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. The Government of the People'srRefublic of China which pays
great atiention to the energy resourcesgresearch aﬁd development
hisu r;centiy established the National Energy Comuittee as the |
nationwide special organization with gesponsibiiities.for planning;
conrdination and management of research and development.of eﬁergy
iof,lhu whole country. Geothermal energy, as a new source of
dncrgy, though at present has only madegup small part. of the
countey's total enefgy mix,is a promisiﬁg potentlial energy, to
vildiehr the Government of China éttaches great importance. It can
> fovescen that the geothermal energy wiil hold more and nore
irpertant vosition iﬁ a countryt's total bzlance.

ollows are a bricf 1ntzoductlon of the dis trluution deve-

lopiient and multipurpose utilization cof thu peothcrnd’ eneryy

retcavees in China as well ae the near future plan in this field

Dl CHIHUTLON OF GEOTHKMAL FAERGY RESOURGES IN CFINA
waking 1% inte consideration the physico~-gcographical ard
hi}cai cotitnons in China, and the multipﬁéposc utilinuti'n
,othe lower temperatuse 1imit is set at 2y,
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th:e low temperaturé is 25—6000, medium temperature is 60-100°C

uﬂd Ligh temperature is over 100°C ( Huang Shangyao et al.,1979-
56 ). . , ‘ |

China is rich in geothermal resources. To date, more than
2000 locations, including hot springs, geothermal wells and geo-
thiermal water in mines, have been discovered. Based on ﬁhysical
slate of geothermal energy resources China has mainly natural
hydrdthermal convective systems: the gebtherﬁal water system and
the wet-steam system while the dry steam system is not known yet.
The géopressured and hot dry rock systems remains to be investi-
frated., ) i

More than half of the hot springé in China are located in
Y.izang ( Tibet ) Autonomous Region, Yunnan, Taiwan, Guangdong énd
"ujiang Provinces, where the hot springs occur in fhe most large

Fig. 12/ '

_numbersf‘ ot springs are apparentiy concentrated in 4 zones ---

Yizung-Yunnan, Taiwan, Southcastern Coastal and Yunnan-Sichuan.

li:xt Lo the 4 zones, hot springs occur in Liaoning, Shangdong,

Jizungxi, Hunnan, Hubei and Sichuan Provinces, each numbered over

0. Puthermore there are abundant geothermal resources in the

country's vast plains as hidden geofhermal fields and have been
cucountered by oil-gas wells.
£11 abvove show that the uniqhe geological structure of China,

i seothermal reglme of the earth's crust and hydrogeological

Cceonivions in China awve favorable to the formation and distribu-

tien ef varied types of peothecmal witer and steam, and has pro--

soiied natural cinditions for develcopment and utilization of geo-

i~ 8

coortwnl energy recouvces ( Huang Shangyso et al., 1978 ).
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tareest one in China ( Jin Chen Wedi, bhou Yunshen, 1978 ), which
rc;éhus the upper mantle of the earth. Its associated magmatic acti-
vity ﬁnd-femeltihg‘proceéa have provided the cxcellont channel aﬁd
powcrfﬁl heat,sourég. Therefore’ the Xizang-Yunnan Geothermdl Zdne
is of most actlve on the ﬁainland of China. In fhis zone more 40C
siles of acfive hydrothermal outcrops havé bgen found with abundant
hot springs geysers, fumaroles and hydrothermal explosion orifices.
MOHt‘Of them in Xizang are exposed at an altitude of over 4000m.
fmong them over 100 sites have the:températur? 86-94°C which are
higlier than local boiling point ( Tong Wei et al., 1979-1980 ). At
present the Yangbajing geothermal field in Xizang is under;develép-
ment, This field is 160ated on middle segment of Xizang~Yunnan Gco-
thermal Zone. A mascimum temperature of 17000 is mearured at the
dgepih of .150m. The- well headftemperature'is'150°c..The-pressure“iu
abouy 3-4 atm.. The maximum.flow~fate of geothermal fluid Ié 400
fbns/hour ( Geothermal Team of Xizang Autonomous Regiqn ). The base

tomperature calculated from geochemical thermometer is~180—2309C

( An keshi at al.,1980 ). In 1977 an experimental power station

vith the capacity of 1000w was built. The well-known Tengchong
voleanie hot spring area, ascociated with Pliocene volcanic activii
in locatecd at the southecastern end of this zone. The: hydrothermal

wetivitly is very stirong. The temperature of geothermal water 1is,

in wost circwsslances, over 96—9800, exceeding the local boilin:z

poiat) Yhere are many geothermal manifestations, such as boiling
i cdusters and Tumaroles. The hydrothermal alleration and

il deposdtion nre developed. The well head lenmperature of

CVesaoicp borehole v e 1eft side or Zaotong River is 96°C, The

- 4 -



watcr-steam spouted at a height of abaut 15m with a‘dischargeﬂof

23 1ons/hour ( Geological Bureau of Yunnan Province ). The downhole
te@pergture at the depth of 12m reached 145°c,The exploration and
deyelgpment of the.geothermal rgsources 18 orientated to power gean
ration.

