss constants as shown in Table 4,5

shows that during multiple step drawdown test large well ﬂeveldp-

R

. ment took place in some of the wells as ‘indicated by negative C

values, while 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 24 to about 40% of total drawdown at the well. High
percentage 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 of the well fixtures resulting high friction of flow through
the riser. The high values of wel)l loss may also be due to the
partial clogging of screen beyond the accepted limit due to
insufficient development of the well. Another cause for such
high vealues of well loss may be due to the uUse of shorter screen
length than that required as per design consideration, The use
of shorter screen iength_creates genérally an excessive entrance
velocity to the well. The well loss values of these wells may
increase more with time due to the clogging of screen. Hence,

to ensure minimum mell.loss it is necessary to increase the
screen length of the tubewells of the rehabilitated well, as
well as of the weils of the new project., Proper Cevelopment is
also an important factsr for reducing the well loss, To minimise
well loss care Shdﬁld also be taken tD-keep the well CthOnents

vertical during construction.

The specific capacity,calcdlated 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, hiéherrSpeCifiC capacity
indicates hioher coefficient of transmissibility. Table 4.5 also
shows a éomparison between the values of T énd specific capacity.
Higher 7 values are seen corresponding to higher Specific
capacity values except in one case which may be due to some

other unknown reasons,




CHARPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusiaons

fFrom the study of data relating to the tubewells and
aguifer characteristics of both the existing and the new project

in Thakurgaon area,the following conciusions are drawn:

1. The uniformity coefficient of the aguifer material
as Fogaa from thelsieué analysis of the materials 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 shows a wide
variation in the values of uniformity coefficieﬁt from
one agquifer to another in the same locaiion as welllas
from one ﬁubewell Jocation to another. This variation
of uniformity coefficient should be properly taken

care in tubewell design consideration.

v : 2. The maximum and minimum values of effective grain size
(DSU) of the agquifer material are around 0.93 mm. and
0.20 mm. with most of the values ranging from 0,50 mm.

to 0.25 mm..

J, Wire-wound screens are more economical for North
=. Bangladesh conditions than either the Hagusta or Nold -

screens which require relatively longer screen length.
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4, The slot opening size OF QD/1DDQ inch of the wire-
wound strainers which are now being used in the neu
project and in the rehabilitated wells in the existing
project may create problem when the sCreen is placed

in finer aguifer having Doy less than G.20 mm.

5. Screen lengths for the tubewells of the new project
should be around 110 feet and 80 feet respectively
for wells having capacities of 3 cfs. and 2 cfs. for

better efficiency and durability.

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

length of each piece 0f strainers should be 10 feet

and 5 feet instead of 20 feet presently in use.

7. It is necessary to have sSieve analysis Dfrthe aguifer
material to correcﬁly select the aquifer layers to be
screened, The prasent practice of selecting the aguifer
layers to be screened from visual observation of the

aguifer material may not give good result always.

8, The -grain size dlstrlbutlon 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. wWells of the existing project with both the Hagusta
and Nold type of strainers seems to have correct screen
length but the gravels used for Noid type of strainers

dre oversized.




1U. For the use of larger gravels as gravel packing

material and higher capacity pumps, wells with

] Nold type of strainers faced earlier failure due to
sand pumping. Wells with Hagusta type of strainers

did not face such failure.

11, The gravel pack material recommended by C.K.,C, for

the wells in the new project and the rehabilitated
wells may not be ideal for all places, Different-
gravel pack should be used in different places

. i depending upon the size of agquifer material to be

screened,

12. The coefficient of transmissibility 'T' of the study
area is found to vary from 1.21x105 gpd/ft. to

1.43x10% gpa/rt.

13. Pumping tests of the production wells of the project

area- should be done for at least 72 hours, This

—

principle has not been followed in many of the

pumping tests,

14, The wide fluctuations in the ualues of well loss

constant 'C' indicates insufficient development of

the wells,

15. Lower percentage of well loss values are the 1nd1-
tation of better performance of tubewells This results

| - ' - from proper development rand construction of tubewells,




17,

18.

19,

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,

Multiple step drawdown tests should be done for
atleast four steps to get a clear variation in the

values of well loss constants,

The specific Capacities cf the wells studied are
found to VEary within a range of 55 gpm/Ft, to
103 gpm/ft. This jis based on pumping test data

collected just after their installation,

The 5pecific Capacity is dependent on well] loss as
well as aquifer loss. The Specific capacity of a
well extracting water from a felatiuely more per-
meable aguifer may be low due tb excessive well
loss due to faulty construction and insufficient

development,

Specific Capacities of some tubewells have decreased
with tame. The .decrease in Specifit capacities may

be mainly due to improper.deuelOpment of the wells,

© While in some tubewells they have been. found te

increase with tipge indicating further development

with time,
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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 anc rehabilitated
wells of the existing project will help to give more
specific recommendation., The Project authority may
be reguested to colleci relevant data for this type

of study.

Laboratory study may be taken upto see how a variation
in gravel pack design or a variation in selection of
screen slot opening as designed under varicus condition

shown in Table 4,1, affect the performance of a well,

L aboratory study may also be taken upto see how a fine
layer screened by & sliot size as per design of most

of the layers screened affect the performance of a well.

Laboratory study may also be taken upto see how a

higher capacity pump affect the performance of 'a well.

A study may be taken upto observe the effect of
withdrawal of ground water on the hydrogeologic-condition

in the Thakurgaon tubewell project area,

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 area.
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7. A study may be teken upto predict the rate of natural
recharge to asses the guantity of grounduwater that

may be safely withdrawal from the aguifer system

without causing any groundwater mining.
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SAMPLE CALCULATIONS

Analysis of test pumping data for the production well No, 304

Determination of coefficient of transmissibility (T) (from

Recovery data)

From equation, T = %S%Q and Fig, 4,11,
{ . | r . 264 x kx4 T
o = 2,46

= 1,927 x-10° gpd/ft.

Determination of well loss

: A8;/aq, -as, /e,
From equation C =

and Fig, 4,13
AQ5q Ay '
_. 6.36/1 - 17'83/3 = 0.105 Secz/ft?
¢y = 1+ 3 2, .5
= 39,86 sec”/mt”,
' _ 1.95/0.5 - 6.36/1 _ 20,5
I | ‘ Cc, = PR = =1,6L sec”™/rt
i , =  -622,61 secz/mt5
i .« Average C = 39,86 secz/m't:5 |

S Well loss for a discharge of.e?cfs.

0.105 x (3)%

0.945 ft,
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Determination of coefficient of transmissibility (T) of Test

Well No. 129,

Py Theis's method

' _ From equation, T = l%&fgg ¥(u) and Fig .14
o
P = 114,6 x 1593,95 x 10

e 73.0

= 1.405 x 10° gpd/ft.

By Jacob's method

I'rom equation, T = g%ggg and Fig, 4,15
o _ 264 x 1593,95
T TR

= 1.764 x 107 gpd/ft,

i By Theis's Recovery method
! . 264 g . <
From equation, T = A5 @and Fig, h.16
N 264 x 1593,95
a 3.30

1.28 x 10° gpd/ft,

’*l\*m—-




Determination of coefficient of permeability (K) and permissible

screen entrance velocity (Ve)

Yor Production (Rehabili’bated) Well No,12

From equation, K = and Table 4.5

T
1.2D
2,148 x 10°

'l ‘ : K=12X8083X3.~8x7h8
~eor, K= 90,26 mt/day
|
‘ Then, from Table 2.1, For, ¥ = 90.26 mt/day, Ve = 3.2 cm/sec.

Design of Deep tubewells
Determination of screem length (SL)

o B
L ~7.48 AbVe

U
|

rrom Egua taon ,

i For, A = 0.565 mt/mt = 0.5412 ££5/Ft
T Ve = 3 em/sec = 6 £t/min, with 50% blackage
: consideration.
&&Q = 3 cfs, 2 cis.
, Sg(for £ 3.cfs) . =& hijxoh§212 X 0.5 X 6 #
=~ 110 ft.
2 x Lig

SL( for 2 cfs) = 758 x 0.5612 x 0.5 x 6

8 ft.

)
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188 -202 M1ie ¢ SAND Gray
200 202'-204'f- M Ve F SAND Grey brown ) ;
204- 206 CLAY black
— . ’ 208- 215 M SAND Gray brawm
* L] .
. 218 - 221 M 1eF SAHND brawns
220 " .- _
_? 221- 224 cidysy BAMD wslone Blachk
~ 2za- 227 Fis M wiiT pubbirs gfay
Auevraan L | + 227~ 238] M SAHD Gtey brawn]
COVPLING ) - - : 3
o 233'- 247 ¢ SAND Grey
240—] -- .
- TRAMER ™ . : - s ; . -
s . o 2a2'- 231']  cTtew BaND arey i
. - - — -4 L]
0 o
i -t N S o
-~ ] o 2%1- 286 C SAMD Seme pebblies qrey
260 - - Lr )
TR i eun ot [zeg'- 266 |- _ELAY aily _Wiack o .
~| BAIL SUMF ol . zeg'f_z.éj:g-‘ M SAND B SILT Loydr brews F1G. 4.7 WELL FIXTURE WITH
272'- 278 M te C SAND, Grey BORE LOG DATA OF WELL NO.BG-13
280 N \ | ’
~2Tn'- 287 SILT Grey brown . -
300 T
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DEPTH
FORMATION DESCRIPTION
oL {FT.)
o b el d- o .Brown sandy top soil
. &= & dSnyelay witn st _ ]
— L S ) 1-!5"_‘_?".1'""‘ JAND .
i — 14 Light grey slify Ci AY ]
76 — & - 23 LIGh gray tine SAND with mise UNION P . CHILARANG BTW. NO.- T-62
T Lrat aray Tine 7o mid SAND TTTT 7] UPAZILA D THAKURGAQGMN PLOT NO.- 4120
- ™ R . DIST. . THAXURGAGQR MOUZA ~ VELAJAN
HOUSING | 28 - B8 Light grey wmed. T8 course 3AND
e ® DATL OF ORILLING 120.11.8%
40 33— 44 Light grey coarse 3AND
- 44-ps' Light grey med. to coarss SAND
'n ' N ]
60 — ) 8e'—8g Light grey codres to med. SAND with stona
- REDUCER _ _L;";: o ,
88 —- 78 Light grey fine fo med. 3ARD
80 - " T8 ' " BAKD
L4 78— Bé Gray flne to med.
BLIKD PIPE 3 - ) __
. ~ [ 86— 89 — | Grey med._ to fine SAND
. 89— 97 {amypiestic CLAY
. 97— 98 Grey med. SAND :
100 —4 . i
NEUTRA T .
coupu:e -1 98'— 107 Gray ccores fo med. SAND
. . 07— 122 Grey coarse SAND with wtons
tzo — ) © o )
STRAINER B
-4 122'- 134 Bray coorss to med. SAND )
'ﬂ
]
140 — ™ 124~ 140 Grey med. BAND with atons
NEUTRAL - 21 [48=78% {eray med. to fine SAND
-- 1 143 — 148 Brown fine BSANRD
- toupLing 146 — 149 ‘9rey_coorss BAND with stone
149'— 187 Brown med. to fine SAND
160 — 2~ 8¢ Grey voarsa to mad, SAND ~ b
YsE— (81 Brown cosrss SAND wlith gravel
. .
T _ 181— 170 LighM brown fins 8AND
BLIND PIPE T a— ]
180 — 4 e —are’ Light brown very fins SAND with silt .
i 179 '~ 188 Light brown vary fine SAND
LT Light brown med- to courvs SAND
200 — - =? 19197 Biown _coorss_ 3AMD _ with . orovels |
'N . 0
I_ 97— 218 Brown mad. SAND
-] NEUTRAL -1
COUPLING ]
220 -] o 218'— 221 | Brown ocodarse  SAND
BTRAINER _—— — r
o = 221 — 228 Light grey mad. to cooras  SAND
4 .
s : - 225'— 233" | Drown mad. SAND ’ . -
MEUTRAL e O A,
CQUPLING - ‘D—"— 2!_3—239 Brown gcoursse to med, SAND . -
240 — BAIL AUNP ’":—_":’_4_ 239'— 242 | Grey soarse fo _med. SAND = -
242 247" | Brown med. SAND
260 — .
280 —f FIG 4.8 WELL FIXTURE WITH
BORELOG DATA OF-WELL NO-T-62
290
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[ ] DEPTHAFTY  FomaTioN DESCRIPTION
e.L.
s 0— & Brown slity fop  eeil
—_
7 & — 7 Light brown vary fing SAND
UNION P, ; CRILARANG
20— IT = 26 Grery wvary fing SANHD
HOUS INg . o o —{ YPAZILA . THAKURGAON PLOT NO~- 6305
PIPE N 28 — 38 Light browsa med. 1o fine SAND DIST '~ THAKURGAON MOUZAIVELAJAN
'
- T N DATE QF DRILLING:- 8.1 ng
40— - 3B — 44 Light Brown fine SAND
S
44— p3 Brown fins to med. SAND
¥ B2~ 62 | Light brown med ta fine 3aND
o0 —| n — —
. L:“— 82 —71 "Brown vary fing " 3AND
| REDucER 3 :
TI - 8o Light brown med. to flaa SAND
8O —f — .. —
80~ 91 Orey fins te mad. SAND
N [ . 9 - g7 Grey coares 1o med, SAND with gravel
S
; 100 — . 9T —10) Qray tine to coarss SAND . . -
4 : 10t — 103 _g_v_ej_flnc_'_o_ouoru SAND with grovals
103 — 109 Miceocws fing SAND
! _f BLIND mipE - . "F |
. B 0%~ s Srery wary fing BAND
3 e — a
2| 120 — .. @ H3 = e | &vey med. 1o tina ' BAND
V18 — 124 | Brownish grey coarss 1o mad.  SaND
b =7 |
— . 124 — 128 Grey vary fine SAND
] -
128 — 134 Broy vary tine ro med. JAND
— 1 ®f
140~ 24 - 138 | Light brown coarss to med. SAND
b ——— e ]
138 — 142 Light brown fine to mad. AARD
— 142 = 148 | —White med g
t48 — ja8 Brownish grey fine SAND
—_—s —_— ]
180~ © 148 = 182 | Light brown med. te fins SAND ” B
- o - _ B - - -
- Hﬂz‘_-_lﬁ_ﬂ_k_ﬂﬂ‘um'_"_%ﬂ’_ﬂ_' Sanp T
= NEUTRAL E— -4 160 — 163 Light brown codrse SAND with grovels
COUPLING — e 163 - 167 Brownishk gray coarse SAND
180 — 187 -~ 170 Light brown med. 1o coarae  RAND
= 170 — 178 Srey  coarse SAND with  pabhies
-: iTe — 154 Brey  med. 1o coaree BAND
STRAINER e -
_A 200 . 184 — 188 Gray coorss  BAND wih groveia
| -—*_L——_H——‘_,____
f H---: t88 — J94 Srey coatse fto msd. BAND
L —_— ]
- MEUTRAL iy _ 194 — 202 | Bray ooeras JAND  with  gravals
couruiNe | 4 T F——
220 1 202 - 208 Bray oodrae to mad. SAND
3 S
. . e 208— 212 | LIgt brown coorss to med. SAND
LIND PirE e 212 — 218 | Brownuh wyre ocAaree to _med. BAND
-4 . po———=——_{ TSTOWRish yray .
NEUTRAL 218 — 227 Light browa med. to coarss  AAND i
—— —4 .
f
240 —1COUPLING (=] -— — " P} 4 A
- Sl ol 227 — 233 1 Light brown eoarss  SAND with gravals
- - i
e U -
STRAINER |- - I 233 — 248 | Grey coeras  SAND
260 I—:“_'_ ® i
. BAIL SUMP -E 248 — 268 | Qreenish Qrey cosrss: SAND with pabbles i )
- 4 !
N 268 — 278 § Brown coerss ta med  SAND,
"oj - . FIG. ‘4.9 wWgLp FIXTURE wWiTH
| . BORELO® DATA OF WELL AT pLoT
'?; § . . : NO- 6898
290




