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1. 

This invention relates to a method for Con 
trolling fluid infiltration, or invasion, into the 
geological strata, penetrated by bore holes and for 
determining permeability of such strata. The 
application is a continuation of copending appli 
cation, Serial Number 329,625 filed April 15, 1940, 
noW abandoned. 
A purpose in the use of various components of 

modern drilling muds in the practice of drilling 
wells by the rotary method is that of preventing 
the invasion of permeable formations traversed 
by the bore hole. Such muds do, for the most 
part, prevent or minimize invasion from Such 
pressure differentials as may exist across the filter 
cake formed thereby. They do not, however, pre 
went invasion by OSnosis and differential diffu 
sion through the filter cake and into the forma 
tions. 

It is now commonly known that, even when 
muds having the best of cake forming character 
istics are used, the formations traversed by the 
bore hole are seriously invaded by fluid from the 
muds, often to the extent of thirty or forty feet 
from the axis of the well bore. This invasion 
is decidedly detrimental inasmuch as it affects 
conventional Well logging in Such a manner that 
the interpretation of the logs is difficult, and often 
impoSSible. Fol this reason additional laborious 
operations are frequently necessary to clarify in 
formation, and in Some cases a potentially pro 
ductive horizon is entirely overlooked. It is also 
to be noted that fluid invasion of potentially pro 
ductive formations often seriously affects pro 
duction characteristics of the well. 
No drilling filuids that are now available com 

pletely eliminate invasion by osmosis and differ 
ential diffusion, and it has therefore been impos 
sible hei'etofore to eliminate the difficulties to 
which reference has just been made. 
The terms "differential diffusion' and “os 

nosis' as used herein include those phenomena 
which cause infiltration or invasion of liquid 
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components of drilling mud into penetrated for 
nations, and which constitute a component of 
infiltration other than that which is produced by 
the mechanical pressure differential across the 
filter cake. It is Well known that “diferential dif 
fusion' or "oSnosis' is caused by a difference in 
ion concentration of two fluids separated by an 
oSinnotic Inembrae. 
The present invention is concerned with, and 

it is the primary object of the invention to pre 
Veint invasion of formations penetrated by bore 
holes Such as oil and gas wells by fluids introduced r 
as flowing into such bore holes. 
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Another object is to control differential diffu 
sion and molecular movement in a well during 
drilling and during subsequent operations of 
bringing the well into production whereby the 
potentially productive horizons may be effectively 
logged and optimum production characteristics 
are established. 
A further object is to prevent infiltration by 

oSinosis and differential diffusion into shales so 
that such formations may be effectively drilled 
by avoiding the heaving of such shales into the 
well. 
Another and more specific object is to apply 

an electrical potential between the interior of a 
well and the surrounding formations to overcome 
the tendency for differential diffusion to take 
place through the filter cake. 
A still further object is to maintain such elec 

trical potential after drilling is completed and 
prior to the Completion of the Well So that differ 
ential diffusion during such interval is minimized. 
The invention also comprehends the applica 

tion, for a predetermined period of time, of a 
reversed potential between the drilling fluid and 
the surrounding formation whereby controlled 
infiltration or invasion is effected, and correla 
tion of electrical logs prior and subsequent to 
such infiltration affirmatively indicates permea 
bility of the respective penetrated formations. 
The foregoing are primary objects which, to 

gether with other objects and advantages of the 
invention, will be more fully apparent from the 
following description considered in connection 
With the accompanying drawings in which: 

Fig. 1 is a Sectional view through the earth 
showing an illustrative embodiment of the inven 
tion; 

Fig. 2 is a sectional view similar to that shown 
in Fig. 1, but illustrating the extent of controlled 
invasion of penetrated formations from which 
permeability of the various formations may be 
readily determined; 

Fig. 3 is a graphical illustration showing the 
relation for a given formation between the vol 
line invaded and the potential applied; - 

Fig. 4 shows an elemental unit solid illustrat 
iing the manner in which a quantity of fluid Q 
is caused to flow through an elemental volume V 
by a potential gradient AE/Aac. 
In the practice of the invention as illustrated 

in Fig. 1 of the drawings, the bore hole is pro 
vided with a surface casing 2. Below this casing 
the bore hole penetrates successive porous, some 
What porous or permeable formations 3, 4, 5 and 
6 at succeedingly greater depths. It is to be 
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understood that the disclosure is illustrative only 
as fewer or a greater number of permeable forma 
tions may be considered. 
The bore hole is filled with or usually con 

tains a drilling fluid or mud 7. Such drilling fluid 
Or mud is usually made up of a water base which 
carries Solid or colloidal matter which is com 
pounded for the purpose of accomplishing various 
functions during the drilling operation and is 
usually of Such nature that a filter cake 8 is 
formed on the walls of the bore. As already ex 
plained such filter cake is usually relatively in 
permeable and capable of preventing or minimize 
invasion of the formations by liquids from the 
mud due to mechanical pressure differential at 
the face of the Well bore 2. It has been found 
that such a filter cake on the formation face is 
incapable of preventing invasion of the forma 
tion by liquid from the mud due to molecular 
movement, from osmosis and diferential dif 
fusion. 
To prevent or minimize invasion from osmosis 

