
Jan. 28, 1947. 

( : // 4 2 % 
N 

% 
t 

N 
Z A. 

P. S. WILLIAMS 
SOIL GAS PROSPECTING 

/ 

2,414,913 

ATTORNEY 

  



A. 

Patented Jan. 28, 1947 2,414,913 

UNITED STATES PATENT OFFICE 
2,414,913 

SOL. GAS PROSPECTING 

Philip S. Williams, Tulsa, Okla., assignor to 
Standard Oil Development Company, a corpo 
ration of Delaware 

Application May 18, 1942, Serial No. 443,532 
(C. 23-232) 3 Claims. 

1. 
The present invention resides in a geochemi 

cal method for prospecting for petroliferous de 
positS. 

Various methods have been devised for pro 
Specting for oil by a chemical examination of soil 
and Soil gases for the measurement, therein of con 
stituents considered diagnostic. The most direct 
ly diagonostic constituents are, of course, hydro 
carbon gases, especially those heavier than meth 
ane which are normally associated with petrole 
um. For this purpose, a soil gas sample is col 
lected, either by direct suction from a hole in the 
ground Or by evacuation of a soil sample, and sub 
jected to analysis for the selected hydrocarbons. 

In the prospecting methods which are based 
on the analyses of soil gases it has been recog 
nized that certain factors may have an important 
bearing on results. In the method according to 
which soil samples are collected and subjected to 
a treatment for the liberation of gas contained 
therein, it has been suggested that the hydrocar 
bons determined in the gas be corrected for the 
adsorbtivity of the soil as, for example, by the 
application of a correction factor based on the 
Sand-clay ratio of the soil sample. In the alter 
native technique of sucking a gas sample direct 
ly from the earth, this correction factor is nor 
mally not relevant. 
The present invention is predicated on the rec 

ognition of a factor hitherto overlooked, which 
influences the values determined for hydrocarbon 
concentration in soil gas, either by the so-called 
Laubmeyer method or by the soil sample method. 
This factor is the permeability of the soil between 
the point of sampling and the surface. The rate 
of hydrocarbon gas flow from a reservoir to the 
surface is determined by the nature and pressure 
of gases in the reservoir and the flow resistance 
of the whole section of earth between the res 
ervoir and the surface. This section may be sev 
eral thousand feet thick, so the fow rate will be 
in the ordinary case only slightly affected by 
that part of the section, which may be only a 
few feet thick, above the sampling zone. The 
partial pressure of the gas in the soil air in the 
Sampling ZOne, or the amount adsorbed on Soil 
for this zone, will, however, be directly affected 
by the flow resistance of this thin upper layer. 
For example, it may be postulated that if soil 
gas Samples are collected at a depth of ten feet 
and there is a given rate of flow of hydrocar 
bons upwardly, the concentration in which these 
hydrocarbons are found will be greater if the top 
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meability than if it is composed of a permeable 
Sand. 
The actual mechanism of gas movement may 

be by diffusion rather than actual flow, since at 
normal sampling depths the soil air contains only 
a few parts per million of these gases; in any 
case this mechanism is not relevant to the basic 
idea of this invention. It should be noted that 
it is an essential object of geochemical meaS 
urements on hydrocarbon gases to arrive at the 
rate of flow without error due to purely local Sur 
face factors. Consequently, a correction for the 
above described effectS is necessary. 
As is well known in the practice of Soil gas 

prospecting methods, sampling holes of various 
depths may be employed, whether the gas is ob 
tained directly or by treatment of a Soil sample. 
Generally the depth of sampling is at least five 
feet, and is preferably greater if drilling can be 
performed with sufficient economy. The actual 
sampling depth is usually dictated by drilling 
conditions and it is generally believed that the 
greater the sampling depth, within limits, the 
better. Thus, in all cases there is a substantial 
layer of earth above the sampling Zone, and the 
factor discussed above is one of Consequence. 
In the practical application of the correction 

factor of the present invention, the problem is 
to determine some function of the permeability 
of the surface covering layer which will serve as 
a fairly reliable index. This can be done by a 
number of methods, among the more obvious of 
which is, of course, the measurement of the rate 
of flow of a gas through this covering layer. This 
can be done by examining separate increments 
of the covering layer and integrating the results, 
or by making a flow test on the whole layer. 
The former method gives more accurate results, 
but in most instances the latter may be made 
sufficiently accurate at least for reconnaissance 
purposes. 
One way of examining several increments of 

