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1

This invention relates to an improvement in
apparatus for developing wells, particularly for
the development of water from artesian wells to
provide for an increase of flow therein.

All major well water development projects are
from water borne deposits of sands and gravel,
ranging from 30 feet to 1500 feet below ground
surface. The greater the depth, the less pos-
sible is it to install economically large diameter
wells. Therefcore, it becomes advisable to “de-
velop” the stratum in which the screen is ulti-
mately placed to as large a diameter as prac-
ticable.

By “developing” is meant the removal of the
finer sands and clays, those that close the voids
in the sand, to a distance as far as possible from
the outside of the screen.

Although there are various methods employed
for accomplishing this developing cf the well,
in common practice it is caused by a plunger con-
structed of rubber and canvas backing that is
attached to the end of a heavy drill bar on a well
machine. This is operated within the well cas-
ing above the screen in a reciprocating motion
actuated by the drilling machine similar to the
drilling operations. Intermittently, this plunger
is removed and the sands that have entered the
screen are kailed out. These surging operations
range from five minutes, when a developing proc-
ess is first started, to as high as one hour. In
this type of procedure, none of the water is re-
moved from the well, and any clays that may
exist in the stratum cause a “muddy” water
within the well that is pushed back and forth
through the screen during this surging -operation.
If the clays are of pasty nature and of relatively
large percentage in the sand, this use of muddy
water is objectionable, occasionally causing more
decrease in sand porosity than the increase by
the removal of the finer sands.

The object of this invention is to improve the
apparatus for develeping a well by providing
for greater velocity to be exerted at the specific
area in the bore of the well from which the fine
sand is to be removed, and simultaneously re-
moving the debris from the well by creating a
high velocity which will carry it up from said
localized area. By introducing a fluid, prefer-
ably air, in the localized area which is sealed off
in the well bore, this fluid may be directed out
into the surrounding strata and taken into the
well at a specific point. Besides carrying the
finest sands and rubble cut of the water bearing
strata creating greater voids therein, the fluid
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serves also to carry out the clays that have a
tendency to seal up the voids in the strata.

All water bearing sands, particularly those that
need extreme methods of developing into high
yields are interspersed with small layers or per-
meated throughout with a portion of clay or fine
silt, These must be opened up to form veins or
channels for the water to travel through to the
bore of the well, but the reciprocating operation
of the plunger used heretofore has not been ef-
fective for this purpose because the reciprocat-
ing motions or surging operations have not re-
moved the debris from the localized area but
have left these in sealing relation with the gravel.

In the average weli that requires an extreme
amount of developing, the plunger method is not
effective because it does not remove the incoming
sands simultaneously with the surging action.
Instances are encountered where enough sand is
drawn into the well to fill completely the well
screen within a very short time. This requires
the dismantling and removal of the apparatus
from the well too frequently to be economically
effective. It is also found that the plunger could
easily be fouled in a sand well if the apparatus
were operated within the screen, and it could
readily sand-bind itself to a point where it would
be practically impossible to remove the apparatus
from the screen. :

This invention is directed further to an appa-
ratus for carrying out the process, by providing
for the sealing off of a localized portion of the
well from which fluid, preferably air, can be di-
rected into the surrcunding stratum and through
the water therein for flow to and through the
eduction pipe. The discharge of air into the
water-bearing stratum creates an air lift which
will cause the water to be discharged through the
eduction pipe in the well bore, carrying with it
particles of clay and fine sand which are thus
directed from the surrounding stratum, thus
leaving the coarse gravel uniformly disposed
around the screen of the well, providing for a
maximum of water supply therefor.

This is accomplished by lowering a head struc-
ture into the well bore, carried by an air pipe,
with spaced packers adapted to be expanded
against the walls of the bore, and from which

‘pipe air may be discharged between the packers

into the surrounding stratum. The upper end of
the head structure has provision for discharging
the air, water and sand into an eduction pipe
carried thereby, which will cause the fine sand
and clay to be carried off from the surrounding
stratum, : :
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The method and apparatus exemplifying this
invention, are illustrated in the accompanying
drawings, in which:

Fig.. 1 is a vertical sectional view, partly in

elevation, showing a water well being developed
in accordance with this invention, and the ap-
paratus used in connection therewith;

Fig. 2 is a similar view illustrating the develop-
ing head in another position with respect to the
screen of the well; and

Pig. 3 is a vertical sectional view through the
developing head structure.

