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Geochemical Prospecting for Natural Gas Field of Dissolved-in-Water
Type in Japan®
by
Koji Motojima™*
1. Geochemical Characteristics of Natural Gas Field of Dissolved-in-Water Type
Natural gas field of this type is the workable accumulations of natural gas consisting

mainly of CH,, dissolved in groundwater. .
Static pressure of groundwater increases by 1 atm. pressure at every 10 m in depth, and

33 ml of CH, can be dissolved in I [ of water at room temperature under one atm. pressure.

Therefore, one volume of groundwater can dissolve 1.25 volume of CH, at the depth of 500 m,

2.1 volume at 1000 m and 2.7 volume at 1400 m. Therefore, this type of natural gas field of

economic value is formed.

In Japan, there are many natural gas fields of this type, which are economically important.

Characteristics of this type of natural gas fields can be summarized as follows:

(a) Geological horizon: Recent—Miocene. Fields of Pliocene and Pleistocene age are eco-
nomically most important. k

(b)  Sedimentary facies: Wide varieties of sedimentary lacies have been observed, but large
scale fields have been mainly found in marine facies,

(¢) Reservoir rocks: Loose sands and pebbles are the best rocks as gas reservoir. Gas reservoir
of the Miocene age is fracture type. Gas production (Qm m?/day) is a function of gas-water
ratio at casing head (R, Calculated from m?®/ki) and volume of groundwater producted
per day at the well (Q

Moo

kijday), and can be expressed as @, = RX}(Q,. Since R is

determined by depth, Q, is mainly determined by Q .. Q. is determined by permeability
of reservoir rocks,

(d) A very intimate relation has been observed between natural gas and associated water.
Natural gas mainly consists of CH,, CO, and N,. When CH; content is high, gas-water ratio

is high, in which case, contents of HCO7, NH*, KMnO, cons. (C17, I, B in the case of

marine facies and P in fresh water facies) in water increase. In the case ol younger gas
field (Recent—TUpper Pleistocene), when gas-water ratio is high, CO, content increases
and the water tends to be acidic,

(e) The genesis of this type of natural gas field can be fully explained by the process of organic

carbon —» CH,+CO,, CO, — CHOj and organic nitrogen — Ny-- (NHT).

2. Methods and Techniques‘of Geochemical Prospecting

2.1 Field Survey

Geology, topography and climate of the area should be studied through literatures before

commensing field survey. Geologic age, sedimentation environment, facies and fossils of and
in the strata, igneous rocks, geological structure, hot and cold springs in the area should be
studied before field work. The scale of survey (cost of survey, number of surveyors, number

of days for survey, apparatus to be used) should be fixed by considering the above informations

#This paper is prepared for BUAFE Seminar on “Geochemical Prospecting Methods and Technigues” (Aug. 1963, Bangkok)
*#*Fechnological Department
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as well as traffic situation and climate of the area. A small chemical analyses laboratory to be
used as the basement should be set up in the area.

Wells, hot and cold springs in the area ave utilized for measurement. If there is no such
point in the area, bore holes of about 10-m depth are drilled using simple boring instrument,
from which water and gas samples for chemical analyses are collected.

Aspects to be measured at cach measuring point are:  Location of the point, climate,
environment of the point, depth and diameter of the well, materials of casing, method of making
the well, age of the well, status of water shut-off, geology of the well, position of strainer, water

~level, method of sampling, temperatures of air and water, volumes of natural gas and water,
gas-water ratio, appearance, taste and smell of water. ‘

Methods of field analyses of groundwater ave as follows:
pH and RpH-—arce obtained using colorimetric method.

HGO; —can be measured from alkalinity of methyl-orange, and is expressed by mg/L.

free COy——can be obtained from acidity of phenolphthalein and is expressed by mg/L.

COj s obtained from alkalinity of phenolphthalein and expressed by mg/L.

total COy~-can be obtained by calculation from the values of HCO; and free GO, ( pH < 8.3 )
or of HCOj; and GO~ (pH™>>8.3), and is expressed either by mg// or mi/L.

