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UNITED STATES 

This invention relates to testing wells and is 
directed particularly to determining the location 
of ingress of well fluids, particularly in wells pro 
ducing a plurality of such fluids, such as oil and 
gas Wells which also produce water. 
lems of fluid-entry location arise most frequently 
in connection with oil and gas wells which pro 
duce undesired water or brine along with the de 
sired hydrocarbon fluids, 

its utility is clearly not of such limited extent. 
Numerous attempts have been made, and some 

commercial success has been attained in Solving 
problems of fluid-entry location in oil and gas 
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ground surface, with a minimum of interference 
with the normal producing of the Well; (2) to 
provide a conditioning procedure having no poS 
sibility of overbalancing the static fluid preSSures 

As prob- 5 in the permeable formations and causing intru 
sion of foreign fluids into them; (3) to employ 
inexpensive and non-hazardous conditioning 
agents; (4) to produce in a well a semi-per 
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the invention will be manent indication or pattern which is capable of 
described with reference to such wells, although lo being repeatedly observed as long as or as often 

as desired, which pattern is readily and simply 
interpretable; (5) to employ very simple testing 
and recording equipment; (6) to carry out the 
testing with very little or no handling or modifi 

Wells, but all of the methods heretofore employed 15 cations of the well-producing equipment; (7) to 
have had their utility somewhat limited by cer obtain the significant indications with the Welli 
tain difficulties and drawbacks. Almost all of either at or close to the producing equilibrium 
such methods have employed well-conditioning 
or preparation steps which have required ex 

condition which prevails during normal fluid pro 
duction; and (8) to control the producing condi 

tended periods of time and very careful manipu- 20 tions of the well during the testing steps at will 
lation of the well or of the conditioning fluids from the surface. Other and further objects, 
and well equipment. To avoid over-balancing 
the natural fluid pressures of the exposed well 
formations, thus forcing into them foreign fluids 

uses, and advantages of the invention will become 
apparent as the description proceeds. 
We accomplish the foregoing and other objects 

which might later mask the identity of the true 25 by a method of well testing which involves, gen 
formation fluids, extreme and often impractical 
precautions have been necessary. Frequently, the 
Success Or the failure of a well-testing process 
has been dependent upon the manner of distribu 

erally, first lowering and then in Subsequent steps 
maintaining the bottom-hole pressure in the well 
below Static, that is, below the bottom-hole pres 
Sure Which existS when the Well is shut in and all 

tion of a particular testing material through the 30 production has stopped; placing a column of con 
Well or the well fluids, such material being also 
:nore or leSS expensive and hazardous to handle 
in the case of radioactive tracing agents and solu 

In addition, with some testing methods, tionS. 

ditioning liquid throughout the well test zone, 
which ordinarily means replacing the formation 
fluids which accumulate there; flowing the con 
ditioning liquid column through the test zone and 

the significant indications are of such short dura- 35 past the producing formations, while formation 
tion that they could be completely missed, if the 
measuring or detecting equipment happened to 
be at a different level in the well at the critical 

In most of such prior art methods also, time. 
the tests are carried out with the well under quite 40 function of depth. 
different producing conditions, from those which By maintaining the bottom-hole pressure 
may prevail during the normal production of 
the desired oil and gas from the well. Also a 
dirawback in Sonne cases is the fact that the in 
Sertion of additional tubing into the well, or more 45 
Or less handling of the well equipment may be 
required, all of which add very greatly to the 
time and expense of the testing operation. into the well bore. 
In view of the fact that in our invention most 

fiuids enter and contaminate or dilute the con 
ditioning liquid at their locations of ingress (due 
to the below-static bottom-hole pressure); and 
lineasuring the pattern of contamination as a 

always below static, for example, by pumping the 
Well Minore or lieSS continuously, at least two very 
important advantages are gained: there is never 
any possibility of intrusion of the conditioning 
liquid into the Well formations, and the forma 
tions are always producing their natural fiuids 

The testing is carried out 
With the forinations producing at any desired 

of the foregoing disadvantages and drawbacks are 50 rate, even approaching that occurring during 
minimized or completely absent, some of the ob- Ihornal fluid production. 
jects of our improved testing procedure for wells 
may be bri?fly enumerated as follows: (1) to pro 
vide a well-conditioning procedure of simple 
ilature, capable of being carried out from the 5 5 

