
5, 2 SEARCH ROO 

June 19, 1951 c. L. WHITE 2,557,488 APPARATUS FOR AND METHOD OF DETERMINING PERMEABILIT 
OF EARTH FORMATIONS PENETRATED BY WELL BORES 

Filed March 28, 1947 

INVENTOR, 
C. L. WHITE 

7tado (6%ry 
ATTORNEYS 

  



Patented June 19, 1951 ; 

UNITED STATES PATENT OFFICE 
2,55,488 

APPARATUS FOR AND METHOD OF DETER 
WNNG PERWEABLITY OF EARTE FOR 
MATONS PENETRATED BY WELL BORES 

Charley Leamond White, Eureka, Kans, assignor 
to Philips Petroleum Company, a corporation 
of Delaware 

Application March 28, 1947, Serial No. 737,936 
(C. 3-152) 9 Claims. 

The invention relates to a method of determin 
ing the permeability of formations penetrated 
by the bore of a well. It more particularly con 
cerns an improved method of ascertaining the 
elevation and permeability of formations pene 
trated by a well by determining the rate at which 
a given fluid can be made to enter fluid recep 
tive portions of the formations. 
One of the principal uses of the invention is in 

connection with the chemical treatment of oil 
wells to increase their production, although it 
may be used for other purposes. In the chemical 
treatment of wells in which an acid Solution is 
introduced to attack and render Soluble Calcar 
eous matter in the contiguous productive portion 
of the formations, it is desirable to knoW the 
relative fluid permeability of the portions in 
wolved in order that the treating agent may be 
introduced into that portion the permeability of 
which is relatively low and, therefore, desirable 
to chemically treat. In many other instances, 
such as for example, the use of Water flood to 
drive oil from the formation between an input 
well and an output well, cementing Operations, 
well completions, and formation testing, it is 
similarly desirable to obtain knowledge relative 
to the permeability of the various Strata, or por 
tions thereof penetrated by the bore of a Well. 
One of the principal objects of the invention is 

to provide a method whereby the permeability 
to fluids of a formation penetrated by the bore of 
a well may be determined readily. 
Another object is to provide a method whereby 

the relative permeability of a plurality of perme 
able sections can be ascertained together With 
their elevations in the well bore So as to provide 
a complete permeability profile of the Well. 
Another object is to provide means for accom 

plishing this method without the use of electrical 
circuits which are troublesome and often inac 
curate or dangerous. 
Other objects and advantages Will appear as 

the description proceeds. 
In accordance with my invention, I introduce 

into the well a first liquid in amount Sufficient 
to cover the formations, the permeability of 
which is to be determined, and then a Second 
liquid of lower density than, and immiscible With, 
the first liquid so as to form two liquid columns 
meeting at an interface in the Well bore, the 
interface initially being above the formations 
the permeability and elevation of which are to be 
determined. The interface is then caused to move 
downwardly by introducing more Second liquid 
at a known and preferably constant rate, The 
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elevation of the interface is determined from 
time to time as it descends in the well and the 
interval of time elapsing between each Such de 
terminations is recorded. The rate of descent 
at any elevation of the interface is then deter 
mined from the distance traversed by the inter 
face and the time elapsed. The rate of descent 
of the interface is governed by the rate at which 
the first liquid escapes into the permeable por 
tions of the formation below the interface under 
the pressure employed (So long as the Well bore 
is of Substantially constant cross-section). The 
rate of descent of the interface decreases as the 
interface traverses from One formation to the 
next below receiving first liquid at a rate differ 
ing from the rate at which the preceding forma 
tion receives first liquid, if any. The difference 
in these rates of descent is used in accordance 
With the invention as a measure of the relative 
permeability of the portion of the formation 
traversed by the interface as its rate of descent 
changeS. 
The invention then consists in the method 

hereinafter fully described and particularly 
pointed out in the claims, the accompanying 
drawing and following description, Setting forth 
a mode of carrying out the invention in a Well 
penetrating three permeable strata, such mode 
illustrating, however, but one of the various Ways 
in which the invention may be carried out. 
In the dra WingS 
Figure 1 is a diagrammatic view partly in Sec 

tion showing a well penetrating three fluid per 
meable strata and equipped with apparatus for 
carrying out permeability determinations accord 
ing to the method of the invention. 