Taiwan Geothermal Zone lying in the suture line between -

Pacific Plate and Eurasian Plate is a part of Circum-Pacific Island
Trough Belt. The ophiolite zone 1is well developed along the Dachonb*
gu gcofracture belt which suggests the geofracture has already rea-
ched‘deeply into the upper mantle. The recent cru stal movement is’

inignse on the Island, with the relatively violent Quaternary volca:
activities and frequent earthquakes. Thereare'mo;e than 100 active

hydrothermal sites in this region, six of them with temperature ovc:

lOUDé; In ;he volcanic area which is near Beitou of northern end of -

‘Taiwén there are wany fumaroles, the higheqt temperature of them is

120°c.( C. H. Chen, 1970 ). In a ldOSm heep well high-temperature:
ﬁtuum of 294° is obtained. Owing to,the‘ibw pH value, thier déve-'
iuymcnt'and utilization ran up against difficulties. In addition,
Llier servoir temperature of ihe Tuchung-Qingshui geothermal area

1 the southwest part of Yilan County io as high as 220°%¢. 4 1500
Yow Lu;bo-gcnerator has been installed and test run started in OcLo~

15771 ( ‘Geothermal World Direclory, 1979 79 ).

ggiﬁlillgggg-gf_ﬁqﬁigl and_ Lower Yemperadiure Yrerrsy Resources_in G

the medivam and lover tewperature geothermal wa iter ig widely

Voabeled on modnisud o Chinar in the 1nucrior pujt of thc plate..

“In the vpliftco cewsions of the co L1h 5 ocrust, the geofractui
con Sorued dire Glrfervnce ages uader;o;n" tectinic movements after

-5 -



thier formatlion. Some of them becone ﬁctive only recently. In gener.
, th¢y.are good channelis for the movement and ascendanée of dceply
Liwauluting grouﬂd waoter,which is heated by normal underground '
t(.PhrdturL At tha low=-lying pldces of the uplifted regions (usua]l
v;LLcys or intermountain basins ) geothermal water occurs in forin
of hot springs. Aécording to the concentration of hot springs in

thise regions, two medium and lower geothermal zones can be prelimi-

% | narily divided up, namely the Southeaatern Coastal Geothermal zone

g d and Yunnan-Sichuan Geothermal zone ( Hudng Shangyao et al.,. 1979 80,

: An Keshi and Huang Shangyao, 1980 ).

g‘ ' ~ The Southeastern Coastal Geothermal Zone lies in the west frosn

; . the suture liﬁe betwcen the Eurasian Plate mnd the Pacific Plate,

- including east Jiangxi, south Hunan, fujiang, Guangdong and Hainea:
Y:5land, There is no recent volcanic procésa in this zone, but siuc

: lie:sozol the crustal movement is intence and the geofractures are dv

; . yuﬂoped. Associatéd'neutral and acid‘magmatic actiyity fcrmed.volCL.

? ToUR éone of coutheast coast and largequantity of granite bodies.

Tins HRE and NE foldcd zones and geofractures of different nature b
ﬂugn formed. The hot springs of medium and lower temperatuie are 5
1y concentrated in ihe Southeastern Coastal Geothermal zone, 250 oo
thueie are lecated in Guandong and 150 in Fujiang. Water tleiaperaturc
roires Trow 40°C to £0°C and sometimes over 80°C. Hot springs are

\:mlly iocatcd wloityg the'ceufractura zones and on the fringes‘f
Vosnan pronite bodies. Several hot spring reglons,sweh oo Dengto
F .7-h¢uﬁ Pa Geia b (¢:3°C), Dongohrnhm, Shanteu in Guangions{d:
}na}uﬂ In Fujiuny (5300) have beon cuplorved not Iongbuforcﬂcré i

. v

L Vuvornble wegion o the developwint of mediuwm and lower ien):

-C_
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rature geothermal resources in China.

~Yunnan-Sichuan Geothermal Zone lies in phe east from the sutu:
iine between Indian Plate and puraeian:Plhte; extending from south
to ﬁqrth along the active tectonic zone. The tectonic movenment 15
intiense there with rewarkable ground deférmation and frequent
'eérthquakea. In this zone there are over 100 hét spring locations,
which are reiatively concentrated along south segment, Moét of thew :
huve a temperature of over 60°C sometimes up to 90 C. The hot‘'spri

alohg north segment of this zone'are lesa than that of south, with

“4he temperaturc below 60°C.

