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My invention relates to methods of determin 
ing the fluid density, fluid pressure and potential 
production capacity of oil wells and has particu 
lar reference to methods of determining the most 
desirable character of pumping equipment and . 
manner of operating the same to permit an eff 
cient production of oil from a given well. 
This application is a continuation of my co 

pending application Serial No. 71,170, filed Octo- . 
ber 26, 1937. 

It is the common practice in oil Well produc 
tion activity to permit an oil well to produce as a 
flowing well, that is, to permit the oil to flow out 
at the ground surface due to the pressure in the 
oil formations, until the production rate reaches 
a considerably low value or ceases, after which 
gas lifting is usually attempted and continued 
until the production rate with gas lifting reaches 
a relatively low value or the production entirely 
ceases. At this time, and in some instances prior 
to any attempt to gas lift the oil, mechanical 
pumping devices are usually installed to lift the 
oil by mechanical means to the surface, these 
pumps usually comprising a pump barrel located 
at a considerable depth in the well, usually 50 to 
150 feet below the surface of the liquid in the 
well while it is producing, plungers or other re 
ciprocating devices being employed in the barrel 
and operated from the ground surface by means 
Of Sucker rods. 

Usually the Selection of the size and charac 
ter of the pumping equipment is determined by 
the production of the well during its flowing or 
gas lifting life by estinating from this production 
the type or character of pump which appears to 

In many fields, however, the 
type, size and character of the pump installed is 
usually one determined as 'standard' for that 
particular type of well in the particular field. 
In other words, it is one having the same dimen 
sions as pumps in other wells producing from the 
same horizon. Frequently, such well receives no 
further attention until the field as a whole has 
declined to a point where it becomes necessary 
to increase the production from the wells, as for 
example, by the encroachment of water, necessi 
tating the lifting of greater quantities of fluid 
in order to obtain the desired amount of oil. 
When this condition occurs, it is customary to 
increase the capacity of the pumping equipment. 

Also, the production from a given well may be 
believed to be less than the character of the Well 
and the character of the pumping equipmentem 
ployed should indicate, as for example, the pump 

(C. 3-51) 
may be operating at a relatively low volumetric 
efficiency. 
In order to determine whether or not any 

change in the size, character, operating charac 
teristics or location of the pumping apparatus 
should be made, it is desirable that the location 
Of the liquid surface, the character of the liquid in 
the well, its density and the fluid pressure at any 
given point below the surface of the liquid and 
the maximum potential production capacity of 
the Well should be determined. 

For example, if the pumps in a particular field 
are operating at good volumetric efficiency, much 
can be determined from the quantity of oil pro 
duced and the volumetric displacement per stroke 
of the pump, and if the pumps are operating at 
their maximum capacity, the fact that the fluid 
level is at a considerable distance above the pump 
inlet may indicate that the operator is justified in 
making a change in the size or character of the 
pumping equipment. Again, if the volumetric 
efficiency of the pump is found to be low, as for 
example, when the pump appears to be taking 
in a comparatively large quantity of gas upon 
each stroke of the pump, the operator should 
know whether or not the inlet of the pump is 
located at a point too near the liquid surface 
so that he may determine how far below the 1iq 
uid surface he should lower the pump in order 
to allow it to receive liquid for the full stroke. 

Frequently in wells where the quantity of gas 
produced by the well is relatively Small, an in 
creased production of the pump may be obtained 
by raising the pump to a point nearer the liquid 
surface so that a better separation of the gas 
takes place prior to the entry of the liquid into 
the pump, while if the Well is making a large 
quantity of gas, it may be better to lower the 
pump to a point below where the gas is separated 
from the liquid so that upon each stroke of the 
pump, dense fluid will be picked up. However, in 
many instances, it is dangerous to lower the 
pump too close to the bottom as Sand is likely to 
be pumped into and foul the pump. 
In wells where the fluid level is So low that the 

pump is not completely submerged and hence 
does not receive a full cylinder or barrel of fluid 
upon each stroke, a pounding at the pump is 
created which may be heard Or determined at the 
ground surface. This same character of pound 
ing, however, may be produced by the pump even 
though the liquid surface is at a considerable dis 
tance above the pump inlet, occasioned by the in 
flow into the pump of large quantities of free gas. 
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Hence, simple tests to determine the fluid level 
relative to the pump inlet will not produce the 
desired information to the operator as to the 
desirable character or location of the pumping 
mechanism. 