the covering layer is to take sidewall cores of the 
sampling bore hole at successive depths and run 
an actual permeability test on Such COres un 
derstandardized conditions. In this Way an aver 
age permeability figure can be calculated which 
can be used as a permeability correction factor. 
Another way is to make permeability tests of Suc 
cessive increments in situ. 
A simple method for obtaining an indication 

or function of the permeability of the covering 
layer as a Whole is to introduce into the botton 
of the sample bore hole a gas carrying a known 

ten feet of earth is composed of clay of low per- 65 concentration of an indicator or a tracer which 
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ends itself readily to quantitative determina 
tion, cause the gas to fioW through the covering 
layer, and determine the amount of indicator or 
tracer agent which has passed through the cov 
ering layer. In the practice of this method it is 
necessary to introduce the same amount of gas 
contained in the indicator into the sample holes 
under the same pressure, so as to make the re 
Sults comparable. 
The nature of the present invention may be 

better understood from the following detailed 
description of the accompanying drawing, in 
which Figure 1 is a diagrammatic representa 
tion of one method for practicing the present in 
Vention; and 

Figure 2 is a similar view of an alternative 
method. 

Referring to Figure 1, numeral designates a 
bore hole extending from the surface to a level 
indicated by numeral 2, which may be termed 
the sampling zone. The earth between the sam 
pling Zone and the surface may be referred to as 
the covering layer or surface layer. 

In the practice of this embodiment, after the 
Soil Sample or gas Sample, as the case may be, 
is collected, there is lowered into the bore hole 
a unit composed of two spaced packers 3, 
through which is inserted a pipe 4. A pipe 5 
connects the Space between the packers to a flow 
meter 6, which in turn is connected to a suction 
device adapted to exert a constant suction on 
the system. The packers may be inflatable rub 
ber sleeves which are made of thin sheet rubber 
and lend themselves readily to effective sealing 
against the earth wall of the bore hole. 
The system described is first fixed at the low 

ermost level of the bore hole, the suction is ap 
plied, and the flow meter is read. Where the 
height of each packer is not greater than the di 
ameter of the bore hole and the space between 
the packers is of a similar dimension, and where 
the Suction is maintained constant, the flow rate 
is approximately proportional to the effective 
permeability to vertical gas fioW of the Section 
Of Soil around the space between the packers. 
Thus, by repeating this procedure at various 
depths, data may be secured from which a cor 
rection factor can be derived. By plotting the 
flow rate against depth, a curve can be obtained 
which will be very similar to a curve of effec 
tive permeability plotted against depth, except 
for a constant factor. This factor will depend 
On the geometry of the assembly, the degree of 
suction anplied, etc. It can be shown, therefore, 
that the effective permeability to the vertical flow 
of gas from the Sampling zone to the surface is 
proportional to 

h dhyl-1 (4) 
( ) (=O) 

In these equations h equals depth of hole, ic 
als Specific permeability, and R, equals flow 
late. 
Since the concentration C of hydrocarbon gases 

in Soil air or On the soil sample from the sam 
pling Zone may be expected to decrease as the 
near-Surface permeability increases, a first ap. 
proximation would be to assume that C corrected 
equals MCQ, where M is an arbitrary constant 
factor Which may be chosen to make the average 
Value of MQ cloes to unity in any given area being 
Surveyed. 

Or to 
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4. 
In the embodiment shown in Figure 2, there is 

introduced into the Sampling bore hole a some 
What different assembly which, in the illustration 
shown, includes a long tube 8 which carries for 
a considerable portion of its length an expansible 
'ubbel Sheath 9 provided with a suitable valve 
A for inflating. Above this sheath there is fixed 
to the tube a block which is of a smaller di 
anineter than the bore hole and which carries a 
Second tube 2 which terminates in a collection 
Chamber 3, which may be connected, if desired, 
to a suction pump by a line 5 supplied with 
a valve 6. Tube a also has a valve . The 
block carries around its periphery an ex 
pansible rubber sheath 8 provided with a waive 
A. Ehe upper end of tube 8 is connected to a 
cylinder 20, which may be of any desired dimen 
sions and may be provided with a piston 2 , or in 
the alternative may be connected to a pump. 
The cylinder is provided with a gas inlet tube 22 
provided with a valve 23. 
Tha assembly is lowered into the bore hole with 

