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UNITED STATES PATENT OFFICE. 
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Application filed October 13, 1919. Serial No. 330,230, 
To all whom it may concern 
Be it known that we, PERCY E. WAUGHAN 

and STANLEY M. HALSTEAD, citizens of the 
United States, residing at San Jose, in the 
county of Santa Clara and State of Califor 
nia, have invented new and useful Improve 
ments in Well Construction, of which the following is a specification. 
This invention relates to well construc 

tion, and fore especially to the preparation 
of a well to receive a gravel envelop or lin 
ing, such as set forth in our Patent No. 
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1289,320, dated Dec. 31st, 1918. 
It has become the best practice in deep. 

well drilling in arid and semi-arid regions 
to use the rotary ... flush drilling method 
which consists in supplying a stream of water or other freely flowing liquid under 

fluid which has the effect of preventing 
caving of the walls in difficult ground. The 
discharge is carried off at the top of the 
well in sluices or ditches and empties into 
a sump from which, after the solid parti 
cles have settled, it is pumped back into the 
well. Practically unlimited depths are thus 
attained, 500 to 1,000 feet being quite.com 
mon in some of the Western States. Should 
the fluid be not heavy enough to support the 
walls, or, in case the water filters through 
and escapes too fast through the porous 
seams, mud or clay is added thereto. On 
the other hand, if the fluid becomes too 
thick to permit operation of the drill, the 
mud may be removed by the addition of 
clear water. Clear water weighs 62.5 pounds 
per cubic foot and exerts a pressure of 43 
pounds per square inch, per 100 feet of 
depth. A good mud weighs 78 pounds per 
cubic foot and exerts a pressure of 53 pounds. 
per square inch, per 100 feet of depth. 
Water is supplied to the well by means of 

a pump coupled to the drill pipes and passes 
out at or near the rotary bit. This water 
or other liquid is under considerable pres 
sure and has a decided erosive effect on the 
loose strata, such as Sand and 
action, combined with the natural caving . 
tendencies of such loose formations, pro 

gravel. This 

duces chambers or pockets therein, but such 
pockets are immediately filled by the heavy 
and more viscous solution at the bottom of 
the well. It results that when the bore is 
completed after a lapse of several days or 

pockets or chambers therein. 

weeks, its sides are heavily plastered with 
mud, clay, etc., which plaster attains its 

eatest thickness at the porous seams or 
oose strata on account of the presence of 

A. his coating 
will often reduce the diameter of the bore 
several inches. Of course, the normal diam 
eter can be restored by reaming out, that is, 

gage bit through the well. running a full 
after the drilling is completed. This ream 
ing out step will permit the well casing to 
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be installed, but it will have no effect on 
the pockets or chambers formed in the loose 
strata and which are filled and coated with 70 an utterly impervious clay or mud. These : 
strata being the water-bearing strata, it is 
obvious that removal of the coating is nec 
essary before water can enter the well. pressure to a rotary bit whereby to carry of 

the detritus in solution or suspension. The 
bore is thus kept filled with a thick muddy 

The object then of the present invention 
is to remove the practically impervious de 
posits or coatings from the walls of the 
porous strata and pockets adjoining the 
same and substitute therefor a lining or en 
velop of gravel or other porous material, 
whereby to insure free passage of water 
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from such strata and the entrance of the 
same to the well. 
Referring to the accompanying drawings: 
Figure 1 is a vertical section through a 

portion of a deep well illustrating our in 
vention. 

Fig. 2 is a detailed section illustrating the 
reaming process as applied to our invention. 
In the drawings, 1 is the bore of required 

dimensions passing downwardly through 
strata of varying density, 2 indicating strata 
of loose material and 3 the more E. 
not materially eroded by the action of the 
flowing water. At 4 are shown annular 
chambers of various sizes formed in the 
loose strata 2 by the action of the wash 
water, the bore 1 and chamber 4 having de 
posited thereon a layer of fine sand and clay 
as 5 and 6 respectively. . 
This clay and fine sand-bearing water 

flowing through the well during its con 
struction gradually deposits upon the wall 
of the well and the walls of the said cham 
bers a more or less thick coating of com 
pact material, the coating upon the chamber 
walls being somewhat thicker than upon the 
wall of the well proper because of the eddy 
formed therein by the flowing water and 
because of the fact that the water penetrates 
the loose formation of the walls of the cham 
bers a distance and deposits its load on said 
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walls as it passes through. In other words, 
the chamber walls filter the water passing 
through them, the filtered out material form 
ing a coating for the walls that seals them 
F: the thickness of this coating depending, 