Figure 2 is a detailed view in cross-section of 
a portion of the apparatus shown in Figure i. 
As shown in Figure 1, the upper portion of 

the Well bore is cased with metal pipe 2 While 
the lower uncased portion 3 of the Well passes 
through permeable strata 4, 5, and 6, respec 
tively, the relative permeabilities of which are to 
be determined. Removably attached to the caS 
ing is a head above the ground level 8, the head 
being provided with an inlet 9 and inlet Valve 
10. Within the well is shown an interfacial 
float suspended by the wire line or cable 2 
which runs through a stuffing box 3 over pulley 
4 through a cable length meter 5 onto a Feel 
6 provided with a crank T. 
There are no conductors in cable 2, although 

it may be conductive. No electrical apparatus 
with all its attendant inaccuracy and breakage 
is needed at all. 
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In the more detailed view of the interface local 
tor f, shown in Figure 2, the hollow body 
may be filled with a liquid 8 through plug 19 
to prevent collapse under hydrostatic preSSui'e 
in a deep Well. Liquid 8 is chosen So that float 

has an average density (metal body being 
Somewhat high in density and liquid 8 low in 
density) between the densities of heavy liquid 
2 and light liquid 22 so that float will float 
at the interface 23 between 2 and 22. Body 
has any suitable attaching means, Such as hole 
24 for connection to line 2. 

It is not obvious that float it will continue to 
float at the interface 23 when a long length of 
cable 2 is payed out, but I have found that by 
careful observation of line 2 that even With 
thousands of feet of cable payed out (when inter 
face 23 is at a corresponding depth), that Suf 
ficient buoyancy changes exist when float COin 
tacts interface 23 to be noted at the surface. 
With a skilled operator of reel 6, no instru 
ments are needed, as he can “feel' interface 23 
by the reel operation. To make this measurement 
easy for unskilled operators however, I prefer 
to use instruments that anyone can read and 
understand. 
Cable 2 passes over pulley 4 and then through 

a scale generally designated as 26. This Scale 
may be constructed with weightS (not shown) or 
with hydraulic pistons and hydraulic pressure 
(not shown), but I prefer to use a simple Spring 
27 urging line f2 out of line between pulleys 
28 and 29 by pushing on plate 3 and pulley 32. 
The movement of 26 could be increased by panto 
graphs (not shown) but can be read by a simple 
scale 33 on the rod 26 with relation to pointer 34. 

Obviously in paying out line as long as is 
in a Single fluid the Weight, aS meaSured by ten 
sion in cable f2 at 33, Will increase steadily, 
but when buoyancy is added upon contact of float 

with interface 23 and heavy liquid 2 f, then 
the sudden, even if Small, decrease in Weight will 
be noted at 33. 
Many refinements can be added without de 

parting from the Spirit and Scope of my inven 
tion, all without detracting from the simplicity 
inherent in not having any electrical cable in 
the well . Electrical cables in Wells are Subject 
to breakage, shorting out and attack by Salt Wa 
ter, corrosion, oil damage to the insulation, and 
necessitate slip rings and other apparatus So that 
the whole System is Subject to inaccuracies which 
cannot be accounted for, nor evaluated, which re 
sults in uncertainty and inaccurate Surveys. My 
weight method is positive and foolproof. 
A pump 36 can be added to force the liquids 

2 and 22 in from line 3, which may lead to 
separate stock tanks and valves of any type, and 
the amount of liquid may be metered at 38 by 
a simple water meter totalizer, or by any re 
cording rate meter desired. The length of line 
may be measured at 5, a friction wheel 39 aid 
ing, and totalized or recorded as a rate at re 
corder 4. I prefer to keep the apparatus sim 
ple, and would prefer to use a counter at 4 ?, but 
recognize the value of complete mechanization 
whenever costs justify the same. In this respect 
meter 38, scale 33 and depth recorder 4 can 
all be connected to an automatic recorder and 
indicator 42 by suitable connections 43, 44 and 
46 all old in the art of recorders. Instrument 42 
provides an automatic log of the permeability of 
formations 4, 5, 6 and all other formations 49, 
51, 52 and 53 in the form of a record strip 47 
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4. 
and also an instantaneous indication of the per 
meability of the formation being passed at the 
moment on dial 48. 
The present expense of 42 is such that all usual 

operations are conducted at present without parts 
A2, 43, 44, 46, 47 and 48, but simplification may 
reduce the price of 42 to make it available, and 
it is operative in the combination as shown. 

