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Geology of Oil Shale

In China, oil shale deposits are widespread and discovered in many
regions, but so far, only a few have been explored and for the others no
detailed geological survey has been carried out. Proved reserves amount
to about 32 billion tonnes, while estimated resources reach 700 billion t,
which is equivalent to 40 billion t of shale oil. It means, that oil shale
is an important potential energy source of China.

In China, oil shale deposits are generally related with the regions of
weak tectonic activities, such as the edges and basins of platforms, the
intermount basins in geosynclinales and they are always deposited in
submerging areas under calm and shallow water conditions.

As for the composition, then besides organic matter oil shale comprises
sandy-clayey material, a little calcium and sometimes rare and rare-
earth elements. Oil shale is a stratified rock of black or brown colour,
its ash content is generally in the range of 70—80 %, the oil yield varies
from 4 to 10 9%, averaging 6 9. The calorific value ranges from 5400 to
6300 kJ /kg. At present, only three deposits are mined for retorting or
for fuel [1]. i

Oil shales are from the Early Silurian to Neogene in age, being, for
the most part related with the Tertiary period.

In SE China, sapanthracite, the so-called stone coal, is widespread. It
is a kind of shale with high organic matter content and abundant algal
relics. Some geologists consider it as a product of oil shale’s metamor-
phism. The sapanthracite is of the Silurian to Cambrian age, with calori-
fic value ranging from 3350 to 5000 kJ/kg [1].

The types and features of some typical Chinese oil shales are as fol-
lows [2, 3].

Fushun oil shale. Age: Tertiary. Occurrence: Fushun basin. Origin:
swamp, according to some researchers lacustrine. Features: brown oil
shale with underlying coal and overlying green shale.

Maoming oil shale. Age: Tertiary. Occurrence: Maoming basin. Origin:
lacustrine. Features: brown oil shale interbedded with carboniferous
shale, fish fossils are present, high quality kaolinite overlies the oil
shale layer.

Northeast oil shale. Age: Early Cretaceous. Occurrence: Hailaer basin.

Origin: lacustrine. Features: dark gray mudstone and black shale inter-
bedded with oil shale.
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Liupanshan oil shale. Age: Cretaceous. Occurrence: Liupanshan area.
Origin: lacustrine. Features: gray bluish mudstone with thin black oil
shale interbeds in the lower and middle parts.

Yenchang Series. Age: Triassic. Occurrence: Southern part of Ordos
basin. Origin: lacustrine. Features: black oil shale interbedded with
argillaceous siltstone, oil-bearing sandstone, fish and ostracod fossils
are present. :

Anding Series. Age: Jurassic. Occurrence: Eastern part of Ordos basin.
Origin: lacustrine. Features: black oil shale interbedded with varied
gray mudstone.

Yili oil shale. Age: Permian. Occurrence: Southern slope of Afular
Mountain, Yili basin. Origin: lacustrine. Features: black oil shale inter-
bedded with carbonaceous shale, fish fossils are present.

South Shaanxi oil shale. Age: Silurian. Occurrence: Hanzhong, Southern
Shaanxi. Origin:. marine. Features: oil-bearing siliceous layers inter-
bedded with argillaceous oil shale in lower part; siliceous oil shale
containing disseminated pyrite and dendroid fossils as well as traces
of oil and asphalt in upper part.

Major Oil Shale Mining Areas [4]

The proved oil shale reserves in the mining areas in Fushun, Maoming
and Huadian amount to more than 10 billion t. Promising oil shale
deposits can also be found in some other areas, such as Nong-an of Jilin
Province, Dongsheng of Inner Mongolia Autonomous Region, Tanshan-
lin and Yaojie of Gansu Province, the northern foot of Bogeda Mountain
of Xinjiang Uygur Autonomous Regions, Ordos platform of. northern
Shaanxi, and Zhanxian County of Hai-nan Province.

Major oil shale mining areas are Fushun, Maoming, Huadian and
Huang counties.

Fushun, Liaoning Province. The Fushun mining area is located to the
east from the Liaoning provincial capital Shenyang. It measures 18 km
from east to west and 2—3 km from north to south, and has been
exploited for 60 years.