In other areas, such as Yanshan, Talhangshan, Qinling, the nor
foot of Tianshan,southeast Sichuan adﬁ west Chaidamu basin, there:
are also a lot of hot springs, more or less-concentratedu extendir.,

generally along the folded and fracturad zon§s The* temperature is

mostly less than 60°C. Some of them ha&e the[temperature about
80-90°C.

ln the depressed rerions of the carth's crust with Mecozolc an

Ceonazoic sedimantacy formations in interior part of the plate,which
18 widely developed in China, there exist medium-lower temperatare
reotherpal water., At the relatively'uplifted:parts of the bacement
in frulted depressed basing, the éeofraéture systems are “suaily
WOTe developéd. Deeply cirenlating ground wafer, heated by normal
(uuL' rwal temperature, accends along the channels of fractureg anc
1o ;bcumulgicd:at the top of the busement rocks, usvally rorming:
Ve hidden reothermal vegervoirs. In d(gLL:SLd Lazing where the
tu¢~( ile movenent 3o CO:pixdtIVLly mild, the pcothern 21l waler~hes
arcal distribution,but the temﬁerature 15 {ho

—'l_
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sisue as that of surrounding rocks., In Huabel, Jianhan, Sichuan,Shau
famnin, Chaidamu, Talimu and Zhuﬁgeer 0il and gas-bearing basins,
ceothermalwater or brine have been discoyered from time to time alc.
vwith the oil-éas exploration.Anmong them the Huabei (NorthChina) bas
bz the best poténtial. Ther arfe over 100 borecholes encountred: geo-
thirmal water with the temperature of 70-90°¢. Some wells oflRenqiu
0ilfield have tapped gcothermal water with the temperature of over
lOOOC‘and the flow rate of 4300 tonB/day(-Xie Jiasheng, 1978 ). At
Zhongdhan Park in Beljing a 2600 m deep well has been drilledl. The
tumpcrature of geothermal waler is 69.5 °c ( éeological Bureau of Beu
jing ). At Wanjiamatou in Tianjing, the geothermal water from 1100-
1400 m depth has a tewmperature of 94%c ( Geological Division of Tie.
Jing )l Leigiong basin in south China'ia also abundant in geotherm:.
fhsourcea, In most cases, at the depth'of 300-500 m, geothermal
water with the temperature of BO—SOOC can be pncountered. In Jiang-
liazn and Sichuan basins, the,oil-gas explora}ibn wells with the deptl:

of 2000-3000 m have obtained geothermal brine . The temperature of

Cibe liph]y minerulized ( 180-330 g/1 ) geothermal brine is over

bu- “O

North China is on the east margine of the Eurasian Plate. Under

tire influsnce of Pacific Plate basins .of grabentype are developed,

ho terrestridl heat flow is measured aS'slightly over 1.5 HFU ( Ccc

1o, iead Institate of Sinica, 1978 ). Analyzing the temperature data

cotlTected frow oil-gas.ficlds, the geothermal gradient in luarge de--

“prennied basing: of Chlna has the general tendency to decrease graduall

Frce ol Lo west.
"Huacwily, the rejrions of depressced bLasins in the interior pari
v p] i with Conparati Vely }l&}] J’LOJLhL,I‘mu,l gradient are consi--
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dered: s the favorable areas for the development and utilization of
medium-lower temperature geothermal water.
To swmmarize, the geothermal activity decreases regularly from

cieul 1o west, along with the weakening of recént tectonic mobility

¥ .

frOu plates boundarices to interior part of the plate. As a result,

apm e — e
the @eothérnal @enperature

gradientéand the density of hot springs

. are pgradually lowered.

CURRENT STATUS OF GEOTHERMAL ENERGY RESOURCES
EXPLORATION AND. DEVELOPMENT IN CHINA

Jistorical Description

Geothermal eneryy development in Cﬁina could be dated back in
encient times. The history of development and utilization pf €0~
therma} energy resources in our count;y may be summarized in two
utageé ( Huang Shangyao et al., 1979 ). . .

Bcfore Liberation .

Ancient chinese utilized hot springs for bathing, irrigdtion,
nwﬂical treatnent and sulfur production as early as 500-60C yesxo
ﬁ.ci. Since Han Dynasty, deep wells had been dr;lled to withdraw
}uomhérmul brine for salt recbvery. There are mnﬁy accounts in |
vicenlcles zbout nol spring utilization in. medical treatment and
Leoalling overwintering. Actual development of geothermal resSourcey,
hug?vor, sltagnated before libcrdtion, except the vcry limited coi-
stougtion of some hot spriné Sanatoriums.

Alier liberation

Rlon{ vith dcvmlopnbnt of nd1lon11 ec\nomy and progress of
e and Lo LHHOLH'J'" in the fiftics and u]}.Li( 5, ithe ex;[‘lOIdtLU'r
Pddevciopsent of geotlhermul resousrces was put on the agenda.

