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Abstract.

An exhaustive examination is undertaken on the contents of helium in the natural
gases of Japan, succeeding Mr. N. Yamada in his line of research.

Eighty four samples of natural gases in Taiwan, Hokkaidd, Honsyd, and Kylsyd of
Japan collected from various sources i, e. from petroleum oil reservoirs, coal mines, mineral
springs and volcanoes are examined on their contents of helium and other constituents,

Some relations between the total composition and the helium content of a gas are
discussed. Considerations are made on the geological features of gas reservoirs and also
on the radioactivity of mineral gases.

The investigation show that the petroleum gases in Taiwan and Hokkaid0 have little
prospects as the source of helium. Considerable percentages of helium are found in some
mineral gases, but unfortunately their evolution is at present not sufficient for any indus.

trial purposes,
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1. Introduction.

The inevitable danger which accompanies the use of hydrogen for
inflating the airships and the balloons enlivens our serious interest for
helium gas. And the helium-problem is of prominent importance in
aerostation. | '

Two years ago Mr. N. Yamada® of this laboratory published his
investigations on the contents of helium in all the principal petroleum
gases and certain mineral gases in Honsyl and Kyfisyl of Japan. He
finds that petroleum gases in those parts of Japan contain little or no
helium, which, however, is contéined in considerable quantities in some
mineral-spring gases ; and his conclusion is that it would subsequently
be necessary to examine natural gases of Taiwan (Formosa), Hokkaidd
and Karahuto (Saghalien), not only because that the quantities of their
outflow are very abundant but also that the geological features of their
reservoirs are different from those found in Honsy and Kyusyd. He
suggests that as volcanic gases of Japan are great in quantities, coming
out of numerous sources, the investigation of them seems to be quite
promising, though the sampling will be very difficult and need special
attention and technique.

The authors of this papers succeeded Mr. Yamada invhis line of
rescarch and undertook an exhaustive examination of helium contents
not only in petroleum gases but also in gases of all other kinds, i.e.
from mineral spring, coal mines and volcanoes in all the provinces of
Japan. Further it was intended to extend the work to study their
total composition, peculiarities of gas reservoirs and other factors, as
the result throw some light on the problems regarding the fuel- and
gas-industries of Japan.

Eighty four samples were collected. The analysis was carried

out in the manner depicted in the next chapter. Of these twenty

(1) Report of this Institute No. 6. (1923):
Jorr. Chem. Soc. Japan. 43, 885 (1922): 44, 1013 (1923)
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On the Contents of Helium in the Natural Gases of Fapan. 349

seven were found to be petroleum gases in Hokkaidd, Taiwan and
Karahuto ; others were mineral-spring gases, coal-mine gases and vol-
canic gases not only from the parts mentioned above but also Honsyl

and KyidsyQ of Japan.

2. SampIing and Analysis.

The methods of sampling and analysis are practically identical
with those vsed by Mr. Yamada.’ It is an adaptation of the con-
densation method of Cady and Mc Farland® for the determination of
helium (the apparatus is illustrated in Plate 23) and the Hempel’s stand-
ard method for the analysis of common comstituents.

In Hempel’'s standard method, the sum of carbon dioxide and
hydrogen sulphide is determined by absorbing them in concentrated
potassium hydrooxide solution. But, in some of our analysis the amounts
of hydrogen sulphide have been separately determined in the following
gravimetric way.

The desired quantity of a sample is passed slowly through a solu-
tion of lead acetate in order to precipitate sulphur completely as lead
sulphide. This sulphide is converted into lead sulphate in usual manner
and its quantity is determined by weighing.

The purity of helium is tested by observing its spectrum in the
discharge tube attached to the condensation apparatus. The spectrum
of the light emitted by the gas of each sample has been photographed
with a small Hilger spectrograph. Three samples of spectrograms
obtained in this way are illustrated in Plate 24. For the purpose of
comparison, spectrograms of the discharge in helium, neon, argon,

hydrogen and mercury vapour are also included in the plate.