The Fushun oil shale belongs to the Tertiary period of the Cenozoic
era. The oil shale seam with coal interlayers is located between the
Quaternary and Cretaceous formations. Granitic gneiss under the Creta-
ceous formation forms the basement of the coal bed. The oil shale seam
with green shale on its top overlies the coal bed. The Fischer assay of
oil shale in this area varies between 2 and 10 9%, averaging 5.5 %.
The thickness of the oil shale seam varies from 48 to 190 m, the inter-
bedded coal seams are 0.5—0.8 m thick. The total proved reserves of
oil shale with Fischer assay above 4.7 % amount to 3.6 billion t.

The Fushun oil shale deposit is of shallow bedding and has a gentle
dip. On the open-pit mining of coal, the overlying oil shale layer is
stripped off. In spite of the relatively low Fischer assay, the retorting
of the oil shale, a byproduct on coal mining, is profitable because of its
low production cost. The shale ash can be used as backfill in Fushun
underground coal mines.

Maoming, Guangdong Province. The Maoming mining area is located
in the southwest of Guangdong Province. In the east, it reaches Yangjiao
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township of Dainbai County, extends westward through Jintangyu and
Dishan of Maoming City and Shiguyu of Gaozhou County to Lianjieyi
of Huazhou County. The mining area takes the shape of crescent from
northwest to southeast, 5G km in length and 3—10 km in width, with
a total area of 8360 km”. According to its geological conditions and struc-
tural features, the Maoming mining area is divided into 6 districts:
Yangjiao, Jingtang, Shigu, Shatian, Xinyu and Dishan.

Maoming oil shale is referred to the upper Youganwo formation of
Maoming system of the Lower Tertiary period and the Lower Shancun
formation of Yongning system of the Upper Tertiary period. The shale
deposit has a simple structure and a gentle monoclinal dip. The oil shale
is characterized by a dense structure and distinct lamination. The
original habitat was possibly a littoral, swampy basin.

Maoming mining area is one of the major oil shale deposits discovered
after the funding of new China, with wide acreage, rich resources and
clearly known geological conditions. The average Fischer assay of oil
shale is 6—8 9. The proved recoverable reserves are estimated at 4.17 bil-
lion t. The deposit is of shallow bedding and has been subject to open-
pit mining for more than 20 years (Jintang Mine). Recently, high
quality kaolinite was discovered in the upper part of the oil shale.
Huadian, Jilin Province. The Huadian mining area is located in Huadian
County to the southeast of the provincial capital Changichun. The oil
shale comes from the Lower Tertiary formation in the Huadian, Jingozi
and Miaoling basins. The formation is 65—244 m thick, and it contains
6—26 oil shale layers.

The total reserves in this area are estimated at 1.3 billion t, the Fischer
assay being 6—12 9. Oil shale mining in Huadian began in 1943 and was
completed in 1961 because of the high cost of underground mining.
Huang County, Shangdong Province. The Huang mining area is located
in Huang County and Penglai County of Shangdong Province. The
oil shale, belonging to the Lower Tertiary period, coexists with brown
coal. The oil shale is found in an area of about 200 km? at a depth of
0—1000 m. The oil shale has a Fischer assay of 9—22 9% and an average
calorific value of 12 000 kJ /kg. It is a fairly highgrade deposit found
in recent years, and is now mined underground along with brown coal,
and used as fuel for power generation.

Properties of Qil Shales [5]

Properties of Fushun and Maoming oil shale are shown in Tables 1—3.

Table 1. The main technological charaéteristics
Ta6ruya 1. OcHOBHBIE TeXHOJOrHYeCKHe IOKA3aTeH

Oil shale Water COs, Ash Low calorific

we, % % A%io, value
Q u7 k‘I/kg
Fushun 2.76 4.36 72.6 4800
Maoming 3.08 0.76 TLT 6800%

* In general, Maoming oil shale contains more than 17 % water, the calorific value is
only about 4200 kJ /kg and less.
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Table 2. Fischer Assay, %
Tabauya 2. Bexxon mo ®umepy, %

Oil shale Shale oil Water Retorted shale Gas + loss
Fushun 6.69 3.88 86.13 3.30
Maoming 8.28 10.78 76.46 4,46