89 \-y,a

DEPTH FORMATION DESCRIPTION
(FT)
—.—._L-_..._——*__*J — _. J - e
- o'~ a7 Yop 401l 8 brown mad.io fing SAND :
— —_— 1 _
12°- zo' Greoy med. to course SAND wilh gravael
20 — - : _
1 20'- zg' oo
—_— ]
. 28>~ 3¢ LY, brown mod.‘h course SAND 1 P.S.. BALIADANG ] VILL ' BHANUR
HOUSING .
40 — oipE ? 36~ 44’ Grey med. SAND . DIST. i DiNAJPUR WELL NO.- 304
©
@ , \ OATE OF DRILLING : 7.4, 80
. 44~ 82 Do. -
w0 _| . 52'- 60 Do .
_
60'- &9° L1. brown med SAND .
68— 7¢' De.
o I ' N
e Y T6- B4 Do.
LY o —
- i o 84’ - 92 Do.
] : 92'- 100" Grey med._ to fine SAND
100
. BLIKD : 100™ 108" L. brown mad. tofine SAND .
~
-1 PIPE K
-,‘3,‘ 1oe'- 116 Grey med. to fine S AND
f . . "
120 ~— " - ' . . . .
N6 - 124 Grey med. to fina SAND with sitf
____—M———hﬁ___‘__ﬁ
Jq-. Hd__ - FI1- —r 124" 132 Do.
-
4o —] 2| 132 140 Gray med. 16 courne SAND .
1 __1__ 140'- a8 Lt. brown med.te course SAND .
-— = b——
STRAINER © - 148~ 13 ¢' ‘Da.
F © (]
160 — ] . , -
-1 K 1396~ 164 Co. )
. -0 .
- = @ N
7 - |- V64 - 172 Lt. brown med fo courss SAND with graovet
180 = 172% 180" Do .
e | "
|- teo'- 1an’ Lt. brown med. to course SAND .
== - - |
BLIND PIPE ; 188 -196" | Grey fine SAND with ajir -
.I . -1 - T Grey med . SAND.
-4, } 200 - -] N . ,
; 196'- 204 ;
1 STRAINER _J— K Grey courts SAND with graval,
- - w f—— .
-4 i . 204 212 Li. brown course SAND with gravel
=t — - 4 b e 7 TTMR COU —_— ]
BLIND PIPE L — i\]_ 212- 220 L. brown maed. SAND .
20—~ |
240 — . .
P "
260 —
FIG. 4,10 WELL FIXTURE WITH
2680 — - . . HBORELOG DATA OF- PRODUCTION
- - 3 T
: ’ WELL NO- 304,
» 4
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FIG. 4:14 DETERMINATION OF COEFFICIENT OF TRANSMISSIBILITY OF
TEST WELL NO- 129 WITH THEIS METHOD
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FIG.4.16 DETERMINATION OF COEFFICIENT OF TRANSMISSIBILITY OF TEST WELL
" NO — 129 WITH THEIS RECOVERY METHOD
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TABLE 2.1

PERMISSIBLE SCREEN ENTRANCE VELOCITIES

Coefficient of
permeability, (m/day)

Optimum screen
velocity, (cm/sec. )

- e ]

> 250 5.10
250 , 5.60
200 5.10
150 ' 4, 30
100 3.50

50 2.00
20 1.50

< 20 1.00
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TABLE 2,2

RECOMMENDED PACK-AQUIFER RATIOS FOR STABLE
FILTERING ACTION IN TUBEWELLS

{After the model study conducted by the Irrigation
Research Institute, Roorkee)

Sl.t Type of material ; Pack-équifer ratio - 50% bhasis
NO': Aguifer X Gravel ; Range within ‘Maximum ugper:Recommended
b type 1 pack : which both 1limit after 'range of
1 ' ; sand movement juhich the +stable pack-
‘ ) \ and resistance.visible - aguifer
1 ' ! are minimum ", failure yratia
e ‘ ! ' 'takes place !
i ! : | : 2 ;
: -
‘ a Uniform.. . - Uniform 9 to 13 29 8 to 13
b Non-uniform Uniform 171 to 18 33 11 to 16
¢ Uniform . Non-uniform 12 to 18 35 12 to 18
d Non-uniform Naon-uniform 15 to 22 42 15 to 2%

TABLE 2.3

RECOMMENDED PACK-AQUIFER RATIOS FGOR STABLE

FILTERING ACTJION IN TUBEWELLS
(After the model study conducted at Ludhiana)

Sll

I
' Type of material. ! Limiting

Na, 1 ' o V ' pack-aguifer
; Aquifer type : Gravel pack ! Tatio

a Uniform Uniform | 8

b NDn-Qniform Uniform 12
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TABLE 3.1

TUBEW/ELL DATA SUIMARY OF THALD?GAON TUBDJELL PROJECT

T Loca- Date .: Hbil' Components used (ft.) i Specific 7 Unit . SWwL{Tt, ). Discharge ,Scrw Operatlnz. Hemarks
Wo..tiod Drilled Dep educey . 1WC = scree ail |, capacity : specific | V- fets !een; condition|
: : ' (ft ) (1u"1(1w/10"1 (0m) (10") ! plu m/ft. cangLtEl C6D 1984 | ﬁgsé! 1984, typd  (1988)
P : : I i ARV DA I TN A Dok .'
1 T 2-2-62 .337.8 90C.5 1.3 85.%2 155.8 4.9 43.02 - 0.276 - 15,45 3,25 - H Failing Pumpine scme sand
2 T 9-2-62 319.7 90.5 1.3 75.4 47,6 4.9 - - - - - 2.65 - H Good Rehabilitated
) . ‘ ‘ Reported good condition
5 T ®m-5-63 & 329.2 ‘84,3 4.0  6B.9 170.1 4.9 €5.26 - 0.284 - - 4,08 - N Failed Severe sand pumping
4 BA 26-1-62 269.0 90.4 1.5 49.2  123.0 4.9 25.14 gg-gg. 0.208 - 20.00 2.78 2,33 B Good Rehabilitated 1980
. . Pumping some sand
5 BA 2-2-562 327.9 90.5 1.3 100.0 131.,2 4.9 32,39 - 0.207 10,50 10.46 2.85 1.38 H Good Rehabilitated 1980
6 BA 16-2-62 313.4 9Q.§' 1.3 85.3 131.2 4.9 33.88 12.60 0.253 - 10,96 3,00 2,26 H Good - Reported low yield
- "
7 BA 1-2-52 272,2 B7.2 1.3 64,0 414,8 4,9 38,19 31.60 0.3%% - 9.77 3,52 1,84 H Good Reported pumpins sand
8 BA 12-2-62 293.6 g7.6 1.0 85.3 414,.8 4.9 49.79 - O.Aiﬁ' - 11.64 3.728 1.41 H Unconformed Power failure
9 BA 16-2-62 285,4 87.6 1.0 271 14,8 4.9 74.45 - 0.648 1é.73 14,99 ﬂ.2? 3.29 H Unconfirmed Power line stelen
10 BA Z2-3-62 264.8 ‘84.3 1.0 eh.6 110.0 4.9 51.24 30.10 0.466- - 43,64 3.46 2.65 R Pailed Severe ssnd pumping
T e ‘ ] .
44 BA 13-3-62 263.6 85.9 - 1.0 51.8 120.0 4.9 61.39 24.50 0.512 9.84 1%,99 4,04 3,11 K Failed . Bevere sand pumping
12 BA 19-2-62 265.1° 90.9 1.0 53.5 1M14.8 4.9 75.90 - 0.661 12.17 11.15 4.04 - H Unconfirmed Rehabilitated 1980,
Power line stolen
) ‘ _ Not yet commissioned
13 BA 5-%-62' 294.8 87.6 1.0 71:37  130.0 4.9 B80.73 - 0.621 11.44 - 4,22 3,43 § Failing Puppins sand
14 BA 26-2-62 260.8 82,7 1.0  73.8  9B.4 4.9 28.52 Zg';g. '0.29 - 9.74 2.76 2.08 ¥ Good
15 BA 1-%-62 215.3 34;6 1.0 4.8 110.0 4.9 72.03 27.50 0.655 12.46 - 4,38 3,07 N Good Reported low yield
16  BA 6-3-62 280.4 87.6 1.0 56.9  130.0 4.9 51.2¢6 29.40 0.3 12.14% - 3,25 2.26 N Good Rehabilitated 1980
17 BA 28-3-62 246.9 O4,6 1. “16.4 130.0 4.9 58.01 - 0.446 - - 4,37 3.07 N Failine Pumpine sand & rravel
18 BiA 16-%-62 268.9 B5.1 1. 57.9 120.b 4,9 48.34 - 0,403 10,46 -~ 3,38 1,94 N Failine Punpine sand & gravel
19 BA 14-3-62 269.7 B4.3 1.0 49.5 130.0 4.9 45,93 Eg ig_ 0.353 11,91 15.58 3.38 2.47 N Good Reported low yield
20 BA 26-2-62 270.9 91,5 1.0 63.5 120.0 4.9 55.11 - 0.459 13.35 - 4,22 2.54 N Good
21 BA ZC-3-62 .288.9 - 84.3 1.0 78.7 120,00 4.9 75.48 - 0.612 10,59 - 4,38 2.86 N Unconfirmed Fower line stolen
22 BA 26-3-62 290.3% 80.7 1,0 23.0 80,7 4.9 ZC.%0 - 0.112 - - %.90 - N Criginal DTW pot coxmi-
' ssioned due to low yield

H= Hagusta well sacreen

well screen,

T = Thakurgaon, BA = Baliadapgi, N = Fold

COL
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2,4 (Continued)

.
Jischarge woCr-

GFd Locd- DJace 1 #aeii: __ocrwrobents used(fb.) T Specific y Gpit HEE SR paratins . <emATKS
Nod tierd Deilled Deptn TwC s teducend Lwl Screen SAail . ¢npacity \ specific i {efs) leen 1+ condition |
. . DS Y (aary (enAemi(ae) 3 (18") pluey (aom A0y @ capacity MOSZ |1GA4 (1962 1SRG iryper (10au) i

H : ! : ! L ! frcr) MoEg ne=/aay (gom/ree ) ! ! ! ! I :
2% BA 20-7-72 280.2 8R.7 1.0 45,6 140,41 4.9 48,83 - oizag - 4,50 3.70 2.19 K Unconlirmed Fower line stclen
24 Ba %8-3—62 262.8 84,3 1.0 49,5 430,41 4.2 B82.87 - 0.655. 11.41 - 4,22 3.35 N Unccnfirmed Power line srolen
25 BA 2u-7-22 247,32 ag,2 1.0 21.2 122.0 4.9 Z3.84 - c.282 - 42.43 3,25 1.9 § Unconlirced FPcwer lizne stolen
26 T 6-2-52 259.¢ a7.6 1.0 45,4 120.0 4.9 46.41 - ¢.387 a.84 - 4,22 2.~5 N TFailing Funping ‘sand & gravel
27 T 6-1-52 251.4 R?.6 1.0 27.9 130.0 4.9 42.06 - 0.324 10.%3 - 3,24 1,59 N Failinm Elecsrical componenx failura

' Reported pumping saud
28 T 2-3-52 272.7 87.6 1.0 49,2 120,0 4.9 42,54 40.10 0,%27 10.66 11.22 Z.28 1.97 N Faileg Sevgre sand pumpine and
: casing subsidence
22 7 8-2-52 262.4 85.6 1.3 55.8 114.8 4,2 36.74 21.83. 0.220 - 15.07 3.08 2.19 H Goéd
30 T 16-2-62 272.2 8%.3 1.0 42,6 139.4 4.9 53%.18 - 0.381 11.48 =~ 4,04 3,28 H Good
zq T 12-2-62 250.9  90.5 1.3 31.2 123,0 4.9 45.93 ZB.0O 0.%73 4,04 1444 3,328 1.9 H Good
32 T q4-2-862 22,8 ©0.9 1.0 14.B 1312 4,9 329.16 us.éo 0.298 13,97 14,37 3.25 2.47 H Unconfirmed Motor failure
2 T 16-2-62 273.9 90.9 1.0 62.3 114.8 4,9 26.74 g;.gg; 0,220 17.71 16.20 3.25 1.91 H Good
L] i)
34 T 15-2-£2 272.3 0.9 1.C 52.5 122.0 4.9 31.42 - 0.255 - - 2.78 1.77 H Geoed
15 z-3.82  250.2  90.9 1.0 6.4 12 4,0 18,85 - 0.153 - - 1.32 - H Criginal D7« pot eommissicn
due to low yield
26 T 18-2-82 _235.9 84.3 1.0 78.7. 12C.C 4.2 23.6% - 0.197 - e,76 2.07 2.33 N Failine Purpine sand & cravel -
27 T 18-2-£2 259.2 0.9 1.0 20,4 127,0 4.9 23.15 27,90 0.204  92.97 - 1.06 1.48 K Unconfirmed Ziectrical component fallure
8 T 20-2-62 260.8 Q0.9 1.0 44.0 22,0 2.9 21,27 3f.i0_ 0.173 11.25 13.56 1.86 1.%4 H Good
za T zE=2-h2 278.8 87.6 1.0 7.2 118,71 &.,9 47.86 ;;:;g C.4C5 - 16,00 2.38 2.54 N Failine RZeported low vield
ag T @ ZE-z-g2 226,%  82.% 1.0 ., 8.2 127.Q 4,9 3674 - £.257 13%.71 - 2.81 1.79 N Good
41 T 8-2-g2 250.2 B7.5 1.0 j 35,6  430.1 4.9 2€.72 59.33 £.232 1C.A0 5.8¢ 4.04 2.54 KN Good Renphilitated 11980
. 2L, 32

