
2,465,563 

/ k? 

INVENTOR 

BY ' 

j 2:: 

ATTO R N EY 

March 29, 1949. A. .'J. ABRAMS 

GEOPHYS I CAL PROSPECTING METHOD 

Filed June 115, 1940 

17 



Patented Mar. 29, 1949 

UNITED 

2,465,563 

STATES PATENT OFFICE 
2,465,563 

GEOPHYSICAL PROSPECTIN G METHOD 

Armand J. Abrams, Dallas, Tex., assignor to 
Socony-Vacuum Oil Company, Incorporated, 
New York, N. Y., a corporation of New York 

Application June 13, 1940, Serial No. 340,245 

(Cl. 23——230) 4 Claims. 
1 

This invention relates to methods of prospect 
ing for oil, gas, or similar buried deposits which 
give rise to gaseous emanations of a nature 
which may be identi?ed and related to the source. 
‘It is particularly directed to prospecting for 
buried hydrocarbon deposits, such as natural gas 
or petroleum oil, the hydrocarbon gas emana 
tions from which may be related to the position 
of the underground deposit. 

It has been recognized that anomalous varia 
tions in the amount of gaseous materials, related 
to hydrocarbons, such as hydrogen, hydrocar 
bons, and oxides of carbon, occur in the vicinity 
of petroliferous deposits and that such anomalies 
may be correlated with known petroliferous de 
posits or that they may be used alone, or in cor 
relation with other geological or geophysical 
methods, for the locating of prospective petrolif 
erous deposits. - 

However, such methods as are already being 
used in commercial exploration and which have 
to do with the sampling of soil and the removal 
of gas from that soil sample or which rely on 
the analysis of gas samples collected and re 
moved from the soil-in-place under high vacuum 
conditions have several drawbacks. 
In connection with the ?rst method referred 

to, the analytical data cannot be readily inter 
preted in terms of the soil-air hydrocarbons which 
they should represent for two closely related rea 
sons: ( 1) difference in soil sorptive abilities; (2) 
di?’erence in conditions of sorption. With meth 
ods known at present, neither of these can be 
properly measured, evaluated or corrected for. 
The problem of correction for these factors is a 
complicated one. 
The other and earlier known method of soil 

gas analysis offers more promise but also suffers 
from a lack of properly developed technique. 
Sampling gas in a borehole under high vacuum 
creates unnecessary complications. 
vOur experimental work leads us to believe that 

the two methods just discussed have at least one 
serious drawback in common; namely, that of 
sampling at too shallow depths. We have found 
that sampling depth may affect gas composition 
appreciably. » - 

It is an object of this invention to provide 
a novel method for geophysical prospecting by 
observation of gaseous emanations from soil in 
the area being prospected; 
A further object is the observation of anomalies 

in rate of emanation of gaseous material from 
oil over an area to be prospected and the rela 
tion of those anomalies to the possible presence 
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2 
of petroliferous deposits below that surface area. 
A further object is the observation of anoma 

lies of rates of emanation of various constituents 
of gaseous emanates over an area to be prcspected 
and the relation of those anomalies to the possible 
presence of petroliferous deposits below the area 
examined. 
A further object is the provision of a low cost 

method of obtaining additional information cor 
related with and supplementary to other meth 
ods of geophysical prospecting. 
This invention is based upon the discovery that 

anomalous variations in the rates of ?ow of gases 
from the soil occur in various portions of an area 
under examination, and that these variations may 
be related to the presence of buried petroliferous 
deposits. 
This invention is based particularly upon the 

surprising discovery that suf?ciently large rates 
of ?ow are observed, and su?iciently large varia 
tions are found therein, to greatly increase the 
ease of interpretation of the data. The rate of 
flow method based upon this discovery does away 
with the uncertainties inherent in methods which 
involve taking from relatively very shallow depths 
within the “breathing zone,” small samples of 
gas or small samples of soil from which gas is 
extracted, and submitting these gas samples to 
analysis. 
For example, in one case, at a point where a 