If, however, the fluid pressure at different lev 
els below the surface of the fluid is determined, 
this information may be employed to determine 
the most desirable location of the pump and 
whether or not a change should be made in the 
size, operating characteristics or character of 
the pumping equipment employed in a given Well 
to produce an increased or maximum production 
from the well. 
The determination of the fluid pressure at dif 

ferent points below the surface of the well may 
be determined by instruments known as pressure 
recorders, which must be either attached to the 
pump or lowered into the well to the desired level, 
or must be lowered into the well on wires, cables 
or other supporting devices and left at the de 
sired levels for a predetermined length of tine 
necessary to permit the recorders to make a chart 
or record of the pressures encountered. All of 
these methods, however, require the stopping of 
the pumps and the stopping of production while 
the test is being made and further required the 
removal of the pumps and sucker rods and some 
times the tubing and other apparatus from the 
well in order to insert the pressure recorders or 
pressure measuring devices, which entails consid 
erable labor and time and holds up the produc 
tion of the well for a considerable period of time. 

It is therefore an object of my invention to 
provide methods for determining the fluid pres 
sure at any given point below the surface of the 
standing column of liquid in the well, determin 
ing the density of the liquid in such column and 
the production index of the well without inter 
rupting or interfering with the production of the 
well by the usual pumping apparatus employed 
therein. 
Another object of my invention is to provide a 

ready means for determining the fluid pressure 
at any level below the surface of the standing 
column of liquid in the well and for determining 
the density of the liquid in any particular well 
without necessitating the removal or replace 
ment of any of the usual pumping apparatus, flow 
tubes, sucker rods or other mechanism found in 
a well being produced by a mechanical pump. 
. Another object of my invention is to provide 
information to aid in the determining of the 
proper location of a pump in an oil well to achieve 
the maximum volumetric efficiency of the pump 
in handling the particular character of fluid 
found in the particular well. 
Another object of my invention is to provide 

a ready method for determining the potential 
production capacity of an oil well with a mini 
mum of expense, delay or interruption of the 
production activities of the well. 
Another object of my invention is to provide 

a method of determining the density of the fluid 
in a well by measuring the amount of recession of 
the level of the liquid surface under two condi 
tions of pressure upon the liquid surface and com 
puting from the facts thus obtained the density of 
the fluid in the well. Fluid densities in produc 
ing wells range all the way from less than .04 
pound per square inch to over 4 pound per square 
inch per 100 feet of fluid in the well. Therefore, 
a simple fluid level determination without a 
density or pressure determination gives very lit 
tle information. 

2,161,733 
Another object of my invention is to provide 

a ready method for determining the potential 
production capacity of a well by measuring the 
pressure at the pump inlet under two conditions 
of Operation of the pump and computing there 
from the maximum potential production obtain 
able from the Well. 
Another object of my invention is to provide 

a ready method for determining the potential 
production capacity of a well by determining the 
liquid pressure at Some point below the liquid 
Surface in the well, either at the pump inlet or 
any other location, under two conditions of pro 
duction from the well (one of which may be zero 
production), and by comparing the pressures so 
determined with the production rates, determin 
ing the maximum potential production obtain 
able from the Well. 
Other objects of my invention will be apparent 

from a study of the following specification read in 
connection with the accompanying drawing, 
Whereiri . " 

Fig. 1 is a diagrammatic, cross-sectional view 
of a typical oil well, illustrating the level of the 
liquid surface as being located a considerable 
distance above the inlet of the pumping appa 
ratus employed. 

Fig. 2 is a view similar to Fig. 1 but illustrating 
the effect on the liquid surface of gas pressure al 
lowed to build up in the casing. 

Fig. 3 is a diagrammatic view illustrating a 
chart or graph which may be employed in the 
practice of my method for the computation of 
fluid density and pressures at different locations 
or levels within the well; . . . . 

