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This invention relates to a method in develop 
ing a well, and more particularly a water well of 
the gravel type. _ 
In developing wells of this type, the boring tool, 

in initially forming the well bore, operates in so 
~called slush or water with a relatively high per 
centage of mud in suspension, and, during the 
boring operation, the muddy water or slush is 
plastered against the wall of the well bore by the 
action of the boring tool and serves as an effective 
medium for preventing collapse of the sand 

_ stratas of the well through which the water finds 
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its way into the well. This mud wall must obvi 
ously be removed and it has been heretofore pro 
posed, particularly in applications filed by‘us, Se 
rial Nos. 726,818 and 701,712, to remove the mud 
wall by hydraulic action, the present application 
being in eiîect a continuation in part of said ap 
plications and particularly application Serial No. 
726,818. 
Furthermore, in wells of this type, in order to 

increase the volume flow of water through the 
sand strata to the well bore, the sand area or 
areas must be cut away to materially increase the 
diameter of the well bore in such area or areas 
for the purposes mentioned. This cutting away 
or under-reaming of the well has been previously 
accomplished by mechanical under-reamers 
which dig out the sand to the diameter desired 
and in the use of such mechanical under-ream 
ers, they have been operated in the presence of 
the slush or muddy water with a View to causing 
the under-reamers to plaster over the wall formed 

vby the under-reaming action a layer of mud 
which will serve as the binding medium and,v in 
combination with the hydraulic pressure or hy 
draulic head, prevent collapse of the sand follow 
ing completion of the under-teaming action. 
The hydraulic head, of course, is the diñ’erence 

between .the static head, that is the determined 
level of the water in the well incident to the iiow 
through the sands into the well, and the level of 
the slush or wash mud head plus the differential 
in speciiìc gravity between the slush and the clear 
water flowing through the sands into the well. 
That is to say, if the water were permitted to flow 
through the sands into the well, it would reach 
a certain level in the well which may be termed 
a static head. This is, of course, below the top 
of the well and as the slush or wash mud head 
extends at least to the top of the well, there is 
a difference inpressure acting against the mud 
layer on the sand wall due to this difference in 
level and this difference in level pressure is aug 
mented by the diifex'ence in speciiic gravity be 

tween the clear water through the sand and the 
wash mud or slush. In any event, this mud wall 
is plastered onto the sand and is held in place 
both by its own character and by the pressure 
against it to prevent the collapse of the sand. 5 
Following the mechanical under-reaming of 

this type, the gravel is introduced eitherl before 
or after the insertion of the well tube and as the 
gravel añords a more or less eifective medium 
against the collapse of the sand, the pumping ac- 10 
tion of the well is intended to break down and 
remove this mud wall under the out-ñowing water 
in clearing the well. As a matter of fact, how 
ever, it has been found that this mud wall will 
tend to fill up> the interstices between 7the gravel 1B ‘ 
and tnus interfere with the maximum flow of wa 
ter and further tend, for a very considerable pe 
riod, to be present in the water` drawn from the 
well. 
In our application, Serial No. 726,818, provision 20 

_ is made for hydraulically under-reaming the well, 
wherein the diameter of the well throughout the 
sand area may be increased to any desired ex 
tent within reasonable limits „by the use of flex 
ible arms through which water is directed under 25 
pressure, which flexible arms tend to assume a 
deñnite relation and are permitted to assume this 
relation as the sand is washed away. The hy 
draulic action dislodges a very considerable por 
tion of the sand and provision is made in the ap- 30 
plication referred to for removing this sand from 
the well. . 

In- this application, and generally in wells of 
this type as heretofore developed, it has been 
considered necessary to supply gravel to the well 35 
immediately at the completion of the under 
reaming action and, in effect, before the under 
reaming action is completed, so that when the 
limit of vunder-reaming action incident to hy 
draulic ñow is reached, the gravel will immedi- 40 
ately take the place of the displaced sand and 
prevent further collapse of the sand. In this type 
of well there is practically an uninterrupted iiow 
of water through thesand area under pumping 
action, at least the iiow is not impeded by a mud 45 
wall to be removed nor is the filtering action of 
the gravel interfered with by the presence of mud 
particles in the interstices between the gravel. 
Therefore, this'hydraulic under-roaming is not 