There are. Several ways of placing the condi 
tioning liquid throughout the well test zone, each 
having advantages in certain situations. It is 
even possible to utilize the well fluids themselves 
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after appropriate addition of a conditioning 
agent which will be affected by the entry of 
further well fluids as the conditioned liquid 
flows by the producing formations. 
This will be better understood by reference to 

the accompanying drawings forming a part of 
this application, taken with the following detailed 
description. In these drawings, in which the 
same reference numerals are applied to the same 
or corresponding parts in the different figures: 

Figures 1 to 4, inclusive, show in CrOSS Section. 
a typical well and the fluid conditions therein be 
fore and during certain steps of the performance 
of One modification of the testing process of our 
invention; 

Figure 5 is a log of the fluid conductivity ob 
tained as a function of depth in the Well; 

Figures 6 and 7 show the fluid conditions in a 
well during conditioning by the procedure form 
ing a preferred embodiment of the invention; 
and 

Figure 8 ShoWS an embodiment of the inven 
tion utilizing treated well fluids as the condition 
ing liquid. 

Referring now to these drawings, and to Figure 
1 in particular, a well 0 is shown diagrammati 
cally in CrOSS Section as equipped with a casing 
and a tubing String 2 through which the well is 
produced from a point near the bottom by a con 
ventional pump 3 operated, for example, by a 
Sucker rod String 4. If the inlet to pump 3 is 
not normally near the bottom of the well, or at 
least below the zone to be tested, it is placed there 
prior to the beginning of the testing process of the 
invention. 

If well O is shut in for a period of time so that 
a State of equilibrium is reached, the well fluids in 
the annulus 5 between casing f and tubing 2 
rise to a top level 6, designated as the “static 
fluid level,' the fluid column then comprising an 
upper body 7 of oil and a lower body 8 of salt 
Water Separated by a sharp interface 9. 
When well 0 is in a state of producing or 

dynamic equilibrium, with fluid being removed 
by pump 3 through tubing 2, the fluid condi 
tions are as indicated by the dashed lines, with 
the top of oil 7 at the producing fluid level 2 
and the interface 9 between the oil 7 and Salt 
water 8 at the level 22 of the inlet to pump 3 
Where it is Shown in Figure 2. The difference in 
botton-hole preSSure, between the condition with 
the well fluids at the static level 6 on the One 
hand and at the producing level 2 on the other 
hand, is that reduction in bottom-hole pressure 
required to cause the fluids to flow from the sur 
rounding formations into the Well at the rate de 
termined by the rate of operation of pump 3 in 
lifting these fluids from the well O. For the pur 
pOSes of this invention, it is desirable but not 
eSSential to know within approximate limits what 
these two preSSures are, or at least the pressure 
difference, as it is one of the important features 
of the invention that all of the conditioning and 
testing Steps are carried with the bottom-hole 
pressure below static-in other words, at a pres 
Sure level below that when the well is in static 
equilibrium. The procedures to be described have 
proven useful in Substantially all wells tested, but 
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4 
ance With our invention, as much as possible of 
the oil body 7 is removed from the annulus 5 
by producing or pumping it out through the tub 
ing 2, while introducing fresh water 25 from a 
Surface tank Or Source 26 into the annulus 5 at a 
rate, determined by a control valve 22, which is a 
Substantial fraction of but does not exceed the 
pumping rate. If fresh water 25 is simply intro 
duced alone into annulus í5 on top of oil column 

, the bottom-hole pressure having first been re 
duced by pumping, a certain amount of mixing 
and Overturning occurs, With globules of Water 
falling through the oil, due to the different Spe 
cific gravities and the iminiscibility of the two 
fluids. 
This nixing of the oil and water does not ordi 

narily prevent Satisfactorily conditioning the 
Well, however, Since the rate of falling of the 
Water in globules through the oil is low. We 
locities of fall ranging fronn four to ten feet per 
minute have been observed in a number of wells. 
By continuing to pump while the water 25 noves 
slowly doWinward in globules, a substantial por 
tion of the Oil Column can be leinoved to make 
Space for the necessary conditioning water col 
unn to extend through the well test Zone, Without 
ever exceeding the Static botton-hole pressure. 
When it is desired, however, to minimize the 

intermixing of the oil and Water 25, So as to 
displace the oil from the annulus 5 with the 
greatest possible effectiveness, a deformable sep 
arating plug 29 of pumpable viscous liquid or gel 
is interposed between the oil and the following 
fresh water 25 to resist their tendency to mix and 
overturn. The plug 29 readily adapts itself to 
changeS in Shape of the annulus 5, passing tub 
ing and casing joints and the like in a manner 
that would be impossible if it were a solid body 
rather than a highly deformable liquid or gel. 