Table 3. Shale ash analysis, %
Tab6auya 3. CocraB MmuHepaabHOH JacTH, %

0il shale 8i0, Al:03 Fe:0; MgO CaO
Fushun 62.23 23.45 9.7 1.41 1.78
Maoming 64.37 22.37 8.17 1.51 0.85

Production of Shale Oil

The shale oil industry in China has existed for 60 years. The highest
record of annual shale oil production in the fifties was 780,000 t. Gaso-
line, kerosene, diesel fuel, wax and synthetic lubricating oil were pro-
duced from shale oil. With the development of Daqing Crude Oil Field
starting from 1962, more emphasis was paid to crude oil, the development
of shale oil industry was slowed down.

One shale oil plant in Refinery No. 2 in Fushun, has an annual shale
oil production of 100,000 t. The Maoming Petroleum Industry Corpo-
ration has a yearly production of 100,000 t of shale oil. Therefore the
total annual shale oil production in China amounts to about 200,000 t.

Oil shale in Fushun is produced as a byproduct on open-pit mining of
coal in the West Open-Pit Mine of Fushun Bureau of Mines. Oil shale
is crushed and screened to the size of 8—75 mm. Then the raw shale is
fed into the Fushun type retort. In Fushun type retort, drying and
pyrolysis of oil shale take place in its upper part, gasification and
combustion of shale coke — in the lower part. Oil containing gaseous
product evolves from the top of the retort, and is cooled and condensed
to form shale oil and to give low calorific combustible gas. Shale oil is
now directly used as liquid fuel in the power plant boilers. In addition
to the recovery of shale oil, the ammonia in the retorting off gas is
absorbed by sulphuric acid, 200 kg of ammonium sulphate can be obtained
as a byproduct along with each tonne of shale oil produced. The Fushun
shale ash is removed from the bottom of the Fushun type retort and
used mainly for the backfilling of underground coal mining space.

The scheme of retorting plant in Maoming is similar to that in Fushun.
The oil shale in Maoming is also open-pit mined, but without coal. Fushun
and Maoming oil shales are of low grade. 30 tonnes of oil shale are
needed for producing 1 t of shale oil. The production cost of shale oil
in China is lower than the international market price of crude oil.

The Fushun type retort has the capacity of 200 t of mil shale per day.
It is suitable for use in the shale oil plant with small or medium capacity.

Shale o0il from Fushun and Maoming has a high wax content: 20 and
13 %, respectively, high pour point of about 30—33 °C, nitrogen content
1.1—1.2 9%, sulphur content 0.54 and 0.48 9%, respectively, with H/C
atomic ratio of 1.7—1.6.

Shale ash in Fushun is mainly used for backfilling of underground
coal mines, and also for brick making. A small-scale cement plant in
Maoming Petroleum Industry Corporation uses shale ash to produce
cement.
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Direct Combustion of Qil Shale [4, 5]

In Huang County of Shangdong Province, oil shale and brown coal are
mined underground and used as solid fuels for boilers and small-scale
power generation.

In Maoming Petroleum Industry Corporation, a small-scale fluid bed
boiler has been built with the capacity of 15 t of steam per hour. Shale
particles less than 8 mm in size which cannot be processed in Fushun
type retort, are used as solid fuel in boilers.

In recent years, both in Fushun and Maoming, fluidized combustion
boilers with the capacity of 35 t of steam per hour have been built and
put into use for power generation.

Achievements in the Eighties

In the seventies when the world crude oil price rose sharply, many
countries began to pay more attention to the development of synfuels,
including shale oil. At the beginning of the eighties, it was also recognized
in China, that shale oil research and development should not be neglected
in spite of the abundant petroleum resources. Several shale oil meetings
were convened to sum up experience, work out a policy for the steady
development of shale oil industry, draft a program for the comprehensive
utilization of oil shale, e.i. for retorting (synfuel production)—power
generation—building materials production—chemical production. De-
cisions were made to enforce research and technology innovation with
the aim of higher shale oil yield, higher output of retort, higher auto-
mation level, lower energy consumption, lower environmental pollution.

In the eighties, greater success was made owing to the economic reform
and open-door policy.