Fig. 4 is a diagrammatic view illustrating a 
chart or graph which may be employed to compute 
the maximum potential capacity of a well from a 
comparison of the pressure at the pump while it is 
idle... with the pressure at the pump, while it is operating normally; and 

Fig. 5 is a view similar to Fig. 4 illustrating the 
manner in which a more accurate computation of 
the potential capacity of a well may be obtained 
by comparing the pressure at the pump under two 
production rates of the pumping apparatus. 

Referring to the drawing, I have illustrated in 
Fig. 1 a typical oil well which includes a casing 
extending down through the well bore from the 
ground surface 2 into the oil producing sands, the 
oil flowing from the sands or oil formation into 
the casing and rising in the casing to some level 
indicated at 3. Pumping apparatus employed to 
remove the oil from the well usually includes a 
suitable pump 4 located upon tubing string 5, 
constituting the flow tubing through which the 
oil is raised to the ground surface, the pump 
including usually some reciprocating mechanism 
operated by reciprocal movements of a string of 
sucker rods 6 extending down through the tubing 
5 and connected to reciprocating power apparatus 
at the ground surface, as indicated at T. The 
flow tubing 5 is provided with an outlet 8 com 
municating with a suitable oil line through which 
the oil pumped from the well is conveyed to any 
desired location. 
The casing is closed at its upper end as indi 

cated at 9, an outlet f O being provided communi 
cating with the casing to permit gas escaping 
from the oil to pass into a suitable gas line , a 
control valve 2 being usually provided to control 
the flow of gas into the gas line. 
By properly selecting the size, the stroke and 
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the speed of the pump 4, the pump may be made 
to remove the oil from the well at approximately 
the same rate at which the oil flows into the well 
from the surrounding formation, and if SO 
selected, the well will be operated at its maximum 
capacity. However, oil coming from the forma 
tion contains relatively large quantities of gas 
which, due to the pressure of the oil, cannot read 
ily escape but which when the oil enters the pump 
tends to expand in the pump, reducing the volu 
metric efficiency of the pump. If now the pump 
is so located relative to the liquid surface that the 
greater portion of the gas within the well has 
been permitted to escape prior to the entry of the 
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oil into the pump, it follows that upon each stroke 
of the pump, the pump will be operated upon rela 
tively dense fluid and will hence operate at rela 
tively high volumetric efficiency. 

I have discovered a ready means for determin 
ing not only the pressure existing at the pump 
without requiring the removal of the pump or any 
of its apparatus but also I have discovered a ready 
method for determining the density of the fluid at 
the pump entrance, the information so obtained 
being used in the location of the pump at the most 
desirable level to obtain the maximum volumetric 
efficiency of the pump. 
To obtain the information required, I measure 

or determine the stable location of the liquid Sur 
face of the 'standing column' of liquid within the 
well when the pump is operating at its normal 
production capacity and with the pressure of gas 
within the casing at the usual Or normal value 
maintained during the usual or normal pumping 
operations at the well. The expression “standing 
column' as used herein is intended to mean the 
column of liquid which stands in the wall as dis 
tinguished from the pumped liquid column which 
is being lifted to the ground surface by the pump, 
such standing column being known in the oil 
industry as the “dead' liquid column and with the 
usual type of pumping apparatus this standing 
column lies in the annular Space between the 
tubing 5 and the casing . This location of the 
fluid level may be readily accomplished by em 
ploying the methods and apparatus disclosed in 
United States Letters Patent, No. 2.047,974, issued 
to Harold T. Wyatt and Paul E. Lehr. July 21, 
1936. and in my copending applications Serial No. 
162.699, filed September 7, 1937, and Serial No. 
164,534, filed September 18, 1937. While the 
methods and apparatus are completely disclosed 
in the said patent and applications, the method 
may be stated briefly as including the introduc 
tion into the annular space between the tubing 5 
and the well casing of a sudden change in pres 
sure in the well casing and measuring the length 
of time elapsing between the production of this 
pressure impulse and the return to the ground 
surface of the echo thereof from the surface of the 
fluid. Bv noting the distance from the ground 
surface of the fluid level under these conditions 
and by noting the pressure of gas at the casing 
head, as by means of a pressure gauge 3, the pres 
Sure on the liquid surface may be computed as 
follows: to the casing head pressure is added the 
effect of pressure on the liquid surface exerted by 
the weight of the column of gas between the liquid 
surface and the casing head. A gravity test may 
be made of the gas at the casing head which will 
determine the pressure exerted by each foot or 
hundred feet of height of the gas column. This 

builds up, the oil level 3 tends to recede. 