O C ourse, upon the nature of the formation 
and upon the length of time required to com 
plete the bore. Since these chambers are to 
be filled with gravel and are to act as re 
ceivers for the water in the strata in which 
they are formed, it is clear that the coating 
of fine clay, etc. must be removed before the 
gravel is installed in order that the said 
chambers may function properly and effi ciently. Throughout this portion of the 
construction of the well it is permeated with 
this thickened fluid constantly building up 
the walls thereof by depositing material 
thereon. 

In order to secure the full size of the origi 
nal bore the deposit 5 is reamed out by a 
full-gaged bit 7, as shown at 8, preparatory 
to installing the casing, so that when the 
casing 9 is positioned in the well the space 
10 between it and the wall of the well will 
be as originally designed to permit the pas 
sage of gravel therethrough to the lower 
parts without the formation of keys or 
arches while the gravel is being fed there 
through. After the bore has been reamed 
and the casing 9 placed in position the de 
posits in the chambers 4 are removed in the 
following manner. A plunger 11 is fitted 
to the drill rod 12 and operated vertically 
by means of a power mechanism not shown, 
the idea being to lift the plunger to a con 
siderable height and allow it to drop by 
gravity. This operation is started near the 
top of the well and results in agitating or 
churning the water both within the casing 
and between it and the wall of the well, and 
in the said chambers, thereby stirring up 
the fine deposit hereinbefore described and 
equalizing the density of the water by 
equally distributing this resuspended matter 
throughout the agitated water. As the 
plunger works progressively downwardly 
the walls of all of the chambers are succes 
sively cleared out and the density of 
the liquid becomes substantially uniform 
throughout. 
When the equalization process has been 

completed the thinning-up process is begun. 
This process consists in admitting clear 
water through the drill rod to the bottom of 
the well, the result of this thinning-up proc 
ess being seen in the discharge at the top 
of the well. . Since, however, an appreciable 
length of time is required for the water to 
noticeably affect the character of the dis 
charge liquid, it results that a lower cham 
ber may be washed with comparatively clear 
water while gravel is being fed into it 
through the thicker liquid between it and 
the top of the well whereby a comparatively 

1,858,182 
clean chamber is filled with gravel. This 
thinning up process enables us at all times 
to so control the character of the liquid in 
the well that it can be maintained at the 
proper consistency for permitting the past 
sage of the gravel therethrough at a desired 
rate of speed to insure its uniform distribu 
tion without jamming, and at the same time 
to maintain a fairly clear body of liquid at 
the portion of the well in which the gravel 
is being deposited. We also prefer to oper 
ate the plunger at successively ascending in 
tervals as the gravel is being fed into the 
well in order to agitate the water in which 
the gravel is settling thereby securing a more 
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equal distribution of the gravel in the said 
chambers and connecting spaces and assist 
ing in preventing the formation of keys and 
arches. At the same time the clearwater 
will insure the removal of objectionable de 
posits from the porous or loose strata. The 
plunger is herein shown in one position at 
11. Several successive descending positions 
are indicated at A-B-C-D and E re 
spectively, and several successive ascending 
ositions are indicated at F-G-H-I and respectively. 
It will be understood that the purpose of 

the equalization process or step i 
thoroughly equalize the fluid throughout the 
depth of the well, and to some extent carry. 
away deposits formed on the walls...of the 
bore, especially in the chambers 4. This 
fluid being thick is liable to settle or form 
deposits at various places in the bore, and 
it is necessary to thoroughly agitate it to 
form a solution of equal density throughout 
to dissolve and carry off in suspension the 
deposits formed in the chambers adjacent to 
the loose strata. Simultaneous with the 
equalization step 
duced to further thin out the mixture, but 
agitation by itself is usually sufficient to dis 
solve and carry off the deposits. - 
Once the plunger reaches the bottom of 