Suitable materials for forming plug 29 are, for 
example, a Stiff emulsion of oil and water 38 or a 
Water- or oil-base gel 3. A suitable oil-base gel 
can be formed by adding a thickening agent such 
as 'Napalm' to crude or refined oil, or a water 
base gel may COmprise Water plus bentonite Or 
hydrolyzed starch. The separating plug material 
29 may comprise any of these materials, alone or 
in combination in the foirm of tWo Oir Several 
layers. For example, it may be desirable to en 
ploy a Water-in-oil emulsioin 39 in contact with 
the Water 25 and the oil-base gel 3 in contact 
With the Oil ÍT to preVent Contact of the water 25 
With the gel 3 which might cause breaking of 
the gel. 
With the well in the condition shown in Figure 

2, pump 3 is removing the oil column and a 
minor amount of production from the well forma 
tions through the tubing 2 to the surface, while 
water 25 is being introduced from supply 26 
through Valve 27 at a rate which is only slightly 
leSS than the rate of pumping through the tubing 
measured on a weight basis which is the intended 
basis of measurement or comparison throughout 

85 

are especially useful in wells where the pressure 
difference between static and producing equilib 
rium is Small, which wells are difficult to condi 
tion by other methods. 

Referring now to Figure 2, the Well is shown 
in a stage of the preliminary conditioning which 
precedes the measurements for determining the 
locations of ingress of the salt water. In accord 
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this Specification, unless otherwise indicated. 
The introduction of the plug 29 and water 25 may 
be started just as soon as the botton-hole pres 
Sure has been reduced below static by pumping, 
but it is preferably begun with the well near or at 
the producing equilibrium level 2: The in 
portant limitation is that the rate of introduction 
Of plug 29 and Water 25, shall never exceed the 
rate of pumping of the well through tubing 2, so 
that as a result the bottom-hole pressure in well 
C, after the initial reduction, never can return 

to or exceed the static value. Consequentiy, none 
of the fluids in the annulus 5 can enter these 
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formations; and finally the conditions shown in 
Figure 3 are reached, after a period of time, in 
which substantially the entire fluid coluinn in 
annulus 5 is fresh water 25, with the oil haW 
ing been produced through tubing 2, together 
with the gel 3 and the emulsion 3). A Small 
amount of oil 7 may still exist on top of the 
water column 25 due to some by-passing of the 
plug 29 and to the minor amount of oil produced 
by the well formations during placement of the 
water column 25 under the reduced botton-hole 
pressure. Some globules T of this produced oil 
are shown moving upward through the Water 25 
in this figure. This oil may generally be disre 
garded, however, because subsequently intro 
duced water 25 readily falls past or through it to 
join the main water column, and its contribution 
to the bottom-hole pressure reinains relatively 
constant. 
The Well O is now ready for the fluid meaSure 

ment step of the process illustrated in Figure 4, 
to obtain the fluid conductivity log of Figure 5. 
It will be assumed that the formations penetrated . 
by well G produce oil over the two intervals 35 
and 36 and salt water from the three Zones 38, 
39, and 43. A pair of fluid-conductivity elec 
trodes 4 is lowered into the annulus 5 on an 
insulated-conductor cable 42 carried on a reel 43 
at the surface at the top of well, Suitable leads 
and slip rings connecting electrodes 4 through 
the cable on reel 43 to a current source it and an 
indicator or recorder 45. 
Pump 3 is operated to lift fluids at a normal 

rate (“normal' is here used in the sense that 
the pump stroke rate and length are the Sane 
as in the usual producing of well i), or at any 
other preferred rate greater or less than inormal, 
to draw down the column of water 23 and Simul 
taneously induce oil and salt-Water production 
from the formations into the Well bore and Water 
column 25. Additional water 25 from the Sur 
face supply 25 is introduced at some fraction of 
the pumping rate, and this constitutes the con 
trol of the Well-formation producing rate. After 
any period of steady pumping and constant-rate 
Water addition to annulus 5 from the Surface, a 
producing equilibrium is reached where the rate 
of water addition plus the rate of fluid entry from 
the well formations equals the pumping rate. 
Thus by making the Water addition rate large Or 
Smal, the formation producing rate Will be con 
versely small or large, and it is a simple matter 
to regulate it to any value desired. 
With the producing, pumping, and Water intro 

diction conditions established, the rate of entry 
of salt water at each of Zones 38, 39, and 4 and 
the rate of downward movement of Water 25 are 
constant, and the pattern of containination or 
dilution of the fluid column is a steady or semi 
permanent one. It is only necessary to traverse 
the electrodes through the annulus 5 and 
record the fluid conductivity as a function of 
depth on recorder 45 to obtain the log of Figure 5. 