._()._
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A lot of hydrogeological and other related Investigation teams of:
difrcrent provinces, muniicipalities and autonomous regions began
Lo Jnveatitate thier indigeneous geothermal resources some explo—'

|
ratton hdd been done at hot sprlngs to meot the requirement of newly

. constructed or existing aanatoriumﬂ. The process of development as &

whble' however, Was rather slow.
Since 1970, at the suggestion of the late geologiat prof. Li
|

Siguang, many provinces, municipalities and autonomous regions have

carried out geothermal prospecting, exploratipn and multipurpose

'utlllzation. In Beijing, Tianjing, Xian. Kunminv and other large

citigs deeply hidden geothermal reservoirs had been explored for
b&thing, heating, industrial proceéseajand'other ﬁurpose. At the
5qme£time, at Fengshun of Guangdong Province, Huailai of llebei Pro-
vincé, Huitan of Hunan Province, Yichuen of Jiangxi Province and Ya:.
bujiﬁg of'Xizang (Tibet) Autonomous Reglon, geological exploratioh
workiwastiirected specially+to electrical power generation. Seven
5+}c§imental geothermal power stations have béen constructed succes-
;,uuly. The numbcr of gecothermal bathlng houses, 8pace heating |

Lmd ond green houses utilizing geothermal energy increased rapic

1 Hnrtially substitutcd conventional energy resources. To date, nc:
. 5 R .
iheipal prospecting has been undertaken in more than 20 provinces,

minicipalities and autonomous regions. In recent years, along with

it reprional hydrogeological mapping and prospecting, the investigo-
. :
tiw.i. 0f geothermal resources has been also started in remote bordcor
f&xﬂuns.
i

: At.this~stugn,'the exploration, dcvelopment and utilization ol

cohorimal resourcoes advanced rapidly. Lcotncrm al LYPIOT&LLOﬁ is

Jbeeswdted not owly nege the known hot spring regtions, but also in

- 10 -
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plain regions, including some large cities such as Beijing, Tianjing

Xisn, XKunming and Huabel Oilfield, providing valuable experiences

" for guothermal prospeoting in areas covered by thick sedimentary

i

Turwations with tho‘geothermal'fieide of medium or lower temperaturc
Such'geofﬁermal energy is suitable for direot utilization rather thau
clectrical power generation. Obvioue progrees hae been obtained in th
area of multi- stage and multi—purpam utilization of geothermal water
In mainland of China, high-temperature g?othermal resources arc
distributed only in south- west border regions. Exploration, develop
ment as well as experimental geothermai.power generation are being

carried out at Yangbajing in Xizang Autonomous Region. Tengchun

volcanic hot spring arca is also under e;ploration.

" Multi-~Purpose Utilization . ?

! . '
'

Geothermal resources are, sometimee composite resources which
p,ovide not only thermal energy but also some industrial minerals.

Flectrical Power Generation Utllizing Geothermal Energy

The utilization of geothermal energy forelectrical power geno-
wilion has the advantage that it requires neither conventional boil
Tosuil fuel, nor heavy transportation and does not-causetenvironmeh
troubles. Rational utilization of geothermalgenergy cen imfrove in
tature. the energy resources distribution. Siﬁce the known geothermsz .

vizids of higher temperature are located mostly in south-west remot

boirdur regions, where developmeni conditions - are rather scver, th

it experimental guolhermal power utalions had to be constructed

110 shms areas of cast China in the carly 70s. Such as the experin:
ot Plant @t Dengwu, Guangdony Province which was completed im i

- 11 -~
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1971. Five othef ones had also been constructed successively. All
i1heLe power plants utilize'geothermal water of medium or even lowcer
1§mpcrature. They are operated yith binary system or flash steam suy:
tem. It has been evidenced by practice that geothermal water @f low.
or medium temperature is generally unsuitable for electrical power
heneration with pfesent technolog&. In vast area of China this!type
of géothermal fields are dominant .‘Onl} at geothermal flelds of
relatively high temperature, the pbwer generation utilization is
feasible. So the focal point has been later shifted to remote bord:
regrions, such as Yangbajing of Xizang Autonomous region, Tengchun o.
Yunnén Province and so on. In particular, the experimental power
plant at Yangbajing is already in operation, making use of wet vapbz
from boreholes. The experiment seems to be successful and is now i~
e>pansion. Electricity production utilizing geothermal energy will

be a‘gnificant for these remote border regions.

bifferent Industrial Processes Utilizations

Geotherwal eneryy resources have wide applications in various

~wrnnches of industry. It can save conventional fossil fﬁel for hedaw.

nna chemicals for water treatment. Nowadays, geothermal water is ut.
lized as hot water supply for boilers, tannin extraction, paper-mak'A
L;xtilc; ﬁrinting and dyeing, concret componénts curing, leathéf dr:
jng,';lr conditioning cte.. Good results havc been obtained in thes
reldc. At Guanghua Dyeing and VWeaving Mill in Beiglng, for example

. ~ O 13 . - . s
Vi 4b‘C gcothermal wiater is used dircctly on qalenderlng-dyelng

Lxcuines, civing aA cconony of steam estemdted as 15000 tons per

o ( Lquwvailnt to 2500 tous coal ) { Yang Qilong et al., 1976 }

- 12 -
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A certain concret components plant in Liaoning Province makes use of
71°%C geothermal water, attained a save in coal of about 2800 tons

annually. Fuzhou Tennery utilizes 93% geothermal water in boiler an
. oo . ;
leather-drying machines. Over 1000 .tons lof toal is saved every year.
: : . " .