3. Results of Analyses.

The resultS of analyses and informations concerning the sources

(1) loc. cit.
(2) Jour. Amer. Chem. Soc., 29 1523, (1907).

This document is provided by JAXA.




350 Y. Kano and B. Yamaguti.

from which the samples have been taken are shown in Tables 1 and 2.
For the most part of geological informations the authors are indebted
to Mr. K. Uwatoko. The places where the samples have been taken
are marked on the accompanying map with black points and numerals
corresponding to the “Sample Numbers.” (Small circles on the map
show Mr. Yamada’s sampling places.)

The following table shows the nine samples which contain helium

in the highest percentage, condensed from the Table I.

Table 3.
Source
Sample Helitm
Prefectural
Number Preli'{egrtll)lre District Field Content (%)
( (Gari)

74 Isikawa Enuma Sakumi-mura, Katayamatu 0.308
73 do Kasima Hamura, Wakura 0.272
83 Tottori Tottori-si Yosikata-mati 0.214
75 Hukui Sakai Awara-mura, Hunatu No. 1. 0.186
26 do do do s No. 2. 0.184
81 Tottori Yatuka Tamayu-mura, Tamadukuri 0.088
4 Hukuoka Tukusi Hutukaiti-mati, Musasi 0.087
82 Tottori Toéhaku Misasa-mura, Misasa ©.076
84 Hybdgo Mikata Yumura-mura, Yumura, 0.045

The sample (74) which is a hot spring gas in Tukimi-mura, Isikawa
Prefecture is found to be richest in helium, and the sample (73) of the
same kind in Hamura, Isikawa Prefecture takes the second place.
Whether these helium-bearing gases can be regarded as the proper
sources of helium or not depends chiefly upon the quantities of the
evolution of these gases.

Unfortunately the gases above mentioned are so poor in their out-
flow that it would hardly be possible to be of practical use. Petroleum
gases in Taiwan contain, with few exceptions, helium as shown in
Table 2. Although its contents are very small, the quantities of out-

flow afe enormous.
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The constituent regarded as carbon dioxide and hydrogen sulphide
are, as already mentioned, those which are absorbed in concentrated
potassium hydroxide solution. In Table I the percentage of hydrogen
sulphide determined separately are also given.

The part absorbed in ammonical cuprous chloride solution are
usually regarded as carbon monoxide. However this constituent has
been detected in none of the samples except those from Taiwan.
Even of those samples from Taiwan, the contents of this constituent do
not exceed 025 percent. It seems to have reason that Burrell and
his collaborators™ deny the presence of carbon monoxide in petroleum
gases, ascribing the error on this point in previous works to the slight
dissolution of higher paraffines in ammonical cuprous chloride solution.
Burrell also denied the presence of olefine hydrocarbons in natural
gases and ascribed the common point of error to the slight dissolution
of higher paraffine hydrocarbons in fuming sulphuric acid. Neverthe-
less, in the results of the present authors the constituent absorbed in
fuming sulphuric acid is expressed in the tables as heavy hydrocarbons.
It is found to be contained in almost every petroleum gases in Taiwan
and Hokkaidd. Also in mineral-spring gases it is contained in small
quantities, even in cases where they evolve with hot spring and contain
no higher members of paraffine hydrocarbons. This fact, together with
result of Mr. Yamada who has found similar amounts of heavy hydro-
carbons in the samples of the same sort as the authors’ makes us belive
that small quantities of heavy hydrocarbons are really present in such
mineral-spring gases. It is difficult to believe that the contraction due
to the absorption in fuming sulphuric acid in these cases is caused by
the slight dissolution of higher paraffine hydrocarbons in this absorbent,
while for petroleum gases which contain much larger amounts of higher
paraffines, it will be possible to conceive that the error pointed out by

Burrell may be made.

(1) G. A. Burrell and F. M. Seibert: Bull, 42, Bur. Mines, U. S, A., (1913), 116;
Burrell and G. G. Oberfell, Tech. Paper 109, Bur. Mines, (1915), II.
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Worstal® asserted that methane was absorbed very slowly in fum-
ing sulphuric acid at ordinary temperature, while on the other hand
Burrell® remarked that methane was never absorbed in the absorbent in
a few hour. In our experiments the time in which a sample is kept in
contact with fuming sulphuric acid is no more than twenty minutes in all
cases, and so there would be no error due to the dissolution of methane.