in carrying out the method of the invention 
wherein, for example, it is desired to ascertain 
the relative permeability of the three strata pene 
trated by the uncased portion 3 of the well bore, 
the interface locator is positioned initially at 
any point above the uppermost permeable 
Stratum 4. Thereafter, a first liquid, as a heavy 
liquid, such as a saline solution, is introduced into 
the well through the valve 0 and pipe 9. In 
order to make certain that a sufficient depth of 
first liquid has been introduced into the well, it 
may be filled up or to slightly beyond the casing 
seat, however, this is usually not necessary as 
the well drilling log may be relied upon when 
available to indicate the approximate depth of 
the shallowest permeable portion of the forma 
tion, and it is sufficient for the purpose if this 
be covered with first liquid before introducing the 
Second liquid. 

After the first liquid has been introduced into 
the well to a suitable depth, a second liquid, 
such as a light liquid, e.g., oil, which is immiscible 
with, and of lower specific gravity than, the first 
liquid is introduced into the well through valve 
0 and pipe 9 so as to form two columns which 
meet at the interface 23 above the formations 
to be measured. Sufficient pressure of second 
liquid is built up so as to cause the interface to 
descend in the bore, such descent being indicated 
by the increased deflection of scale 26 corre 
sponding to the loss of contact and buoyancy 
between the heavy liquid and the float as the 
first liquid descends below the float. The in 
terface locator then is lowered by unwinding 
cable from the reel 6 at a rate such that it again 
makes contact with the first liquid. If the inter 
face locator is lowered too rapidly, this will be 
indicated, or if lowered too slowly, the deflection 
of the scale will increase and it loses contact 
with first liquid. Accordingly, the proper rate of 
lowering of the interface locator can be ascer 
tained and is adjusted So as to maintain the upper 
part of in the light liquid and the lower part 
in the heavy liquid. While the rate of lowering 
of the interface locator is thus regulated to keep 
pace with the descending interface and liquid is 
introduced at a substantially constant rate into 
the well so as to cause the interface to descend 
under known and controlled conditions, its rate 
of descent and position are ascertained as by 
periodic observations of the length of conductor 
cable 2 payed out and measured by the cable 
meter 5 while the time elapsing as the inter 
face locator descends to the observed depth is 
recorded. From the depth of the interface lo 
cator thus periodically obtained and the time 
elapsing in the descending to the observed depth, 
the relative permeability of the formations traw 
ersed by the interface is computed as described 
in what follows. 
In proceeding with the permeability determi 

nation, in accordance with the data obtained by 
the foregoing method, it is convenient to make 
a plot of the depth of the interface locator, 
which is taken as the depth of the interface, 
and correlate this with the time elapsing from 
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the beginning of the downward movement of the 
interface brought about by the introduction into 
the well of the second, or lighter liquid, at the 
known rate. From this plot, the rate of descent 
is computed and plotted against the depth and 
then the relative permeability is derived, this 
being plotted to give a complete permeability 
profile of the Well. 
In the example chosen, the well bore involved 

had a uniform diameter of 4.75 inches and, 
therefore, a liquid volume of 0.924 gallon per 
foot of depth. After filling with first liquid to 
a depth of 4890 feet (a point well above the 
uppermost permeable stratum, e. g., 4, Figure 1) 
and positioning the interface locator So that it 
contacted the first liquid, second liquid Was in 
troduced into the bore at the rate of 5.54 gallons 
per minute. The interface was thereby caused 
to descend in the well hole past the permeable 
strata, 4, 5, and 6 in succession and the time 
and distance travelled by the interface followed 
by the interface locator as described. The inter 
face locator descended from 4890 feet to 4980 
feet in the first 15 minutes, from 4980 feet to 
5010 feet depth in the next 10 minutes, and then 
from 5010 feet to 5015 feet in the next 20 minutes, 
these data, being plotted. From these data, the 
rate of descent of the interface in feet per minute 
was computed and plotted. This graph ShoWS 
that the interface descended at first at a Con 
stant rate of 6 feet per minute which rate cor 
responded to the computed rate of filling the 
bore With second liquid, and therefore, no per 
meable stratum was encountered until the inter 
face reached the depth of 4980 feet at Which the 
rate of descent changed to 3 feet per minute. 
The rate then remained constant until the depth 
of 5010 feet, was reached at which the rate again 
changed to the new value of 0.25 foot per minute 
and thereafter became Zero at 5015 feet. 
From these rates of descent, the relative per 