Cl"—is obtained by Mohr’s method and expressed by mg/l.

Redox potential—is obtained using portable pH meter and expressed by mV.

NH{—is measured using Nessler reagent and expressed by mg)l.

Fe?*, Fe'ris measured by either thiocyanate or e’ dipyridyl methods and expressed by
mg/l.

P--is measured using molybdenium blue and expressed by mg/L.

SO} —is measured through nephelometry using barium sulphate and expressed by mg/l.

dissolved O,—is measured from the value of O, absorbed in pyrogallolic alkali, after driving out
CH,y+ Ny Ar from water using GO, bubble, and expressed by mi/L.

dissolved CH,+N,+Ar—is obtained from the value of residual gas described above, and
expressed by ml/i.

dissolved CHy—is driven out by air from water and measured by optical interferometry and
expressed by ml/l.

Chemical components to be analysed at the basement are as follows:

Car, Mg**——is measured through titration using £.D.T.A. and expressed by meg/l.

KMnO, cons.—is obtained through back titration and expressed by mg//,

NH{—is absorbed in HySO, through air distillation and measured using Nessler reagent and
expressed by mg/l.

CH,, CO,, O, and residual gas { == N, Ar)—are measured by Orsat method and expressed
by vol. %. ‘

The following chemical components are usually analysed at the chemical laboratory on
return to institute.

CH,, Gy, €y, CO,, Ny, Hy, Ar, He in gas—are measured using gas-chromatographic or mass-
spectrometric methods and expressed by vol. /.
Na*, K*—are measured using a flame-photometer and expressed mg//.

17, Bro, B, Min**, 51, T".8.M.—are obtained by wet chemical analyses,
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2. 2 Survey by Drilling

Since interstitial water in mudstone near a gas reservoir-ol the younger strata generally has
similar chemical composition as reservoir fluid, gas potentiality (= gas-water ratio) of the reser-
voir can be estimated from systematic chemical analyses of the interstitial water of the mud-
stones:

Intervals between the points of core sampling are determined to be from 5 to 50 m, in
accordance with the geological condition of the hole. Methods ol measurement are as follows:
Specific gravity——is measured using weighing bottle as pycnometer.

Water content-—is obtained from dry loss at 105°C, and expressed either by vol. % or wt. %,

Cl~—is obtained using Mohr's method from centrifugally separated liquid from the sample
crushed in distilled water, and expressed by mg/l after multiplying with the next factor
R.

Dilution ratio (R)—is obtained from the equation R = (a+bj/b, where a is volume of H,0
added to the core sample and b is volume of interstitial water in the sample.

Ph, HCO;, KMnO, cons., SO, NOj—are obtained by the similar way as above.

In some cases, mother rocks of the gas are examined through the measurements of contents
of arganic C and hydrocarbon in the mudstones. Characteristics of the sedimentary basin of the
area are also considered in some cases on the standpoint of economic geology, from the date of
inorganic components of the rocks in the area.

2. 3 Interpretation of Results ‘

It is most important to interpret the results of chemical analyses in connection with the
genesis of the gas field. Since ground-fluids have general geochemical characteristics as tabulated
below according (o the status of natural gas accumulation, gas potentiality can be judged from
the table. Therefore, it can be predicted that the groundwater contains high amount of
methane gas, if the strata of the surveyed area are younger-than Pliocene and marine origin, and

groundwater shows-high content of C17, HCO, I, NHI, organic €.