only effective in permitting a materially increased 50 
under-reaming as compared with mechanical 
means, but it overcomes thedisadvantage of the 
presence of mud which must be dislodged by 
pumping and which experience has proven can 
not be completely dislodged. The disadvantage, 55 
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if it can be so called, of this under-reaming de 
velopment of the well is primarily incident to the 
fact that it has been presumed that, as stated in 
the application referred to, the gravel must be 
placed during the under-reaming action to take 
the place of the excavated sand and prevent fur 
ther collapse of the sand when the under-reaming 
action ceases. 
The present method is-more particularly con 

cerned with the under-reaming> stem and is di 
rected to providing against the collapse of the 
sand in the under-reamed area wholly regardless 
of the introduction of the gravel.> This permits 
the removal of the under-reaming tool from 
the well and the introduction of gravel .bodily into 
the well to iill out the under-reamed area and 
provide the necessary protection against col 
lapse of the sand and the filtering vaction during ' 
the pumping operation on the well. 
In carrying out the method, the slush or muddy 

water is used> in the hydraulic under-reaming op 
eration. Of course, while the jets from theunder 
reaming iiexible area are effective for dislodging 
the sand, the mud in suspension in the water, 
which by the jets is directed against the sand 
surface, is continuously washed away and floated 
to the surface of the well. When the hydraulic 
under-reaming action has reached its limit of 
effectiveness, namely a point at which the force 
of the jets will no longer dislodge the sand, there 
is an accumulation of slush or muddy water over 
the sand wall resulting from the excavation. This 
slush or muddy Water is not under any effective 
pressure from the jets because their effective lim 
it has been reached, and, therefore, the mud 
or slush in the water used in the hydraulic ac 
tion is not plastered or forced by the jets against 
the sand wall. ‘ _ 

However, incident to the difference in pres 
sures above referred to, it has been found that a 
very light layer of the mud or slush in the water 
will, by reason of these pressures, be caused to ad 
here to the sand wall. That is to say, the pres 
sure will serve to direct mud or slush particles 
from the muddy water against the sand wall and 
while this accumulation is very slight as com 
pared with the usual mud wall, it is nevertheless 
sufficient to act as a binder between the particles 
of 'sand or small gravel or the like which form 
this sand wall, and as the result of this binder, 
coupled with the pressure above referred to which 
acts against the collapse of the sand wall, it has 
been proven that the sand wall will be held 
against collapse. In other words, after the limit 
of the hydraulic action has been reached, the ef 
fective pressure acting against the sand wall will 
cause the mud particles in the hydraulic fluid to 
be applied to that> sand wall in just suilicient 
quantity to act as a binder and, with the addi 
tion of the pressure referred to, prevent collapse 
of the sand. . 
The hydraulic tool may then be removed and 

the sand wall will, by the binding action of ßthe 
« mud or slush plus the favoring pressure, be held 
substantially in the condition resulting from the 
hydraulic action. 'I'he gravel may then be intro 
duced into an otherwise clear well or the well 
tube may be introduced with the conventional 

, screens and the' gravel later introduced to sur 
round the well tube. Of course, if the gravel is 
first introduced, the well tube must be bailed 
down through the gravel, which is a well under 
stood operation.  , ' . 

As the length of the ñexible jets of the under 
reaming tool determines _the extent of under 

9,018,285 
reaming, it is, of course, possible to under-raam 
to any desired extent, within reasonable limits, 
by regulating the length of the jet tubes, and as 
the sand wall, after the under-reaming action is 
completed, will be held in the manner described 5 
against collapse, the under-reaming tool may be 
removed and well later supplied with gravel. This 
is essentially a very much easier, less expensive 
and more readily effected operation than. in the 
methods previously described.`  ` 10 

After the well has been completed under the . 
method described, a pumping action will serve 
initially to separate the binding particles of mud 
or slush with the incoming water, and will, by 
reason of the comparatively slight quantity of 15 
such mud or slush particles, readily carry such 
particles, mostly in solution, through the gravel 
and into the well screen very- early in the clear 
ing operation of the well. Thus, following the 
pumping operation to initially clear the well, 20 
substantially all of the mud particles which have 
been used as a binder against the sand wall have 
been removed, and even if any of these particles 
should tend to lodge in the interstices between 
the gravel, they are in such relatively small quan- 25 
tity as to have very little effect, if any, upon the 
maximum water flow. , 
Thus, under the present method, the sand wal 

is held against collapse during the removal of 
the hydraulic under-reamer and for as long a 30. 
period thereafter as may be desired, because the 
binding action of the slush or mud particles on 
the sand wall, plus the pressure against the sand 
wall incident to the difference between the static 
head and wash mud head, plus the differential -in 35 
specific gravities, >will maintain the sand wall 
against collapse, permitting the introduction of 
the gravel and the well screen at a later period in 
a Well free of any obstruction and with a substan 
tial and decidedly economical advantage. ' 40 
Of course, if the well is of „the two-gravel type, 

a separating tube may be introduced into the well 
and the gravels of different characters applied on 
the outside and inside of the tube, with the well 
tube and screen either within the gravel separat- 45 
ing tube before the application of the gravel or 
bailed down through the gravel in the gravel 
straining tube, all of which are conventional in 
well practice and need no specific description 
herein. l ' 