4z T EE—E—éE 257.5 85.3 1.0 46,3 120.0 4.9 89,79 - C.415 Q.74 - s.48 2,86 N Good

BA = Baliadangi,

T= Thakurgaon , § = Kold well screen, H = Hagusta well screefl

L0t

<




(Continued)

JDw 1LOCta~ Date Tl | -ooocrhents used (ft.) \ T opecific nit 3L (ft.) | Ulscnarge .bcp-~ vperating T ne=ar<s
No. 'tien! Drillad! JepthiUwo TedUcer | L+0 JScreen: sail: capacity Especific' ! (efs,) leen | condisicn
: ' VteT,) Has" J(am /107 3(10") 1{10") 1 plug J capacity (1022 1083 | 19621 1004 tvpd  (1984) :
) H ] : L. : : L s ema/tec d ' , : : X '
43 T 4352 2z0.6 B85.% 1.0 2a.4 11G6.0 £.593 10.27 - 4,22 2,72 N Failine Fower faiiure.?umpin:
sand & gravel
44 12-2-62 2£8.2 84.5 4.0 47.9 130.1 4.9 73.48 - C.5E5 g.,72 - 4.72 3,57 N Failed :-‘Bevere gand pumping
a5 N2-F-g2 268.5 84,3 1.0 89.2 120.1 4.9 89.0° - 0.585 9.78 14,51 4,38 2.58 N. Unconfirmed Renhabilitated 1987
. ) . . Elect.component faillire
ag T 15-3-£3 2;?8.8 84,2 1.0 48,5 o1 4,9 59.91 “-1.70 C.428 12.79 13.%5 4.04 2.40 N Good Rehabilitated 1281
55,11 :
47 7T 19-6-62 2£269.2 84.3 1.0 €9.0 129.0 4.9 66.71 28,40 0.556 €40 - 4,72 2.93 N Geod
ug T 22-g-62 27%.3 g4.3 1.0 53,00 130.1 4.0 49.76 18,70 0.382 - - 3,87 1.91 N Good Rehabilitated 1981
&g T 16-3-62 249.6 Bu.3 1.0 39,4  420.0 4.9 32.87 41.30 0.274 - - ! 2.78 1.59 N Good
. ) P
50 T 17-3-62 210.2 84.3 1.0 0 120.,0 4.9 52.69 - 0.439 - - 4,04 - N <Failinr Power failure.Pumping
. gand & gravel
51 T B-G6~02 2'72'.8 84.3 1.0 52.5 130.1 4.3 36.74 sU,.78% 0.282 4,01 15.55 4.22 2.93 N Failing Punping sand & gravel
-52 20-3-62 267.3 B2.% 1.0 78.9 400,0 4.9 31.91 - 0.319 - 13.91 2.87 - N Failed Abtapdoned dge O Severe
) sand pumpins
53 17-3-62 280.6 85.6 1.0  59.0 130.1 4.9 35.29 41,09% 0.271 - 15.09 3.23 2.26 N Good
s T 25—5-62‘ 270.6 83.8 1.0 50.8 130.1 4,9 35,29 43.99% 0.271 - .00 3,08 1.91 § Good
55 T 22-%-62 250.2 85.% 1.0 50,0 100.0 4.9 59.94% - 0.599 - 1/.27 4,04 - % Unconfirmed Power failure.
Fumping some sand
56 T 10-3-62 2E9.0 B4,% 1.0 487 1%0.1 4,9 42.06  292.00 C.%23 - 1%3.86 3,38 2.01 N Good
c? T 20-%2-62 227.9 B4.3 1.0 27.7 110,0 4.9 52,69 - 0.479 - 16,60 4,04 -~ N Unconfirmed Fower failure
58 T 22=2-62 £0,5 84,% 1.0 49,2 1zZ0.1 4,9 A£1.3¢ - c.u72 - 13,87 4,22 - N Uncopnfirmed Motor failure
5¢ T cu-3.p2 2562.2 Bu4.8 1.0 52,5 120.0 4.9 43,02 58,49 0,759 10,04 14156 2,38 *.ar N Good
g0 T 25-3-62 Z58.2 B9.1 1.0 12,1 150.1 4,0 55.11 - C.367 - 46,76 4,22 2.9% N Unconlirmed Tuses Tenoved
g1 T 15-6-62 255;8 85.6 1.0 a3 20,0 4.9 aB.5% - C.1032 - 1,18 F,70 0 - K Uneconfirmed Fower line stolen
£2 B 2482 229.6 BS.3 1.0 22,6 14,8 4.9 14,50 - ' 0.126 7.31 - *4.00 - H Crisinal DTW not ccTwi-
ssicned due to Low Fiols
£3 3 z.z.g2 23,9 84.2 1.0 10,7 420.0 4.9 54.62 7h.06%  T.455 - 44,76 w47 3,07 N Good
7 = Thakurgaon, B = Boda, ¥ = Nold well screen, 3 = Hagusta well screen
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TAZLE - *.1 (Sontinued)
Tod Loca= date HEEYY CCoTCrnents used (Th.) T Iveciiic HR% 54 T Owe (7o, ) Dischargd ocro Crecating | emards
No. tien ) Driiled ) Depth LT deducer T LaC ., Secreen  specific i - ' ¢fa.) | een ! corndition:
: i (£t a(er(aan/eet s (et (100) caracity (AGEZ | 1SR4 | 1CES 1084 typd  (1924)
I ! P S Y225 A R SR B ;
a2 2-t=GE 220.0 £4.3 1.0 0.8 zZ0.0 4.9 44,96 - 0,27% - 12,419 4,48 2,19 U Uncconfirmed Fower line stclen
65 32 20-3-g2 224.7 7B.Y 1.0 o) 140.1 £.9 57,33 &3, 0.052 - 14,79 4,38 3,14 0 Good
24 B E-t-f2  278.8 Ba.E 1.0 E5.6 123.0 2.9 - - - - £.99 .23 - 4 Unconfirmed Rehabilitatad 7080
ot »eht comissicnec
g7 E CAZ-1-82  2567.3 au.3 1.0 s4,1 123.0 4.8 12,08 - 0.0%8 - - *L56 - H Crieinal I rot cé-mi-
' : ssicned due to low yield
58 B 16-b-62 .254,2 B84.3 1.0 41,0 123.0 4.9 e.87 - ¢.07% - - *1,08 - H Urieinal D?W —or caTni-
] ssioned dve to low wield
69 3 14-4-52 249.3 EB4.7 1.C g1 123.0 4.9 38,19 55.59% 0.310 - 17,25 2,87 2.26 H Good
70 B 10-4-62 259.1 84.2 1.0 45,8 123,0 4,0 40,79 £5.25% 0,805 - 42.86 %,87 2.93 R Fa;]inﬁ rumpine sand X eravel
71 B 24-4-62 25%.1 87.6 1.0 42,6 123%.0 4,9 21.7% - 0,177 - - . 2.76 - H Unconfirnmed Power line stolen
72 A 30-3-62 258,7 84,3 1.0 0.4 130.1 4.9 3674 - 0.232 - - | 2.8 - N Uncenfirmed Fower line stolen
: ' -
73 B 2R-4-G2 £39.4 B4.3 1.0 z6.2 123.0 4.9 29.00 - 0.2%6 - 14.611 3.25 = H Unconfirmed Power line stolen
4 A 1=lb=62 279.3 84,2 1.0 58,0 13C.1 4.9 '61.39 - 0.472 - - 4.38 - N Unconfirmed Fower line stolen
75 A 22-%-62 259,2 90.9 1.0 29,4 12%.0 4,9 29.00 - 0,226 - 15.32 3.79 - H Upcoenfirmed Fower line stolen
76 A B-2-E3 2??.? Ba.3 .1.0 57.4  130.1 4.9 57.04 - 0.43%8 - - 7 387 - N Upconformed Rehabilitated 41920, Xo
’ access to pumping hnouse
77 A A8-4-62 232G.4 B4.3 1.0 26.2 12%.0 4,9 "7.uad - 0,141 - - 2.0% - H Unconfirmed Power lime stolen
08 4 11-5-62 280.4 84,3 1,0 67.2 123.0 4.9 9.9 - .075 - - 0,75 - H Original I°W pot cormi-
- ssioned due to low yiel?
79 A 10.5-62 2€8,C B4,Z 1.0 55.8 122.0 4,9 7C,94 - 0.252 - - Z,1% - 1 Uncenfirmed Fower line stolen
a0 A 2oL-£2 701.8 84,7 1.0 7Z.2 178.4 4,8 25.62 - 0.134 - - 2.6 1,77 .H Good
a1 T [T 275.5 B4.Z 1.0 L5, 136 4 4,9 37,71 - 0.271 12,05 13.51 2.72 - Y Unconfirmed Fower line stolen
a2 A 4_B_RZ 228,0 84.7 1.0 22,0 1148 £,9 14,99 - 0.131 - -~ 1,41 - A Criginal 27W not cor
. ) ssioned dus to low
a% A AT-n-52  ZEQ.C 8#.3 1.0.  53.83 12%.0 4,9 10.15 - C.08% - - ***C.8E - | Criginal I7% not comxd
: ssione’ due to low vi 2
g4 T 4z-4-62 260.0 B4.3 1.0 z3,6 130.4 4,0 27.56 - 0,198 - 42.56 *1.04 - 5 Failine Funpine sand

B = Boda, A= Atwari, T = Thakurgaon, K= Rold well screeh, il= Hagusta well screen



TAZLE 3,1 (Ceontinued)

.T7% Loca- nare o w~e-l ,__ Ucmporenss used (I%, T Specilic , Coit T Sa. LLt.)y Ulscnarée Secr-  Lper-ating | ZeTarLs
Soi tied DJriiled Dgpthi UNFI deduce?l Las ?Screeq Zail) capacity E speci{ici _ P (ers 'eeni eopditicn i’
L A e 0 | R ey I Ut T G W
85 T ' 16-4-62 a78.8 B4.3 1.0 65,5 123.0 4.9 22.24 2&.1?‘ 0.181 - 14,40 2,10 1,62 H  Failing Fumpineg sand
86 T  1%-4-82 .2é9.6 84.3 4.6 16.4 123,00 4.9 40,81 - 0,330 - 12,78 3.08 - A Unconfirmed Motor failure
g7 T 9-2-63 25%.4 Ba.3 1.0 49,2 120.0 4,9 34,81 23,84% (,290 - 16.17 2.9C 2.01 K Good
g8 T ﬁ2-2-63 40,8 84,2 1.C 29.% 120,17 4.2 58.01 - . 0.83 - - 4.38 - N Upconfirmed Voter failure
89 T 7-5-62 229.6  84.3 1.C 18,4 123.0 4,9 Z6.74 41.50_ C.29¢ - w00 3,23 1.08 H  Good
Qo T 1=-5=-62 248.0 87.6 1.0 £9.5 123.0 4.9 55.59 “Z-Bé C.452 - - 4,22 2.9 H Good
g1 T ZE-4-82 24Z.7 84.3 1.0 22.5 1123.0 4.9 24.65 23.6C 0.200 - 16,1 2,64 1.41 H Geod
02 & 6-6-82 239.5 84.3 1.0 16,2 1E0.1 4.9 27,71 R7.,32% 0.290 - 17.12 4,58 2,58 N Good Rehablitated 1380
o3 A 3-g-82 259.4 B4.3 1.0 49,2 420,060 4.9 S8.01 6%.81% 0.,48% - 12.64 4,28 2,07 N Good Pumpine some sand
o4 T 29-4-B2 279.3 . 84.2 1.0 59.0 30,1 4.9 44.96 - 0,346 - 11.45 3.39 - N Good
a5 T 20-3-63 272.8 84,3 1.0 52.5 130.1 4.9. &64.78 14,70 0.498 - 11.60 4,38 = N Unconfirmed Rehabilitated 1980.
. .o i ‘ ' Elec.eguipment failure
96 T  30-4-62 269.0 BL.5 1.0 55.8 123.0 4.9 13.05 - 0.106 - - *M,20 - of Origical DIW not coumi-
: ssicned due to low yield
97 7 7-5-62  265,7 84.3 1.0 52.5 123.0 4.9 24.17 - €.197 - - 2}.13 1.59 H Good
ag T _3-g2 292.1 84.3 1.0 71.8 1}Q.1 4.9 B6.71 50.5 0.513 1C.50 15.35 4.58 2.86 N Failing fumping sand
oo T 19-2-£3 259.5 B4.2 1.C 49,2 130.1 4.9 44,47 - 0_342 - = ;,39 - N Unconfirmea Power lire stclen
100 T £1-2-83 © 272.8  B4.T 1.0 52.5 1Z0.1 4.9 44,47 - 0.342 - - 3.28 - ¥ Unconfirmed Fower line stolen
101 T 23-u-63 27%.3 84,3 1.0 59.C 1301 4.9 - - - - - .22 - N Unconfirmed Rehabilitated 1080
Fower lire stclen
102 T M-2-83 276.1 ga = 1.0 55.2 130,71 4,9 148.96 - 1.12¢ - 13.?8lu.35 2.58 I Unconfirmed Fower lins stclen
10% T ME-d=B2  258.1 ga.3 1.0 54,1 114.8 4.9 52.5 21.00 0.282 i - - .00 4,48 H Good Pumpine scrme fipd sand
104 T 17=8-(2 27%6.2 B4.3 1‘.'0 1,2 14,8 4,0 40,79 50.'1'0 0,428 . - 17,21 T ET P,10 H Failine Reported low vield
105 T 15.4=E2 2“9.3' 84,3 1.0 25,1 12%,0 4.8 31,921 26,90 O.é59' 43,74 14,78 3.00 1,73 H Uncen‘irmed Fuses removed
e T 13-7-62 250.9 84.% 1;0 a5, 144,8 4,86 22,00 - 0.253% - - 3.ch 2.01 H Good
107 T S-ia-f2 © o282, gu.3 1.0 Sé.S 120,4 4,8 25,20 27 .22%  0.25% - 12,28 2.87 1,82 | Failed Severe sand nucrine
T = Thakurgaon, A = Atwari, Y= Hapusta well screen, I = lcld well secreen E;




2AZLE 2.1 {(Centinued)