meabilities of the three strata, traversed by the 
interface of its rate of descent changed Were 
computed and plotted. The first change in 
rate of descent corresponded to decrease of 3 
feet per minute indicating that first liquid WaS 
entering stratum 4 (4980 feet) at a rate corre 
sponding to 3X 0.924 (-2.77) gallons per minute, 
and this is the relative permeability of stratum 
4. Similarly, at Stratum 5 where the rate of 
descent changed from 3 to 0.25 feet per minute, 
2.75X 0.924 (=2.54) gallons per minute of first 
liquid entered stratum 5 and is plotted as the 
relative permeability of that Stratum. Again 
at Stratun 6 where the rate changed from 0.25 
to 0, 0.25X 0.924 (= 0.23) gallon per minute en 
tered stratum 6 and represents its relative per 
meability, 
While the method has been illustrated with 

an example of the usual type of well encountered 
in practice, it is to be understood that the method 
may be used with other types of wells penetrat 
ing different formations in which other factors 
besides permeability Inay affect the rate of 
descent of the interface, Such as variations in 
bore hole diameter, Variations in the pressure 
applied to the Second liquid to cause the first 
liquid to enter the permeable portions of the 
well, and differences in the fluidity character 
istics of the first and second liquids. In the 
above example, these disturbing factors were not 
involved but even when Such factors are involved 
their effects can be predicted and taken into 
consideration thereby permitting the method 
Wide application under a wide range of well 
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conditions. For example, the effect on the rate 
of descent of the interface of variations in bore 
hole cross-section can be compensated for and 
Such variations usually reveal themselves in the 
course of operation of the method by exerting a 
characteristic slowing or speeding of the descent 
of the interface, the effect persisting for Only SO 
long as the interface traverses from One CrOSS 
sectional area to another. Enlargements of the 
bore hole, for example, reduce the rate of descent 
in direct proportion to the amount of the en 
largement while constrictions operate in directly 
opposite manner. 
The plot of the distance descended by the in 

terface against the elapsed time, when there 
are such changes in the bore hole cross-section, 
is merely displaced along the time axis an 
amount corresponding to the time taken to supply 
the difference in the amount of liquid involved 
as the interface traverses that portion of the 
bore and are easily recognizable as being in gen 
eral different from changes in the slope of the 
plot due to the permeability changes being deter 
imined. Similarly, pressure effects can be spotted 
and discounted. For example, the pressure ap 
plied, if not maintained constant, can be recorded 
So that its effect on the rate of descent of the 
interface can be estimated or distinguished from 
the effect of permeability. Such distinction can 
be made on the basis that an increase of pres 
Sure gives a proportional increase in the rate 
of descent of the interface. 

Differences in the fluidity characteristics of 
the two liquids employed do not generally affect 
the elevations at which the permeable zones 
are found but may slightly affect the numerical 
values of the relative permeabilities computed 
from the rate of descent data, when the two 
liquids have very marked differences in the ease 
With which they can be forced into Strata of 
equal permeability. By either choosing two im 
miscible liquids having somewhat similar fluidity 
characteristics or by compensating for their 
differences in ease of entering similar forma 
tions, their effect on the relative permeability 
figures is minimized. In any event, any two 
immiscible liquids which will stratify in the well 
bore so as to meet at an interface, the depth of 
Which can be measured, may be used to obtain 
a useful measure of relative permeability of the 
liquid receptive quality of adjacent formations. 
Other modes of applying the principle of my 

invention may be employed instead of the one 
eXplained, change being made as regards the 
method herein disclosed, provided the steps stated 
by any of the following claims or equivalent of 
Such steps be employed. 