— A book entitled Oil Shale Industry in China was written by Chinese
specialists and professors to sum up the experience of oil shale
development in China in the past decades. It was published in Chinese
in 1984 and in English in 1986 [6].

— In 1988, an International Conference on Oil Shale and Shale Oil in
conjunction with Colorado School of Mines 21st Oil Shale Symposium
was held in Beijing, sponsored by China Energy Research Society,
China Petroleum Refining Society, Colorado School of Mines of
U.S.A. and U.S. Department of Energy. There were 200 participants
from 15 countries. Proceedings of the Conference, containing 89 papers
were published [7].

— In 1986, in cooperation with Jordan the research into Jordanian Laj-
jun oil shale was carried out. Jordanian oil shale differs from the
Chinese Fushun oil shale. Its Fischer assay reaches 10 %, sulphur
content is about 3 % ; it abounds in carbonates, calcium oxide content
in ash accounts for 38 9%. The research into the Jordanian oil shale
showed that the latter can be well processed in the Chinese Fushun
type retort [8]. There arose no difficulties in connection with
ash removal or separation of water from shale oil. The oil yield
from the retort reaches 80—84 9% of Fischer assay. It means that
Fushun type retorts are suitable for different kinds of oil shale,
which makes them economically profitable, and especially suitable
for small- and medium-scale shale oil production.

— Scientific and technological cooperation was held between China
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and the U.S.S.R. The cooperation program (1988—1990) was conducted
successfully and fruitful results were obtained in the field of pyro-
lysis of oil shale, chemical utilization of shale oil and utilization of
shale ash for cement.

International scientific and technological exchange took place bet-
ween the related institutions of China and the U.S.A., Japan, FRG,
Canada.

New drying and retorting technologies were in development. For
example, rotating cylindrical drying and fluidized bed retorting of
Maoming oil shale were conducted; fluidized bed combustion of low
calorific value oil shale (4000 kJ /kg) for power generation with the
capacity of 35 t per hour were studied both in Fushun and Mao-
ming [9]. The size of oil shale particles for fluid combustion is below
8 mm, which cannot be used in Fushun type retorts.

For the utilization of shale ash, it was found that shale ash can be
used as raw material for production of cement with the proportion
of 40—50 9% [10]. Research was also conducted for using shale ash
as raw material for cement blocks, ceramsite, plastic and rubber
filler.

For the purpose of environmental protection, measures were taken
for closed circulation of retorting waste water (e. g. injecting water
into retorts). Biological treatment was also adopted before the dis-
charge of waste water [11].

In the eighties, in the field of fundamental research of oil shale,
more than 120 papers were published or presented in the international
or local periodicals and symposiums, including the drying, pyrolysis
and combustion mechanism and kinetics, as well as the chemistry,
and structure of kerogen, and the composition and constituents of
shale oils.

Doctoral and post graduate students have been trained in the field
of oil shale in universities.

Looking Forward to the Nineties

In

the nineties, the rise of the world market price of crude oil will sti-

mulate the production of shale oil in the world, as a whole, China inclu-
sive. It is expected, that in the nineties there will be the following
developments in oil shale in China.

Some regional governments are going to promote the development
of shale oil industry and to reduce the taxes.

A new shale oil plant is being built in the coal mining area, for
retorting of oil shale which is the byproduct on open-pit mining
of coal.

In energy-deficient regions, it is planned to build fluid-bed combustion
boiler for power generation by using particulate oil shale as fuel.
The existing retorting plant will be modified by using new technology
for drying Maoming oil shale with high water content (18 %) and
new type of retort will be developed instead of the older one.

More attention will be paid to the chemical utilization of shale oil,
such as production of wax and anticorrosive reagent.



103 Oil shale activities in China: Peng Dehong et al.
TI'oprouue caanuyvt Kuras: Ilen Ja-xyn u 0p.

Conclusions

1. China has abundant oil shale resources, of the Early Silurian to Neo-
gene age, the most important being the Tertiary period. The proved oil
shale reserves in Fushun amount to 3.6 billion t, in Maoming 4.1 bil-
lion t. In Fushun, oil shale is produced by open-pit mining as a bypro-
duct of coal, in Maoming it is also mined in open pits, but without coal.