3 
information may be computed by the following 
formula, which is by Dice: 

Log10 Pb*12827 --Logo Pt 
Where 
Pb=Lbs./sq. in. absolute at bottom of gas column. 
Pt-Lbs./sq. in. absolute at top of gas column. 
S-Specific gravity of the gas (air is considered 1). 
D=Depth from casing head to liquid Surface. 
T-Mean temp. of the gas column in degrees F. 

absolute. 
This information may then be plotted upon a 

graph or chart, as illustrated in Fig. 3 in which the 
conditions existing in the particular well under 
measurement are assumed to be such that with a 
pressure of 36 pounds per square inch at the cas 
ing head, the liquid Surface is found to lie at 3100 
feet below the casing head. The specific gravity 
of the gas in this instance may be found to be 
such that the effect will be to produce 4 pounds 
per Square inch pressure on the liquid surface. 
Thus, the addition of 36 pounds and 4 pounds 
produces a total pressure on the liquid surface of 
40 pounds per square inch. By arranging the 
chart shown in Fig. 3 with the ordinates repre 
Senting the fluid level measured from the ground 
Surface and the abscissae representing preSSure 
On the liquid Surface in pounds per Square inch, 
the point L determined from the preceding for 
mula may be plotted on the chart shown in Fig. 3. 
Now, the valve 2 is closed or a suitable pres 

sure regulator is placed in the gas line f and the 
pressure within the casing is allowed to build up 
to any predetermined value. As the pressure 

By con 
tinuing the operations of the pump during the 
building up of this pressure, preferably for a 
period substantially equal to three times the 
length of time required for the pump to remove 
the column of fluid between the original fluid 
level and a new fluid level to which the pressure 
depresses the liquid surface, represented at 3d 
(Fig. 2), it will be found that a stable condition 
will be achieved at which the fluid level will be 
come constant and the production by the pump 
will be approximately the same as before the 
pressure was allowed to build up in the casing. 
When this stable condition is reached, a second 
measurement of the fuid level is obtained by the 
level measuring methods and apparatus herein 
before described. 
Having determined the new location of the liq 

uid Surface, the pressure exerted thereon may 
now be calculated as follows: Assuming that the 
casing head pressure in this instance was ad 
justed to 170 pounds, to this should be added the 
pressure due to the weight of the column of gas 
above the new fluid level. The determination of 
the effect of the weight of the column of gas upon 
the fluid level may be obtained either by calcu 
lation or may be plotted out and obtained from 
Suitable charts prepared for this purpose. In 
this instance, it may be assumed that the pres 
sure due to the gas column is 30 pounds per square 
inch, making a total of 200 pounds per Square 
inch on the fluid. Now, assuming that the level 
to which the standing column of liquid mixtu?e 
of oil and gas has receded is 3966 feet from the 
top of the well, the new point L2 on the chart 
shown in Fig. 3 representing the new level and 
the pressure on the liquid surface may be placed 
upon the chart. From an exhaustive series of 
actual tests, it has been discovered that the re 
lation between the pressure on the liquid Surface 
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and the distance through which the fluid will 
recede in any given well having a uniform CrOSS 
sectional area is constant, so that a line drawn 
on the chart shown in Fig. 3 intersecting the 
points L and L2 will truly represent the fluid 
level at any of the pressures which may be placed 
upon the fluid column. Thus, by merely ex 
tending the line C downwardly on the chart until 
it crosses the ordinate representing the location 
of time pump inlet indicated on the chart as A, 
a direct reading of the fiuid pressure required 
to cause the surface of the column to recede to 
the pump inlet is obtained. On the chart this is 
represented as 336 pounds per square inch, which 
is the pressure at the pump for the normal rate 
of production, assuming that the rate of produc 
tion was normal during the tests. 
The actual pressure in the column of liquid 