Natural Gas Accumulation

Ciomposition of Groundwater —

I Nonegas Area | Poor gas Area | Rich gas Area
free GO, (Quaternary L4 (<0 mgll) A+ (50-100 mg/l)] 4 4 (> 100 mg/l)
HCO;, Lok (<100 mg/l) + 4 (100-200 mg/l)} 4 4+ (>200 mg/l)
NHY <lmg/ 1-2 mg/l > 2 mgfl

+ + -
+ A -+ -
: e + e
P (fresh water sediments) - + + A4+ (0.3 mg/l)
KMnOy cons. + + A+ (250 mgll)
e —r et + | A A
dissolved O, 2—8 mifl 0.0-0.2 mi/i 0.2-0.5 mi/l
dissolved N, 1 16 miji = 20 mijl 1--5 mi/l
dissolved CH, 0.0m ¢/l ~10 mi/l > 20mi/l
dissolved Ar + 4 + 4 +
H,S - o +
CGI7 (marine sediments) < 2gjl 2-5 gll > Dgll
17 (marine sed.) + A e A A
I7/CE (marine sed.) 1 4 A I S e e
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Natural Gas Accumulation
Composition of Gas S —
None gas Area Poor gas Area Rich gas Au a

CH, vnl %) - + I (>80%)
N, + b + Lok
oy (Quaternavy -+ | + 4 + 4+ (>10%)
GO, ° K

(Tertiary + : 4+ R
Ny/Ar + ++ +
He/N, + + [
H, 9 ? [
CnHm 7 + -

Data of chemical analyses of boring coves are useful to judge a presumed natural gas field

where there is no well. When Gl content of interstitial water in mudstones of marine origin

increases with depth and reaches more than 2-3 g/l, permeable layers nearby the mudstone
will often be a payable reservoir of natural gas.

Since natural gas accumulation is dilapidated gravitationally by meteoric water, accumu-
lations in sediments of small basin of lacustrine origin take on so-called *“ hammock 7 shape,
in which gas content shows lower values at upper and lower portions.

Geochemical prospecting of natural gas field is aimed to estimate gas potential (R of
Qu == RX Q“,

water to be producted (Q,), which has close relation with production of gas, is estimated

) from the data of distribution of chemical components. Possible amount of

from the data of electric well logging. Casing program at working gas wells can be determined
on the basis of both geochemical and physical data.

Geochemical prospecting methods and techniques for dissolved-in-water type natural gas
field described above are also useful for the prospecting of natural gas in oil fields, coal fields
as well as related gas fields.

2.4 Examples of Geochemical Prospectings
Since 1948, Geological Survey of Japan has carried out successfully geochemical prospect-
fifty

ing of dissolved-in-water

type natural gas fields: field survey has been done at about

districts throughout Japan and survey by drilling at about fifteen districts.,

References
1) Geology an 1 Miae al Resou ces of Japan, 2ad edition, Geol, Survey of Japan, 1960
2)  Kaneko, K.: Natural Gas Accumulation in Japan, Rept. Geol. Survey of Japan, No. 169,

1956 (In Japanese with English Abstract)

3)  Kanehara, K., Motojima, K. & Ishiwada, Y.: Natural Gas, Asakura-shoten, Tokyo, 1958
(In Japanese)
KoOA M oH 2 B o0 # b B OB
B A H
E &
D Hu b5 aty it
ST ORI B3mifl e . MUFK CRBEEICRIE LIsES & b 2 @
T, Tof ﬂr PRE 7D, WUFHEHCIE T 2 AT B0 A T8 IBAL iR ~ vt
MR 1 v o = B f)nﬂszhzn H Aiﬂﬁ(}) b I AR O P oo [ 1 i e

50— (254 )



Geochemical Prospecting for Natural Gas Field of Dissolved-in-Water Type in Japan (K. Motojima)

D0, MWL B b IC o S e R L CERT 5.

2. IM: RO i LR

(&) BPZREAA PR S LT R A S CHUR BIERST A0, R, WA E BT 5. A
LRD B BERUL TR L 7,

(b} BHEHA A A ORI, 27 O MBS TIC Lo CHIFET B Ec o v Tl S
bl

(€ AWFREROMR D W AW B EEHE T SRR Lic, HFp 0@ Ak, #
IRHE & A AR DGR SN DM, HLHREE TR A KL O WEE 7725 & L &b ﬁ?{‘%
[ PSR

(@) HfLA8esE o SHEM 19484500 b (T /8 b AuTe ps, v % T WF AR50 &, R
RS B,

51-—(255)






