CHAPTER III

OIL SHALE

"-0i1il. shale 1is one of the largest wunderdeveloped
natural resources formed through the decomposition of
plénts and micro?organisms, which madé it different from
coal, in the oxygen starved, flat, poorly veﬁtilated:
still water basin of past geological ages. It is a rock
like substance, rich in hydrocarbons and of slaty
stratification, also caiied "kerégen". 0il shale isi found
in strata which are sometimes only a few centimeters, but

at times also hundreds of meters thick¢(®’.

8.1 Definition and Origin¢10:11)

0il shale isva fine—grained, usualiy dark-colored
sedimentary rock containing mineralized organics of varied
compositions. On heating, it is decomposed to yield oil.
No real minimum oil yield or content of organic matter can
be established to distinguish o0il shale from other
sedimentary rocks. One of the_many 0il shale definitions
is that_‘it is aﬁl organic rich shale that can yield
substantial, quantities of oil when sub jected to
destructive distillation (heating in the absence of oxygen)
by low confining pressure in a closed retort system. The
quality of o0il shale <can be graded as lean or rich
depending on the oil yield. Other definitions of oil shale
are based on sources, uses, physical and chemical proper-

ties of the shale. One such definition is to further limit



22 -

the minimum ash content to 33 % of the oil-yielding shale.
0il shale is lithefied from lacustrine or marine
sediment§ relatively rich in organic matter. Each shale
represents .tﬁe slow accumulation of inorganic sediment
together with vthe organic debris contributed by aquatic
flora and fauna. A major contribution to  organic
constituents consists of pollen and .plant fragments
carried into the sedimentary basin by wind or streams.
Specific geochemical conditions are required to accumulate
and preserve organic matter, and these were present in the
lake and oceans whose sediments became oil shale. Organic
matter accumulates under the strongly reducing conditions
and neutral or basic pH present- in euxinic marine
environments and organib-rich saline waters. The organic-
rich sediments which became oil shale accumulated slowly
in water isolated from the ‘atmosphere, a condition
relatively rare in natural waters. This isolation was
achieved by stagnation or stratificatioh of water body and

the accompanying protection of its sediments.

AAs the organic sediments become fossiliéed;
through biostratinbmy- and tophonony process, the
environment of deposition may be important in influencing
the coﬁposition and struéture of a particular décomposition.
The principal environments in which oil éhale is formed
are large lake basins, -shallow seas on ' continental
platforms and shelves, and small lakes, logs, lagoons,
associated with coal-forming swamps. The prevailing climate

during deposition was similar to that favorable for coal

formation.
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Most investigators agree that kerogen and bitumen
are of biological origin and are largely derived from the
lipid fraction of algae.vDuring taphonomy and biostratinomy

further conversion is possible for the fossilized material.

3.2 Classification(12)

The most significant factors in oil shale classi-
fication were found to be color, lamination, fracture and
toughness, and grain size. Rocks rich in organic material
are classified as oil shale A, B, C, and D. Rocks pooOr=. . in
oiganic mate;ial are classified as marlstone, iaminated

siltstone and sandstone. Table 3.1 represents the said

classification scheme.

' Color types of o0il shales, feferenced to Table
3;1, are coded by wusing the Munsell Soil Color bhart.z
Freshly broken surfaces of hand specimens are needed
because the shales tend to blacken on exposure, and ‘areas
adjacent to weatheredvshrfaces; joints and fissureé are
commonly darker than the center of the samples. This change

of color is probably due to oxidation of organic matter.

Lamination in- these rbcks is caused by
alternation offorganic—rich‘and organic;poor laminae. 0il
shale A shows veryv weak laﬁination, without noticable
change of color in adjacent laminae.v Irregular wavy
partings may occurs. Polished slabs and fhin sections show
alternation of paler and darker organic-rich laminae. O0il
shale B is distinctly laminated (moderate to poor), but
adjacent laminae show only slight change in color. Oil

shale C_shows moderate to good lamination, with distinct
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color change between laminae; dark material predominates
and thg\palerrlaminae stand out clearly. In some sample,
dark and pale layers are interbanded oﬁ a scale of seve;al
millimeters, with.dark material more abundant. 0il shale D~
shows moderate to good lamination, pale material

predomiﬁates, and darker laminae stand out clearly.