in this figure the top of the nain water column 
produces the conductivity increase at 50, the salt 
v;ater stratum i produces the gradual con 
ductivity increase 5 , Salt-water stratum 39 pro 
ruces the second gradual increase 52, and the 
Sudden increase to the final high value of Con 
ductivity 53 indicates the location of pump inlet 
level 22, below which there is aimost always 
Undi luted Salt Wyatter. Since this Salt Water gen 
erally cannot be displaced by fresh water 25, the 
existence of the bottom salt-Water entry 4 is 
ascertained at the end of the dra Wodown by the 
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build-up step in which pump S is stopped, and 
valve 2 is closed. Well 9 continues to produce, 
raising the fluid level toward static, and the fluid 
entering from stratum 4 causes the high-con 
ductivity indication 53 to appear to move upward, 
as observed by the electrodes 4i, proving the 
existence of the bottom fluid entry. 

It is of course not necessary always to make 
the log of Figure 5 with the Well at any specific 
producing equilibrium, as the main features of 
the og and the Zones Of entry become apparent 
very early in the drawdown, as the step of flowing 
the conditioning water through the test Zone 
is termed. Beginning with the bottom-hole 
preSSure just under static, if no water is added 
to annulus 5 While pump 3 is operated steadily, 
the Well formations produce at an increasing 
rate, and Water column 25 flows downwardly at 
a decreasing rate, until the nornal producing 
equilibrium condition is reached. By repeatedly 
traversing electrodes & through the iuid co 
umn, logs are obtained of the contamination pat 
tern for a, whole series of different formation 
fluid production rates. 

In steady-state testing only one traverse of 
electrodes is required to obtain the log of Fig 
ure 5. In actual practice, however, the elec 
trodes are traVersed repeatedly until it is seen 
that a steady-State condition has been reached by 
the fact that the log being obtained is repeated. 
Then the build-up step entioned above to check 
bottom fluid production may be started. 
In Figure 6 is illustrated another and preferred 

Way of carrying out the testing of our invention, 
Without the Substantially complete preliminary 
displacing of the oil column illustrated in Figures 
2 and 3. TiThus the fresh, Water 2 from tak 2 
is introduced at a steady rate which is a Substan 
tial fraction, such as from 50% to 75%, of the 
Well pulging rate, Over a period of tire While 
the well is pumped steadily by pump 3 through 
tubing 2. This operation should continue at 
ieast until the first Water 25 introduced has fallen 
through the oil column and reachei the well 
bottom, as in this way the maximum amount of 
oil is displaced by the water. With a rate of 
fall between four and ten feet per minute and, 
Say, a 3,000-foot column of oil, at least, five hours 
is required; and during this period the principal 
fluid lifted by the puiap S is the oil from the 
annulus fluid colun, as production from the 
formations is held back by the increased bottom 
hole pressure of the added water 25. This large 
aimount of Water can be introduced and Will ulti 
mately be available for testing purposes without 
the bottom-hole pressure ever exceeding static. 
The Water addition can be and preferably is 

Continued somewhat, longer than is required for 
it to reach bottom, in order to purge the well of 
Salt accumulations which otherwise Would ini 
tially contaminate the fresh water 25 and reduce 
itS COnductivity contrast With the Well Water 
entering during the subsequent drawdown step. 
A particularly advantageous way of carrying 

out this continuous water addition is to arrange 
for an interlocking control 55 between the tubing 
outlet and the water inlet valve 2, for example, 
by actuating a control mechanisin from a meter 
56 through which the pump production passes, 
Slich that the Water input rate is the desired pre 
determined fraction of the well output. This 
Water circulation Step is then allowed to operate 
continuously, and unattended if desired, for sev 
eral hours, preferably overnight. If by chance 
the pump 3 stops, the interlocking control 55 
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in mediately and automatically shuts off the in 
troduction of water 25 to prevent flooding of the 
Well formations. 
At the time and after water 25 reaches the well 

botton, where it is picked up by pump 3 and re 
turned to the surface, a producing equilibrium 
condition is established in which the pumping, 
formation fluid production, and downward con 
ditioning Water flow rates are all Substantially 
constant. The conductivity electrodes 4 could 
be run in at this time and the contamination of 