and differential diffusion the invention compre 
hends the use of a Suitable source of electricai 
potential Such as the generator 0. This genera 
tor is provided with a rheostat So that the ter 
minal potential of the generator may be readily 
Controlled within desired limits. Inasmuch as 
the results obtained in accordance with the in 
vention are primarily dependent upon a poten 
tial field at the well bore, and not the current 
intensity within such area, the terminal voltage 
of the generator () may vary between relatively 
wide limits. For example, in the Gulf Coast 
area of the United States where the moisture 
Content of the earth's Crust is high, a terminal 
voltage of fifty volts is adequate. On the other 
hand, where drilling operations are carried out 
in more arid areas, Such as the uplands of West 
Texas, a terminal voltage as much as two-hun 
dred and twenty volts may be necessary. These 
Suggested potentials are given by way of illus 
tration and it is not intended that the invention 
shall be confined to the use of these exact po 
tentials. 
The terminals 12 and í3 of the generator í 0 are 

connected to a double pole double throw reversing 
Switch 4 So that the polarity Supplied to the 
circuit conductors 5 and 6 may be readily con 
trolled. When drilling deep Wells such as oil and 
gas wells, the formations traversed contain con 
nate Waters that are mineralized, that is con 
taining various salts which carry a negative po 
tential. Under these conditions and is accord 
ance With the invention, it is necessary that the 
interior of the bore hole be positive with respect 
to the formation penetrated. To this end the 
SWitch 4 is closed so that the conductor 5 is 
connected to the positive terminal of the genera 
tor 0 and to the drill stem. Within the well bore. 
The negative terminal of the generator O is 

connected to a control box 20 through Which con 
nections may be selectively made to a plurality 
of grounds 2, 22, 23 and 24 arranged at selected 
distances from the Well that there is a desired 
distribution of electrical energy as indicated by 
the lines 25, 26, 27 and 28 respectively. 
Since two to ten weeks of time is usually re 

quired to complete a well, the amount of time dur 
ing which invasion may take place during such 
operations as changing of bits, logging, running 
pipe, etc., is relatively small and for this reason 
during such time, while a potential is not applied 
in accordance With the foregoing, is negligible. 

Following the actual drilling operations in 
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4 
which this invention is utilized in the manner 
above indicated there is a period during which 
other operations such as logging, setting of cas 
ing, testing for production and cleaning of the 
well are carried out. During this period it is de 
sirable that potential conditions as above, be 
maintained insofar as practicable to prevent 
molecular movement or migration. To this end 
any suitable electrode may be utilized in the well. 
For example, a cable may be lowered into the 
well for temporary use as an electrode or any tub 
ing String lowered into the well will be so used. 

After drilling is completed and before the cas 
ing is Set, the well is logged. One phase of the 
invention comprises the carrying out of the sub 
Sequent step of effecting Controlled invasion so 
that permeability of penetrated formations may 
be determined. For this purpose the switch 4 
is thrown. So that a negative potential is applied 
to an electrode in the Well for a predetermined 
length of time as illustrated in Fig. 2 whereby 
infiltration into the various formations 3, 4, 5 and 
6 is produced as indicated at 3, 32, 33 and 34 
respectively. It is to be noted that invasion is a 
function of permeability and that therefore the 
extent of invasion varies in the general manner 
indicated. 
At the end of time, t, the well is relogged for 

the purpose of determining the depth of the con 
trolled invasion of each formation as resulting 
from the application of a potential, E. These 
measurements provide values of V, the invaded 
volume, corresponding to the applied potential E 
existing during the time, t. These data enable 
the plotting of the curve 35 shown in Fig. 3. The 
slope of this curve is: 

AV/AE=tan që (A) 
But, AV=KAac which is a function of the depth 

of the invasion ac. One may therefore write: 
K(AE/Aac) =cot sp (B) 

The quantity of fluid, Q, entering a unit cube 
having volume W during time, t, as illustrated in 
Fig. 4 is related to AE/Aac in the following manner: 

Q/t-Kiac (AE/Aac) P (C) 

In this equation P is permeability of the forma 
tion under consideration. Now from equations 
(B) and (C) : 

P=Q/t=Ka tan db (D) 
--K3V tam gib (E) 

In equations (D) and (E), V and tan b are de 
termined in the manner just indicated. 

It seems apparent that the method gives the 
aVerage permeability of a large sample of forma 
tion in situ and is therefore extremely advan 
tageous over the ordinary method of determin 
ing permeability from Small contaminated sam 
ples obtained by coring and the like. 
The practice of the invention as above set forth 

pertains to operations carried out where connate 
Waters are mineralized. The invention is also ap 
plicable where drilling operations are carried out 
for the purpose of producing fresh water. In 
Such case, however, technique is modified to the 
extent that potentials, as above set forth, are re 
Versed in polarity. This is necessary because 
under these conditions the drilling mud is made 
more highly mineralized than are the fresh 
waters of the formations through which drilling 
is Carried out. 