Referring to Figs. 1 and-2 of the drawings, A
designates an artesian well formed tc any desired
depth through rock or sand strata. The well bore
A should extend to a point below the static water
level, designated in Fig. 1 at B. The lower end
portion of the enlarged hole A may be extended
by @a. bore hole C into the surrounding water
bearing strata.

A well casing is shown at i, extending down-
ward in the bore hole A and connected at ils
lower end with a screen 2, which may be of the
usual construction employed in artesian wells.
Extending downward through the well casing f,
is an eduction pipe 3 which extends preferably
to a point within the screen 2, and has a dis-
charge pipe 4 connected with the upper end por-
tion thereof and adapted to extend to the usual
weir or other point of discharge. A control valve
5 may be provided in the discharge pipe 4 for con-
trol of the flow therethrough, if desired.

An air line & extends downward through the
eduction pipe 8, to which it is connected at the
head. T of said pipe by an adjustable connection
such as. that shown threaded at 8 for relative
adjustment of the eduction pipe and air line.

Connected with: the lower end portions of the
eduction pipe 3 and air line 8 is a, developing head
shown more in detail in Fig. 3. - This head in-
cludes a central pipe 8 connected with the air
line 6 to receive the air therefrom and to dis-
charge the same outwardly into the surrounding
strata. Telescoped over the pipe 9 is.a bottom
cap plate {8, a plurality.of packing discs {f and
42 preferably formed of soft resilient material,
such as sponge rubber, bottom and top cages 3
and 14, respectively. The cap plate 10 is held in
place on the pipe 9 by a scréw cap % threaded
on the pipe, and which confines the assemblage at
the bottom.  The other parts mentioned of the
developing: head are loose and endwise slidable
reldtive to the pipe..

The bottom cage {3 is constructed of plates 16
held in spaced relation by separating pins 7
rigidly secured as by welding, to the respective
plates. The peripheries of the plates {6 are sur-
rounded by a. cylindrical ring 18 perforated at in-
tervals as at 18. This forms a chamber within
the cage, designated generally by the numeral {3,
which is capable of and adapted to be in com-
munication with the interior of the pipe 8
through peripheral slots 28 formed in the pipe.
These slots 28 are adapted to be disposed c¢en-
trally of the cage {3 and in open communication
therewith wheh the developing head is placed in
the proper position in the screen 2 of the well,
and the parts compressed lengthwise of the pipe,
as hereinafter described.

The top-cage 14 is formed by the bottom plate
21, a top plate 22, and a peripheral -cylindrical
ring 238 extending therearound, these parts being
readily secured together as by welding.  The ring
23 is slotted at intervals at 24 with the slots lo-
cated substantially at the level of the bottom

&

10

15

20

40

50

60

65

70

4

plate 24 of said cage. An inner ring 25 is mount-
ed within the cage 14 and preferably slotted at
2¢ for flow of fluid from cage 14 into the ring 25.
Surrounding the ring £8 and surmounted upon
the cage i is g collar 27 with which the lower
end of the eduction pipe is connected.

An additional air “line may be provided, as
shown in Fig. 1, for agitating purposes or to start
the operation, ag indicated at 28, which line ex-
tends downward within the eduction pipe 3 to a
point adjacent the lower end thereof. This line,
as well as the main air line §, should be connected
with .a source of air under sufficient pressure to
provide the necessary operation.

In operation, aiter the sinking of the bore hole
A into the water bearing strata, together with
the extended bore hole C, the well casing { with
its extended screen 2 should be positioned within
these bore holes and adequately secured in place.
The eduction pipe.§ is assembled in the casing i,
as well as the air line or.air lines to be used.

Then upon applying opposed pressures to. op-
posite ‘ends of the developing head, Ly pulling
upward oa the air Iine § and its suspended pipe
§ while pushing down.relatively upon the educ-
ticn pipe 8, theelastic packing discs 1§ and 12 will
ke expanded tightly against the inner wall of the
screen. 2, at a iocal point as may be desired to
develop the surrounding stratum. The apparatus
is then ready for operation.