soil sample analysis showed only 1 to 2 parts of 
ethane per billion, examination of a test hole 
drilled to a depth of ninety feet showed a rate 
of evolution of gases of 3 cubic feet of gas per 
hour, of which gas about 85 percent was hydro’ 
carbons. From this, it is obvious that in many 
cases the method herein disclosed is less open to 
errors of technique and in many instances may 
be of vastly increased sensitivity. 
In its barest essentials the method consists of 

sinking a bore hole into the earth to a depth below 
the water table or to a depth below which 
“breathing” of the soil due to temperature and 
other variations is a signi?cant factor and 0b 
serving the rate of evolution of, gas from the sur 
rounding soil into the bottom of that hole after 
suitable sealing means have been provided to 
isolate the bottom of the hole from communica 
tion with the atmosphere. 

It is of importance in this method that the hole 
be bottomed below the level at which movement 
of air and gases within the soil initiated by sur 
face temperature and pressure changes would 
vitiate the results. Such movement of air and 
gases is herein denoted “breathing.” Ordinarily 
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this method could quite conveniently be carried 
out in “shot holes” drilled for use with seismo 
graph surveys, before the shots are placed and 
?red. ' 

Many methods of measuring the amount of gas 
evolved during a given period of time may be 
made use of. In some areas, ?ows would'be su?i 
cient so that known metering devices, or means 
for determining gas volume by means of pressure 
differentials may be used. In others, probably 
in most cases, more delicate methods may be re 
quired. For example, the gases may be caused to 
pass through and be absorbed in a suitable ab 
sorptive liquid, placed either at the bottom of the, 
hole or in communication therewith ‘and the gas 
amount measured or estimated either by changes 
in the properties of the absorptive liquid orby 
desorption of the gas therefrom and subsequent 
volumetric measuring and analysis. The use of 
an absorption method for determining the rate 
of flow is speci?cally claimed in copending appli 
cation Serial No. 508,917 ?led November 4, 1943. 
.As a further example, particularly when records 
of gas evolution over a period-of time are desir 
able, use may be made of the familiar hot-wire 
gas flowmeter, wherein a hot-wire, heated by a 
constant energy input, exposed to the ?owing gas, 
records by its change in temperature and/or re 
sistance, after suitable calibration, the amount 
of gas ?owing past it. The latter method is par 
ticularly applicable to a survey wherein simul 
taneous observation of a number of points is 
desired. 
As an example of one method whereby the rate 

of evolution of gas may be measured, reference is 
made to the drawing made a part of this speci? 
cation, Figure 1 of which shows a simpli?ed verti 
cal cross section of a borehole under test and 
Figures 2 and 3 of which show detailed sections 
of a particular portion of the apparatus. 
In Figure 1, 6 denotes the chamber at the bot 

tom of the bore hole, into which there has been 
suspended a sampler 5, the cylindrical body of 
which is tapered to 6 to connect with a smaller 
pipe ‘I which extends to the surface. Surface 
water, etc., are excluded by packing 8. Within 
sampler 5 there is mounted a trap 9, shown in 
more detail in Figure 2. This consists of a 
threaded base ID with nut II from which there 
extends upwardly two cylinders l2 and 13, as 
shown, forming an annular well Ill which may be 
?lled with a sealing liquid, preferably non ab 
sorptive to soil gases, such as mercury. Resting 
upon cylinder 12 we ?nd a porous absorptive 
material block 15, such as ?ltros, housed in con- 1 
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tainer it which has a depending skirt I’! which - 
dips into the sealing liquid in space I4‘. The 
porous absorptive material block is saturated with 
a liquid, such as ethyl alcohol, kerosene, a light oil 
fraction or the like, capable of dissolving the soil 
gas, or at least an indicative portion thereof. Af 
ter remaining within the bore-hole for a speci 
?ed time, the apparatus may be removed, the 
material removed from the porous block, and 
examined to determine the amount of gas constit~ 
uents absorbed. - 

In Figure 3, a liquid absorption system of dif 
ferent type is used, wherein soil gas passing up 
through central passage [8 will be forced by ba?ie 
19 to pa-s through absorptive liquid 20 of the type 
described above. 