T Locay oDate mel: . vcoroonents used lft.) : Specilic . vnit T GWL LIt.,. Uischaree ,ocrq Lperating, Xemar4s
Ro. tien, Lrilled. Deoth. TG 1 deducer o Lol g :creﬂn. :al; cauac1"y \ spec1-1c' i {cfs) leen! condizion!
H 1 HESES] (14”? (14"/10%(40"1 (10") | plua /Lt | capacit v. TGEZ 1 G54 196z 11384 1eypa {1go4) !
L ; ! : R mi R ETEs : : L :
108 T £T-4-62 Z46.0 B4.3 1.0 22.8 123%.0 4.9 55.1 - O.QHS ) - 14 .14 4,22 - B Unconfirmed Fuses remcved
100 T 25-4-62 264.0 85.9 1.0 49,2 423.0 4.8 13,54 - 0.110. 10.82 -  *1.03 - H . Cricinal D7% neot commi-
ssioned duz tc low vield
410 T  15-4-62 £295.2 387.6 1.0 78:7 A2%.0 4.9 29.C0° - 0.238 - - 2.7 1.8% I Good
1119 T  A7-u-62 2771 85.9 1.0 70.5 114.8 4.,9. 20,30 - 0.177 - - 2.07 1.3 H Good
112 T 2z-4-B2 278.8 84.3 1.0 €5.6 123.0 4.9 355.11 53.60 0.448 L - 15.51 4.22 2.93 H Geed
113 T 25-1-83% 266.2 BH4.? 1.0 ' 45,9 130.1 4,2 52,21 69.’1 c.ae - 11.78 a;BB - N Failed atandoned cdue Lo severe
I sand pumpine
444 T 23-1-63 275.6 B84.3 1.0 45,3 40,1 4,9 52,69 - 0.375 - . alzg 1,815 Good -
415 P 4-2-£%  259.7 84.3. 1.0 Z9,4 1%0,1 4.9 973,87 - 0.588 - - u‘Oﬂ - N Good Severe sand purping
416 T 48-1-63 246.5 84.3 1.0 26.2° 130.1 2.9 62.36 55.11% 0.479 - 12,27 4,22 2,93 N Good
417 T  21-1-63 275.8 84.3 1,0 65.6 120.0 4.9 -u5.§5 31.42*  0.383% . 42,61 4.22 1.9% ¥ Good
118 T 18-1-63 259:4“84.5 1.0 28.9 120.0 4.9 37,71 gg.gg. 0.314 - 12.82 2.87 1.59 N Good
&)
119 T 7-6—62- 22%.5 ga,.6 1.0 39,0 10,0 4.3 55.11 20,10  0.5M - 17.60 4,22 - N Failed Severe sand pumping
126 T 16-6-62 246.0 Bu.au 1.0 35.8 120.0 4.9 52.21 30.%8. V435 - 14,00 4,08 2.65 N Good
124 T  16-6-62 2Z2R8.3 84,3 1.0 29,0 130.1 4.9 70,70 42'0" D.53% - ~ 4,18 2.8 N Tailing Furping sand & gravel
122 T Z-6-£2 287,5 B4.3 1.6 57.2 13C.41 5.9 52.66 20.80  2.405 $.12 16.01 3,08 2.26 K ‘Good . Fehabilitnted 1079
123 T  20.-A-H2 2B4.3 24,7 1.0 G4.0 13,1 4.9 4B.Z2 20,80 0.371 £.02 - 3,70 2.20 B Goed lenabilitated 1070
24 T 2?-§-52 254.8 84,3 41,0 13,5 120.1 4.9 92,82 - 0.71% - - 4,48 3,50 N Goed Fumpioe gcme find sand
455 T  q5-%-g2 279.3 B4.Z 1.0 52.0 120.1 4.9 00,40 - 0.595 - - 4.38 2,72 1 Good Fumpine scme fine sand
126 T  25-6-62 285.1 B4.Z 4.0 74,8 120.0 5.9 71.55 29.70  C.5% - -  4.22 - N Failine Rehabilitated 1070
. Sgvere sand vumpine
127 P 27-7-62 289.2 81,2 41,0 €8.9 1EC.1 8.9 71.55 28.39_ 0.550 2,15 5,15 4,4° 3,78 B Good Rehabilitated 1979
28 T ZZLa-€3 282.8 84.7 1.0 52,5 140.1 2.9 51,26 i;.;g. 2.376 -« ANLR3 420 £.20 B Good
= 2
129 T 27-A-62 285.4 85,0 1.0 74,5 120.0 4.9 72.03 - 0.F00 - - u.78 3.50 § Good

cot

T = Thakurgaon, H = Hagusta well screen, N = hkeld well screen
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3,1 (Coentinued)

Jin LCceo sute

Noae tizn? Drilled
1

t
'
1

Comnonents used VT,

UwC | Reducer ; LaT
(‘Iﬂ.":(".ﬂ"/’lo”} (10"X (,lcu)

| SCTEEn
\ f
v plun

Spacifie
capacity

e Y

Lnit

specicrie
capacityg
(xnm/£85 %

Jescharg

(cfs)

[

F==1"""1.

1062 198
]
1

5CIm vperating
1 ] .
een  condition
tvpa (1984)
.

120 T 19-7-52
1

e

1 D z4.7-62
132 35 Z9-6-7Z

133 3G 1-7-62

134 3G 13-7-62
135 EG 1C-7-A2

136 BG 5-7-&2
137 BG &-7-62

138 T  10-4-63
139 T 8-4-83
w0 T 4-4-53

41 PG 6-4-6%

42 T 2B-2-6%
4% T  26-3-63
144 BG 25-2-83
145 BG 23-2-R3

146 3G 6-3-5%
147 BG 1-2-63
138 BG B-7-83
149 BG  11-3-63
15C BG  5-7-R2
151 BG  Z-TegR
152 BG A7-Z-g3

153 B3 18-7-53

B4.3

84.3

B4&.3
84.2

84.2

84.3
84.3
84.3
84.3
84,3
84.3
84.%

84.3

84.5%

S g4.E

84 %
8u.3
84 ,*
gu,;

B4.3

-3 - . Y - - = — = = = - = = =
) . . . . .

=

1.0 55.8 *3C.1
L3 45,90 13201
.0 95.% 130.1
.0 79,5 120.1

1.0 734 1301
1.0 55.3 1%0.1

1.0 118.1  Mi.1
1.0 82.3 140.1
1.C 62.6 130.1

0 5.1 120,71
0 40,2 130,14
0 49,2 140,19
) 42.6 1%0.1
) 68.9 13%.1
v 7%Z.2 130.4
.0 55.8 13C.1
.0 58,9 30,1
.0, 5G.8 4371
.C n7.2 4o,

.c 59,2 130,1
.0 62.% 150.1
.0 42,6 120,14
.9 50,0 130.1
.0 50.0 130.1

55.11
78.80

80.73
55.59

40.12
2. 65
71.06

S4 .63

72,03

72.76
51.24
82.18
£1.29
66,71
68.55
72.03
56.56
Lg LB
£5.26
87.%2
51.24

L&, a1

48
69

58

59.2

0.Lk8
0.5
Q.u24
0.606

0.621

0,427

0.286
0.176
0.346

0.420
0.55%
0.559

0.3%4

D.832

0,472
¢.513%

0.528

0.554
Q.35
0.327
£.502
C.6FT
0.7

D357

4.48

4,22

4,728

2

4,48

3.75
4,22

2

2

M

il

M

Unconfizmed

Uncenfirmed

Uncenfirmed

Good
Failed

Good

Good
Failed

Unconfirmed

Goed

Good
Unceonfirmed

Good
Unconfirmed
Unconf{irmed

Good
Unceonfirred
Unconfirred
Upconfirmed

Good

Unconfirmed

Severe sand puzpirns
3 PHIp L]

Severe sand zuTPin-

Achabiliketed 1979
Fower line s+tolen

Low voltawe power

Rechabilitated 1979
Iow voltage power

Rehabilitated 10972
Rehabilitated 1979

Rehabilitated 1¢7C

Funping scme sand .
Severe sand pumpine
Transformer failure

Puzpine =ome sand

Low voltage power

Furping some fine sand

Power line stolen

Fower line stolen

Zlec.corponent failure

Fower line stolen

Fower line st-len

Zleg.compenens Tajlure

f = Thakurgaon, 3G

= Birganj, PG = Pirganj, I = Nold well screen
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1
TAZLE 2.1 (Contirued) :

bt
1

Uls Leeas rlate T vomTenents used (it.) T wpecilie T Lnit PRSPPI uiscgaf%e:;CrJ Cperatins,  Aseracis
o e it B T R ) | T i e Rl
: : : P L R s i A R R e Rt A |
154 3G 18-3-6%  282.5 S4.3 1.0 62.3 130.1 4.9 53.18 - 0.509 - - 4,73 2.00 N Unconfirmed No access %o puzchouse
155 BG 19-3-€3 279.,%7 ga.3 1.0 59.0 13C.n 4,9 42,548 - 0,227 - - 2,87 1,91 ¥ Pailing Punpine sand & zravel
156 BG 24-2-6%  %54.8 84,3 {.0 134,5* 130.1 4,9 25,77 - C.275 - 16,37 2.%0 - N Unconfirmed Fower line stolen
157 BG 22-3-63 270.3 84,7 1.0 59,0 1*0.1 4,8 51.24 - 0.20u . - 4.%8 3,04 N Geod
158 BG 2-3-£2 297.4 84.3% 1.0 7?7.1 120.1 4.9 320,15 s2.21* 0.561 10,50 11.18 .39 2.26. N Failing Fumpine sand & cravel
159 BG 4-3-83 205.& B4.3 1.0 85.% 1%C.4 4,9 24,32 - O.ze4 - - 2.87 1,94 N Good
160 3G 5-3-63 202.8 84.3 1.0 6.5% 110.0 &£, 54,62 - 0,497 - - 4,48 - N Pailing Funpine sand & cravel
161 BG &-3-63 - 308.9 84,3 1.0 88.6 130.1 4.9 49,79 - 0.383 - 11.28 2,87 - N Failed iowg of eround of wei!
ea
162 BG 0-Z-£3 226.7 B84.2 1.2 16.4 130,14 4,9 44,47 - 0.342 - - 4,22 1,24 N Good
163 T 13-2-64 294.9 Ba,?% }.0 70.5 131.2 . ng--&&:47 - 0.339 - - 4,04 2,40 N Goed
164 BG 10-3-63 .282.6° 84.3 1.0  62.3 130.1 - 4.9 51.24 - 0394 - 8,06 4.0 2,97 N Good
165 BG 14-3-63 255,1 84.3 1.0 32.8 130.1 4.9 -54.6§l - 0.420 - 16,43 4,04 2,72 N Good
1¢6 BG 1“—3-65 310.2 84.3 1.0 100.0 12C.C 4,9 37-7j - 0.%314 - - z,24 - N Failed ﬁosz of ground at well
: . . ea
167 BG 16-3-63 266.2 84.3 1.0 45,9 130,71 42,9 35.77 - 0.275 - 14.99  3.55 - N Failing Puzpine sand
168 3G 15-2-63 239.7 84.3 1.0 2%9.5 120.0 4.9 83,3 - 0.487 - - £,22 3.00 N Good
. 1€9 B B-Z-g3 246.5 B4.3 1.0° 26.2 130.1 4,2 76,86 - 0.591 - - 4,*3 3,00 N Good Rehabilitated 197Q
170 BG 18-3-63  Z56.4 84,7 1.0 8.1 13041 4,0 4z,%5a - 0.327 14,07 "= 3,87 1.55 N Goed Pumpine some ssnd
171 BG 4A7-3-63 256.4 84,3 1.0 36,1 130.1 4,9 4,32 20.00% 0,264 14.99 16,07 Z,05 1.84 N Good
_¢72 BG 17-%-63 256.4  84.3 1.0 32,1 13001 4.9 Fi,2z2 771 0.264 12,04 18.60 *,05 1.B4 N Good
193 BG . 21-3-€3  226.0 84.3 1.0 6.6 1%0.1 4.9 €8.55 - 0.528 - - 4,22 2,76 N Good
174  BG E?-E-é} 208,6 B4.3 1.0 98,4 120.0 4,9 37,74 - 0.314 - 16.20 F.24 - N TFailed iosz of eround at we
: ea
175 BG 27-5-65' 276.1 84,3 1.0 £5.8 130.1 4.9 4p.54 - C.327 - - 2,87 2.42 N Good Fumpinr gecme sand
176 BG Z6~2-53  277.7 84.3% 1.0 57.4 ‘150.1. 4,9 47,25 - C.368 - - .08 - N Failed &Osg of rroun?d abt well
: .end

T = Thakurgaon, BG = Birganj,

N = KNold well screen
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TAZLE 2.1 (Cortirued)

Joa 1 LocHd~ Saze v well | Ccumronents used (o) ' DTec-lic soanis S, (ft,.) "&I577aTsge BCrm voeragiie T Jdezmarks.
#5o.: tied "Drilled! Depth I UwC | Anduces | 103 T ocreen Sall | capacity i epecific | (cf5)  'een! condition!
; ; é (fc.)é(ﬂa"¥ (1u"/ao"% (1o"§ (10"); plug 1 (opm i ?2§gj%g§£ 19625 1eeu§4962§ 1ggu§typ3 (1932) E
177 BG_ M-I-63 276.1 84,3 1.0 55.8 120.1 4.9 52,54 _ C.327 - - 3.87 1.7% N Failing Fumping san? & sravel
178 RG 3-4-6F 236.7 B4,z 1,0 6.4 130.1 4,9 42,54 - 0,229 - - 2,70 2.83 N Good
179 BG 6-8-£3% 169.5 84,2 1,0 49.2 1*0.1 4,9 15,92 . 0.1%0 - - 1.71 1,52 ¥ Good
180 BG 5-4-£32 246.5 84,3 1,0 26.2 130,71 4.¢  E7.7q 0 o 0.2%0 - - 3.2 1.22 N Good
131 2 23-4~65  258.4 84.% 1,0 26.1 1301 4,9 E0.Q9 - 0.458 - 13.74 4.78 - 2.65 N Urconfirmed Fower line ssolen
182 BG 8-3-£3 262.9 B4.3 1.0 42,6 120.1 4.9 as.ap _ C.z42 - 13.78 4.c4 1,98 X Failing Fumping sand & craval
182 EG  8-4-8% 76.1 84,3 © 1.0 55.83 13C.1 4.9 35,29 0.271 - 15.%8 2,87 2.15 K Good Rehabilitated 1070
184 BG 21-4-63  262.7 84,3 1.0 52.5 _120.0 &.9 42.5# - 0.355 - 15.66 4.04 - N TFdiled ic:; of ercund at well
Il . : ‘ ' e
185 BG 19=4-63  289;2 8u;3 1.0 68.9 130.1 &.9 s58.01 - 0.445 - - 4,22 - K Good Rehabilitated 1079
186 BG 17-4-6%  285.9 84.3 1.0 65.6 120,1 4.9 51,28 - 0.3 - 14.59 4,23 - " ¥ Unconfirced Rehabilitated 1%en
Capal uoder recair

187 T  2B-3-6%  279.3 84,2 1,0 59.0 130.1 4,9 58.98 - £.453 10.69 - 4,22 F,1a N Good Rehabilitated 1070
188 T  17-3-63  300.7 84,3 1.0 80.5 130.1 4,9 61.39 - 0.472 - - 4.38 2.93 N Good Pumping some sand
189 T 26-3-63 282.6 84.3 1.0 62.3 130.1 4,9 §2.85 - 0.483% 122.40 - 4.8 2.19 N Unconfirmed Rehabilitated 1979