2. In China, shale oil has been produced from oil shale for 60 years.
Annual production of crude shale oil amounts to about 200,000 t. The
production costs of shale oil are lower than the price of crude petroleum
on the world market.

3. China has accumulated the experience and technologies of oil shale
retorting. The Fushun type retort has been elaborated, in which the latent
and sensible heat of shale coke is well utilized. But the capacity of such
retort is relatively small, therefore it is suitable for use in small or
medium oil plants.

4. China has a policy of steadily developing shale oil industry. China is
conducting oil shale research and developing oil shale processing techno-
logy. Much attention is being payed to the comprehensive utilization
of oil shale, shale oil, and to environmental problems.

5. In China, oil shale is mostly used for producing shale by retorting,
attention will also be paid to direct combustion for power generation.

6. Great achievements in oil shale research have been made in the
eighties, and there will be a further development in the nineties.

PE3IOME
3anacel ¥ K00bIY4a rOPIOYHX CIAAHIEB

MecTopokieHUsI TOPIOYMX CJAaHIEeB B Kurae INIMPOKO pacnpoCTpaHEHBI H
HMeIOTCsA BO MHOTHUX DErMOHAX CTPaHBI, HO TOJNbKO JAJIA HEMHOTMX M3 HUX BBIIIOJ-
HEHBI JeTajbHbIe TeOJIOTMYeCKHe HCCiefloBaHHsA. J[OKasaHHBIe 3amachl IOPIOYUX
CJIaHIIEB COCTABJISIOT 32 MJIDA. T, & 110 IPUOJUKEHHBIM OIEHKAM OHH HOCTUIrAOT
700 mapx. T, 9yTo skBuBaJieHTHO 40 MupA. T cMouisl. ['oproune CIaHIBLI SABJISIOTCA
3HAYUTEJIbHBIM De3epBOM sHepruu B Kurae.

KoMIOHEHTHI TrOpIOYHX CJIAHIEB, KPOME OPTaHWUYECKOM MAacChl, IIpeJCTaBJIEHEI
IrJIaBHBEIM O00pa30oM IeCYaHO-TJIMHHUCTHIM MATEPHUAJIOM C HEeGOJBIIMM COAep’KaHueM
KaJblMsd ¥ pEeAKO3eMeNbHBIX 3JeMeHTOB. CJIaHIIBI YEepHOr0 WJIM KOPUYHEBOIO
I[BETA C TOHKMUMH CTPYKTYPHBIMH IPOIJIACTAMH, 30JbHAA YACTh COCTABJISAET B HUX
B ocHoBHOM T70—80 9%, a comepsxkanue cmosibl o Puiiepy Kosiebiercs B mpeje-
nax 4—10 % (B cpeauem 6 %). YaenbHas TemJyora CrOpaHUs CJIAHIEB U3MEHSAETCA
ot 5400 mo 6300 x[x/kr.

BospacTt roprouux ciaannes Kurad — oT paHHero cujypa A0 HeOreHa, HauOOJb-
1Iee 3HAYEeHHE HMMEIOT CJIAHIBI TPEeTHYHOro mepuoza. B craThe maeTcsi KpaTKoe
onucanue Pymynsckoro, MaomuHckoro, Xaimapckoro u JIIOIaHYAHCKOI'O
MEeCTOPOXKAEeHUI TOPIOYUX CJIAHIIEB, CEBEPO-BOCTOYHBIX CJIAHIEB, CJIAHIEB aHbIYH-
CKOM Y MEeHYaHCKOH CBUTHI M JIDPYTHX.

OcHOBHEBIE paliOHBI HOOBUM ciaHIa ciaenyiomue: Pymyns, Maomun, XyagdaHp u

T'yaupys.
Dymyns, npopuHuma Jisomumn. [[00bIua cJIaHIIA OCYIIECTBJAETCS yiKe 06oJee
60 ner. Brixox cmoubl mo Pumiepy 2—10 %, B cpeaguem okosio 5,5 %; ToamiuHa
niacra B mpegenax 48—190 M; noKasaHHBIE 3aMachl TOPIOYMX CJIAHIEB C BBIXO-
gom cmousl o @umepy 4,7 % oxomo 3,6 mupa. T. Hecmorps Ha He6GosblIOE COMEp-
JKaHHWe B CJAHIE CMOJBI, CTOMMOCTEL €ro AOObIYM HHM3KAas, TAK KaK CJIaHell, Jiexa-
LIM# HaJ yrJjieM, IPHA JOObIUe IOCJIeIHEr0 SIBJIAETCS MOOOYHBIM IPOAYKTOM. Y rojb
U cyaHel JOOBIBAIOTCS OTKPBITHIM CIIOCOGOM.