at the pump inlet may, however, be calculated 
from the information received by the two fluid 
level tests described above. That is, by subtract 
ing the original fluid level from the new fluid 
level, the total difference in level will be found, 
in this instance 866 feet. Then, by subtracting 
the original pressure on the liquid surface from 
the new pressure on the liquid surface, a differ 
ence of 160 pounds per Square inch is found to 
have been necessary to cause the liquid column 
to recede 866 feet. By dividing the difference in 
fluid pressure by the difference in surface level, 
the density of the liquid mixture of oil and gaS 
in the well (that is, the preSSure exerted by this 
mixture per unit of height of the column of liquid 
mixture) may be found. In this instance, the 
column receded a distance between 3100 feet and 
3966 feet or a total distance of 866 feet, while 
the pressure difference is 160 pounds. The densi 
ty of the liquid is such therefore as to exert 0.185 
pound per Square inch per foot of height of the 
column. 

Hence, knowing the pressure on the fluid sur 
face at any level thereof and knowing the dis 
tance below this surface at which the pump inlet 
is located, a direct calculation of the fluid pres 
sure at the pump inlet may be obtained by the 
following formulae: 
The pressure at any point below the normal 

fluid level in a well at which the level can be 
maintained by means of gas preSSure in the cas 
ing is 

PL1 = Po1. --Pg 1 and PL2 = Po2--Pg2 
The density of the fluid for the rate of produc 
tion during the tests is 

PE2 PLldensity of the fluid in lbs. per sq. in. 
L2-Ll per ft. of fluid. 

The pressure at the pump is 
Pa=D(La-L2) -- PL2 Where 

Pcl==gage casing pressure to maintain fluid at 
level L.f. 

PC2=gage casing pressure to maintain fluid at 
level L2. 

Pgll-pressure exerted upon fluid surface by 
Weight of gas above it at level L. 

Pg2-ditto for level L2. 
PLl=pressure on the fluid surface at level L. 
PL2=pressure on the fluid surface at level L2. 
L1=fluid level corresponding to Pcf. 
L2=fluid level corresponding to Pc2. 
La=pump location in feet from ground surface. 
Pa-pressure at the pump. 

In the example shown in Fig. 3, assuming the 

2,161,738 
inlet to the pump is located at the 4700 foot 
level, the pressure of the oil at this point would 
be equal the sum of the gas pressure at the cas 
ing head for level L2, the pressure exerted by the 
column of gas above the liquid surface corre 
sponding to this level and the pressure exerted by 
the column of oil above the pump inlet. In this 
instance, the pressure at the casing head is as 
Sumed to be 170 pounds per Square inch, the 
effect of the column of gas at this pressure with 
the fluid level at 3966 feet from the surface be 
ing 30 pounds per square inch and the effect of 
the column of liquid above the pump inlet be 
ing 734 feet at .185 pound per square inch per 
foot, or 135.5 pounds per square inch exerted by 
the column of liquid, the result being 335.5 
pounds per square inch pressure at the pump 
entrance. This result is clearly illustrated in 
Fig. 3 by the point A, the point A being located 
at the 335.5 pound mark on the abscissae of the 
chart. If desired, an estimation of the bottom 

O 

15 

20 

hole pressure may also be made by continuing 
the line C downwardly on the chart to intersect 
the ordinate representing the bottom of the 
Well, such point being indicated at B, or the 
pressure at any other level in the well below the 
surface of the liquid for the rate of production at 
which the tests were made may be located along 
the line C. I have discovered that in wells em 
ploying mechanical pumps for any given produc 
tion rate by the pump, the density of the oil 
and gas mixture is constant throughout the 
height of the standing column of liquid in the 
annular space between the tubing and casing 
So that the line C. Once established continues as 
a straight line, the effect in pressure per unit 
Of height of the column being constant through 
Out the height of the column. 
Knowing the density of the oil and the pres 