Broadly the invention comprehends a method 
for controlling fluid infiltration or invasion into 
geological strata penetrated by bore holes and 
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also for determining permeability of such strata. 
The invention claimed is: 
1. The method of preventing infiltration, by 

differential diffusion, of fluids from drilling mud 
into the formations containing mineralized water 
penetrated by a well bore and determining per 
meability of the penetrated formations compris 
ing, applying a positive electrical potential be 
tween the drill string and the earth surrounding 
the well bore, maintaining said potential during 
drilling, electrically logging the bore, applying a 
reVersed potential between the mud and the sur 
rounding formation whereby controlled infiltra 
tion is effected, and thereafter re-logging the 
well, whereby the rate of infiltration and hence 
permeability of the penetrated formations are 
determinable. 

2. In the drilling of wells by the rotary method 
wherein drilling fluid is pumped downwardly 
through a drill string during drilling, the method 
of preventing infiltration by Osmosis of the drill 
ing fluid into penetrated formations containing 
mineralized water during drilling, and determin 
ing permeability of the formations comprising, 
applying a positive electrical potential between 
the drilling fluid and the earth surrounding the 
well bore and maintaining said potential, dur 
ing drilling, at a sufficiently high potential with 
respect to the surrounding formation to over 
come the tendency for infiltration by osmosis, 
electrically logging the bore so formed, applying 
a reversed potential between the drilling fluid and 
the surrounding formations for a predetermined 
time, and thereafter re-logging the well to de 
termine the amount of infiltration during such 
time. 

3. The method of preventing infiltration, by 
differential diffusion, of fluids from drilling mud 
into the formations, containing fresh water, pen 
etrated by a well bore and determining per 
meability of the penetrated formations com 
prising, applying a negative electrical potential 
between the drill string and the earth surround 
ing the well bore, maintaining said potential dur 
ing drilling, electrically logging the bore, apply 
ing a reversed potential between the mud and 
the surrounding formation whereby controlled in 
filtration is effected, and thereafter re-logging the 
well, whereby the rate of infiltration and hence 
permeability of the penetrated formations are 
determinable. 

4. In the drilling of wells by the rotary method 
wherein drilling fluid is pumped downwardly 
through a drill string during drilling, the method 
of preventing infiltration by differential diffusion 
of the drilling fluid into penetrated formations 
containing fresh water during drilling, and deter 
mining permeability of the formations compris 
ing, applying a negative electrical potential be 
tween the drilling fluid and the earth surround 
ing the well bore and maintaining said potential, 
during drilling, at a sufficiently high potential 
with respect to the surrounding formation to 
overcome the tendency for infiltration by dif 
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ferential diffusion, electrically logging the bore 
So formed, applying a reversed potential between 
the drilling fluid and the surrounding formations 
for a predetermined time, and thereafter relog 
ging the well to determine the amount of infiltra 
tion during such time. 

5. The method of determining the permeability 
of a porous earth formation penetrated by drill 
ing a Well bore while a drilling mud cake is cover 
ing Said earth formation comprising, forming a 
drilling mud cake on a porous earth formation 
Strata, Said cake minimizing invasion of well 
fluids from said well bore into said porous earth 
formation strata by pressure differentials but 
permitting an invasion of said well fluids by 
Osmosis, thereafter applying a first potential dif 
ference between the well fluids and the earth sur 
rounding the Well bore for a predetermined period 
of time to control said invasion by said osmosis, 
thereafter electrically logging the bore to record 
the extent of invasion of said well fluid, applying 
a Second potential difference different from said 
first potential difference for the same period of 
time as Said first potential difference was applied, 
and thereafter electrically logging the extent of 
invasion of said well fluid during application of 
Said second potential difference, the two loggings 
enabling a mathematical computation of the per 
meability of said porous earth formation in situ. 

6. The method of determining the permeability 
of a porous earth formation penetrated by drill 
ing a well bore in situ comprising, forming a drill 
ing mud cake on said porous earth formation, 
while said cake remains thereon applying a first 
electrical potential difference between the well 
fluids and the earth surrounding the well bore to 
control osmotic invasion of said porous earth 
formation through said mud cake, electrically 
logging the bore to record the extent of said in 
vasion, thereafter applying additional electrical 
potential differences between said well fluid and 
said earth Surrounding the well bore, said addi 
tional potential differences being of different 
voltage than said first potential difference and 
each of the other of said additional potential dif 
ferences, and electrically logging the well liquid 
invasion caused by each potential difference to 
thereby obtain data for determining the per 
meability of said porous earth formation in situ. 

LEONARD J. NEUMAN. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Nanne Date 
2,084,143 Hummel ---------- June 15, 1937 
2,172,625 Schlumberger ------ Sept. 12, 1939 
2,211,696 IrOnS --------------------- Aug. 13, 1940 
2,212,274 Martienssen –----- Aug. 20, 1940 
2,217,857 Byck ---------------- Oct. 15, 1940 
2,283,206 Hayward ---------- May 19, 1942 