O 

the descending fresh water 25 by the formation 
Water measured to produce a log as in Figure 5; 
but in Order to avoid the interference of oil 
blanketing the electrodes it is preferred to stop 
the punping and Water addition temporarily and 
let the Water 25 form a consolidated column ex 
tending at least through the Well test Zone. 
This is ShoW in Figure 7, and when it is found 

by Surveying with electrodes 4 that the con 
Solidated water column 25 is of sufficient height 
to Supply the contemplated drawdown, the pump 
ing, and Water addition if desired, are resumed. 
The contamination pattern presently appears, 
and a log with the indications 5, 52, and 53 
(Figure 5) is obtained by traversing the elec 
trodes it up and down the well annulus. The 
conti'ol of the operation by Water addition from 
the Surface is the same as was described in con 
nection with Figure 4, and the same procedure 
of Stopping pumping and water addition at the 
end of the draWooWn step to permit a build-up 
of fluids in the well annulus for indicating bottom 
fluid entry can be used. 

In the event fresh water 25 is not conveniently 
available at the Well location, the Well Water it 
Self, after addition of a suitable chemical agent, 
can Serve as the conditioning liquid. For ex 
ample, by adding a Small amount of sulfuric acid 
to the Well Water and making electrodes 4 of 
dissimilar metals a voltaic cell can be formed 
which is Sensitive to dilution by entering well 
Water to Vary the observed cell potential. 
This can even be carried out entirely within 

the Well as shown in Figure 8. A long column of 
Salt Water 3 is built up through and above the 
producing formations, either by addition from 
the Surface through the annulus or by raising the 
level 22 of the inlet to pump 3 above the pro 
ducing formations and pumping off the oil in the 
annulus fluid Coluinn. So that it is replaced by pro 
duced Salt Water. 
The purip inlet 22 is then lowered back to 

bottom and a conditioning agent such as Sulfuric 
acid is distributed through the Salt water column 
3 by a bailer 6 which is traversed through the 

annulus. A preferred Way of adding the condi 
tioning agent, particularly if the salt-water 
cGiunn is loing enough or is being added to from 
the Surface, is to locate the bailer 60 at a con 
ditioning point just above the well test zone and 
add the agent to the salt Water passing by this 
point during the drawdown and contamination 
SUIWey. 
By Whatever Way the Well fluid column is treat 

ed, the resultant log of cell potential as a func 
tioi. Of depth, Inade while drawing down the 
conditioned Salt Water past the producing forma 
tions ald inaintaining the proper bottom-hole 
pressure by fluid additions from the surface, is 
of the Sanne general charaCter as Figure 5 and has 
the Same significance. The contamination or 
dilution pattern in the downwardly moving liquid 
column has the same semi-permanence or sta 
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8 
bility as the pattern obtained using fresh Water 
in the previous embodimentS. 

It should be noted that the invention, While SO 
described, is not limited Solely to the detection of 
Salt Water, using fresh or treated Well Water aS 
the conditioning liquid. There are Wells, for ex 
ample, in which the connate water resistivity is 
high enough that Salt Water is to be preferred for 
the conditioning liquid, having a contrastingly 
lower resistivity than the produced well Water. 
The indications obtained by Such a Wariation in 
technique are, however, analogous to those ob 
tained as above described. It is also possible to 
locate the exact Zones of entry of other fluids in 
the Well. Such as oil, by using as the conditioning 
liquid, not water or brine but a material miscible 
in the same nanner With oil as Water is niscible 
with the well brine, but contrasting with the oil 
in Some measurable characteristic Such as fluores 
cence, electrical conductivity, dielectric proper 
ties, opacity, and the like. 
While our invention has thus been described 

by giving in detail the sequence of steps by which 
We arrive at the desired resultS, it Will be apparent 
to those skilled in the art that certain nodifica 
tions of these StepS are possible Without affecting 
the validity of the results obtained. The inven 
tion, therefore, should not be considered as lim 
ited strictly to the described procedure, but its 
Scope is to be ascertained from the appended 
claim.S. 
We clain: 
1. The method of testing a Well to determine 

locations of fluid ingreSS therein which coin 
prises the steps of placing a column of condi 
tioning liquid throughout a producing ZOne to 
be tested in Said well, flowing Said column 
through Said ZOne, and neaSuring as a function 
of depth a property of said conditioning liquid 
characterizing its contamination by formation 
fluids, all of Said Steps being carried out, while 
maintaining the botton-hole pressure in Said 
Well below static, whereby intiusion of said con 
ditioning liquid into the Well formations is posi 
tively prevented and said formations are at all 
times producing their natural fluids into the well 
bOre. 