To start the operation, gir is introduced under
pressure-into the air 1ift pipe &8, if such start-
ing action be required or desired. This -causes
an upward bubbling of air from the lower end
of the pipe 28 through the water column there-
above within the eduction pipe 8, thus aerating
the water sufficiently to.cause its outward flow
through the eduction pipe and ifs discharge
through the pipe 4 to the weir, During this op-
eration, the water is entering at the lower end
of the eduction pipe 3 through the slots 24 ‘of
the top cage {4, and slots 26 in the ring 25, thus
rising into the lower end of the eduction -pipe,
or the lower end of the eduction pipe may be
slotted at its periphery for the direct flow of
water thereto, if desired.

Then air under pressure is introduced through
the air line 8, theunce to the pipe ¢ from which
it is discharged through the -slots 28 into the
cage 13, The packing discs {1 and 12 confine the
discharge of this air from the cage 13 to a small
surrounding : area - and directing it out through
the screen into the surrounding stratum, creating
turbulence therein. The course of least resistance
for this air-is to go up and back through the
screen at the top cage, thence back into the well.
Inasmuch as direct fiow at that time exists, due
to the operation of the air-lift pipe 28 described
above, this flow of air will take place readily up-
ward through the ‘eduction pipe; increasing the
aeration of the water therein. Such flow of air
and water into and through the eduction. pipe
will carry with it the clays and fine sand from
the stratum through which the air travels imme-
diately at the periphery of the developing head,
and will thus be carried off from this region, leav-
ing only the better gravel of uniform size.

When ‘the operation c¢eases to discharge clays
and sands with the water after intermittent op-
erations at a given location within the 'screen;
this is indicative of the fact that such location
has been fully developed, Then the compressing
pressures applied to the developing head may be
released, allowing the head to éxpand lengthwise,

thus releasing the packing rings fi and {2 from
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packing relation with the screen, after which the
head may be moved lengthwise of the screen to
another position either zbove or below that first
developed, as illustrated in Fig, 2. This second
position may be developed then in the manner
described, and the device moved again to a new
location after which the operation may be re-
peated. This may be continued until the well
has been developed throughout the desired area
or length of the screen after which the appara-
tus may be removed readily from the well.

The use of an air-lift in connection with this
developing apparatus, is of material benefit, ke~
cause it permits much greater velocity to be ex~
erted at the specific area under pressure, and,
simultaneously, it removes the debris from the
well by creating a high velocity out of the screen
and back into the well at a specific point. Besides
carrying the finest sands and rubble out of the
water-bearing stratum, creating greater voids, it
also carries out the clays that have a tendency

- to seal up the voids in the strata, thus leaving
a fully developed well of uniform gravel around
the screen, so as to produce a natural filter which
will provide for freer movement of water into the
well.

This developing apparatus is so constructed
that no sand can settle on top of it in a manner
that would cause binding or fouling of the ap-
paratus. The intake openings are directly at
the top of the developing head. The compressing
action applied to the localizing means is caused
by a tension on the inside air line, which tension
is taken from the top. A release of this tension
from the top plus the weight of the air line plus
the ability to force it down, is ample protection
against any freezing or sand-binding that could
possibly occur.

The close proximity of the upper cage to the in-
side of the screen makes it possible to educe water
jets through the slots in the cage against the
wall of the screen and cause turbulence immedi-
ately outside of the screen. This is accomplished
either by the introduction of large quantities of
water through the valve 5 or by closing the valve
and blowing air on top of the static level within
the eduction pibe, causing it to discharge outward
through the cage and then through the screen.
Tn other words, the agitation outside the screen
can be gccomplished either with air or with water
or alternately at the discretion of the operator.

The developer head can be left in an unex-
panded position and moved up and down similar
to a surge block while the air-lift is operating.
This will give it the benefits of a surge block in-
asmuch as it is operated within the screen with-
out danger of sand-locking and at the same time
scavenging the finer sands and clays that are
brought in during the developing procedure.