Oil shale activities in China: Peng Dehong et al. 104
TI'oprouue caanyvr Kuraa: Ilen Ja-xyn u 0p.

Maomus, nposuanua I'yanayn. Ilnomans mecroposxaenus 360 xm”; comepixanue
cvonsl o Pumepy B cpeanem 6—8 Y% ; noxkazaHHBIE 3amachkl rOPIOYUX CJAHIEB
4,17 mapg. T.

Xyanaus, nposunnusa 'upun. Cozepxanue cmoubsl mo Pumepy 6—12 % ; obujue
3amachkl roprouux ciaHmnes 1,3 muapza. T. [Jo6siua ciaanma 6blyia Hauvata B 1943 r.
u mpekpaineHa B 1961 r. m3-3a BBEICOKOW CTOMMOCTH IIOA3€MHOM JHO0BIYH.

Oxpyr Xyamcams, mpoBuEmusa Ilamexyn. Ilnomazgs MecTopoxzenus 200 km’;
cogepxanue cMmouabl mo Pumepy 9—22 %; cpenHsas yaeibHAs TEIJIOTA CrOPaHUS
12 reic. k[ /kr. Toproumne ciaaHIBl BHICOKOIO KadyecTBa.

\

IlepepaGoTKa rOpIOYHX CJIAHIEB

B Tabaunax 1—3 oxapakTepH30BaHBI ropiouue ciaHubl Pymysns u MaomuHa.
Hx pabouas Biara oxoJyio 3 u 17 % COOTBETCTBEHHO; B MHUHEDPAJIBHOW YaCTHU IIpe-
o61afaloT CoefUHEHUSI KPEeMHHUS.

CrnannenepepabaTsiBaolias NIPOMBIIJIEHHOCTs B KuTae cCymmecTByeT OKOJO
60 mer. B 50-x rr. mpoM3BOJACTBO CJIAHIEBOM CMOJEI B KuTae XOCTHUIJIO MaKCH-
MaJbHOro ypoBHs — 780 Teic. T. B 3TOT mepwox Ha OCHOBE CJIAHIIEBOH CMOJIBI
NIPOM3BOAUIUCH GEH3UH, KePOCHUH, AM3eJIHOE TOIUIWBO, CMa3OdYHble Macja U ApPY-
rue NpoAyKThl. B HacTosiniee BpeMda 3aBox Ne 2 B @ymryHe eKerojHO BEIAET BCETO
gumb okosio 100 Teic. T cmouskl. CTOJIBKO K€ CMOJIBI IIOJy4YaloT ¥ Ha 3aBome Mao-
MUHCKOM He(QTEeIPOMBIIIJIEHHOM Koprmopanuu. OOIIee KOJMYECTBO IIPOM3BOJH-
moii B Kurae ciraHueBoii cMOJBl cocTasisier TakuM obpaszom 200 ThIC. T.

B ®ymyHe ciaHer ¢ mpefenaMu KpynHocTH 8—75 MM nmepepabaThiBaioT B PETOD-
TaX (YMIYHBCKOrO THUHA: B BEepXHEM HX YACTH IMIPOMCXOAUT IIOJYKOKCOBaHHE
cJaHIa, a B HUXKHeM — rasuukanus moaykokca. Ilaporazosasi cMech BEIBOJLUTCH
U3 PETOPTHI B KOHAEHCAILMOHHYIO CHCTEMY IJIS OXJIAXKACHUS U BBIZEJIEHUS CMOJIBI,
IIOCJIe 9ero OCTaeTCs HU3BKOKAJOpUMHEIM rais. Cxema [A0O6GBIYM W IIOJYKOKCOBa-
HHUA ciaaHua B Maomune ananorudHa npumensiemoid B Pymyne. Ilockoabky dy-
IIyHbCKHE W MAOMHMHCKHE CJAHIbl HU3KOKAYECTBEHHEIE, IJIS IOJYy4YEeHHUS OILHOM
TOHHBI CMOJIBI pacxoayercsi mpumepHo 30 T cianua. Peroprhl B PymyHe HMEOT
MIPONMYCKHYI0 crmoco6HOocTs mo ciuaHny 200 v, B8 Maomuue — 150 T B CyTKH.