2. The method of testing a well to determine 
locations of fluid ingress therein which comprises 
the steps of placing a column of conditioning 
liquid throughout and SOmeWhat above a pro 
ducing Zone to be tested in said well, pumping 
said well from a point near the botton of Said 
ZOne to cauSe Said column to nilove downwardly 
through Said Zone, and measuring as a function 
of depth a property of Said conditioning liquid 
characterizing its contamination by formation 
fluids, all of Said Steps being carried out while 
maintaining the bottom-hole pressure in Said 
well below Static, whereby intrusion of said con 
ditioning liquid into the Well formations is posi 
tively prevented and said formations are at all 
times producing their natural fluids into the well 
bOre. 

3. The method of testing a well to determine 
locations of fluid ingress therein which comprises 
the Steps of replacing a substantial portion of the 
fluid column in the well by a conditioning liq 
luid Which forms a consolidated column extend 
ing at least through a test zone in Said well, 
pumping Said Well to cause said consolidated 
column to move through said test zone, and 
measuring as a function of depth a property of 
Said conditioning liquid characterizing itS con 
tamination by formation fluids, all of Said steps 
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being carried out while maintaining the bottom 
hole pressure in Said well below static, whereby 
intrusion of Said conditioning liquid into the Wel 
formations is positively prevented and Said for 
nations are at all times producing their natural 
fluids into the well bore. 

4. The method of testing a Well to determine 
locations of fuid ingress therein which corn 
prises the steps of replacing at least that portion 
of the fuid column in the well annulus extend 
ing through and Substantially above a producing 

0 

zone to be tested with a conditioning liquid " 
miscible with the Well fluid of which the ingress 
is to be located, pumping Said well from a point 
below said Zone to draw said conditioning liquid 
downwardly through Said Zone, and neaSuring as 
a function of depth a property of Said condition 
ing liquid characterizing its contamination by 
formation fiuids, all of said steps being carried 
out while raintaining the botton-hole pressure 
in said Well below static, whereby intrusion of 
said conditioning liquid into the well formations 
is positively prevented and said formations are 
at all times producing their natural fluids into 
the Well bore. 

5. The method of testing a well to determine. 
locations of filidigreSS therein Which comprises 
the steps of continuously flowing an uncontami 
inated conditioning liquid from outside of a ZOne: 
to be tested in Said Well through Said ZOne, and 
measuring as a function of depth a property of 
Said conditioning liquid characterizing its con 
tainination by formation fluids, all of Said steps 
being carried out while mantaining the bottom 
hole pressure in Said Well below static, whereby 
intrusion of Said conditioning liquid into the Well 
formations is positively prevented and said for 
natics are at all times producing their natural 

lids into the Well hore. 
6. The nethod of testing a Well to determine 

locations of fluid ingress therein which comprises 
the Steps of flowing a liquid past a conditioning 
point outside of a producing Zone to be tested 
in Said Weil, adding a conditioning agent to said 
liquid at Said point, then flowing said liquid con 
taining Said agent through said Zone, and meas 
uring as a function of depth a property of said 
liquid characterizing the interaction of enter 
ing formination fluids and said agent, all of said 
Steps being carried out while maintaining the bot 
tom-hole pressure in said well below static, 
whereby intrusion of Said conditioning liquid into 
the Well formations is positively prevented and 
Said for nations are at all times producing their 
natural fluids into the Well bore. 

7. The method of testing a Well to determine 
locations of fluidingress therein which comprises 
the steps of punping Said Well to lower the bot 
tOn-hole pressure therein below Static, introduc 
ing into the Well annulus on top of the fluid col 
umn therein a conditioning liquid at a rate 
which is a substantial fraction of the well-pump 
ing rate, and mea,Suring as a function of depth 
a property of Said conditioning liquid character 
izing its contamination by formation fluids, all 
of said steps being carried out while maintaining 
the bottom-hole pressure in Said Well below static, 
whereby intrustion of said conditioning liquid 
into the well formations is positively prevented 
and said formations are at all times producing 
their natural fluids into the well bore. 

8. The method of testing a well to determine 
coations of fluid ingress therein which comprises 
the steps of pumping said well to lower the bot 
tom-hole pressure therein below static, contin 

20 

25 

30 

35 

60 

70 

75 

O 
uously introducing conditioning liquid into the 
Well annulus at a rate which is a substantial frac 
tion of the pumping rate, until a condition of 
producing equilibrium is established in which said 
Conditioning liquid flows doWinWardly past a pro 
ducing zone in Said well and the well formations 
produce into the well bore at a substantially con 
stant rate, consolidating said downwardly flow 
ing conditioning liquid into a column extending 
at least through Said Zone, and measuring as a 
function of depth a property of Said conditioning 
liquid characterizing its contamination by for 
nation fluids, all of said steps after the first 
being carried out while maintaining the bottom 
hole pressure in said well below static, whereby 
intrusion of said conditioning liquid into the well 
formations is positively prevented and said for 
nations are at all times producing their natural 
fluids into the well bore. 