Oxygen is found in great majorities of samples and its content is
less than 1 percent in every sample except No. (12), (23) and (34).
These three gases have been presumably intermixed with air during
sampling, owing to the insufficiency of outflow and inconvenient situa-
tions for sampling. As it is conceivable that a certain amount of air
was entrapped previously in underground sediments or rocks at the
time of geological changes, it may be natural that small quantities of
oxygen have been found in most cases.

Hydrogen has been found in appreciable quantities in none of
samples except No. (43), which belong to a kind of volcanic gas and
contain g'67 % hydrogen. Some hydrogen lines® have been, however,
distinctly observed in some samples, when spectral observations have
been carried out to test the purity of helium.

Helium has been determined by using from three to six litres of the
gas samples. There are some samples which contain so small quantities
of helium that its volume can not be directly measured, although its
spectrum are clearly identified. For such cases, its content is less

than o'ocor percent and denoted as “trace” in the tables.

4. Discussion of the Results.

An inspection on the results shows that natural gases in our

country may be roughly classified into three types from their chemical

(1) Jour. Amer. Chem. Soc., 21, 246.
(2) loc. cit.

(3) It is well known that one part of hydrogen in one hundred thousand parts of
helium can be detected by the observation of discharge spectrum,
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éompositions. The first kind of them is composed chiefly of carbon
dioxide, e.g. some volcanic and mineral-spring gases. The second is
the gas which contains methane and other hydrocardon as the chief
constituents and can be used as a gas fuel. Petroleum gases, coal-
mine gases (Sample Nos. (5), (39), (40), (41)) and the gases which
evolve from shallow geological horizon of the quarternary system are
included in this type. The third consists mainly of nitrogen, some gases
which issue with hot or cold mineral-springs belonging to this type.

There are, however, some gases of an intermediate nature ; samples
Nos. (51), (52), (59) and (60) which issue in petroleum districts, contain
methane and carbon dioxide both in great quantities : and the sample
(73) which evolve with a hot spring has large contents of both methane
and nitrogen.

In Japanese natural gases that have been ever examined untill to-
day, helium is contained considerably only in nitrogenous gases. The
gases which are chiefly composed of carbon dioxide do not generally
contain helieum, except the gases of this type in Taiwan which contain
very small amounts of it. Helium is also found in the gases of the
methane type. And it will be noticed, as already remarked by Mr.
Yamada that gases issuing from sources of quarternary system as Nos.
(14), (15), (30) contain more helium than most of petroleum gases from
the tertiary system. v

Cady and Mac Farland® remarked that the percentage of helium
in petrolum gases seemed to depend in a measure on the percentage
of nitrogen. But Japanese petroleum gases thus far examined are too
poor in helium to give any light on the relation between the helium
and nitrogen content. In our case those gases which contain helium
in considerably quantities are not petroleum gases but gases from
mineral springs. However, the conclusion that gases rich in helium is

nitrogenous, may hold also in this case.

(1) loc. cit.
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Mc Lennan and his collaborators® stated in the report of their
investigation on the natural gases in Canada that it was impossible to
establish a direct proportionality between the helium and emanation
content of a gas. In the case of Japanese petrolum gases, it is
impossible to study the relation between the helium content and the
radioactivity, because all those examined previous to the report are
too meagre in helium contents to establish a conclusion upon the
evidence.

Of hot spring gases—those being Japanese gases containing helium
in considerable quantities—the relation between helium and emanation

contents is shown in the following table. (Table 4.)

Table 4.