The salient feature of the present method is 
the utilization of the slush or muddy water ordi 
narily employed in the well either with its maxi 
mum mud or slush content as ordinarily em- ` 
ployed in boring or with a lesser predetermined 55 
mud or slush content as may be found advisable 
as the hydraulic medium and the utilization of 
such mud or slush particles to be forced against 
the sand wall after the completion of the hydrau 
lic action by the favoring pressures previously re- 30 
ferred to, with the effect to provide sufficient of 
the mud particles to act merely as a binder be 
tween the grains of sand in the mud wall, which 
binder plus the pressure referred to will prevent 
collapse of the sand wall. The subsequent intro- 35 
duction of the gravel, the manner of that in 
troduction, and the completion of the well, either 

- by a two-type gravel or by the introduction of 
the well tube and_screen, are not‘particularly im 
portant in connection with the presentmethod. 70 

In order to more particularly disclose the 
method, reference is had to the accompanying 
drawing, in which: ' _ 

Figure 1 is a sectional view of a well with the 
hydraulic under-reamer in position of -initial use. u; 
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Figure 2 is a broken section, showing the posi 

tion of the under-reamer at the end of the hy 
draulic under-reaming action. 

Figure 3 is a view similar to Figures 1 and 2, 
with the hydraulic under-reamer withdrawn and 
the black dots indicating the accumulation of 
mud or slush against the sand wall for the bind 
ing action. n 

Figure 4 is a view illustrating the hydraulic 
under-reaming and the application of gravel to 
serve as a filtering media and prevent the col 
lapse of the sand wall. 
In the drawing, the well bore l is, as the result 

of the boring action, covered by a mud wall, in 
dicated at 2. The under-reamer comprises a 
head 3 of any desired or conventional design and 
flexible jet tubes 4 through which the water de 
livered into the head from the top of the well is 
jetted from the ends of the tubes. The tubes 
are flexible, ñrst to permit the convenient intro 
duction of the head and tubes into the well, but 
more particularly to secure an automatic under 
reaming action as the operation progresses. 
The tubes are of a character that, while resil 

ient, have nevertheless an inherent tendency to 
straighten out, so that under this inherent tend 
ency due to the pressure of the water flowing 
through them, there is a considerable and appre 
ciable force tending to straighten the tubes. As 
the water jetted from the tubes dislodges the 
sand area and thereby removes obstructions from 
the ends of the tubes which have held the tubes 
in bent relation, the tubes will tend to straighten 
and thus direct the jetted stream more and more 
directly against the sand wall. This dislodges 
the sand wall and provides the under-reaming 
effect. - ` 

Of course, the under-reaming effect, that is the 
relative diameter of the under-reamed portion 
with that of the well bore, can readily be deter 
mined Within reasonable limits by the length of 
the tubes and by the force of the Water delivered 
through them, for the longer the tubes and the 
greater the pressure of the hydraulic medium, 
the greater the effect of the jets against the sand 
wall and naturally the greater the quantity of 
sand dislodged by the jets. Eventually, however, 
the effective sand dislodging action of the fluid 
forced through the tubes will cease and the un 
der-reaming limit has thus be’en reached. 
With the use of the slush or muddy water as 

the hydraulic medium, there will be a body-of 
this medium overlying the sand wall of the under 
reamed area after the effective hydraulic action 
of the jets has ceased. Incident to the differ 
ence in pressures hereinbefore referred to, this 
volume of muddy water is held against the sand 
wall and, as the result of this pressure, particles 
of mud, slush and the like in the water will be 
moyáed into contact with the sand wall, with the 
result that particles of such mud and slush will 
serve as a binder against the grains of sand and 
the like of the sand wall, which binder, together 
with the favoring pressure referred to, will pre 
vent collapse of the sand wall. n . 
Of course, the sand dislodged .during the hy 

draulic action is, as far as possible, taken from the 
well, either by theñotation method or by a suc 
tion _method disclosed in our applications referred 
to, or in any other desired manner. As the sand 
wall with the binder particles of‘mud ̀ or slush, 
indicated by black dots in Figure 3, supplemented 
by the diiîerence in pressure referred to, is held 
against collapse, the subsequent necessary oper 