. . Canal under repair
190 T 21-3-R7 279.% Bu4.,3 1.0 59.0‘ 130.1 4.9 ga.ap - 0,691 - 9.04 4,22 - N PFailed 3¢#vere sand punping
191 T 29;3—55 g79.% 8u:% 1.0 52.0 130,71 4.9  48.8% 53.18% (,375 - 12,25 4.0 318 ¥ Sood
12 T 5-4-53 279,% 84,3 1.0 52,0 1%0.,1 4,9 47,38 | o 0,354 - - 4.04 2,44 X Unconfirmed Transformer failure
197 T 6-%-63% £85.9 84.2 1.0 55.8 12C.1 s.¢ us.éq 2,10 0.357 - 13,15 u;az 2.40 T Unconfirmed Transformer failure
124 T 10-446Z 279,27 84T 4.0 53.C 130,17 a4, 42.54 22,80 0,327 - - 4,04 2,53 N Good Low voltage power
195 T 18-8-83 84,3 84,3 1,0 V2.2 120.0 5.9 5248 37,10 (,u43 - - 4.04 2,19 N Failine Funpine sand & cravel
196 T £-4-63 279.3 8u.z 1.0 52.0 120,71 4.9 47,48 25,30 C.*68 .30 - £,22 2.12 § Good
197 T 1C.12-62 269.0 B4.3 1,0 394 130,48 &.6 0 55,17 . C.205 2.09 14,99 4,22 - E Uncenfirmed Zlec.cozponen+ faiiure
%8 T 8e12-R2 269,0 8&.32 1.0 78,4 129,4  a.Q 52.62 65.65° C.378 10.32 13,28 4,04 2,21 H Seod

T = Thakurgeen, BG = Birganj, N = lNold well sereen, K=

4

Hagusta well screen
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2.1 (Cortinued)

Jow o Loca- S2te HCEYS Coczorents usad Lit.) it I. val (It.) T biscnarge [Scr- Cperating, 42naces.
No. iticn ! Crilled! Depth: UWGC | Xeducer | LWC | Screen .=ail specifics - i (cfs) leen . conditisn
f ! Vlred)y (e R(aan /0 ) (aon ) {10") plue lcapacity | 70RZ 1 ACAG T ACee 1Tund ‘typd  (1984) !
! ! : : : : ! £10") {epn/ft2y : ! ; L :
1c9 T 5~12-R2 2EZ.4 8B4.% 1.0 ' 32.8 130.4 4.G 0.548 2.32 13,78 4,22 2.1¢ 4 lModerate Rehabilitated 1679
! . ‘ Yield reluction,
208 T 5 1262 290.6 84.%° 1.0 49.2 121.2 4,9 72,86 3%.84% 0-5Sé 9.18 12.60 #,22 2.33 H Good Rehakilitated 1970
201 T 8-8-62 220,11 84,z 1.0 9.8 130.1 4.9 S4.R32 - 0,420 - 15.48 4,04 2.86 XN Goed Rehabilitateqd 1970
202 T 8-8-62 £69.5 24.3 1.0 49,2 130,1 4.9 eC.C1 - C.468 - - .72 3.07 B Goed
202 T 13-8-82 £79.3 B4.3 1.0 59.0 130.1 4,9  B3.63 5%,46* 0.643 - 16,00 3.87 32,35 N Good Rehabilitated 1999
_ Tumpins scme fine sand
2Ca T  4B-9-2  279.3 B4 1,0 - 59.0 430.1 L,9 55,91 - 0434 - 9,07 4,22 - N Failine  Motor failure,pumping
) : sand
205 T 16-8-62 26%.5 B4.3 1.0 49.2 130.1 4.9 10C.07 62.85" 0.769 - 12,04 4,48 3,00 N Goo Sehabilitated 1970
: #
206 10-9-62  279.3 84.3 1,0 59.¢ 130.1 4.9 8%.15 B87.02* 0.639 - 10.61 4.22 3.21 N Good Rehabilitated 1979
207 FG 14-9-62 279,3 84,3 1.C 59.0 130.1 4.9 75.90 67.20* 0.58% - 9,68 4,22 3.14 N Failing Pumping sand & gravel
208 PG 10-9-62 266.C  84.3 1.0 55.8 120.0 4,9 70.10 - 0.584 - - 4.22 - N Failed Severs sand pumpine
209 T 21-9-r2 279.3 B4.3 1.0 59.0 130.1 4.9 61.3% 50.24% 0,472 - 13.09 4,22 2.86 N Failing Fumpine sand & eravel
210 T 12-11-62 2R9,2 " 84.1 1.0 52.C 1292.Q k.6 77.,8% - 0.649 - -, 4.22 2,79 K Good
21 PG 12-10-62 E76.%F 84.3 1.0 76.1 110.0 4.9 63.33 - C.576 - 11.55 4,38 3,72 N Uncenfirred Notor failure
21é PG 15-11-62 269.1 B84.2 . 1.0 68.9 110.0 4,9 86,05 £9,13* 0,782 "B.99 11.79 4.22 2.1 N Good Rehabilitated 1979
213 FG 7-11-62 279.1 84.3 1.0 58.2 120.0 4,0 7C.10 - 0.584 - - a,22 - N Tnconfirmed Fower lipe stolen
21% PG 4-11-62 " 276.3 84.% 1.0 7%.1 110.0 4.9 BR%.&1 -  0.633 - B.40 4.22 - N Unconfirmed dehabilitated 1980
: . Hot vet commissioned
215 PG 20-10-62 272.5 B4.%7 4,0 2.2 120.0 4,8 71,06 - 0,592 - - 4,22 %.12 N- Good Rehabilitated 1279
. : Punping some fine sand
21 FG  Za-1C-62 '259.? 84,3 1.0 29.4  130.1 4.9 £B.65 76.86% 0,528 - 0,71 4,48 2,50 N Good
217 FG  17-11-62 265.6 84,3 1.0 75.4  100.0 4,.a 58.40 - 0.585 C.74 10,76 4,22 3.50 N Unconfirmed Rehadilitated 1979
. Fower line damared
218 PG 27-11-62 240,8 84,3 1.0 29,5 430,1 4,9 73.95 = 0.568  10.14 -~ 4.38 3,57 § Good fehabilitated 1979
219 PG 2I-1C-62 278,9 84,3 1.0 78.7 110.0 4.9 10C.C7 B3.15* 0.910 5.44 12.56 4.22 2,25 N Good Rehabilitated 1979
220 PG 16-10-62 269.2 84,3 1.0 59.0 120.0 4,9 89.4% - £.795 7.78 - 4.38 2.9% F Good Rehabilizated 1979
221 PG 21-11-62 240.4 84.3 1.0 ag.2 110.0 - 4.9 58.01 73.00* 0.527 5.4 8,72 4,38 3.57 N Good

T = Thakurgaon, PG = Firganj, H = Hagusta well screen, N
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Kold well screen

6GOL
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242LZ 2,1 (Cent’rued)
Tla —cta oate HEIY Ccmoonents uszd (f5.) T Zpaecillc 7 Cnit TTTL (Tt.) ) Discharme wera Conesiting ¢ A0Waran
BRI it g TR TReer IR NERTINL ety S e ey UGG
P P : ! : ;(40--]—45,?5-“;#5&%7@-1 (popyrpoy 067 TRy e TR 5
222 PG Z-11-62 262.5 84.3 1.0 49,2 130.1 4.9 119.89 102 .CO" O.é?? - 10,20 24.C4 211 - F Good Rehabilitated 1070
223 FG 19-10-62 282.7 34.3 1.0 §2.5 1£0.0 4.9 7B.31 - 0.553 - - 4,28 3,25 I Gcod Renadilitated 1070
. . Fumpin~ some fine sand
224 FG 1-12-62 2€9.0 EB4.Z 1.0 39,4 439.4 5.9 123,11 - 0.919 - 11,01 4,28 2,93 H Failed Severe sant puspliom
225 EG, 25-10-62 268.2 B4.3 1.0 5o.0 120.0 4.9 58.01 36,74 0.483% - 40,92 4.22 2.72 N Good
226 FG 16-11-62 269.1 84.% 1.0 6R.9 110,0 4.9 - 18.85* - - 12,06 4.33 1.87 N Good ftehabilitated 198C
200 B 3-11-62 272.4 833 1.0 72.2 410.0 4.9 66.71 - C.506 -  A0.3% 4.38 Z.66 N Failine  Fuopine sand
228 PG S5-11-82  279.1 84.3 1.0 6B.9 120.C 4.9 46,96 - 1.225 - 15.47 4,28 2.3F N Unconfirmed Rehavilitsted 1973
229 FG I7—‘1‘1-62 279,%. B4.3 1.0 59,0 130.1 4.9 84.50 66.23"° 0.650 - 10.59 4.28 3.43 I Good Rehabilitated 1979
230 FG 12-11-62 269.2 84.3 1.0 59.0 120.0C 4.9 63.33 - 0.523 3.90 - 4,328 3,28 N Good Fumping some sand
231 RA 12-11-62 269.2 84.% 1.0 50,0 120.0 4.9 52.69 - C.439 - - 4,04 3.00 N Good
232 RA  4-11-82 259.2 843 1.0 59.0 120.0 4.9 €B.65 - 0.572 - 13,33 4,38 3.21 1! Unccafirmed Low voltage power
232 RA 16-11-62 2€%.2 84.7 1.0 - 59,0 120.0 4.9 9C.480 - 0.753 - - 4,38 2.65 N Unconfirmed FoweT line stolen
2% RA B-12-62 269.5 5&}5 4.0 46,2 1%C.1 4.9 69.13 - 0.521 ~ . 4a,n0 4,22 3,57 ¥ Unconfirmed Fower line stolen
235 RA 2B-11-62 B4+.3  B4.3 1.0 27.0 1ub.1 4,8 72.03 - 0.5  B.9% - 4.38  3.21 N Good
236 RA B-11-562 269.2 B4.3 1.0 £9.0 120.0 4.0 72.03 - n,s00 0,25 12,73 4,28 3.21 W Unconfirmed Fower line stolgn
227 RA 8-11-%2 226,6 84.% 1.0 15,4 12C.0 4,9 88.47 - C.757 - - 5,38 3.57 N Uncenfirmed Fower failure
278 Ra 18-11JE2 256.5 34,3 1.0 26.2 1401 4,9 73.45 - 0.5z4 - 12,06 4,%8 32,217 N Unconfirred Fower line stolen
230 FG 21-11-62 32%2.2 84,2 1.0 499.1 120.C 4.9 68.65 - 0.572 12.92 15.61 4.38 2,00 N Failed Fower line stclen
) Severe sand pusping

260 3G 5-11-62 279,41 84.3 1.0 52.9 120.0 4.9 68.65 - 0.572  6.95 42.37 5,33 2.93 I Unconfirmed Sehabdilitnted 1979

- Fow-r line stolen
244 FG 5-11-62 269.5 B84.3 1.0 ug. 2 30,1 4.9 68.85 - 0.528 - 11,48 5,22 %.43 K Uncenfirmed Fower line steclen
42 IG  20-11-62 280.0 B&.3 1.0 0.4 139,4 4.9 64.29 - n.461 9,58 1%.7m 4,22 E.00 H Unconfirmed Powsr line stclen
oax PG 22-41-62 278.8 84,3 1.0 59,2 130 4,9 73,48 - 0.527 - 11,15 4,38 3.00 H Unconfirmed Fower line stelern
s4n PG 28-41-62 269.0 84,3 1.0 0,4 139 4,9 B88.95 - 0.53% 6.79 1%.671 4,72 A2 ¥ Uncenfirmed Fower line stoler

PG = Pirganj,

RA = Ranisankail,

i = Nold well screen,

Hd = Harusta

well screen
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TA3LE 2.1 (Sontinued)
Ti4 -cca- Jate T sell . Leotonencs used (Ito) Specific Cnit YL Lft.) ) JiSCNArge wer= Cporabiil™ o neacws
oy tied Drilled) Jenth | UwC, Xeducer -aC T 3ereen Sail, capacity ispecific 1 (cfs)  een cecrditien.
| ' b(gn.) e i (a0t 10t E (qet) ‘ lcacacicy | TAGAZ MCE, A0Ae 11Ges jtypa  (1084) .
! : : . : ! : . (gom/LEe ) ! : ! o :
246 PG 31-40-A2 242.3 84,3 1.0 42.5 410.0 0.%25 - - 4,38 - N Failed Losgs of pround well
head
g1a8 TG 15-2-83F ZE2.7 Bb.S 1.2 52.5 120.0 4.3 825,57 - 0,713 - - a4.z2 - N Failed Logs o7 rreound well
: ' head
Zun RA 16-1-6%  £72.0 8u.% 1.0 60,7 123.0 4.0 £0.01 - 0.495 - - 4.04 2.26 4 Uncontirmed Fower line stolan
Z48 2A B-12-8c 2554 B4.3 1.0 6,1 13001 n,9 £0.91 &2.36° C.u68 a.82 10,50 4.38 2,14 T Geod Reprorted punpin-~ sand
249 RA 4.12.62 243,% BL,3 1.0 27,0 130.17 4.9 82,18 - 0.63%2 12.89 - 4,22 2.65 N Unconfirmed o access to pusmp house
250 RA B-12€62 295.9 " 84.3 1.0 85,% 12C.0 4.9 BC.73 - 0.73 8.2% - 4,38 - N Failed Loss of sround at wall
. head
251 RA 10-12-52 28C.5 B4.3 1.0 49,2 130.1 4,9 B63.%% - ¢.u87 - -, 4.Z3 - N Failed Severe sand puocing
252 RA 12-12-82 269.5 B84.3 1.0 49.2 130.1 4.9 94.27 62.60 0.725 - - { 4,38 N Failed Severe sand pumping
i
25% RA 4-42-62 272.8 B84.3 1.0 52.5 130.1 4,9 114,57 - 0.881 - - 4,28 3,49 N Unconfirmed Rehabilitated 1980
. : : . Fower Tailure
- R L
254 RA 19-12-62 24%2.3 B4.3 1.0 22.0 130.1 4.9. 20.88 - 0.698 - - 4,55 2,12 N Unconfirmed Power Iine stolen
255 R4 17-12-62 208.2 B4.3 1.0 27.9 130.1 #.9 10,55 2£.20 0,77% - 15.58 4,22 3.28 N Failed Severe sand tunping
256 RA 21-12-€2 ,Z241.6 B4.3 1.0 21.3 130.1 4,0 81.70 - 0.628 - - 4,38 2.40 N Unconfirmed Rehabilitated 1979.
Fower failure.Reported
. puntine some sand
257 RA H-1-63 261.,2 84.3 1.0 1.0 120.,0 4.9 124,72 - 4.0%9 - - 4,22 3.8% W Unconfirmed Fower fajilure
258 RA 6-1-63 245,56 84.3 1.0 Zg. 4 120.0 4,9 101.04 28.70 0.842 - - .55 1,46 1 Failed Severe sand pumping
259 RA 7-1-63 251.2 84.3 1.0 41,0 © 120.0 4.9 °8.1 - . 0.818 - - 4,38 %.21 I Unconfirmed Power failure.leported
: pumpine some sand
260 R4 0-1-63 243.0 84.3 1.0 32.8 20,0 4.9 66.71 41,90 0.556 - - 4,18 - % Uncenfirmed Rehahilitated
. ’ Power fTailure
261 FA 13-1-63 207.0 84,3 1.0 or,8 120.0 4.9 55,11 A2.60 0,459 - 15.28 4,22 3.21 11 Good
: . ’ 60,01"
262 RA 7-2-6% 267,40 85.9° 1.C 65.6 11C.0 4,2 TZ2.0% 2£.50° 0.R55 - 1600 .22 2.05% W Geod Tested June 1¢9% [Fower
line stolen 1084 gurvey
PEX RA 9-2-63 310.5 8&.2 1.0 a0.2 130.1 4,3 83.63 - 0.843 - - 4,28 - N Ynconfirmed Rehabilitated 1977
. ‘ Power line stolen
264 RA 11-2-63  260.5 84,3 1.0 89.2 1%0.1 4.8 72.0% - 0.554 - - 4,22 .64 B Good
PG = Pirgang, RA = Ranisankail, i = Hagusta well seoeen, ¥ = Nold well secreen