is to 
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clear water may be intro 
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the well and the mixture is thoroughly 
equalized the thinning up or washing out 
clear water through the drill pipe and into 
the bottom of the well. The distinctive ac 
tion of clear water compared to that of a 
more viscous thick clay solution may be dis 
cerned by observing the difference of be 
havior in two streams of fluid, say, over a 
sandy path. While the former erodes a 
channel and transports particles, the latter 
fills up irregularities without disturbing the 
bed over E. it flows. 
tend to dissolve, wash out and remove sandy 
particles and layers between or amidst 
argillaceous strata; a thick mud will rather 
produce the opposite effect and tend to plas 
ter up the porous seams. 

Preferably the plunger is reciprocated 
during the admission of clear water with 

Clear water will 

process begins. This consists of introducing w . 

115 

120 

25. 

130 
  



- 

the result that any deposits of mud or clay 
remaining in the chambers 4 or otherwise. 
serving to coat the porous seams will be 
thoroughly washed out. 
portion of the well is thinned or washed 
out the graveling step may be started at 
once. though the upper portion of the 
well may at this time contain a very muddy. 
fluid, it is safe to assume that the bottom 
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of the well where the clear water has been 
admitted is thoroughly washed and ready 
to receive gravel. During the washing out 
and the introduction of the gravel the plun 
ger is agitated, working progressively from. 
bottom to top as the level of the gravel 
rises. Such agitation has the effect, in addi 
tion to washing the walls of the bore, of 
causing the gravel to settle properly and , 
preventing the formation of keys or arches. 
by the gravel between the casing and the 
walls of the bore. It is advantageous to 
keep the fluid above the level of the gravel 
as heavy as possible, inasmuch as it prevents 
the walls from caving adjacent the loose 
strata, and, by reason of its greater specific 
gravity, this heavy fluid will, in a way, con 
trol the downward movement of the gravel 
and impart sufficient movement thereto to 
dislodge any keys or arches formed thereby. 

It will be noted that we carry out the 
equalization step by agitating the fluid in 
the well starting at the top and working 
progressively downward. By so doing, any 
solid material dislodged near the top and 
falling to the bottom will later be dissolved 
or carried off in suspension when the plun 
ger reaches the bottom. If the procedure 
were reversed and the agitation begun at 

40 
the bottom, then such solid material as 
might later be dislodged near the top of the 
well would fall to the bottom, perhaps to 
remain there and mix with the gravel. 

. Moreover, by carrying on the agitation from 
top to bottom at this time the washing out 

45 and graveling steps can be started imme 
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diately when the plunger reaches the bottom 
of the well, and thereby we reduce the num 
ber of strips of the plunger from top to 
bottom, and vice versa. This is of some 
considerable importance from a standpoint 
of labor saving when it is remembered that these wells approach great depths and to 
couple and uncouple the necessary number 
of heavy pipes in attaining such depths is 
a matter requiring no little time and labor. 
As at present carried on, the plunger makes 
one round trip starting at the top and mov 
ing progressively down to equalize the mix 
ture, and thereafter working progressively 
upward when the thinning out and gravel 
ing steps are being carried on. 

It will be understood that owing to vary 
ing conditions under which wells are drilled 
and constructed the process or method here 
in described will undergo various changes 

1,853,182 

When the lower 
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to suit these conditions. Therefore we do 
not limit ourselves to the exact method here 
in described and which at present consti 
tutes the preferred method, but reserve to 
ourselves the right to vary the method 
within the scope of the appended claims. 
Owing to the additional quantity of water 