9. The method of testing a well to determine 
locations of fluid ingress therein which comprises 
the Steps of pumping said well to lower the 
bottom-hole pressure therein below static, intro 
ducing a conditioning liquid into the well annulus 
continuously over a period of time, at least until 
Said liquid reaches the well botton, at a rate 
which is a Substantial fraction of the well-pump 
ing rate, accumulating said conditioning liquid 
into a consolidated column extending at least 
through the Well producing Zone, and measuring 
as a function of depth a property of said condi 
tioning liquid characterizing its contamination 
by entering formation fluids, while pumping said 
well to draw down said column through said zone 
and Simultaneously produce formation fuids into 
said column at their locations of ingress. 

10. The method of testing a well to determine 
locations of fluid ingress therein which comprises 
the steps of pumping said well to lower the bot 
tom-hole pressure therein below static, intro 
ducing a deformable plug into the Well annulus 
on top of the well fiuids therein, introducing a 
conditioning liquid on top of Said plug at a rate 
which is a substantial fraction of the well pump 
ing rate, whereby a substantial portion of the 
formation fluids in Said annulus are removed 
from said well by pumping, and said bottom 
hole pressure is maintained continuously below 
Static, drawing down Said conditioning liquid as 
a consolidated column past the Well producing 
Zone while continuing Said pumping to cause 
formation fluids to enter said column, and meas 
uring as a function of depth a property of said 
conditioning liquid characterizing its contamina 
tion by said formation fluids at the locations of 
their ingreSS. 

li. The method of testing a Well to determine 
locations of Water ingress therein which com 
prises the steps of pumping Said well to lower the 
bottom-hole pressure therein bellow Static, con 
tinuously introducing conditioning Water con 
trasting in electrical conductivity with the Well 
water of which the ingress is to be located, into 
the Well annulus at a rate Which is a substantial 
fraction of the pumping rate, until a condition 
of producing equilibrium is established in which 
said conditioning water flows downwardly past a 
producing zone in said well and the well forma 
tions produce into the Well bore at a substantially 
constant rate, consolidating said conditioning 
water into a column extending at least through 
said zone, drawing said column down Wardly 
through said Zone, and measuring as a function 
of depth the electrical conductivity of said con 
ditioning water characterizing its contamination 
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by formation water, all of said steps after the first 
being carried out while maintaining the bottom 
hole preSSure in said well below static, whereby 
intrusion of said conditioning water into the well 
formations is positively prevented, and said for 
mations are at all times producing their natural 
fluids into the Well bore. 

12. The method of testing a well to determine 
locations of water ingress therein which com 
prises the steps of pumping said well to lower 
the bottom-hole pressure therein below static, 
continuously introducing conditioning Water con 
trasting in electrical conductivity with the well 
water into the well annulus, at a rate which is a 
Substantial fraction of the well pumping rate, 
OVer a period of time substantially greater than 
that required for the first-introduced condition 
ing Water to reach the bottom of said well, where 
by Salt accumulations in Said well are purged by 
Said conditioning water, consolidating said down 
Wardly flowing conditioning water into a column 
extending at least through the well producing 
ZOne, drawing down Said column through said 
Zone, and measuring as a function of depth the 
Conductivity of Said conditioning water charac 
terizing its contamination by formation Water, 
all of Said steps after the first being carried out 
while maintaining the bottom-hole pressure in 
Said Well below static, whereby intrusion of said 
conditioning water into the well formations is 
positively prevented, and said formations are at 
all times producing their natural fiuids into the 
Wel bOre. ? i 

13. The method of testing a well to determine 
locations of Water ingress therein which com 
prises the Steps of pumping said well to lower the 
bottom-hole pressure therein below static, intro 
ducing into the Well annulus on top of the fluid 
column therein conditioning water contrasting 
in electrical conductivity with the formation 
Water, at a rate which is a substantial fraction 
of the Well-pumping rate, consolidating said con 
ditioning water into a column extending at least 
through a test Zone in said well, drawing said 
Column down through Said Zone, and measuring 
repeatedly as a function of depth the conduc 
tivity of Said conditioning water characterizing 
its contamination by formation water, all of said 
Steps after the first being carried out while main 
taining a, bottom-hole pressure in said Well below 
Static, whereby intrusion of said conditioning 
water into the well formations is positively pre 
Vented, and Said formations are at all times pro 
ducing their natural fluids into the well bore. 