3

Utilization for Apgriculture

In rural areas of China, geothermal energy is utilized iniaccor

dance ‘with local conditions. Some experieﬁces have been accumuiated

"in this field. Geothermal water can regulate the temperature of irri

gating ‘water, preventing the seedling of rice from rotting in cool
early spring, which is of benifit to grain yielm. Somewhere in‘Hebej
frovince, fresh or waste geothermal water“from local sanatorium is
used to irrigate more than 800 mu rice field grain yield was incre

[
by 100-200 Jing per mu. In Nanxiong Basin 'of Guangdong Province, 39

" preothermal water 1s used to irrigate 70 mu field, which improved lo:

laterite soil and a grain ydeld of 300 jing per mu was registed (
dong Hydrogeological Observation Station, 1972 ). In some hot sprin,

arca of Hubei Province, some station of rice seed multiplication ho

© . been bullt, and good results have been obtained. At Jingshan, Yinch

o2l Yincheng; green houses covering an area of 3 mu have béen built
GCeothermal water saved 3000 tons of coal per year ( Tian Doufeng, 2
§ ). At certain duck farm of Tianjing, geothermal water is utilized

in incubators 1nstcad_of electrical heatiﬁg. The save in electricin

iy about 570 000 " kilowatt hours per year. At Xiongyue District ¢

isoning Province pcoth\rmal water is used for green house heatirn;:.

Lesidan, it'is 210 used to grow seedling of sweut potatos. Every

yuar, scme 3500 tons of coal i3 saved. Geothermal water is also uwu

- 13 -



i overwintering of some water ﬁlantsw‘;t_in turn brings about an
i «dvance in pig farming. Somewhere géothérmal vater 1s circulated i.

| fishponds at winter time ( Guangdong Hydrogeological Obuervation

. .,mtion, 1972, Yang Qilong et al., 1976r Zhen{; Keyan, 1979 ).
: e Qtilization of Geothermal Water in Dayly Life

~In this field, geothermal water is .utilized for space heating,
‘-rgsort‘bathing, washing and drinking, It éavaa coal and manpower, r
dubes'pallution.'For exanple, at Beijing Peopla 's Art Press House a

~»_1aotdngshan Hot upring Sanatorium, geothermal water ( 58 c and“l{

¥

) 1uupeppively ) heating covers a floor space of 18,000 mz. Annual
i - suving of coal is estimated at 400 tons. In Beijihg Renming Macﬂinc
% WUURS; ¢geothermal water is for public bathroom. This alone saves -
: Cﬁb ;uhé of coal per year { Zheng Keyén,'1979 }. Haikou City on Hai.

1wﬁd _Guangdong onvinuu, has some wells tapped geothermal rescr-

§ f‘ vail, ylelding geeihermal water of 35 42 °c. A water tower and distir:
5 " ' égLan dyutem has been built for townpeoule. In Fujian Province, ge:

,1h;rmal'waier also used in local publie bhathhouses, All these

| plLB show that beside electricity goeneration, dirgct use iﬁ an
L:p s ant aspect of hbuthcrmal energy utilization, which might Sem
td heve  1ittle worth in one case, it plays-a great pdrt ags a whole
in uaﬁing'fossil;fual and reduction of polluﬁion and deserves Tecou:
pelention in denccely populated areas, wherever exist the eondition:
L ﬁguthermgi reﬁervoir geourance ., |

no Tl B me’nt ‘

Luotlieraal Watuﬂ has the value Iin medical tfeaimeﬂtfbacause Qi
ST depgperitare und spocial chemioxl ,(:D.l:x}msiﬁi or., abpoeoe .

- 12 -
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there about one hundred sanatoriwns built in hot epring areas; Accor-
ding to investigations and experimentelions of public health office,
some Leothermal water has obviously curative effect on diseases as a
dllh[ltis, certain skin diseases ( psiriesls, eczema ) , jntestine

and stomach diseases as well as early heart and artery diseases.

,Many hot spring sites are famous to tourista‘for there scenic beauty,
. in such areas care must be taken when drilling programme is under -

consideration, to prevent any possible damage to natural sight.

Recovery of Mineral o :

.
t

Bromine, iodine, boron, lithium, strontium, potasaium and com-~
pount of other elements are extracted from geothermal'brine:inESichuz

Hubei, Qinhai, Shangdong, Guizhou and other.nrovinoes, providing

chemical and nuclear industries with rewimaterials. In particular, i

Jianghan Basin of Hubel Province, the highly mineralized geothermal

blino is utilized by a salt— hemical plant to produce annually ;moTe

than 10 thousand tons of table salt, 18ﬂ8 tons of bromine, O.),ton
of ioﬁine, 40 tons of boron, 70 tons of potassium and 480 tons of aui-
mouia water (6%) ( Tian Doufong, 1978 ). Tengchun volcanic hot sprin

plOLuLL certain amount of sulfur.