Having described my invention, I claim: 
1. In a method of determining the fluid per 

meability and elevation of earth formations pee 
trated by a well bore, the steps which comprise 
introducing into the well a first liquid in amount 
Sufficient to fill the well to a point above the 
formations to be measured; introducing into the 
Well a Second liquid having a lower density than 
the first and immiscible therewith so as to form 
tWO liquid columns meeting at an interface in 
the Well above the formations to be measured; 
Continuing the introduction of the second liquid 
at a known rate So as to force the first liquid out 
Of the well into the adjacent formations while 
ascertaining the rate of descent of the interface 
thereby causing the interface to descend, its rate 
of descent changing on traversing a fluid perme 
able portion of the well; and ascertaining the 
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elevation of the interface by lowering a float of 
lower average density than said first liquid and 
greater average density than said second liquid 
to the interface between said liquids by a meaSur 
ing line, and weighing said float and line to deter 
mine when said float is at said interface as its 
rate of descent changes, the change in the rate 
of descent being a measure of the permeability 
of the formations at the elevation at Which the 
Irate of descent changeS. 

2. In the method of determining the fluid 
permeability and elevation of earth formations 
penetrated by a bore of a well, the steps which 
consist in filling the bore with a Saline liquid 
to a point above the formations to be measured; 
introducing into the well at a constant rate an 
oil so as to form two liquid columns meeting 
at an interface in the well above the formations 
to be measured while ascertaining the rate of 
descent of the interface, the interface falling in 
the Well bore as the first liquid is forced by the 
second liquid into the adjacent formations to 
below a fiuid permeable portion thereby chang 
ing its rate of descent; and ascertaining the ele 
vation of the interface by lowering a float of 
lower average density than Said first liquid and 
greater average density than said Second liquid 
to the interface between said liquids by a neaS 
uring line, and weighing said float and line to 
determine when said float is at Said interface 
as its rate of descent changes, the change in the 
rate of descent being a measure of the perme 
ability of the formations at the elevation at which 
the rate of descent changes. 

3. In a method of measuring the elevation and 
relative permisability of fiuid receptive portions 
of the earthformations penetrated by the bore 
of a well having a known cross-section, the Steps 
which consists in introducing into the Well boie 
a first liquid in amount sufficient to fill the bore 
to a point above the fluid receptive portions of 
the formations to be measured; introducing a 
second liquid immiscible with the first and hav 
ing a lower density so as to form two liquid 
columns meeting at an interface in the Well bore 
above the formations to be measured, the Sec 
ond liquid being introduced at a known rate SO 
as to force the first liquid into fluid receptive por 
tions of adjacent formations below the interface 
and thereby cause the interface to descend; pe 
riodically ascertaining the elevation of the inter 
face by lowering a float of lower a Verage den 
sity than said first liquid and greater average 
density than said second liquid to the interface 
between said liquids by a measuring line, and 
weighing said float and line to determine Whe 
said ficat is at said interface and the correspond 
ing tine elapsing during the descent thereof at 
the ascertained elevation, whereby to obtain a 
descent rate corresponding to each formation 
traversed by the interface, the difference between 
any preceding descent rate and the next following 
being a measure of the fluid permeability of the 
fluid receptive portion of the formations 
traversed by the interface as its late of descent 
changeS. 

4. In a method of measuring the elevation and 
relative permeability of fluid receptive portions 
of earth formations penetrated by the bore of 
a well having a Substantially uniform croSS-Sec 
tion, the steps Which consist in introducing into 
the well bore a first liquid in annount Sufficient 
to fill the bore to a point above the fluid recep 
tive portions of the earth formations to be meas 
ured; introducing a Second liquid immiscible With 

5 

10 

20 

25 

40 

55 

60 

65 

70 

75 

8 
the first and having a lower density So as to form 
two liquid columns meeting at an interface in 
the Well bore above the formations to be meas 
ured; Suspending in the Well bore at the inter 
face an interface locating float, introducing Said 
Second liquid at a constant rate so as to force 
Said first liquid into fuid receptive portions of 
the adjacent earth formation below the inter 
face and thereby cause the interface to descend; 
lowering the interface locating float at a rate 
Such that it remains at the interface, periodical 
ly ascertaining the elevation of the interface 
locating float and the corresponding time elaps 
iing during the descent to Said elevation by lower 
ing Said locating foat, which is a float of lower 
average density than Said first liquid and great 
er average density than Said second liquid to the 
interface between said liquids by a measuring 
line, and Weighing Said float and line to deter 
mine when said float is at Said interface, where 
by to obtain a descent rate corresponding to 
each formation traversed by the interface, the 
difference between any preceding descent rate 
and the next following being a measure of the 
fluid permeability of the fluid receptive portions 
of the foimations traversed by the interface as 
its rate of descent changes. 