This apparatus also permits preliminary test-
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ing to establish the specific capacity of the well .

without removing the apparatus from the well.
This is accomplished by inserting a small draw
down tube to take the readings of the draw down
in the well and measuring the output through a
weir box. Under ordinary procedure with surge
plock developing, it would require the removing
of the surge block, and installation of a test pump,
which would entail considerable time and ex-
pense. However, with this unit, during the pro-
cedure of development, the capacity of the weil
can be checked constantly and improvements
noted during the process, also eliminating the
costly installation of test pump equipment,
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I ¢laim:

1. In apparatus for developing a well formed
by a Lore in surrounding strata, the combination
of a pipe section adapted to extend downwardly
in the bore, a fixed abutment on the pipe section,
a cage containing a chamber opening outwardly
and slidably mounted on the pipe section for
movement lengthwise thereof, said cage having
inner openings, and yieldable packing surround-
ing the pipe section intermediate the cage and
the abutment, said pipe section having cpenings
therein in position to register with the inner
openings in the cage and establish communica-
tion from the pipe section into the cage upon
sliding movement of the cage lengthwise in a
direction to expand the packing.

2. In apparatus for developing a well formed
by a hole in surrounding water-bearing strata,
the combination of packing means for sealing off
the hole of the well above and below a localized
ares, of the strata, a hollow cage disposed be-
tween the packing means and having means for
discharging fluid therefrom into the strata, a sec-
ond hollow cage above the packing means and
having peripheral openings for receiving fluid
from the strats thereinto, means in communi-
cation with said second cage for directing fluid
therefrom upwardly through the well, and a fluid
discharge pipe extending through the cages and
packing means and having means of communi-
cation with the first-mentioned cage when the
packing means is in sealing relation with the hole,
said packing means being slidable lengthwise rel-
ative to the pipe for expansion and contraction of
the packing means, and means for holding the
packing means in expanded relation.

3. In apparatus for developing a well formed
by a bore in surrounding strata, the combination
of a pipe adapted to extend downwardly in the
bore, a fixed abutment on the lower end of said
pipe, a cage containing a chamber opening out~
wardly and slidably mounted on the pipe for
movement lengthwise thereof, said cage having
inner openings, yieldable packing surrounding
the pipe intermediate the cage and the abut-
ment, said pipe having openings therein normally
out of registry with the inner openings in the
cage when the packing is in normal unexpanded
position and in position to register with the inner
openings in the cage and establish communica-
tion from the pipe into the cage upon sliding
movement of the cage lengthwise of the pipe in
a direction to expand the packing, and means
manipulated from the top of the well to move the
cages lengthwise of the pipe and expand the
packing and move the inner openings in the
cage into registry with the openings in the pipe.

4. Tn gpparatus for developing a well formed
by a kore in surrounding strata, the combination
of a pipe adapted to extend downwardly in the
bore, a fixed abutment on the lower end of said
pipe, 2 cage containing a chamber opening out-
wardly and slidably mounted on the pipe for
movement lengthwise thereof, said cage having
inner openings, yieldable packing surrounding
the pipe intermediate the cage and the abut-
ment, said pipe having openings therein normally
out of registry with the inner openings in the
cage when the packing is in normal unexpanded
position and in position to register with the in-
ner openings in the cage and establish com-
muniecation from the pipe into the cage upon
sliding movement of the cage lengthwise of the
pipe in g direction to expand the packing, a sec-
ond cage slidably mounted on the pipe above and
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spaced from the first-mentioned cage, & casing
connected with the second cage in communica-
tion therewith for directing fluid therefrom up-
wardly through the bore, and:a second expan-

sible packing interposed between the cages and:

adapted to be expanded upon movement: of the
second-mentioned: cage -toward the first-men-

tioned cage, said pipe being movable lengthwise:

relative to the casing to move. the second-men-

tioned cage relative to the first-mentioned- cage.:

5. In apparatus for developing a well formed

by a bore in surrounding water-bearing strata,
the combination of a packing in the bore; means:

for creating an air lift in. the lower portion of

the ‘bore above the packing for aerating water

therein and flowing the same upwardly through
the bore from the water-bearing strata, means
for introducing air downwardly through the pack-

ing into the surrounding water-bearing strata. at:
a point below said air lift for aerating the water:
in the strata, and means for flowing the aerated:
water from the surrounding strata into. the bore.
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above the packing and adjacent the air Iift car-
rying off therein fine particles in suspension
from between coarse: pebbles surrounding the
bore.

HERMAN E. LAUMAN.
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