In brief, in the field of multi- pnrpose:utillzafion, some'expc
‘Jphbta have been accumulated in regard to lower and medium temperd.
seothermal water as a cheap and clcan substitutes for conventlonal
iy resources. Geothermal energy will play ever 1ncreabing part i

vur’ nution's ecconomic development,

- 15 -
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TENTAYIVE PROFRAMME OF GEOTHERMAL ENERGY DEVELOPMENT

Cohsidering the geothermal energy resourcesdistribution in our

' country and current status of explordtion and development technology

3 -

a tentative programﬂe of geothermal energy development has been fdrm
lated as follows:
1, Geothermal energy resources investigafioh-ahd‘assessment.
Thorough inveétigation of econbmically exploitable geothernal
resources distributidn and potentiai. Indication of prospective arex
as the basis for overall planning of gedthermal'energy develqpment i
period 1300-2000. |
1) Compilatioﬁvof geothermal resou;ces_catalogug ana maps of geo-
thermal énergy resources distribution, ' '
"2) 1Investigation of ground temperature and heat flow, coﬁpilétion
of the mwaps of ground'temperafure, heat -flow and gradient,
é; Exploration and assessmenht of major geothermal regions, investig.
tion of occﬁrencé and spatial distriﬁution of geothermal résérvoira
meehanism of thier origin and potential oflfesources.
1) 1n medium and lower temperature geothcrmal reglons.
Prior,dévc]opmént in large and medium cities, oilfields or irna:
1rial and mining areas for direcf utilization,.such as space heatin,
iot water supply, industrial and:aéricultural utilization.
2) 'In high temperature wet stecam gecthermal regions.
Ezperimental devclofment on one or two selected points with th
purpbse of clectricity'aeneratioﬁ. |
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. 2) Other applications,.

;

CONCLUSION

In recent years, the Chiness Government attaches great importh

to geothermal energy development. and obvious progress has been ‘achi

-in this field especially in multi-purpose utilizat on of lower and-

medium temperature geothermal water, yhile tPe utilization of: geo-
thermal energy for electrical power generation is- at start point
Since United Nations Cdnference on New Sources of Fnergy { Rou
]961 ), a series of worldwide or regional symposiums on geothermal
onerpy development have been held I believe this Seminar held by

I“PAP will promote geothermal development in participant countries.

We arc glad to have the opportunity toiexchange experlences with

sian and pacific countries, in particular, the, abundant experlencrv

of host country -- New Zealand, is very valuable for us._
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Part 1

PRESENT STATUS OF THE DEVELOPMENT AND
UTILIZATION OF GEOTHERMAL ENERGY IN
THE PEOPLE'S REPUBLIC QF CHINA



Part 1 - PRESENT STATUS OF THE DEVELOPMENT AND UTILIZATION OF
GEQTHERMAL ENERGY IN THE PEQPLE'S REPUBLIC OF CHINA

China has abundant geothermal resources. According to China's natural
geographic and geological conditions, and considering the practical condi-
tions of geothermal water's comprehensive utilizations, we have defined the
lower limits of the geothermal water’ temperature to be 209C in the north and
25°C in the south. Based upon this criterion, China has already discovered
nearly 2,500 thermal water points covering all of China's 30 provinces, muni-
cipalities, and autonomous regions. More than half of these are located in
the southeastern coastal area and in parts of western China, such as Yunnan
and Xizang (Tibet). They form two concentrated belts and most of them con-
tain thermal water over 800C.

The concentrated belt of the southeastern coast covers Guangdong, Fujian,
Taiwan, Jiangxi, and southern Hunan. The province that has the most number
of therma? water emergences is Guangdong, with more than 250 locations. Fuji-
an has more than 150 locations, and Taiwan has more than 100 locations. This
concentrated belt has a total of more than 650 thermal water emergence loca-
tions. Quite a few of those locations have water temperatures exceeding 909C;
for example, 1020C at Dongshanhu in Shantou,‘Guanngng; 930C at Dengwu in
Fengshun; 989C in Fuzhou, Fujian; and 920C in Huitang, Hunan. In Zhangzhou,
Fujian, there is a seismic hole 265m deep at the bottom of which the tempera-
ture exceeds 1200C. In Taiwan Province, there are 103 active regions of
thermal waters. Six of these have temperatures that exceed 1000C. Among
these is the Pingdong hot spring in Gaoxiong County, which reaches water tem-
perature as high as 1409C. The Datun volcanic hot spring region's steam tem-
perature reaches 2949C in a geothermal borehole over 1,000m deep. The south-
eastern coastal geothermal water belt is a favorable region for the development
of high temperature thermal water in China.