TA3LE 3.1 (Continued)

T~ Loca- oate 1 Aells Conronenss useq Lit.) T opecilic wnit TSWL (f¢t. ). Tischarge bcrﬂ Operntzng. Hemarks
NOu tiod d*;lled Depth TUWC | Reducer TRT 1 ocreen Bail i capacity .spec1f e cfs .een. condition ;
: ! : (ft. } {1u"3 (1u"/1o"} (s} {1 o")! 1u§: fepa/t t.g .:capacitg %62 | 1984:1962. 1984.tvpﬁ (1984)
: ' Ll : . : ! (410" ¥ 7960 ToR3/84° \(zpm/Tt") | : o ! 1 !
265 RA 18-1-63 259.2 8?.3. 1.0 ] 41,0 123.0° u.g_ 45,44 - . 0.369 - 10.40 4,04 4,02 H Pailed Low yield
266 R A0-12-62 250.7 84.3 1.0 39.4 130.1 4.9 73.48 - 0.565 - - 4,38 3.28 N Failing Pumpicg sand & gravel
267 i A1-12-62 230.3 843 1.0 0 40,1 4.9 75.81 - 0.528 - - 4.38 5,43 § UnconfirmalMNo access to pump houre
268 RA 13Z-12-B2 266.2 B84.3 1.0 45,9 1%0.1  %.9 73.48 - ¢.565 = - 4,38 3,00 N Unconfirmed Fower line stclen
-269 RA 17-1-63 252.5 B4.3 1.0 z9.4 123.00 4.9 58.01 21.20 o.472 - 12.56 4,38 2.08 H Failing Reported pumpine sand
270 RA  15-1-63 259.1 B84.3 1.0 45,9 123.0 4.9 37.22 - 0,303 - - %.05 2.33 H Unconfirmed Power line stolen
271 RA 1&—4-53 259,1 B84.3 1.0 45,9 123,0 4.9 41,09 - 0.334 - 1%.22 3.39 2.26 H Unconfirmed Power linme stolen
272 .RA {5—12-62 269.0 84.3 1.0 39,4 139.4 4.9 60.97 - 0.437 - - 4,22 3.21 H Unconfirmed Fower failure.Reporied
’ : purping some sand
272 RA B-2-63 275.6 84.3% 1.0 55.3 130.1 4,9 87,02 26.30 0.669 - 15.78 4.22 4.70 ¥  PFailing Reported pumping sand
274 RA _18-1—63 269.2 Bs.% 1.0 59.0 120.0 4.9 £8.01 39.40 0.483% - 47.35 4,38 2.65 N Unconfirme;:Power lile stolen
275 RA  B-1-63 é}?. B4.3 1.0 29.5 120.0 4.9 56.56 - 0.471 - 16,99 4,48°0,95 N Yield Power line stolen
. . ) Marginal o
276 RA 10-1-63 249.56 84.% 1.0 9.4 120,0 4.9 79.28 - 0,661 - 17.09 4.04 3,14 N Unconfirmed Power line stolen
277 RA 20-12-62 250.3 84.3 1.0 0 130.1 4.9 99.10 29.80 0.762 - - 4,22 2.61 N Failine  Reported pumping sarnd-
278 RA 12-1-63 239,7 84.3 1.0 29.5 120.0 4.9 66.71 - 0.556 - - 1,22 1,17 N Yield Fewer line stolen
: Marginal
279 Ra 7-1-63. 240.0 84.53 1.0 19.7 130.1 4.9 B85.57 - 0.658 - 19,68 4,48 3.14 N Unconfirced Fower line stolen
280 A 6-2-63 266.2 84.3 1.0 45,9 130,1 4,9 87,02 - 0.6A8 = 12,61 4,48 3 4% N Unconfirmed Fower line stolen
281 Ra 17-12—52 224,5 B4,3 1.0. 13.1 131.2 &LQ £9.1 - T.527 - 12,19 4.48 3,07 N Unconfirmed tlec.component failure
282 RA 18-12-62 221.4 B4,5 - 1.0 v} 131.2 4,9 34.81 - 0.265 - T1Z 882,63 - H Good Canal poor condition
28% A 6-1-63 253.ﬂ 84,3 1.0 22,8 130.1 4.9 88.95 - 0,684 - - S uU3E - N Gooad Canal poor condition
284 Ha 5—1—6} 249,6 B84.3 1.0 79,4 420.0 4.9 76.38 . 0.8%7 - - i 4, - ¥ Unconfirmed Zlec.corponent feilure
285 HA Z22-1-63 252.6 84.3 1.0 ° 9.4 123.0 4.9 47,18 - ¢.385 - - I 3.70 - H Unconfirmed No access to pump house
" 286 HA 21-1-63 240.3 BuL.3 1.0 26,1 123.0 0 4.9 44,96 - " 0.366 - 12. 96! 3.39 - H Unconfirmed'Power line stolen
287 HA 24-1-63 249.3 84,3 1.0 36:1 123.0 4.9 41,09 - 0.%%4 - - 3,30 - E Unconfirmed Power lipe stolen

RA = Renisankail, HA = Haripur,

H =~ Hagusta

well screen , N = Ngld well screen
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TASLE 2.1 (Continued)
TT™ Loca- Late a1l | Ccmponerts used (ft.) T opecific nit SWL {Tt.) Deischalge mer- . Cperatiaog |  &eIalks
Now tied Drilled ! Depth {T4C Redgcerni P Screed Tall capacity ispecific: . ! (cf%.) leen E condition}
5 f (£t.)} :'(14 ]: (1s"/10 ), (10 )ll (’]C. ) i(%x‘{%?gﬁg%g_%_}m igg;;g}' 1962 | 1984 :*:9525 1984 itype:. (1084) ':
o8a HA 23-1-63 269.0 B4.3 1.0 55.8 123%.0 4.9 29.97 - 6.24h - 10.33 2.52 - " B Unconfirmed PFPower line stolen
289 HA 26-1-63 252.6 Bi#.3 1.0 39,4 12%.,0 #.9 52.21‘ - c.424 - - 4,22 - H Unconfi-med Fower line stecles
200 HA 2%-1-63 269.0 84,3 1.0 4,0 112.8 4,9 47.38 - 0.413 - 13.23 3.24 - H Unconfirmed Fower lirce stglen
291 ‘HA 27-1-63 259.1 84.3 1.0 45,9 123.0 4.9 66.71 - 0.542 - - 4,38 - H Uncepfirmed Fower line stolen
292 HA 27-1-63 269.2 848.3 1.0 59.0 120.0 4.9 77.83 - 0.648 - 16,14 4.22 - N Unconfirmed PFPower line stolen
293 EA 20-1-63 249,%  B4,3 1.0 %6.1 12%.0 4.9 37;71 - 0.307 - 15.06 *2.87 - H Unconfirmed Fower line stelern
o4 HA 29-1-63 272.5 84,3 1.0 €2.3 120.0 4.9 B8.95 - ‘e.7u1 - - 4,38 - N Unconfirzed DPower line stoler
2?5 HA 31-1-63 262.7 84.3 1.0 - 52.5 120.0 4.9  79.28 - 0.661 - - 4,48 - N Unconfirmed Power line stclen
296 HA 4-2-63. 2324 B4.3 1.0 4%,1  130.1 4.9 72.03 - 0.554 - - 4,22 - H Unconfirmed Power lime stolien
297 EA 16-1~63 257.6 84.3 1.0 524 110.0 #.9 20,40 - 0.822 ; - 4,38 - N Uncgnfirmed Power line stolen
268 RA 10-2-63 £75.6 84.5 1.0 ‘55.& 130.1 4.9 S4.83 - C.420 - 16.30 #.22 - N Uncenfirmed Power failure
.299 BA 10-5-63 279.3 843 1.0 59,0 13%0.1 4.9 B82.18 - 0.632 - - w22 - N Failed Severas sand punmpine
300 BA 28-4-63 .é59.5 84.3 1.0 59.0 130.1 4.9 60.96 - 0.u69 - - 4,22 - Y Unconfirmed Power failure
‘ . Reported pumpipg sand
301 RA 117<5-63 272.2 B4.3 1.0  59.0 123.0 4.9 5124 = C.817  10.30 12.10 4.04 - 4 Unconfirmed Fower' failure
%02 BA 14l5-63 262.4  B4.3 1.0 59,2 123.0 4.9 24,65 20.00 0.200 9.28 10.82 2.18 - H Upconfirmed Fower failure
303 BA 21-4-63 268.5 '8&.3 _ 1.0 ag.2 130.1 4.9 47.86 - 0.268 11.68 12,69 5.22 - N Unconfirmed HNotor failure
205 Ba 12~5-=63 272.8 84.3 1.0 52.5 130.1 4.9 5.0 SE.L4: £.580 9.25 12.82 4.04 3.0 N Goed Rehabilitated 1980
205 B 15L5-63 02,2 B4.3 1.0 50,0 123.0 4.9 4449 29,20 C.262 10.56 11.97 .87 2.75 H Unconfirmed Power failure
306 BA 12-5-63 262.4 B%;B 1.0 . #49.2 12%.0 4,2 26.85 26.60 0.200 11.38 12.96 2.35 1.70 H Unconf{irmed Power railure
207 Ba 15-5—63 260.8 B84.3 1.0 47,6 123.0 4.9 1%.16 - C.318  13.35 - 2.87 2.26 H Unconfirmed Fower fzilure
208 BA 1B-4.63 276.1 B4.3 1.0 55.8 .*:30.1 £L,9 58,40 23.80 c.a40  12.80 12.86 4.22 - N Unconfirmed Rehabilitated 1770
‘ . Fower lire stolen
Z09 Bi 13-’4-63 269.5 B84.% 1.9. go,u 130,171 4.9 73.4.8 - 0.585 9,74 14,01 4.38 3.81 K Good Rehavilitated
310 Bh 20-4-63 279.3 84.3 1.0 59.0 130.1 4.3 73.48 - £ 0.565 13.15 11,22 .38 - N Failed Reported failed fav
s / ) sand punTing
#p = Haripur, RA= Ranisankail, BAn Baliadangi, K= Nold well screen, H= Hnpusta well screen
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TARLE 3.1 (Continu;d)
|
??T}Lgcai cate pell i Qomponents uﬁed‘(ft.) — i Specific ibnit E SWL (ft.) | Jischarge ©cro Tperatinf  Romarws
e ha B DR [ I e s (90 |
P AR N P P8 RS ORI Y (epn/rpe ) (o0 | 19O (19621 OB RN
314 RA 22-5-€% [ 285.4 B4.3 1.0 -72.2 123.0 8,9 A/E.71 35,10 0.542 9.84 10.59 4,04 - H Unconfirmed Zlec.component failure
242 RA 22-5-63 272.2 B4.T 1.0 59.0 123.0 4.9 72.03 - 0.586 12.61 - 4,22 %46 H Good
343 RA 22-5-63 272.2 84,3 1.0 59.0 12%,0 4.9 E8.61 ?g.gg. 0.558 11.74 12.56 4,22 3.35 H Good Rehabilitated 1280
zqa T 9;5-6} 272.2 84.3 1.0 5.0 123.0 4597 13.54 - 0.110 15.78 - *1.26 - H Original DIW not commi-
' ! - ) ssioned due to low rield
215 "BA 12-5-6; 269.0 8&.3 1.C 47.6 131,2 4.9 58,01 - C.u42 11,24 12.60 4,38 3.18 H Unconfirmed Power liné stolen
316 BA 15-5-63 270.6 84.3 1.0 4g.2 131.2 4.9 332 - T 0.262 12.89 - 3,26 2.08 H Uncenfirmed Power line stolen
317 BA 27-5-63 290.% 84.% 1.0 68.9 131,2 &.9 52.697 = 0.2402 11.55 - 4,22 2.72 H Unconfirmed Fower line stolen
318 BA 29-5-63 270.6 84.3 1.0 49,2 131.2 4.9 63.33 - 0.483 13,19, - 4.38 - H Upcoiformed Fower lile stolen
319 T 11-8663 290.3 84,3 1.0  68.9 131.2 4.9 21.27 - 0.162 43.42 -  2.02 1.70 H Unconfirmed Power line stolen.fo
. . : access to pump house
220 '¢1-2-G4, 267.3 84,3 1.0 45,9 131.2 4.9 34;32 - 0.262 11,78 - 3.70 =~ H Yneconfirmed Power line stolen
321 T '11—6—65l 5;5.5 84,3 1.0 54,4 4131.2 4.9 46.41 -~ 0.354% 12,27 15.42 4.0 - H Upconfirmed Rehabilitated 1980.Fower lin
. ' . stolen.Canal under repair.
z22 T 25-2-64 269.0 Bu.jl 1.0 a7.6 1%31.2 4.9 46,41 - 0.351 16.37 - 4;04 - 4 Upconfirmed Fower line stclen
. . } Canal under repair
323 T 24-2-E4 280.4 84.3 4.0 50,0 131.2 4.% 58.01 - Qub42 15.84 - L.0s - H Unconfirmed Motor failure
324 T é3—2-64 C280.4 84.3 1.0 49.2 1%1.2 4. 47.86 - 0.2E5 45,48 17,15 4,08 - H Unconfirmed Zlec.comnonent failure
5é5 D 22-2-64  265.7 84,3 1.0 44,3 131.2 4. 7.7 - 0.287 12.96 15.89 &£.04 - # Upconfirmed Fower line stolen
326 T 29-11-€3 301.8 84.3 1.0 pa.5 123.0 %.,9 30.%4 8?.50. 0.252 B.76 14,01 2.93 2.01 B Good '
227 PG 27-2-6% 303.6. 84,3 1.0 . B5.3 130.,1 4.2 20.25 75-51 0.617 12.50 14.69 4,22 *5.16 N Good
528. PG 28-2-64 279.3' 84.3 1.0 9.0 430.1 4,9 41,09 - 0.316 11.32 = 4.04 -~ Ii Tailed Loss of ground at well hend
%29 T 20-2-64 292.4 84,3 1.0 72.1 130.1 4,2 53.18 . - 0.400 12,14 - a,08 2.58 L Goeod
2z0 T 10~2-6# - 280.4 84,3 1.0 59,0 131.2 4,2 22.24 - 0.169 40.5% - 1.74 - H Unconfirmed Power line stolen
334 T 8-2-64 269.5‘ 84,2 1.0 4a,2 130.1 4.9 28.00 - ©0.223 11.02 - 2.78 - N Unconfirmed Fower line stolen