14. The method of testing a well to determine 
locations of Water ingress therein which com 
prises the Steps of pumping said well to lower the 
bottom-hole pressure therein bellow static, con 
tinuously introducing conditioning Water con 
trasting in electrical conductivity with the for 
nation water into the well annulus at a rate 
Which is a Substantial fraction of the pumping 
rate, until a condition of producing equilibrium 
is established in which said conditioning Water 
flows downwardly past the producing zone of 
Said Well and the Well formations produce into 
the Well bore at a substantially constant rate, 
COnSolidating Said downwardly flowing condition 
ing Water into a column extending at least 
through said Zone, drawing down said column 
through Said Zone, and measuring repeatedly as 
a function of depth the electrical conductivity 
of Said conditioning Water characterizing its con 
tamination by formation water while varying the 
rate of introduction of additional conditioning 
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Water into the well annulus to vary inversely the 
producing rate of the formations into the well 
bOre, all of Said steps after the first being carried 
out while maintaining the bottom-hole pressure 
in Said well below static, whereby intrusion of 
Said conditioning water into the Well formations 
is positively prevented, and said formations are 
at all times producing their natural fluids into 
the well bore. 

15. The method of testing a well to determine 
locations of Water ingress therein which com 
prises the Steps of pumping said well to lower the 
bottom-hole pressure therein below static, in 
troducing a deformable plug of Wiscous pumpable 
liquid into the Well annulus on top of the oil 
Column therein, introducing on top of said plug 
conditioning Water contrasting in electrical con 
ductivity With the formation Water, at a rate 
Which is a Substantial fraction of the well-pump 
ing rate, Whereby a Substantial portion of the 
oil column in Said annulus is removed from Said 
Well by pumping, and Said bottom-hole pres 
Sure is maintained continuously below static, 
diraWing dOWn Said conditioning Water as a con 
Solidated column past the Well producing Zone 
While continuing Said pumping to cause forma 
tion fluids to enter Said column, and measuring 
as a function of depth the electrical conductivity 
Of Said Conditioning Water characterizing its 
contamination by formation Water entering Said 
Column at the locations of ingreSS. 

16. The method of testing a well to determine 
locations of Water ingreSS therein which con 
prises the Steps of pumping Said Well to lower the 
bottom-hole pressure therein below static, plac 
ing a Substantially continuous column of forma 
tion. Water containing a conditioning agent Sen 
sitive to dilution by additional formation Water 
in the well bore throughout and Somewhat above 
the producing Zone to be tested in said well, flow 
ing Said column through said Zone, and measur 
ing in said column as a function of depth a 
property characterizing the effect of entering 
formation fluids on said conditioning agent, all 
of Said steps after the first being carried out 
while maintaining the bottom-hole pressure in 
said well below static, whereby intrusion of the 
conditioned formation water into the Well forma 
tions is positively prevented, and said forma 
tions are at all times producing their natural 
fluids into the Well bore. 

7. The method of testing a well to determine 
locations of fresh water ingress therein which 
comprises the steps of pumping said well to lower 
the bottom-hole preSSure below static, introduc 
ing into the well annulus, on top of the liquid 
column therein, conditioning saltwater at a rate 
which is a substantial fraction of the well-pump 
ing rate, until a condition of producing equilib 
rium. Occurs in Which Said Salt water flows down 
Wardly past the producing ZOne in said well and 
the well formations produce into the well bore at 
a. Substantially constant rate, consolidating said 
doWnwardly foWing Salt Water into a column ex 
tending at least through said ZOne, drawing said 
Column down through Said Zone, and measuring 
as a function of depth the conductivity of said 
Salt water characterizing its contamination by 
entering fresh Water from the well formations, 
all of Said steps after the first being carried out 
While maintaining the bottom-hole pressure in 
Said Well below static, whereby intrusion of said 
conditioning Salt water into the well formations 
is positively prevented, and said formations are 
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at all times producing their natural fluids into UNITED STATES PATENTS 
the Well bore. Numbei" Name Date 

PAÑ. i,536,007 Huber ------------- Apr. 28, 1925 
RALPH E. HARTLINE. > 1537,919 Eumiott -------------- May 12, 1925 

1925 ,29 .Sept - - ? ? ? ? ? ? - - - - - Huber 801?555 ? 0? 
REFERRENCES (CS™E} 1196?786"? HinniS - ?---------------------- Dec. 23, 1930 

he following references are of record in the 1865,847 HinniS ------------------ July 5, 1932 
file of this patent: 