Number | Prefecture Pr]g!i?g;:;al Field C'Zf,’/t‘;nt litre 9f gas}

(Ken) (Gori) ° (Maché unit)
74 Isikawa | Enuma Sakumi-mura, Katayamatua 0.308 24.18
73 do Kasima Ha-mura, Wakura 0.272 93.31
75 Hukui Sakai Awara-mura, Iunatu 0.186 39.43
81 Simane Yatuka Tamayu-mura, Tamadukuri 0.088 35.21
4 Hukuoka | Tukusi Hutukaiti-mati, Musasi 0.087 32.54
82 Tottori | Téhaku | Misasa-mura, Misasa 0.076 62.54
84 Hybdgo Mikata Yumura-mura, Yumura 0.045 25.98
16 Siduoka | Takata v Syflizenzi-mati 0.037 7.07
17 do do Nagaoka-mati 0.029 1.29
7  |Kumamoto| Kuma Nakahara-mura, Hayasi 0.023 5.64
78 Simane Yama Yunotu-mati 0.007 3.31
27 Gumma Waég;na' Kusatu, Yubatake-yu o 0.88
28 do do do , Zizd-yu o 0.635
29 do do do , Sirahato-yu o 0.66

(1) J. G. M. Lennan: Report on some sources of Helium in British Empire.
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In the table, gas samples are arranged in the order of the helium
content. The figures showing the emanation contents are entirely due
to Dr. Isidu’s® measurement which was undertaken some years ago.
Neverthless, it can be perceived that the percentage of helium seems
to depend in a measure on the content of emanation of a gas, though
there is no direct proportionality between them. The samples which
contain no helium, for instance the last three in the table, possess in
general merely feeble radioactivity. This aspect will stand in favour
of the theory that ascribes the origin of helium in a natural gas to
the disintegration of radioactive substances.

It is strange that the relation like above never holds in the case
of cold spring gases—gases which issue with cold mineral-spring. For
example samples Nos. (19) and (80) which evolve respectively in
Masutomi, Yamanasi Prefecture and in Ikeda, Simane Prefecture contain
no helium although considerable amounts of emanation have been found
in them.

A wide variation in composition is observed of petroleum gases.
While the gases belonging the same vein have nearly the same com-
position, those belonging to the different veins vary widely even when
their situations are pretty near. It is conceivable that some relation
may exist between the composition of these petroleum gases and the
nature of petroleum oils accompanying them. Mr. Yamada pointed

out already this relation for the petroleum gases in Honsyd.

iti Rates of
Composition of Gas | Higher Hy-
Sample Density | ‘4 5carbons
o co Heavy N, of Oil to Total
e 2 |Hydro-| O, [CO| CH, |C,H,|Inert | He (15° C)
sz Yy 2 4 2°%9 ~ Hydro-
carbon Gas carbons
37 17.67 0.16 oIr9 | O | 76.04 o 5.94 o 0.927 0.002
36 0.28 048 | 035 | o] 9739 O 1.50 | 0.003 0.870 0.005
32 o 2.95 008 | ol 37.96| 5848 053 o 0797 0.618
34 0.47 2.62 147 | ol 1119 83.45| 0.82 | trace 0.794 0.885
33 0.12 3.34 o19 | o | 34.14| 5847| 374 o 0787 0.644

1) R. Isidu: ‘The Mineral Springs of Japan,
(1) pring P
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Here the composition of gas and the density of oil from the same
field in Hokkaidd are tabulated. The density of oil was determined by
Mr. K. Uwatoko who kindly furnished the results to the authors.

Mr. Yamada’s conclusion on the relation between the nature of
gases and accompanying oils of the Honsy(i origin has been confirmed
to hold true also for those of Hokkaido.

There can be detected no definite quantitative relation between the
the density of oils and the content of higher hydrocarbons, and the
ratio of the amount of heavy hydrocarbons and ethane to the total
amount of hydrocarbons does not always increase with the decrease
of the density of oil. Qualitatively the content of higher members of
hydrocarbons in a gas depend in a measure on the density of an oil
from the same field. The higher the specific gravity of oil is, the
poorer the content of higher hydrocarbons in gas-—a relation which
seems very natural.