RA = Ranisankail,

T » Thakurgaon, BA =

Salindangi, PG= PirganJ, N=

"Kold well screen,f=liagusta well screen

Lt
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TASLE 3.1 (Continved)
D?WELgcd- Tate TWEIT ] CG“DDnents used (ft. T opecific 1 Unit 1 SWL (ft. ), U1schar§e ~cro Uper ating RECarks
o frion Beitied | RS [0} Gron K00 aban CaR/Le) CEincivy rosr TR TR (108 |
R : &10"1-7é3§145§§%531 (gomsrgey 1962 | 1984 1962 4904wt vo ot 4o
332 T 5-21%4 280.4 84.3 1.0 50.0 121.2 4.9 47.86 - 0.365 12.07 = 4,04 2,30 H Good
3z T 22-11-563 £88.6 84,3 1.0 75.4 123.0 4.9 48.83 - 0.297 Q.45 -- 4.38 2.54 H Goed
234 T 1-11-63 255.9 B87.6 1,0 104> 123,0 4.9 52.69 35.70 0.428 .13 13,12 5;57 - H Upnconfirmed Low -voltage power
235 T 5-11-63 46,0 B4.3 1.0 32.8 123.0 4.9 56.96 =-- 0480 6.30 = 4,48 - H Unconfirmed No access to puop house
235 T 1-7-63 270.6 84.3 1.0 49,2  "M31.2 4.9 59.9% - 0.457 TS5 -- 4,48 3,11 H Good
337 T 2-1-B4  262.4 B&,3 1.0 49,2 23,0 4.9 31,42 - 0.255 10,43 - 4,00 - H Unconfirmed No access to pump house
338 T  15-1=64 295.7 84.3 1.0 75.4 130,17 4.9 73.98 - 0.568 10.79 15,12 *1L31 - N Unconfirmed Rehabilitated 198G.
: Fower faijlure
zz0 T 18-1-64 269.5 84,3 1.0 49,2 130.1 #.9 20.30 = 0.156 5.02 = *181 - N Unconfirmed Power line stolen
240 T . 5ﬂ-4;64~ 283.7 84.3 1.0 70.5 123.0 4.9 .49.79 - 0.405 10.17 - 4,04 - H Failing Pumping sand & gravel
34 T 2u-1-64  272:2 84.3 1.0 59.0  123.0 4.9 22.24 - 0.181 3,31 - 2.07 - H Unconfirmed Motor failure
42 A 28-%—64 2BC.4 84.3 _ 1.0 52.0 131.2 4.9 49,79 - 0,379 12.99 12.66 4,04 - H Unconfirmed Elec.compconent failure
243 A q2-1-64  Iw.u 843 1.0 54,1  430.1 4.9 24,17 - 0.186 7.71 13.61 2,00 - ¥ Unconfirmed Motor & trapnsformer
. : ' removed
304 A 9-1-64 276.4 84.3 1.0 55.8  130.1 4.9 25.62 -~ 0.197 7.02 - 2.21 - N Unconfirmed Power lime stolen _
245 A 1=11=£3 264,0 84,3 ‘ 1.0 50.8 123.0 4,9 31.42 2%6.26" 0.255 8.59 u,43 2,63 1.52 H Good
346 A 22-1;64 C262.4 B4.Z 1.0 49,2 12%.0 4.9 22.24 - 0.181 4.79 10,69 2.C7 - H Unconfirméd Elec.component failure
347 T 40-1-68  265.7 B84%.3 1.0 52.5 123.,0 4.9 14,50 - 0.118 8,56 = 1,32 2.58 H Good
348 A 15-1-64  272.2 B4.3 1.0 59.0 123.0 4.9 A1%.54 - 0.110 7,02 - 1.32 - H Orisinal TTW pot comzi~
: . ssicned due to low yield
g A 12-1-64  272.2 84.3 1.0 50.0 123.0 4.9 22.72 - 0.485 5.58 - 2.07 - Y Unconfirmed Fower linme stolen
360 A 29-6-63  273.9 84.3 1.0 g2.5  131,2 4.9 47.86 - C.365 5.48 12,00 3.70 - # Unconfirpmed Power line stolen
351 A 19—?ﬂ-63 272.2 B84.3 1.0 5¢.0 123.0 4.9 47.86 - 0,387 BJAE = | 4,48 2,72 H Geod
%52 A 15-11-63 272.2 84.3 1.C 53.0 123.,0 4.9 32.29 - 0.25% .74 11.51 2,87 - H Unconfirmed Zlec.cozpoment failure
353 T 3-3-66  279.5 84,3 1.0 49.2 W01 2.9 4109 - 0.293  15.91 - ! 3,04 - N Failed  abandoned
254 A G_1.-54 _269.0 84.3 1.0 55.8 123,0 4.9 20.79 - C.1€9 4,02 - I 1.81 = H Unconfirmed Elec.couponent failure

T = Thakurgaon, A = Atwari,

He Hagusta well screen, N= Nold well scTeen
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TARLE 3.1 (Continued)

DIW Locay Jate | well | Comporents used TTE.J Y—Spéciric 1 UBit T SWL{It.] ] Wischargs leiq Cneratlnr.r, Hemarks .
Va, tlon: Drllledl Depth’_Uwg. Feducer . LwG | Screed Bail capacity E Spec1f1c: . (cfe.) 'een! condition|

E 5 ; (ft. )|(44'{_(14"/ﬂ0“% (10"% (10") (Péﬁ zni ft. 1 %3537}55) 1962. 1984|1962 .198"tv?é {1984) g
Z55 A 24-B=63 272.2 84.3 1.0 59.0 123%,0 4,9 42.58 42.54% 0.3k6 4,76 12.89 4.00 2.79 H Good
356 A 671-64 26h2.4 84;3 1.0 49,2 123.0 4,9 19.81 - 0.161 4,23 9;94 1.81 - H Failed Severe sand puxping
357 A uf1-eu - 250.9 - B4.3 1.0 29.5 1371.2 - 4.9 38.67 = 0.295 11.19 13.19 1.58 - H Unconfirmed Low voltage power
268 A 25-6-63 273.9 B4.3 1.0° 52.5 131.2 4.9 54.53 45,70 0.416 5.74 12,89 4,48 - H.Unconfirmed Elec.ccmponeﬁt failure
359 & 6-1-64 280.4  84.3 1.0 59.0 131.2 4.9 24.17 46.47% 0.184 ©,28 1.97 1.96 1.84 H Good
360 A Z8-1-64 265.7 B84.3 1.0 52.5 123.C ‘ 4,3 24.17 30.10 ¢.197 ?7.94 11.11 2.78 - H Unconfirmed Low voltage power
361 A =&;1-6§ 267.3 B4.3 . 1.0 45,9 131,2 ' 4;9 26.59 57.80 0.203 7.15 11.15 2.07 - H Unconfirmed Elec.component Failure
362 A 22-12-63 265.7. B4.3 1.0 52.5 '123.C 4.9 24.27 30.00_ 0.17% 7.05 10.46 *1.49 2.05 B Good
363 A .25—12-63 289.4 84.% 1.0 5.0 131.2 4.9 -}4.52 23.02 0.262 10.56 12.23 3.39 - H Uncoafirmed Power line stolen
364 A 19-12-63 277.2 84.5 1.0 55.8 31.2 4,9 51.24 g?:gﬂ- 0.%91 65.46 40,56 *1.68 2.40 H Good
265 A 12264 ‘262.4 Bi4.L.3 1.0 41.0 131,2 4,9 19,34 45.80 0.147 4.,4% 12,10 *1.68 - 8 Unconfirmed Transformer failure
366 A 12-12-63 257.0 B4.3 1.0 73.8 123.0 4.9 22r2& 71,30 0.181 5.17 14.86. 2.07 - H Unconfirmed Transformer fajilure
367 A 11-12-63 282.1 B4.3 1.0 68.9 123.0 4.9 22,28 - 0.481  6.33 412.27 2.48 -  H Unconfirmed Elec.componment failure
368 A LE13-63 272.2 B4.3 1.0 59.0 123.0 4.9 35.20 29.50 0.287  B8.50 11.61 4.04 1.52 B Good Elec.component failure
%69 A 7-12-63% 200.1 B4 1.0 95,1 114.8 4.9 41,09 - 0.358 8.63 - 4,22 - H Unconfirmed Power lipe stolen
370 A ‘14-12—63 296.8 B4.3 1.0 82.6 123.0 © 4.9 42.06 - 0.342 8.62 Q.05 &4.22 - H Unconfirmed Pover line stolen
371 A Z=12=63 272.2 84.3 1.0 59.0 123.0 _‘4.9 20.20 - 0.165 6.26 12.14 1.7% ~ H pnconfirmed Power line stolen
372 A 29-11-6% 272.2 84.3 1.0 59,0 123.0 4.9 37.71 - 0,307 2,00 10.00 %.70 - H Unconfirmed Power line stelen
373 A 10-2-64 272.8 84.3 1.0 52.5 130.1 4.9 22.24 i%gg 0.171  10.04 14._51 2.00 1,94 N Good

A= Atwari; H = Hagusta well screen, XN = Nold

well screen

-
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TABLE 3.2

TUBEWELL DATA SUMMARY OF SOME REHABILITATED WELLS OF THAKURGACN TUBEWELL FRCJZCT

‘ DTW: Loca~ Date T Well Uohponents used(Zto) r Specific 1 Unit ¢ SWL(Lt.) Dischargg GScr~ Uperating | Hemarks
No.;tion: Drilled.: Deptn UWC  imeducen LWC 1 5creent Bail: capacity ' specific [ clfs ! een! condition 1
! ! P(rEL) (1a7) (w0 (10" '10") 1 plug! n/ft. ' capacity 119791 1984 171975 1G8%  typg (1984) '
I P ; : :' R wiis TOES/EER (gom/etd; i b % :
122 T 18-7-79 212,58 78.33 9.25 #40.00 80.00 5.00" 24.46 29.80 0.306 5.50 16.01 3.40 2.26 S Good Rehabilitated 1979
! . : .
123 T 24-5-79 226,08 78.50 9.00 57.50 76.08 5.00 22.43 '29.30  0.295 733 - 3.23 2.40 § Good Rehabilitated 1979
126 T-".726-79  241.50 79.00 9.0C 68.50 80.00 5.00 89.84 -29.70 1.118 5.00 =~ 4.18 -~ S Failing Rehabilitated 1979
‘ ) . : Severe sand pumping
127 T 30-6-79 216.83 76.83 6.25 48.75 80.00 5.00 75.3% .50°50 0.942 3,50 9.35 4.18 3.78 S Good Rensbilitated 1979
433 BG 18-8-79 211.38 78,00 9.00 39.36 80.44 4,58 - - - - 9.94 - - S Unconfirmed-Rehabilitated 197¢
o ' : Power line stolen
135 BG 28-10-79 179.25 77.00 9.00 O B8.67 4.58 - - - - 13.51 - 2.93 5 Upconfirmed Rehabilitated 4979
' ‘ T Low voltage power
136 BG 15-10-79 187.52 78,00  0.00 26.08 69.86 4.58 ' — - - - - - 2.58 8 Good " Rehabilitated 1979
137 BG- 7-10-79 ., 254,50 78.3% 0.00 92.57 6&9.66 5.C0 24.3%6 - 0.350 7.58 - 2.21 - S Fayiled Rehabilitated 1979
. : . Severe sand pumpite
. .
138 T 20-6-79 241,25 77.25 9.00 48.33 101,67 5.00 68.87 egoiZq 0.677. 5.00 14.43 4.00 2.86 S  Goad Rehabilirated 4g7g
169 BG 15-9—?9 195.75 77.33 9.25 21.67 B2.67 4.8% - - - - - - 3.00 8., Geood Rehabilitated 1979
183 BG 18-8-79 ' 190.83 78.58 9.17 19.8% 78,42 4,83 - - - - 15.38 = 2:15 S Good Rehabilitated 1979
185 BG 7-9-79  245.33 78.33 9.25 72.09 80.66 5.00 58.16 - 0.721 8.00 - 3.23 - 5 Good Rehabilitated 1972
186 BG - - - - - - - - - - - 14,56 - - S  Unpconfirmed Rehabilitated 1979
- : Capal under repair
87 T 28-7-79 18B8.00 77.25 '9.25 16.50 B80.0C 5.00 56,20 - 0.702 6.00 ~ 4.18 3,14 5 Good Rehabilitated 1979
189 T 26-6-79 221.83 76.67 9.0C- 39.66 91.48 5.00 50.28 - 0.550 8.00 - 4,18 2.19 8 Upconfirmed Rehadilitated 1979
: Canal under repair

199 T ‘£5~10»?9 215.43 79.00 9,25 3%.16 83.02 5.00 76.10 *18.85 0.917 Q.00 1%.78B 4,25 2,19 § Moderate Rehsbilitated 1079
. ‘ ) Tield reduction-.

201 T 23-7-79 231,50 79.C0 9.00 S8.50 80.00 5.00 $3.20 - 0.665  6.00 15.48 4.25 2,86 S  Good Rehabilitated 1979

203 T 16-10;79 232.93 79.00 9.25 59.68 80.00 5.00 83.46 '*59.45 1.043 2.00 10.00 4.35 3.35 8 Good Rehabilitated 19279

Pumping some sand

I
!
. . !
205 T - . 266.77 79,00 9.25 72.3% 100,58 5.00 96,77 *62.85 0.962 8.17 12.04 4.35 3.00 8 Good Rehabilirared 1979

T « Thakurgaon, BG = Eirgﬁnj
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TAZIE 3.2 (Continued).