Toughness (resistance to fracture) is related to
organic and silicate contents. 0il shale A-B (organic rich)
are tougher than oil shaie Cr=Da

Style of fracture is re1§ted to the.presence or
absence of lamination. 0il shale A and some oil shale D
show conchoidal fracture. 0il shale B-D split along planar

surfaces.

3:3 Reserves and Properties

The world oil shale deposits by itself répresents
a vast store of fossil energy as shown, some huge
resources, in Table 3.2. The size of the existing shale-
0il reserves are equivalent to more than 3 trillion
barrels of 0il¢14%) , -which is staggerihg when compared to
the Qorld’s crude oil reserves which have been estimated
to be 500-600 billion tons. Table 3.3 shows the shale-oil
reserves as evaluated from the world’s oil shale

deposits(i0),

The main oil shale reserve in Thailand was found
in the Mae Sot basin, Tak province where surface outcrops
can be easily observed. The location is shown in Figure

3.1:" :Thal oill shale reserves are estimated at 18,668
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Table- 3.3

World Reserves of 0il Sha]éﬂn

Country Basin 0il Yield HvV Ash 0il Equivalent
(gal/ton) (Btu/lb) (%) (10% ton)
Thailand Mae Sot 25-70 6,630 56 18,000
dhina - - sl 15 1,460 . 83 24,500
Brazil  Paraibo  15-18 3,520 - -
Great  Scottland  16-40 2,640 78 . i ge
Brita@n
Bpado. * Dukded Hedl o 5,380 63 40
Sweden Norke ;5 3,870 72 600
U.S.S.R. Estonia 40 5,780 53 2,900

where HV = heating value
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million metric tons, of which 2,500 million metric‘tons are
already confirmed, and with an average of 5 % oil yield by
weight or 12 gallons per ton. The total oil yield 1is.

approximately 5,996 million barrels(9)’,

- Another oil shale resource was discovered at Li,
Lampoon prbyince. The estimate of this reserve is 15
million tons with o0il content ranging from lé to 41
gallons per ton¢1©9> which gives a total oil yield of about

9.66 million barrels.

The properties of oil shale of the Mae Sot Dbasin
have been extensively studied. Table 3.4 summarizes the
results of the analyses of the shale by various analysts.
The results o¢f all ‘the tests cannot be taken as the
representative results of the reserve. Certain properties
do, however, agree with.one another e.g. the percentage of
ash content and volatile matter.

_ \Table'3.5 summarizes tﬁe ash analysis of Mae Sot
0il shale. The results show the same order of magnitude o
major inorganic components in the shales. The ultimate
analysig of the same shale is shown in table 3.6.

3.4 Utilization.

£

The three main catagories of o0il shale utilization
are: -

1. Direct use as solid fuel for léw grade shales.

2. Shale o0il production by retorting oil shale.
There are many commercial retoriing processes available

such as TO0SC0-2¢25) and Petrosix. The o0il obtained from
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TABLE 3.6

Ultimate Analysis of Some Mae Sot Oil Shaleyo)

Reference .ICSI;rEEMR $stastor L gl
Analysis
Carbon , & 10 - 17 ‘15 -’31 19.6
Hydrogen , % 1.28 -.2.28 1.86 ; 4.58 2.92
Combined sulphur , % 0.049-0.065 n.d. n.d.
Total sulphur , % 0.59 -1.131 1 0.88 (+C1)
Nitrogen+Oxygen, % 10.43 ~15.37 n.d. n.d.




Table 3.7

Comparative Costs of Energy from

. : , ; 14
Different Sources for Developing Countrleé )

Source of Energy

Diesel fuel from coal
Ethanol from sugar cane
Methanol from natural gas
Gasoline from methanol

Shale oil

Cost_(8/barrel)

- 40
25
25
a0

22

to
to
to
to

to

60
15
45
60
35

33
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these processes are shown to be among the lower costs of
non—- conventional fuels (see Table 3.7).
3. Utilization of spent shale in producing cement,

cement products, and building materials etc.

Hitherto, there have not been any commercial
applications of Thai oil shale, however, research

activities on potential utilizations are being undertaken.
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