The Yunnan- X1zang concentrated belt covers the southwestern plateau of
China in Xizang region and Yunnan Province. There are a total of more than
700 thermal water emergence locations. Among these, Yunnan has more than 480
locations and Xizang has more than 200 locations. From the northern foothills
of the Himalays to western Yunnan, there are many thermal water fountains and
steam fountains. Of those discovered, there are over 40 thermal water active
regions with water temperatures h1gher than the local boiling points. The
Yangbaqing geothermal field in Xizang has more than 10 geothermal boreholes
sunk, and has yjelded a steam temperature -above 1500C." The flow rate per
well reached 400mt/hr. Western Yunnan is the province's main region of high
temperature thermal water with 9 lTocations where the temperature of the ther- -
mal water exceeds the local boiling points. Included is the well-known Teng-
chong volcanic hot spring. Based upon temperature measurements in shallow
boreholes, the water temperatures have reached 135°C at 10m depth, and 1459C
at 12m. The Yunnan-Xizang concentrated belt is China's most promising region
in developing the high enthalpy (7.e. greater than 1500C) geothermal energy.

In addition to the southeastern coast and the southwestern Yunnan- X1zang
concentrated belts, there are also large numbers of hot spring emergences in
other places of China, such as along the northern foothills of Tianshan, Qili-
anshan, Taihangshan, Luliangshan, the Weihe graben, the eastern Qinling, the
Hebei and Rehe mountainous regions, Liaodong, the Shandong peninsula, Dabie-
shan, Ningzhenshan, western Hunan, and the eastern Guizhou heave. Among these,
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there are more emergences in Liaodong, Shandong, Sichuan, and Hubei Provinces.
Each of these provinces has more than 50 locations. The water temperatures of
these areas are lower than the above-mentioneéd concentrated belt, averaging
between 25-609C. However, some of the hot spr1ngs have temperatures higher
than 80-900C. For example, the temperature is 930C at Jimo, Shandong; 900C in
Zhaoyuan; 87°9C at Xiongyue, Liaoning; -and 960 at Ningcheng's Reshuitang.

Also, within the Mesozoic and Cenozoic deposit basins of China, there are
extensive geothermal water resources. The northern China region has the great-
est potential. Because-of the development of the Huabei Qi1 Field, thermal
water with temperature above 900C has been found in many oil and gas explora-
tion boreholes. There are also many thermal water wells with temperature-
exceeding 300C in the Beijing-Tianjin area. There are nearly 200 wells in
Tianjin. Tianjin's geothermal resource is extensive with its thermal anomaly
region having an area of 590km2, Part of this is in the urban area. The core
region of the thermal anomaly regicn has a geothermal temperature gradient of
above 80C per 100m. There are two types of geothermal water in Tianjin. One
is the overburden thermal water, which has a depth of about 700-1,200m with a
water temperature not exceeding 559C. Another is the bedrock crevasse water,
which has a depth of about 1,200-1,800m with a water temperature of more than
700C, The thermal well at Wanjiamatou in Tianjin region has a withdrawal sec-
tion between 1,100-1,400m with a water temperature of as high as 940C. In addi-
tion to the northern China region, the Qionglei basin in southern China also
has abundant geothermal water. Even at 2-3km depth, thermal brine has been
obtained in Jianghan Basin in Sichuan {Note: should read Hubei). The mineral
content reached 180-330g/1iter,

To summarize, from the south to the north in China, from Changbaishan to
Yuanshan, and from the southeastern coast to the Qinghai-Xizang Plateau, there
are extremely extensive distribution of geothermal resources. This shows that
China has a spec1a1 and unique geological structure where the thermal condition
of the earth's crust and hydro- geolog1ca1 conditions are all favorable to the
formation and distribution of various types of geotherma] water and steam. This
has created favorable natural conditions for China's development and ut111zmnon
of geothermal resources. .

China is one of the world's earliest countries to develop and utilize
geothermal energy. This was recorded over two thousand years ago. But large-
scale development and utilization was only made in the last ten years. During
the period of the 1950's and 1960's, China's geothermal resource. development
was limited to develop hot springs for therapeutic purposes. In the 1970's,
the emphasis of developing geothermal energy was shifted to the comprehensive
use for industry and agriculture in addition to therapeutic uses. More than
two-thirds of China's provinces, municipalities, and autonomous regions have
now started reconnaissance surveys and exploration work for utilizing geother-
mal resources, Cities without thermal water emergences, such as Beijing, Tian-
jin, Xian, and Kunming have also engaged in the exploration and development of

. geothermal resources.

Research work on geothermal power generation started in 1970. China's
high temperature geothermal resources had not been developed at the time; hence,
all the research performed dealt with the low temperature geothermal water in
seeking geothermal power generation technology. The purpose of the research
was to accumulate experience for future large-scale power}generation by using
the medium-and high-temperature geothermal resources. China's first small
experimental geothermal power station was completed in October -of 1970 in Feng-
shun County of Guangdong Province. The station has a capacity of 86kw and uses



a single stage flashed-steam cycle system. In September of 1971, two small
experimental geothermal power stations were built, one in Yichun, Jiangxi, and
another in Huailai, Hebei. Both used a dual-fluid circulation system. The
working medium was chlorethane (CszcI)._ The capacities were respectively 50
and 200kw. Now, there are six such small experimental power stations. Their
types and parameters are summarized in the following table. Starting in 1976,
China has been carrying out high temperature geothermal fluid exploration and
development. in Yangbajing, Xizang. In September, 1977, the first unit of the
Yangbajing experimental geothermal power station began operation. The geother
mal wet steam temperature was approximately 1500C. The station adopted the
single-stage flashed-steam cycle and had a capacity of 1,000kw. It was used
to acquire experience in utilizing Yangbajing's geothermal fluid for power gen-
eration. It is planned that a 3,000kw unit will be installed in Yangbajing by
the end of 1979,