3 
ations in completing the well maybe carried out 
at a later period and with greater convenience. ’ 

Heretofore it has been found desir-able, if not 
absolutely necessary, to introduce the filtering 
gravel into the well during the under-reaming 5 
action to utilize the gravel as the medium for 
preventing collapse of the sand wall. In the 
present method, however, the collapse of the sand 
Wall prevented as described is wholly independent 
of any gravel accumulation and the under-ream- 10 
ing tool may be rapidly removed from the well 
and after the well is cleared, the gravel may be 
introduced by any one of several accepted meth 
ods and the well otherwise completed in the usual 
manner. This gravel, of course, will naturally 15 
flll the under-reamed portion of the well and will 
thereafter serve as the medium for preventing 
collapse of the sand wall. ' , 

» After completion of the well, the initial pump 
ing action, creating now a pressure in opposition 20 
to the pressure utilized to hold the sand Wall 
against collapse, will draw the water through 
the sand wall and into the well. This water nat 
urally displaces the binding particles, either 
carrying them bodily through the gravel or dis- 25_ 
lodging them, so that these particles of what may 
be termed binder material are carried through 
the gravel, through the screen and out through 
the well, leaving the clear sand and gravel 
throughout the under-reamed area. 30 

It is to be emphasized that in no instance is 
the binder action of the mud or slush particles in 
the hydraulic medium obtained as a result of the 
hydraulic action. There is no mud, slush or the 
like plastered against the sand wall by the hy- 35 
draulic jets. These jets will ' wash away and 
absolutely prevent the plastering of any mud or 
slush against the sand wall and, of course, when 
the limitI of the hydraulic action of the jets is 
reached, they can have no plastering effect upon 40 
the mud or slush in the water. ` 

Therefore, it is only incident to the favoring 
pressure referred to that the binder particles of 
the slush or mud are brought into contact with . 
and lodged against the sand wall. These particles 45 ~ 
do not become a layer, they are not forced into 
the sand wall as would be a plastered layer, but 
they are merely a surface accumulation in scat 
tered volume or even an extremely thin layer‘held 
against the sand wall by the means referred to. 50 
This is essentially important because it must be 
easy for the water flowing through the sand and 
'into the Well under the pumping operation to dis 
lodge these binder particles or layer and carry 
them off through the well tube almost at once. 55 
This could not be accomplished if the mud or 
slush were'plastered in a layer against the mud 
wall vas would be the case in mechanical under 
reaming, because Where the mud or slush is plas 
tered against the sand wall, it has been found 00 
effective to prevent collapse of >the wall but is of 
such a character and is driven to such depth 
into the sand that it cannot effectively be removed 
lby any pumping operation which the well will 
stand. Experience has proven that a plastered 
mud wall may be broken down in spots and may 
eventually, after a long period of time, be substan 
tially dislodged under the pumping operation, but 
during all this time the water delivered from the 
well suffers from the mud content due to the 
gradually dislodging of the' mud wall, and, 
furthermore, incident to the character and 
volume of this mud wall, the interstices of the 
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gravel during the pumping action are so restricted n 
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orfllled that the otherwise possible output volume 
of the well is very materially reduced. ' 
In other words, where a plastered mud wall is 

used as the retaining medium, the well is prac 
tically useless, the water being contaminated for 
a very long period and for recurring periods and 
the volume of incoming water very materially 
reduced, while with the method described the fine 
binder particles or extremelythin layer which is 
not plastered in position but merely held by the 
favoring pressures, is dislodged almost at once or 
shortly after the initial pumping operation and 
cannot thereafter contaminate the water de 
livered nor can it interfere to any appreciable , 
extent in the maximum possible out-flow from 
the well. . 'L 

It may be found desirable in some instances, 
and the present method contemplates such a step, 
that the Water used in the hydraulic action is sub 
stantially clear or at best of very slight mud or 
slush content, because the object is to obtain the 
minimum amount of binder mud or slush which 
will, with the favoring pressure referred to, pre 
vent collapse of the sand wall, and in some areas 
and under some conditions a very slight accumu 
lation of mud or slush in the hydraulic medium 
will be found eñective. 