. Sure exerted at the pump inlet, the operator of 
any particular well may determine whether or 
not it is practicable to increase the amount of 
fluid being produced. If the volumetric ef 
ficiency of the pump is low and the tests indi 
cate considerable pressure at the pump, he may 
raise the pump to a level indicated upon the line 
C at which better separation of gas will usually 
occur prior to entry of fluid into the pump. 
The utilization of the information obtained by 

the foregoing method will also accurately produce 
the information of the maximum potential pro 
duction of the well as by comparing the pressure 
of the fluid at the pump under two or more dif 
ferent operating conditions of the pump. For 
example, the static fluid pressure at the pump 
when the pump is not operating may be meas 
ured and compared with the fluid pressure at 
the pump when the pump is operating at its 
normal rate of production or at any other rate 
of production, a comparison of the two values 
So obtained will produce a constant, indicating 
the ratio between the rates of production and 
pressure at the pump inlet, so that by employ 
ing this constant at a theoretical zero pump inlet 
pressure (which would represent the fluid be 
ing removed from the Well at the rate it flows 
into the Well from the formation) the maximum 
potential capacity of the well may be found. 
Employing the method of determining fluid 

pressure at the pump hereinbefore described, the 
Static liquid pressure may be readily obtained 
Without necessitating the use of pressure re 
corders or other devices requiring the removal 
of or alteratitOn of any of the pumping mech 
anism and the measurement may be made in 
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2,161,788 
wells which have been shut down as readily as in 
Wells which are actively producing. 
To obtain the fluid pressure at any point at 

or below the liquid surface when the well is not 
producing fluid, the casing should be closed in 
and the gas escaping from the liquid should be 
allowed to build up presssure in the casing until 
a suitable condition is reached, that is, a point 
is reached at which no more gas is made by the 
Well (no more gas escapes from the liquid). 
When this point is reached, the remaining fluid 
in the well may be considered as dense fluid. 

Now, by determining the height of the liquid 
surface under these conditions by my method, 
the preSSure on the liquid surface may be readily 
determined and by adding thereto the effect of 
the weight of the column of fluid above any given 
level, the fluid pressure at that level may be found. 
This information alone is extremely useful to the 
Operators of producing Wells. 
The information thus obtained may be plotted 

On a graph or chart such as that shown in Fig. 4, 
wherein the ordinates represent fluid pressure at 
the pump inlet in pounds per square inch and 
the abscissae represent rate of production of oil 
from the particular well under consideration, 
and the static pressure may be plotted at zero 
production, as indicated by the point D in Fig. 4. 
The Casing pressure may now be reduced and 

the pump started and allowed to assume a pre 
determined rate of production, preferably its nor 
mal rate. ASSuming this rate is 200 barrels of 
oil per day, a new determination of the fluid 
preSSure at the pump is made at this rate of pro 
duction. That is, the pump is started and al 
lowed to operate until the fluid level in the well 
reaches a stable condition. The location of the 
fluid level and the pressure in pounds per square 
inch at the pump inlet under these conditions are 
determined by the method hereinbefore described 
and the fluid pressure at the pump is plotted 
against the production rate on the chart shown 
in Fig. 4. Assuming that this new pressure at 200 
barrels per day is found to be at the point indi 
cated in Fig. 4 at E, a straight line drawn be 
tween the points D and E will intersect the zero 
pressure Ordinate at a point representing the 
maximum potential capacity of the well. In the 
diagram shown in Fig. 4, this maximum poten 
tial production capacity is found to be 300 barrels 
per day. In other words, if a pump of sufficient 
capacity is installed in this well and operated in 
such manner as to remove 300 barrels per day, 
the Oil will be remC ved at the Same rate at Which 
it flows into the well from the formation. 
A more accurate determination of the maxi 

mum potential production capacity of the well 
may be made by comparing the fluid pressure at 
the pump under two different operating condi 
tions of the pump, such as by measuring the fluid 
pressure at the pump when the pump is operat 
ing at one production rate, for example its normal 
rate, and then changing the rate of production 
of the pump as by slowing the pump down or 
changing the stroke of the pump and plotting 
the relation between the new production rate and 
the fuid pressure measured by my method, as 
set forth herein, it will be found that a line inter 
Secting these two points will also represent the 
relation between production rate and fluid pres 
sure at the pump at any rate of production by 
the pump. As shown in Fig. 5, the normal pro 
duction rate of 200 barrels per day plotted against 
the fiuid pressure at the pump in pounds per 
Square inch may be represented upon the chart 