It will of course be necessary in many cases to 
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so manage operations at the bottom of the hole, ' 
in holes where water ?ows in from the formation 
being examined, as to prevent submergence ‘of 

4 
the gas analyzer by incoming water, and to effec 
tively separate gas from ?uid at this point. 
In the foregoing, it is pointed out that what is 

herein considered of prime importance is the 
rate of evolution of gas into the bore hole. It is 
of course to be understood that such standardiza 
tion of conditions as are applicable, for example, 
‘corrections for bottom-hole pressure variations 
between several holes in a series of tests, correc 
tions for atmospheric pressure between tests 
upon a series of days, uniformity of amount of 
hole-wall surface from which evolution occurs, 
and other comparative standardization will be 
applied. 

It will also be understood that anomalies in 
the rate of flow of the individual, constituent 
gases entering the bore hole, as well as in total 
rate, are of use in this method. For example, 
in areas without marked anomalies in total rate 
of evolution from point to point, anomalies in the 
rate of evolution of individual constituents of 
the gaseous mixture may occur and are of-in 
dicative value. 
The term "soil” as used herein denotes not 

merely the surface portion of the earth in the 
area to be prospected, but is utilized in the 
broad sense to denote the whole of the vertical 
column which may be explored by this method 
of prospecting. In vthis sense, it will be seen not 
to include merely the surface layer of material 
suitable for cultivation, but also the subsoil, and 
even to extend into the relatively undecomposed 
underlying strata. The term soil-gas is herein 
used in an equally broad sense as covering that 
gas present in, or evolved from, or capable of 
being evolved from the earth at any level within 
the scope of the method herein disclosed. 

I claim: 
1. The method of geophysical prospectin 

which comprises sinking bore holes at points 
distributed over the area to be prospected to 
depths below the limit of atmospheric “breath 
ing” of the soil, selecting a zone in each of said 
bore holes of substantially uniform ho‘e-wall sur 
face area at a depth below the limit of said 
atmospheric “breathing,” isolating said zone 
from access thereto of gasesfrom other levels in 
‘said bore hole, determining the natural rate of 
evolution of gases from the surrounding soil into 
said zone, and correlating variations in the rate 
of said evolution in the individual holes through 
out the area examined whereby information use 
ful in locating petroliferous deposits may' be 
obtained. 

2. In the prospecting for petroliferous de 
posits the method which comprises sinking bore 
holes at spaced points in the surface of the earth 
over an area to be prospected, sealing off a sec 
tion of each bore hole from contamination from 
above while maintaining provision for passage 
of gas through the seal, whereby gas emanating 
from the strata surrounding the said sections 
willcollect in the sealed off sections and pass 
therethrough at a rate equal to that of its 
natural emanation from the surrounding strata 
into the sealed off sections of the bore holes 
without acceleration or retardation of the nat 
ural emanation of the gas, determining the rates 
at which the gas traverses the sealed off sections 
per unit area of strata exposed in said sect‘ons, 
and correlating variations in said rates among , 
the various holes whereby information useful in 
locating petroliferous deposits may be obtained. 

3. The process of claim 2 wherein the bore 
hole is sunk‘ to a depth below the limit of at- . 
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mospheric "breathing” and the sealed off sec 
tion located therein below the limit of atmos 
pheric “breathing.” 

4. The method of geophysical prospecting 
which comprises sinking bore holes at points 
distributed over the area to be prospected, select 
ing a zone in each of said bore holes of known 
hole-wall surface area, isolating said zone from 
access thereto of gases from other levels in said 
bore hole, determining the natural rate of evolu 
tion of gas from the surrounding soil into said 
zone per unit area of soil wall exposed in said 
zones, and correlating variations in the rate of 
evolution in the individual holes throughout the 
area examined whereby information useful in 
locating petroliferous deposits may be obtained. 

ARMAND J. ABRAMS. 
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