The compositions of the petroleum gases in Japanese three islands
—Honsyt, Hokkaidd and Taiwan are then compared in the follow-
ing. }

Carbon dioxide is generally contained about I percent, and its
content rarely exceeds ten percent in the petroleum gases of Honsyt
and Hokkaidd, while those of Kinsui district in Taiwan contain carbon
dioxide of about thirty percent. The parafine hydrocarbons in the
gases of Taiwan are chiefly composed of methane, and poor in higher
paraffine hydrocarbons, the gases in Honsy@ are richer in higher mem-
bers of paraffine hydrocarbons. In Hokkaidd, the gases in Isikari oil-
fields contain them in great quantities (60-80 percent), while those in
Soya oil-fields contain none. Helium is not found to be contained in
most of the petroleum gases in HonsyG and Hokkaidd, while in Taiwan
it is found to be distributed uniformly over all the oil-fields and the
samples from various localities, very different in other respects, contains
generally about 0.005 9% helium. In Taiwan the gases which come

out “mnaturally ”, as well as those from artificial wells contain helium
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in similar amounts, while it is found in other islands only in well gases.
It is perhaps due to the large capacity of the source and outflow in
Taiwan.

Samples Nos. (40) and (41) contain helium while No. (39) does
not, notwithstanding the geological and other features of their resor-
voirs are essentially similar. The sample (39) has been taken from a
boring-well prospecting coal which could not reach any coal vein
while wells giving samples (40) and (41) reach coal veins. From this
fact it seems that helium frequently exist underground in the neigh-
bour of a coal vein though in a small quantity.

The amount of helium in a petroleum gas seems to depend on the
geological age of its resorvoir—a relation already manifested itself in
the case of the natural gases in the United States of North America.®
Oil resorvoirs of Mid Continent in that country, which are famous as
excellent sources of helium, belong to the paleozoic system. On the
other hand oil reservoirs of Hokkaidd and Taiwan belong to the tertiary
system like that of HonsyG and do dot contain helium more than
0.007 percent.

In short, the petroleum gases in Taiwan and Hokkaidd have little
prospects as the source of helium. Considerable percentage of helium
are found, as already mentioned, in some spring gases, but unfortunately
their evolution is at present not sufficient for any industrial purposes.
Only few numbers of the volcanic gases in our country have been in-
vestigated, so that their future prospects can not yet be expected at

present.

Summary.

(1) Twenty seven samples of the petroleum gases in Taiwan,
Hokkaidd and Karahuto and fifty seven samples of the mineral spring,
volcanic and coal-mine gases were collected and studied on their contents

of helium and other constituents.

(1) G.S. Rogers: Helium-bearing Natural gases, U. S, G. Prof. Paper, 121 (192I).
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(2) The helium content of some mineral spring gases is found to
reach a few tenths of percent. Merely small quantities of helium are
found in the gases from the resorvoirs in the petroleum fields of Taiwan
which belong to the tertiary system.

(3) Natural gases are classified into three types respectively rich
in carbon dioxide, in hydrocarbons, and in nitrogen. Considerable
quantities of helium are found to be contained only in the gases of the
last type.

(4) The percentage of helium in a “hot spring gas” seems to
depend in a measure on the content of the emanation. But strangely
this relation does not hold in the case of a gas which evolves with a
cold mineral-spring.

(5) The compositions of the natural gases in Hokkaidd, Honsy(
and Taiwan were briefly compared. Helium is not found to be con-
tained practically in most of the petroleum gases in Honsyd and
Hokkaidd, while in Taiwan it is found to be distributed uniformly in
all the oil-fields and samples from very different localities contain
generally about 0.005 9% helium.

(6) The contents of higher hydrocarbons in the petroleum gases
in Hokkaidd, as is to be expected, also have a certain relation with
the density of accompanying petroleum oil. The higher the specific
gravity of oil is, the poorer the content of higher hydrocarbons in
gas.

In conclusion, the authors wish to express their gratefulness to
Assistant Professor N. Yamada who kindly guided them in their work
and also granted complete access to all of the facilities with which
his valuable study had been carried out. Thanks are due to Prof.
Katayama of the Faculty of Science for his valuable advices during
the work and are also due to Mr. Uwatoko for his work in collecting
gas samples and surveying the fields.

Tokyo, November 1925.
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