5 
by the point G while at a reduced rate of produc 
tion at the pump, say to 100 barrels per day, it 
will be found that the fluid pressure at the pump 
is increased So that by determining the fluid 
pressure under these conditions, the relation be 
tween the reduced production rate and the fluid 
pressure at the pump may be plotted by the point 
H. A straight line interconnecting the points H 
and G will intersect the zero pressure ordinate at 
a point therealong, indicating a maximum pos 
sible production of 300 barrels per day. In mak 
ing Such determinations, however, it is desirable 
that the rate of production of the pump be re 
duced to at least two thirds of its normal produc 
tion rate and preferably to 50% of its normal pro 
duction rate in order to obtain substantially 
widely separated points H and G. 
Again, it will be noted that all of the necessary 

calculations to determine the maximum produc 
tion possible of the well may be made without 
interrupting the normal production conditions at 
the Well and without requiring the laborious 
efforts of removing and replacing any of the pump 
mechaniSmS. 

It will therefore be observed that I have pro 
vided a ready method for determining the density 
of the fluid in any particular well and also for 
the determination of the fluid pressure at the 
pump without requiring the removal or altera 
tion of any of the usual mechanism found in the 
well. It will also be noted that I have provided 
a ready method for graphically determining the 
fluid pressure at the pump by first determining 
the amount of recession of the fluid level due to 
changes in gas pressure exerted upon the fluid 
surface and plotting this information upon a 
graph or chart and extending a straight line inter 
Secting the two or more points so located to a 
point on the chart representing the level of the 
pump inlet. It Will also be noted that I have 
devised a ready means of utilizing the information 
obtained with respect to fluid levels and gas pres 
sures at the casing head for mathematically de 
termining the fluid pressure at the pump and also 
for utilizing this information to determine accu 
rately the potential production of any well 
measured. It should also be noted that all of 
the measurements necessary to provide for... the 
Computations and calculations explained herein 
may be accomplished without interrupting the 
operation of the pump except for the measure 
ment of the static pressure as described herein. 
While I have illustrated and described the pre 

ferred embodiment of my invention, I do not 
desire to be limited to any of the detail illustrated 
or described herein, except as defined in the ap 
pended claims. 

i claim: . 
1. The method of determining the density of 

the standing column of liquid in a well, which 
comprises measuring the stable level of the liquid 
Column under One condition of gas pressure, 
changing the pressure of gas within the well 
to move the Surface of the liquid column to a new 
Stable level, measuring the new stable level and 
ulviding the change in pressure on the liquid sur 
face required to achieve the new level by the dif 
ference in height between the two levels. 

2. The method of determining the density of 
liquid in a well having a Casing and a pump SUS 

O 

s 

30 

35 

40 

55 

60 

65 

70 
pended therein on tubing and without requiring 
removal of pump parts, which consists in de 
termining the liquid level in the annular space 
between the pump tubing and the Casing under 
one condition of pressure, changing the pressure 
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of the gas within the well to move the liquid sur 
face to a new stable level, measuring the new 
level and dividing the change in pressure on the 
fluid Surface required to achieve the new level by 
the difference between the two levels. 

3. The method of determining the density of 
the standing column of liquid in a Well having a 
casing and a pump suspended therein, which 
consists in measuring the level of the standing 
column of liquid in the well while the pump there 
in is operated at a given rate of production and 
under a known condition of gas pressure on the 
surface of the liquid column, changing the gas 
pressure on the liquid column, continuing the op 
eration of the pump at the same production rate 
until the level of the standing column becomes 
stable at a new location, measuring the new level 
and comparing the difference in the pressures ex 
erted on the liquid surface at the two levels with 
the difference in height of the two levels. 

4. The method of determining the density of 
the standing column of liquid in a well having 
a casing and a pump suspended therein, which 
consists in measuring the stable level of the Sur 
face of the standing column of liquid under one 
condition of pressure of gas released by the well, 
measuring the pressure on Said liquid surface 
under said one condition of gas pressure, regulat 
ing the flow of gas from the well to increase the 
pressure of said gas to a different value to de 
press the surface of said standing column to a 
new stable level, measuring the new level, meas 
uring the pressure on the liquid surface at the 
new level, and comparing the difference in the 
pressures exerted upon the liquid surface under 
the two conditions of gas pressure with the dif 
ference in height of the levels of the liquid sur 
face under the two pressure conditions. 