70 

necessary to be obtained from modern walls for irrigation purposes, the localities in 
which this quantity of water can be ob 
tained from one'stratum are restricted. . To 
overcome this limitation it has become more 
or less common practice to continue drilling 
until a number of different strata have been 
penetrated, and then connect these up to 
gether so that when pumping you get the 
benefit of the pressure in a series of strata. 
While the present method of construction 

can easily handle one stratum, it was pri 
marily designed to handle a multiplicity of 
strata, and the great stumbling block in the 
way of other experimenters to date has been 
to handle successfully a multiplicity of 
strata with the mud process and at the same 
time try and fill all voids in the lower strata 
with a pervious material without breaking 
down the walls of the upper strata and al 
lowing them to cave in against the casing 
and defeat the end of properly preparing 
the lower strata. It would naturally be as 
sumed that had one worked out a dependable 
method of handling one stratum, the opera 
tion of handling a multiplicity of strata 
would be merely a repetition of the details 
used in handling the individual stratum, but 
such is not the case in actual practice in this 
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particular method. Prior methods can suc 
cessfully handle one stratum with a good 
roof overhead in numerous cases, as, by using 
a cone on the bottom of the casing and al 
lowing the wall of gravel surrounding the 
casing to help shove this casing to position. 
There are numerous other successful meth 
ods which it is unnecessary to mention. But 
the point which has apparently been the 
greatest obstacle in adapting perforated cas 
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ing in a gravel filter to successful applica 
tion where numerous strata have been en 
countered has been the fact that after the 
bore has been made to the proper size and 
while the clay is still in suspension in the 
well this clay must be removed before the 
ing this clay the void or vacany must be 
filled with a pervious material almost simul taneously. 
Owing to the law of gravitation, whatever 

sand stratum or gravel stratum in the well 
that first breaks down of its own accord, or 
is broken down by outside means, will natur 
ally filter down on the outside of the casing 
and combine with the clay and mud solution 
in the lower cavities and usually becomes al 
most impossible of removal. For instance, if 
there are five strata in a deep well, and the 
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stratum nearest the surface broke in first, 
the formation from this stratum would filter 
down on the outside of the casing and either 
bridge or mix in with the mud and clay in 

* 5 the cavities in the lower strata and defeat 
the successful development of water produc 
tion in any quantity from these lower strata. 
Another natural law which has to be pro 
vided against is the fact that the finer the 
particles of which the stratum is composed, 
and the higher percentage of voids, in the 
stratum, the easier this stratum will break 
down and disintegrate. Therefore, should 
one encounter a stratum of fine sand prolific 
in water content, and a number of feet below 

O 

5 
encounter a stratum of good water-bearing 
gravel, but considerably larger in size and 
possibly mixed with some fine sand, in de 
veloping a well of this type by ordinary 

20 means the fine stratum (which in this in 
stance would be the upper stratum) would 
break down first and this material would 
filter down on the outside of the casing and 
either mix with the clay solution in the lower 

25 strata (which in this instance are composed 
of r it, and feat th end of properly getting the gravel envelop sur 
E. E. Ain at point and filling 
the cavities properly. This has always been 
the greatest drawback to the successful ap 
plication of prior patented screens of a va 

.30 

the high cost of this type of -screen, it is 
always endeavored to use as few lineal feet 
as possible to obtain the desired results, and 
owing to the fact that this screen depends 
entirely on its own construction to properly 
filter the water from the strata from varying 
degrees of fineness, it has always been cus 
tomary to order this screen for each stratum 
of the most suitable size mesh, bearing in 
mind at all times to obtain the largest mesh 
possible for a given stratum. Owing to this 
method of application, should one use a 
coarse mesh screen for a lower stratum of 
coarse water-bearing material, and a fine 
mesh screen for the upper stratum of fine 
water-bearing material, and then break 
down the walls of the upper material first, 

5b in developing the well, the fine material 
would filter down on the outside of the cas 
ing and come in through the mesh in the 
lower coarser screen, making a Sandy well 
which it would be almost impossible to 
repair. m 

aving thus described our invention, what 
we claim and desire to secure by Letters Pat 
ent is: 

1. In deep well construction of the type 
wherein the bore is kept filled with a thick 
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fluid throughout the drilling operation and 

of less diameter than the 
and a filling of gravel or 

wherein a casin 
bore is employe 
like porous material placed between the 

65 method of preparing the well for the admis 

riable mesh type in rotary wells. Owing to 

1858,132. . 