PymyHbCKas ¥ MAOMHHCKAS CMOJIBI cozepikar coorsercTsenso 20 u 13 % mapa-
¢duHAa M MMeIOT BBICOKYIO TeMmepaTypy sacrteiBanusi — 30—33 °C. Asora cozep-
xures 1,1 m 1,29%, cepar — 0,54 u 0,48 9% COOTBETCTBEHHO, COOTHO-
menue (H/C)gr 1,7—1,6.

B ®ymyHe 30JbHBEI OCTATOK MCIIOJAb3YeTCS KAK MaTepPHAJ [AJis 3aIOJHEHHS
BEIDaGOTAHHBEIX KapbepoB, a TaKJKe [Jisi HM3rOTOBJEHUs Kupnuda. B Maomuue
HeboJIbIIAA YACTh B0JIBHOIO OCTATKA MCIIOJIL3YETCS IIPU NPOM3BOACTBE I[€MEHTA.

Henocpenc'rnelmoe CXHIraHHe CjaaHna

MaoMUHCKOH He(QTEIPOMEBINIJIEHHONW KOPIIOpaIHeil IOCTPOeHA YCTAHOBKA JJIA CIKH-
raHus CJIaHIa B IICEBJOOXKHMIKEHHOM CJIOE C IeNbl0 mojaydyeHuss 15 T mapa B d4ac.
B ®ymyne Menkuii claHel KPYIHOCTHIO MeHee 8 MM MCIOJIB3yercs B KadecTBe
KOTeJIbHOrO TomiauBa. B mociezuue roasl B @ymyne m MaomMuHe COODPYIKEHBI
YCTAHOBKU [AJIA COKMUIaHUS MEJIKOIO CJIAaHI[A B IICEBAOOKMKEHHOM CJIOE C IIeJIBIO
nosydyenus 35 T mapa B yac.

Inxanasl Ha Oynaymiee

Oxupmaercsd, 4TO IEHBI HA JKHAKOe TOIJIMBO B Kurae OyAyT CTHMyJIMpOBaTH pas-
BUTHE IIPOM3BOJACTBA CJIAHLEBOM cMoJbl. Birarozapsa pacmmupeHHIo o6'beMa AO6BYHU
yIJIg HaMedyaeTCsA yBeJIMYeHHe NOOBIUU CIAHIA KaK MOOOYHOro MPOAYKTA M CTPOH-
TEJBCTBO HOBBIX CJIAHIEIEepepabaTHBAIOIIMNX 3aBOJLOB.



105 Oil shale activities in China: Peng Dehong et al.
Toprouue cnanuyv. Kuras: Ilen Ja-xyn u 0p.

B Kurae B paiioHax c gedHMIUTOM SHEPrUH IJIAHHUDPYETCS COODPYIKEHHEe yCTa-
HOBOK IIO CXKMTaHHIO MEJIKOrO CJIaHIIa B IICEeBAOOKHMIKEHHOM CJIOE [JIS IIPOM3-
BOJACTBA BOASHOro mapa. Hameuaercsi co3gaHMEe HOBHIX DPETOPT AJISI ITOJIYKOKCO-
BaHWSA MAOMUHCKHUX CJIAHIEB, BKJIIOYas M pellleHHe TaKOH CJIOMHOM 3ajadud, Kak
MOJCYLIKA 3THX CJAHIEB, MMEIOIIUX BBICOKYIO BJIAXXHOCTh. DOJIBLIOE BHUMAHUE
6yzerT yZzesieHO pacIIMpeHHI0O paboT IO XUMHYECKOMY WMCIIOJB30BAHUIO CJIaHIe-
BBIX CMOJI, B YACTHOCTHY IOJIyYE€HHIO aHTUKODDO3MOHHEIX MAaCTHK.
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