the rubber sheaths collapsed. When in place the 
rubber sheath. 9 is inflated to Sealing position, 
Then the rubber sheath 3 is inflated. Then 
Valves is and it are opened and suction is ap 
plied to the Space between the sealing members. 
After a predetermi:ed length of time, which may 
be five minutes or greater, a valve 24 in tube 3 is 
Opened a Yid a gas mixture containing an indi 
cator or tracer which has previously been intro 
duced into cylinder 2 is pumped into the bore 

The Suction pump 4 is kept in operation 
for several minutes after the opening of valve 24 
and then, after a given interval, valves 6 and 7 
are closed and the gas contained in chamber 3 
is analyzed for its content of indicator or tracer. 
The atter may be any gaseous agent which lends 
itself readily to detection and measurement. For 
example, hydrogen sulphide may be employed, 
and may be determined by any of the many 
known methods for quantitatively analyzing gases 
for this constituent. It is, of coul'se, necessary to 
use a constituent which is not normally found in 
the atmosphere. 

it will be understood that in the latter embodi 
ment it is necessary to follow the same procedure 
in all Sampling holes; that is to say, the same suc 
tion must be applied by the pump. A for the same 
periods of time, and the same amount of tracer 
gas must be admitted, either by adding it in under 
a constant pressure for a constant period of time, 
Cr by displacing a constant volume of it. Like 
wise, it is important that the space between the 
sealing packers be maintained as nearly uniform 
as possible by using the sane degree of inflation 
of the sealing members for all of the holes. It will 
naturally be necessary in any case to inflate 
these members sufficiently to effect a good seal. 
AS has previously been indicated in this emi 

bodiment, the Significant factor is the concentra 
tion of indicator or tracer found in the cylinder 
3 when a tracer is employed which is easily meas 

ured. This procedure can be followed with a 
minimum consumption of time. It will be under 
stOCd that if desired in this embodiment, the en 
tire borehole can be sealed up and a sample of 
the indicator gas collected in a shallow hole drilled 
for this purpose adjacent the main sampling hole. 
it will be understood the pumping times indicated 
above are not necessarily limiting, but will mani 
festly vary from area, to area. 
Other methods for determining a correction 

factor which will be a function of the permeability 
of the covering or surface layer may occur to those 



2,414,913 
S 

skilled in the art. It is not the purpose of this 
specification to describe all possible methods, but 
rather to suggest representative methods which 
may be followed for the realization of the desired 
objective. 
The nature and objects of the present inven 

tion having been thus described and illustrated, 
what is claimed as new and useful and is desired 
to be secured by Letters Patent is: 

1. In a method for prospecting for Subterra 
nean petroliferous deposits in which sampling 
holes are drilled to a depth of several feet at 
Spaced intervals Over the area, to be investigated 
and soil gas samples are recovered from a point 
adjacent the bottom of said holes and analyzed 
for their content of a significant constituent, the 
steps which comprise passing a fluid through por 
tions of the earth Surrounding the hole, repre 
Sentative of the layer Overlying the sampling 
point, measuring the rate of travel of said fluid 20 
through said portions under a known pressure 
whereby values are obtained from which the aver 
age permeability of the layer Over the Sampling 
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point may be determined and variations of this 
permeability over the area, may be applied to the 
determinations of the significant constituent as a 
correction factor. 

2. A method according to claim 1 in which the 
value determined is that obtained by sealing off 
the sampling hole at two points spaced from each 
other a substantial portion of the length of the 
hole, admitting air into the hole above and be 
low said Sealing points, connecting the space be 
tween the Sealing points to a collection apparatus, 
and determining the amount of air collected in 
Said apparatus fron said Space which has entered 
the latter from above and below the sealing points 
in a given period of time. 

3. A method according to claim i in which the 
value determined is that obtained by collecting 
Samples of Soil at Successive points along the sam 
pling hole, measuring the effective permeability 
of the several Samples and averaging the values 
so obtained. 

PHILIP S. WILLIAMS. 