'sion of gravel which consists in agitating 
said fluid throughout the depth of the well 
whereby to thoroughly equalize the fluid and 
take up in solution or suspension deposits 
of non-porous material formed on the walls 70 
of the bore and in the cavities surrounding 
the loose strata, said agitation being car 
ried on progressively from top to bottom 
of the well. . 

2. In deep well construction of the type 75 
wherein the bore is kept filled with a thick 
fluid throughout the drilling operation and 
wherein a casing of less diameter than the 
bore is employed and a filling of gravel 
or like porous material placed between, the 80 
method of preparing the well for the ad 
mission of gravel which consists in agitating 
said fluid throughout the depth of the well 
whereby to thoroughly equalize the fluid and 
take up in solution or suspension deposits 85 
of non-porous material formed on the walls 
of the bore and the cavities surrounding 
the loose strata and thereafter admitting 
clear water under pressure to thin up the 
fluid and wash out any remaining deposits 90 . 
of non-porous material covering the loose 
strata, said agitation being carried on pro 
gressively from top to bottom of the well 
and the thinning-up and washing out step 
being carried on progressively from bottom 95 
to top of the well and timing the admission 
of gravel so that as soon as a space is cleaned 
out it will immediately be filled with gravel. 

3. The method of constructing a well 
which consists in drilling the well, remov- 100 
ing detritus therefrom by hydraulic means, 
positioning therein a casing of less diameter 
than the well, agitating the water in the 
well at descending intervals to remove de 
posits from the walls thereof, thinning the 105 
resulting fluid by the addition of water from 
the exterior of the well, introducing gravel 
into the space between said casing and the 
wall of the well, and agitating the thinned 
fluid at ascending intervals corresponding 110 
to the rising level of the gravel. 
4. The method of constructing a well 

which consists in drilling the well, remov 
ing detritus therefrom by hydraulic means, 
reaming the wall of the well to remove de- 115 
posits therefrom, positioning therein a cas 
ing of less diameter than the well, agitat 
ing the water in the well at descending in 
tervals to more thoroughly cleanse the walls 
thereof, thinning the resulting fluid by the 120 
addition of water from the exterior of the 
well, introducing gravel into the space be 
tween the casing and the wall of the well, 
and agitating the thinned fluid at ascending 
intervals corresponding to the rising level 125 
of the gravel. m 

5. The method of constructing a well 
which consists in drilling the well, remov 
ing detritus therefrom by hydraulic means, 
reaming the wall of the well to remove de- 130 
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osits therefrom, positioning therein a per- in said casing, tl inning the resulting fluid 25 

forated casing of less diameter than the 
well, forming chambers in the strata of least 
density by hydraulic means, agitating the 
water in the well at descending intervals to 
remove deposits from said chambers and equalize the density of said water, thinning 
the resulting fluid by the addition of water 
from the exterior of the well, introducing 
gravel into said chambers and connecting 
spaces, and agitating the water in which 
said gravel is placed. 

6. The method of constructing a well 
which consists in drilling the well, remov 
ing detritus therefrom by hydraulic means, 
reaming the wall of the well to remove de 
posits therefrom, positioning therein a per 
forated casing of less diameter than the well, 
forming chambers in the strata of least density by hydraulic means, agitating the . . 
water in the well and in said casing at de 
scending intervals to remove deposits from 
said chambers and equalize the density of . . . . 
said water by means of a plunger operated . . 

by the addition of water from the exterior of 
the well, introducing gravel into said cham 
bers and connecting spaces, and agitating 
the water in which said gravel is placed. 

7. The method of constructing a well 
which consists in drilling the well, remov 
ing detritus therefrom by hydraulic means, positioning therein a casing of less diameter 

30 

than the well, agitating the water in the 
well at descending intervals and then at as 
cending intervals, and introducing gravel 
into the well between the said casing and 
the wall of the well during the second-men 
tioned agitation of the water therein. . . 
In testimony whereof they have hereunto 

set their hands in the 
scribing witnesses. . . 

PERCY E. VAUGHAN. 
STANLEY M. HALSTEAD. 

..Witnesses: . . . " 

N. CALL, . . . . . . . 
RALPH. C. McCoRNISE. 
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