DI'w Loca~ Date ¢« Wwell ] Components used (ft.) 1 opecific TUnlt L_“§H£&£E;l;j§£@ﬂ§iﬁ£&££§;,S°f4 Operating’ demarks
Hos tion{ Prilled; Deptd UWC | Heducer | LWC | Screed Bail capacity ' | specific (1979 | 1984 | 1979 | 1984 | een. condition !

' 1 -~ (263 (a3 (1877103 (10" ) (10") ! plu epm/Tt.) | ¢npacity | : ' : | typd  (1984)

: i ' ' ' S : v (10" X 7979 11085/35% (gpm/ft2 ) i ' ' ' ' H

1 L) L] 1 . 1 1 I 1 1 ] LN : ] 1 I L] = .
206 T 5-9-79 220.36 79.17 9.25 45.87 81.67 5.00 BC.18 *87.02 0.082 4,50 10.61 4,18 3,21 5 Good Rehabilitated 1079
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 3,44 5 Good Rehabilitated 1979
215 PG 2-8-79 216.43 7B,17 Q.25 43,01 81.00 5.00 62.10 ~ 0.767 7.67 - 3.28 3.1 3  Good Rehabilitated 1979

Punping some fine sarnd
217 PG 7-7-79 199.67 99.00 9.25 26.42 B80.00 5.00 54,49 - 0.681 9.92 10.76 3.02 3,50 5 VUnconfirmed Rehabilitated 1970
\ Power line damaged
218 PG 9-7-79 19947 . 79.00 .25 26.42 B80.00 5.00 71,27 - 0.891 6.67 - 3.8 3.57 5 Good Rehabilitated 1979
i - -

219 PG 16-7-79 175.67 72.00 9.25 13.18 76.25 5.00 94.93 *8%.15 1.245 13,83 12.56 3.40 3.25 5 Good Rehebilitated 1979
220 PG 18-7-79 208.08 79.00 9.25 . 29.83 85.00 5.00 83.15 ° - 0.978  9.67 - 3.48 2,95 S5 Good Rehabilitated 1979
222 PG 5-7-79 188.33 70.67 9.25 26.41 80.00 5.0041%.38 *1CRL0  1.417  10.00 10.20° 3.68  3.11 8 Good Rehabilitated 1979
223 PG 14-9-79 218,08 71.00 9.25 . 52.83 80.00 5.00 74,34 - 0.929. 10.83 - 3,33 3.35 5§ Good Rehabilitated 1979

; . _ ] . . o Pumpine some fine sand
228 PG 14-5-79 28850 80.00 9.00 82.50 110.00 * 5.00 96,77 - 0.88C 15925 15.47 3.35 2.33 5 Unconfirmed Rehabilitated 1979
229 PG 3-6-73 187.43 80.00 9.25 13.18 80.C0 5.00 84.72 *66.23 1,059 13.50 10.59 3.50 . 3.43 S Good Rehabilitated 1979
240 PG 9-6-79 214,43 80.00 9.00 36,43 B4.00 5.00 _ - - - .‘12.5'? - 2.93 5 VUnconfirmed Rehabilitatt\ad 1979

s _ Power line stolen
255 RA 26-6-79 170.75 74.00 3,75 o 88.00 5.00 95.53 36.20 1,085 9.25 15.58 3.5  3.28 5§ Unconfirmed Rehabilitated 1979
. ‘ ‘ Power feilure
263 RA 16-6-79 272.08 79.00 9.00 99.08 80.00 5.00 78.09 - 0.976 6.25 - 5.56 - S Unconfirmed Rehabilitated 1979
. . Power line stolen

376 RA 29-6-77 198,00 79.00 ©.00 0  105.00 5.00 100.22 - 0.9%%  4.50 - 3.78 2.1 8 - -

2Lt

T = Thakurgson, PG = Pirganj,. RA = Ranishankail




VARIATION IN THE DESIGN -OF WELLS

TABLE

4.1

UNDER DIFFERENT CONSIDERATIONS

Borehole

I
Considering the finest layers of the | Lonsidering the mean of all the layers

number individual boreholes , Gf a borehole to be screened

: Slot E ‘Range of gravel pack i Slot E Range of gravel pack design

.- opening ! design {mm. + Opening | ?mm.)

§ mm. ) 1 + Umm. i
TH-1 0,84 0.73 to 3.15 1.02 0.80 to 3.55
TH-2 | 0.66 0.55 to 2,70 0.91 0.77 to 4,10
PI-1 0§.772 0.665 to 2,80 .02 0.80 to 3,50
RPI-2 0.542 0.470 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 - 9.785 0,72 to 2,38 1.17 1.02 to 3.88
B0-2 G.72 0.62 to 2.65 1.02 0.89 to 3.83
KA-2 0.70 C.50 to 2.67 0.8786 0.77 to 3.40
AT-1 - - 1.025 0.91 to 3,90
Mean, X - - - 0.8965 0.84 to 3.55




: TABLE 4.2
DIFFERENCE BETWEEN THEORETICAL DESIGN AND ACTUAL CONSTRUCTION
IN SOME NEWLY INSTALLED WELLS OF THE SiUDY AREA

T

T
1

T Y T Y
1 | _— ! t f
gé’: DTW No.! D,  of formation | Grain size distribution of)Slot Approximate distribution ofi Slot  iDate of
" K magerial at depth. gravel pack as per gesign 1opening'gravel pack used s opening'drilling -
t ' {(mm.) mm. ) las per . {mm.) tused 5
: ! = T T el ] ,  (inch)
, ¢ it n inch) ‘ : ; i . R
! { Ogp + B ¢ Psp< Pup Pao] L Ogg i P95 i9s0i P40 1 P10 ;
" 118Ft. to 125Ft. _ '
1. BG-12 ~ =0.337 mm, 1,05 1.35 1.71 1,93 2,80 40/1000 1.18 1.68 2,26 2.60 3.77 40/1000 17.11.85
(C, <2.00) : :
140Ft. to 143Ft, S '
2.  T-62 & 206Ft.to 215Ft. 1.07 1.40 1,84 2.10 3,20 42/1800 1.18 1.68 2.26 2.0 3,77 40/1000 20.11.85
= 0,35 mm,
\ (¢,=2.00)
"3, T-28% 104Ft, to 106Ft. : : . :
=0, 201 imm& 0.715 0.815 0.94 1.00 1.25 28/1000 1,18 1,88 2.26 2,80 3.77 40/1000 10.1,86
(c <2,00)
. u
4, OTw at 167Ft. to 170Ft, ' o ' ,
Piot.No.& 179Ft.to 1B2Ft., 0.76 0.85 0,96 1.02 1.23 30/1000 1.18 1.68 2,20 2.50 3.77 40/1000 8.1.B6
6595 = 0.212 mm.
(c, < 2.00) i

oz
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"y TABLE 4.3

SCREEN INTERVALS FUR HYPCTHETICAL DTu CONSTRUCTED
UN TEST BOREHOLES

Screenable Zones Designed

Test Borehole

R

For 2 cfs. capacity wells E For 3 cfs. capaciﬁy
(75 Ft.) L 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.)
85 to 74 m. (9 m.)
TH-2 22 to 31 m, (S 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 €8 m, {9 n.
PI-1 34 ta 48 m, (12 m.) 34 to 46 m, (12 m.)
_ _ : 59 to 71 m, (12 m.) 59 to 71 m. (12 m.)
. 80 to 88 m, (9 m,)
PI-2 35 to 47 m. (12 m.) | 35 to 47 m. (12 m.)
57 to 63 m., (12 m.) 57 to B3 m, (12 m.)
70 to 79 m., (9 m.)
BI-1 25 to 43 wm, (18 m,) 24 to 48 m, (24 m,)
50 to 56 m. (6 m.) 50 to S8 m, (9 m,)
BU -1 22 to 31 m., (S m.) 22 to 31 m, (S m.)
34 to 49 m, (15 m.) . 34 to 48 wm. (15 m.)
57 to 66 m., (9 n.)
BO-2 268 to 44 m, (18 m.) 26 to 44 m, (18 m.)
: 47 to 53 m, (6 m.) 47 to 53 m, (6 m.)
: 59 to 68 m. (3 m,)
KA -2 . 28 to 46 m. (18 m.) Not suitable for
> 70 to 76 m., (6 m.) : .3 cfs, capacity uwell.
AT - 26 to 35 m, (9 m.) 26 to 35 m. (9 m.)
44 to 58 m, (15 m.) 44 to 58 m, (15 m,)

68 to 77 m., {9 m.)




TABLE.

4.4
COEFFICIENT OF TRANSMISSIBILITY

(T) AT DIFFERENT

PLACES INQIDE THE STUDY AREA (BY DIFFERENT METHOD)

Coefficient of Transmissibility(T)

of Test_well No, 261

Serial | Location of the aguifer |
No. v Test well No. . (gpd/ft)
: i Theis's ' Jacob's i Theis's
' ' method » method | recovery
: ! . | methad
5 5 5
1 Test well No, 128 1.405x70 1.764x10 1..28x10
z Ubservation well No.BP-1: 1.21x105 1.2?x155 .1.33XTDD
of Test well No, 129 ’
3 Gbservation well No.P-2 6,54x10°  1.40x10°  8,27x10°
of Test well No.128
4 Observation well No.P-3 1.36x10°  1.688x10° 1.63x10°
of Test well No,129
[y
5 Ubservation well No,P-4 1.357x10" 2.11x105 1.42x105
cf Test well No.j29
B Test well No, 157 1.347x10°  2.513x10° 1.259x10°
7 Observation well No.P-1 2.07x10°  3.33x10°  2.024x10° -
of Test well No,157
8 Observation well No.P-2 3.644x10°  4,32x10°  384x10°
of Test well No, 157
g Observation well No,P:3 2,67x10°  2.55x10° 2. 38x10°
of Test well No,157
10 OUbservation well No,P-4 3.37x105 3.85x105 2.38x105
of Test well No.157
11 Test Well No. 261 1.385x10°  2.06x10° _
12 Ooservation Well No.P-1 5 5 5
of Test well No. 2671 5.72x10 5.,87x10 5,.44%x10
13 Ubservation wWell No.,P-2 . ' 5 5
' of Test well No. 28 - 1. 33x10 T.43x10 1.089x10
14 Observation Well No,P-3 | 5 : s ' L, .5
of Test well No,161 8. 43x107  B.28x10°  5.95x10
R ; _ e . L .
15 bservation Well No,P-4 5.57x105 6.508x105 .8.72x105
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TABLE 4,4
Seriali Location of the aquifer | Coefficient of Transmissibility(T)
Na. . Test well No, (gpd/ft)
f ! T r
X : Thesis's ; Jacob's { Theis's
' y method ' method :‘recouery
i K ' ___1_method
. ' 5 5
16 Pumping No, 83 1.46x10 2.527x10 -
17 Ubservation well No,P-1 5 5 5
of Pumping well WNo, 93 2.33x10 2.66x18 2.053x10
18 Observation Well No,p-2 5 5 5
of Pumping well No, 93 2.,104x10 2, 404x10 2.1743x10
19 Ubservation Well Noe,P-3 5 5 - 5
0f PumPing well No.93 7. 78x10 9.378x307 7.802x10
20 Ubservation Well No.p-4 8.57x105 8.4?x105 _

of PumpPing Well No,93




Table = L8

A

 Values of Yell loss constant (C), Specific Capanity,coefficient of Transmissibility (T),Coefficient of Permeabilily (KD
ard optimum Screen velocity as observed in Different Rehabilitated Wells of Thakurgaon Project.

S1. { DY [Location Value of 'C' (Sec2/MtD)|average | #ell loss | Total | Speci-|Coefficient[3trainer|Ceeffi- [optimur
Noa | Now 1st step |[2nd step value of | as percent | draw- | fic of trans- length Jcient SCreen
ol of total down | capa- |missibility| (ft-in) | of pemmefvelocit
(SeCQ/mtS] 1055 at 3 | (ft) |city [|'T¢(gpd/ft) ability | (cm/sec
CFS rote {gpm/ (X'
of pumping f.) (nt/day)
1 12 Baliadangi + 15,19 =0&0.18 +15.1¢ 2.08 17.27 | 81.37 2.1h8x105| 8ot-10m [ 60.26 3,21
2 |16 |Baitiadangi #4047 | 293,38 |+196.93 | 17.39 25.62 | 56,5 [1.7kx10° | 7he=7n [ 76,04 2.88
13 76 Atwari + 311,55 +1y7 .97 +2l1 .26 2h .21 23.62 | sl |1.68 x105 | 801-0" | 71433 2.6k
I ) Thakur gaon + 31.51 -726.25 + 31.51 3.66 20.39 | 68.10 {2.528 x105 [8L'-9" |101.32 'ﬁ.SO
5 | 253 [Ranishankail [ - LL.23 | + 6300 {+ 6300 [ 13.27 11.33 | 102.98]2.56 x10° [oarchw |onar | 3.320
: 5 .
) Pl { Baliadangi + 35.86 -522.61 + 39,86 5430 17.83] 7h.55 |1.927 x10 - - -
7 P8 | Baliadangi -7.10 +382.67 +382.67 39.37 23.0L | 56.86 [1.75 x 105 [ 81t.81 | 72.78 2.68
8 |313 | Renishankail | +22.97 | 222.03 212,97 | 36.09 15,66 | 81.3L [1.976 x 105 981~k | 68.26 2.55

Ve{averagel=2.%




TABLE 4.6

GRAIN SIZE POPULATIONS OF THE BOREHGLES CARRIED
OUT UNDER TEST BORING PROGRAMME IN 1983

drea

Hole é Samhle E Mean of predominant screenable E Finest laye& among the screenable
No. testeq 3 Imateriral (mm;) . E ] materialgmm.) .
g iigzglesg D1Ué 40 g V50 | Pag i 10 i Y40 i "so 1 Pap
TH-1 4 4 0.66 0.39 0.34 0.10 0.54  0.31 0.27 0.08
TH-2 12 8 0.95 0.40 0,35 0.06 0.43  0.243 0. 21 0.0¢
Pr-1 10 10 0.64 0.37 0.33 0.1 0.52 0.30 0.26 G.05
PI-2 10. 6 0.57 0.34 0.29 0,08 0. 48 0,222 0.19 0.05
BI-1 10 5 0.85 0,37 0.39 0.06 0,29  0.182 0.16 0.07
BU -1 13- 11 0,66 0.42 0.37 (.12 0.60  0.25 0.24 0.07
BO-2 10 6 0.86 0.47 0.36 0.10 0. 35 0.263 0.23 0.075
KA-2 g 5 0.60 0.35 0.30 0.07 0. 45 0.27 0.23 0.U76
AT-1 ' 10 7 0.55 0.40 0.35 0.10 0. 39 0.306 a.27 0.18
Mean of the
entire study 88 0.38 0,33 0.10 - - - -

Sl




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138