It is, of course, to be understood that as de 
scribed in the application of Serial No.ï726,818, 
the gravel may be introduced into the Well simul 
taneously with the hydraulic action or immedi 
ately succeeding such action in order to serve as 

, a filtering media for the water during the oper 
ation of the well, the gravel, indicated at I5, being 
introduced at the particular time for the pur 
poses of preventing collapse of the sand in the 
hydraulically reamed area of the well. While 
the gravel may be introduced in numerous ways, 
it is preferred that it be introduced through the 
medium of a pipe 6. ` 

If desired and as preferred, the pipe 1 by which 
the hydraulic medium is delivered to the head 3 

ì may be surrounded by a pipe 8 which has a di 
ameter exceeding that of the pipe 1 and provides 
between it and the pipe 1 a passage 9 opening 
at the lower _end at a point above the hydraulic 
head and connected at the upper end to a source 
of suction, indicated at I0, through which pas 
sage materials dislodged by the jets in the under 

i reaming action may be forcibly withdrawn. 'This 
insures that even dislodged particles, which would 
ordinarily not be subjected to delivery to the 
top of the well by the flotation method, can be 
satisfactorily withdrawn. ' 

The term “muddy water” .as used herein and 
in the claims is intended to mean any water 
having lsufficient sediment to carry outthe func- ' 
tion previously described. It is, of course, ap 

_ parent that incident to varying conditions in the y 
' water-bearing area, the muddy consistency of the 
water used, that is the proportion of sediment in 
such water, will necessarily vary in accordance 
with such conditions. Thus, under some circum 
stances, tlie muddy water may be light in sedi 
ment and, under other circumstances, the sedi 
ment character of the water may vary up to a 
maximum sediment condition. As the conditions 
of the water-bearing area can be readily deter 

aoiases 
mined, the character of v the :muddy water can 4be 
varied in accordance with such conditions. 
Hence the term “muddy water" used herein and 
in the claims is intended `to indicate a water 
having that proportion Vof sediment which will -5 
carry out the functionsvot this application with 
due regard to the conditions of the water-bear 
ing area. 
What is claimed to be new is: _ 

’ l. A method of well development consisting in 10 
hydraulically reaming the unconsolidated water 
bearing area of the well with muddy water as the 
hydraulic medium, the effective pressure of the 
column of muddy water in the well being utilized y 
to direct and maintain particles of mud and the 15 
like from such muddy water in the interstices and 
between the sand particles of the reamed wall to 
thereby substantially seal the reamed wall against 
substantial passage of water therethrough from 
the well, the effective hydrostatic head in the well 20 _ 

, being utilized to prevent collapse of the reamed 
wall following cessation of the hydraulic action. 

2. A method of developing a water well consist 
ing in subjecting the unconsolidated water-bear 
ing area to reaming by hydraulic action, with _the 25 
use of muddy Water as the hydraulic medium, the 
effective pressure of the hydraulic medium in the 
well against the reamed wall being utilized to 
bind the particles of such wall together and sub 
stantially seal the interstices between the particles 3,0 
of such wall by the mud particles vin the hy 
draulic medium to cause the effective hydrostatic 
head in the well to >maintain such Wall against col 
lapse following 'cessation of the hydraulic action. 

3. A method of developing a water well ccn- 35 
sisting in reamingthe unconsolidated water-bear 
ing area by hydraulic action, with utilization of 
muddy water as the hydraulic medium, the 
_particles of mud in the hydraulic medium being 
forced under the hydraulic action into the inter- 40 
stices of the unconsolidated area to substantially 
seal such area against the passage of water from 
the well through the reamed Wall, the effective 
hydrostatic head in the well being maintained 
following cessation of the hydraulic action, where- 45 
by the pressure of the water in the well against 
the substantially sealed reamed wall will effec 
tively maintain said wall against collapse not 
withstanding cessation of the hydraulic mining 
pressure. 50 I 

_ 4. A method of well development consisting in 
»boring a well, hydraulically reaming the uncon 
solidated water-bearing area through the use of 
muddy water, the hydraulic pressure during 
rea-ming being utilized to direct against the wall 55„ 
sufficient particles from the muddy water of the 
hydraulic medium to act as a binder for the 
particles and a seal between the particles in the 
surface of the reamed wall, an effective overbal 
ancing pressure in the well in opposition to the 60 
static'head of water flowing from the sand area 
into the well being maintained to cause a suili 

. cient pressure against the reamed wall to hold said 
Wall against collapse following cessation of the 
hydraulic action» 65 
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