5. In a method of determining the permeability 
profile of a Well bore penetrating a plurality of 
fluid permeabie Strata, the Steps which consist in 
filling the bore With a liquid to a point substan 
tially above the shallowest stratum; introducing 
a Second liquid inniscible With the first and of 
OWer Specific gravity So as to form a column of 
the Second liquid upon the first liquid meeting 
at an interface above the shallowest stratum; 
applying preSSure upon the first liquid with the 
Second liquid Sufficient to cause the first liquid 
to flow into the fluid receptive strata, below the 
interface thereby lowering the interface past 
each Such Strata in Succession at a rate Which 
changes as it traverses a fluid receptive stratum; 
and ascertaining the difference in the rate of 
lowering of the interface before and after it traw 
erses each fluid receptive stratum due to escape 
of first liquid thereinto by lowering a float of 
lower average density than said first liquid and 
greater average. density than said second liquid 
to the interface between said liquids by a meas 
uring line, and Weighing said foat and line to 
determine When said float is at said interface, said 
differences being a measure of the relative per 
meability of each stratum. W 

6. Apparatus for determining an interface be 
tween two immiscible-liquids of different densities 
comprising in combination a float of a density 
intermediate the density of the two liquids and 
adapted to aSSume a position generally corre 
Sponding to the interface, a reel, a measuring 
line Wound On Said reel and secured to said fioat, 
and a Scale for weighing the unreeled portion of 
Said float and attached measuring line. 

7. In the method of determining the fluid per 
meability and elevation of earth formations pene 
trated by a bore or a well, the steps which consist 
in filling the bore with a saline liquid to a point 
above the formations to be measured; introducing 
into the Well at a constant rate an oil so as to 
form two liquid columns meeting at an interface 
in the Well, above the formations to be measured 
While aScertaining the rate of descent of the in 
terface, the interface falling in the Well bore as 
the first liquid is forced by the second liquid into 
the adjacent formations to below a fluid perme 
able portion thereby changing its rate of descent; 
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and ascertaining the elevation of the interface 
by lowering a float of lower average density than 
said first liquid and greater average density than 
said second liquid to the interface between Said 
liquids by a measuring line, measuring the ten 
Sion in said line as it is lowered into the Well to 
determine when said float is at Said interface, 
a decrease in tension indicating that the float is 
positioned in the heavier liquid below the inter 
face, an increase in tension indicating that the 
float is positioned within the lighter liquid above 
the interface, and controlling the rate of descent 
of the float into the bore hole in accordance With 
such changes in tension of the measuring line to 
maintain said float continuously at the interface. 

8. In a method of measuring the elevation and 
relative per ility of fluid receptive portions 
of the earth formations penetrated by the bore 
of a well having a known croSS-Section, the StepS 
Which consists in introducing into the Well bore 
a first liquid in amount Sufficient to fill the bore 
to a point above the fluid receptive portions of 
the formations to be measured; introducing a 
second liquid immiscible with the first and having 
a lower density So as to form two liquid columns 
meeting at an interface in the Well bore above 
the formations to be measured, the Second liquid 
being introduced at a known rate So as to force 
the first liquid into fluid receptive portions of 
adjacent formations below the interface and 
thereby cause the interface to descend; period 
ically ascertaining the elevation of the interface 
by lowering a float of lower average density than 
Said first liquid and greater average density than 
Said Second liquid into the liquid in the bore, 
determining the tension in Said line as the float 
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is lowered to determine when said float is at the 
interface, an increase in tension indicating that 
the float is positioned in the light liquid above 
the interface, and a decrease in tension indicating 
that the float is positioned within the heavy liquid 
below the interface, and paying out the line upon 
which the float is Suspended in accordance With 
such changes in tension. So as to maintain the 
float continuously at the interface. 

9. Apparatus for continuously determining the 
location of an interface between two liquids of 
different densities in a well bore which comprises, 
in combination, a float having a density inter 
mediate that of Said tWO liquids, a measuring 
line secured to said float, means for lowering Said 
line and said float into a Well bore, and means 
for determining the tension in said line as it is 
OWered into the Well bore, an increase in tension 
indicating that the float is positioned in the light 
liquid above the interface, and a decrease in ten 
sion indicating that the float is positioned in the 
heavy liquid below said interface. 

CHARLEY LEAMOND WHITE. 
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