5. The method of determining the density of 
the standing column of liquid in an oil well hav 
ing a casing and a mechanical pump suspended 
therein upon pump tubing and without requiring 
the removal of pump parts which consists in the 
steps of operating the pump under one stable 
condition of gas pressure in the casing until the 
liquid level becomes stable, measuring the dis 
tance between the casing head and the surface of 
the liquid under this stable condition, altering 
the casing pressure to a new condition, Operating 
the pump at the same rate of production under 
the new condition of gas pressure to again sta 
bilize the liquid level, measuring the distance be 
tween the casing head and the new level of the 
liquid surface under said new stable condition, 
and measuring the casing head pressures under 
the two stable conditions, whereby the pressure 
exerted by the liquid per unit of height of the 
liquid is represented by comparing the difference 
in height of the liquid surface levels and the 
difference between the pressures On the liquid 
surface required to maintain the liquid surface 
at the two levels. 

6. In a well having a casing and a pump Sus 
pended therein, the method of determining the 
unknown pressure exerted in the standing col 
umn of liquid in the well at any desired level 
below the normal surface of said column and 
without requiring the removal of any of the pump 
parts, which comprises measuring the actual 
stable level of the liquid column under One known 
condition of gas pressure in the casing, deter 
mining the pressure On the liquid Surface at that 
level, changing the pressure of gas in the Well 
to move the surface of said column to a new ac 
tual stable level, measuring the new level of the 
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liquid surface, determining the pressure on the 
liquid surface at the new level, determining the 
density of the liquid by dividing the change in 
pressure on the liquid surface required to achieve 
the new level by the difference in height of the 
two levels and computing the unknown pressure 
at the desired level by adding to the pressure on 
the liquid surface at either of the levels the effect 
in pressure of the column of liquid of the density 
so determined between the selected actual level 
and the desired level. 

7. In a well having a casing and a pump sus 
pended therein, the method of determining the 
unknown pressure exerted by the standing col 
lumn of liquid at any desired level below the nor 
mal surface of said column while the pump is op 
erating to remove liquid from the well, which 
comprises measuring the actual stable level of 
the liquid under one known condition of gas pres 
sure in the well by Sonic sounding method, de 
termining the pressure on the liquid surface at 
that level, changing the pressure of the gas in 
the well to move the Surface of the Column to a 
new actual level, continuing to operate the pump 
at the same production rate as for the first con 
dition of gas pressure in the Well until the liquid 
level again becomes stable, measuring the new 
stable level and determining the pressure upon 
the liquid surface at this new level, determining 
the pressure exerted per unit of height of the 
liquid column by dividing the change in gas pres 
sure on the liquid surface required to effect the 
change in the liquid level by the difference in 
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height of the two levels, and computing the un 
known pressure at the desired level by adding to 
the gas pressure upon the liquid surface at either 
of the actual levels the effect in pressure of the 
liquid column between the selected actual level 
and the desired level. 

8. The method of determining the potential 
production capacity of a well having a casing 
and a pump suspended therein, which comprises 
measuring the stable level of the surface of the 
standing column of liquid in the well at one 
known rate of production and under one known 
condition of gas pressure in the well, determining 
the pressure on the surface of the liquid column 
at that level, changing the gas pressure in the 
well to move the surface of the liquid column to 
a new stable level, measuring the level of the 
liquid Surface under the new gas pressure condi 
tion and determining the pressure on the liquid 
surface at the new level, dividing the change in 
pressure on the liquid surface by the difference 
in height between the two levels to thereby de 
termine the density of the liquid in the column 
at that rate of production, determining the pres 
Sure at Some predetermined desired point below 
the normal liquid surface for that rate of pro 
duction by adding to the pressure on the liquid 
Surface for either of the measured levels the ef 
fect in pressure of the column of liquid be 

, tween that level and the predetermined desired 
point, then changing the rate of production by 
the pump and repeating the liquid level change 
and gas pressure determinations to determine 
the density of the liquid in the column and the 
pressure of the liquid at the said predetermined 
desired point for the new rate of production and 
then dividing the difference in the two produc 
tion rates by the difference in the corresponding 
liquid pressures at the desired point and using the 
ratio thus found to determine the maximum rate 
at which the well is capable of being produced. 
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