TABLE 1 - EXPERIMENTAL GEOTHERMAL POWER STATIONS

Name of Thérmal _
Experimental " Water Design
Geothermal Temp. Capacity { System | Working | Generating
Power Station { Location (oc) (kw) Type | Medium Date
Fengshun Fengshun
( Den gwu)::
Guangdong
No. 1 Unit | 91 . 86 Flashed-| Water 1970, 10
Steam
, Cycle
No. 2 Unit 91 | 200 Dual Iso- 1971, 9
Fluid Butane
Cycle !
Wentang Yichun 67 50 Dual Chlor- 1971, 9
 {(Wentang), Fluid Ethane
Jiangxi . Cycle
Huailai Huailai 85 200 Dual Chlor- 1971, 9
(Houduyao), ‘ Fluid Ethane,
Hebei Cycle Normal
Butane
Huitang Ningxiang 92 300 Flashed-| Water 1975, 10
(Huitang}, Steam
Hunan Cycle
Yingkou Xiongyue, 75-84. 100 Dual Normal 1977, 4
Liaoning Fluid Butane, ‘
_ Cycle Freon
Yangbajing |Yangbajing,| 150 1000 Flashed-| Water 1977, S
Xizang Steam
| Cycle |

The economics of power generation using Tow and medium temperature geo-
thermal water is very poor, especially when using geothermal water with tem-
peratures of less than 1000C. China's building of those experimental geother-
mal generating units in the 1970's is aimed at researching the technology and
system for geothermal power generation. It was also based upon the principle
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that "according to the local conditions, fully utilize China's plentiful ener
gy sources of all kinds"; a search was made for the feasibility and economics
of the low- and medium-temperature thermai water which exists almost all over
China.

For example, the Hydrological-Geological Team of Jiangxi Province, in a
joint effort with the Research Group on Energy Sources of the Tianjin Univer-
s1ty experimentally researched the utilization of a hot spring water of 670C
in Yichun, Jiangxi.. A small experimental geothermal power station of 50kw
adopting a dual-fluid circulation system was built. . The working medium was
chlorethane. The unit was of the axial-flow type turbine with a relative
internal efficiency of about.70%. ‘Later, a unit of the radial-flow type was
developed and built. The relative internal efficiency was increased to more
than 80%. The condenser used low-winged spiral thread tubing in place of
bare tubings in order to enhance heat transfer. This almost doubled the effi-
ciency of the condenser heat transfer. There are two tube-and-shell type
standing evaporators. These can be used in parallel or can be operated in
series as in a two-Staged evaporation type. Originally, the production well
was not artisian. After recharging the nearby well with river water, the pro-
duction well became artisian. The head was then about 5m, and the flow rate
increased to 90-100mt/hr. The water temperature also increased slightly.
This eliminated the need for a deep-well. pump. The condenser cooling water
flowed by gravity. The topography of the mountainous region was utilized by
building a dam.of one-meter height across the river, and the water was drawn

through a concrete pipeline to the power station. The station had a lower

elevation and hence obtained a head of about 3m, This eliminated the need for
a condenser cold-water pump. Thus, in this 50kw experimental power station,
there was very little power consumption within the p]ant Only the pump for
the chlorethane working medium required about 6-7kw. Because of these factors,
this tiny power station which used 670C thermal water could supply power to
the local residents continuously over the years. This also made the power
station independent of outside power sources for its start-up. The effluent
thermal water from the station was sent to several large geothermal green-
houses, nearby hot spring sanatoriums, and hospitals. This opened the re-
search into seed breeding and health therapy experiments. The end effluent
was sent to rice paddies to raise the soil temperatures, to promote early
maturing of the crops, and to raise the yield. This enabled the full use of
the thermal water which previously had been wasted by flowing away.

Thie direct use of the low temperature geothermal water is more econOmj—
cal and is more effective. Many places in China have started experiments in
this field. Many cotton, wool, and dyeing textile factories in Beijing, Tian-
J1n, Guangdong, Yingkou have used geothermal water for cloth dyeing and wash-
ing, and for adjusting shop humidity and temperature. Not only has this
simplified the processes and improved the working environment, but it also
improved the cleanliness, br1ghtness, and color of the textile product. Yin
shan and J1ngshan, two counties in Hubei, used geothermal water to establish
two seed-breeding bases. From 1971 on, Yinshan has cultivated more than 500
varieties of early, middle, and late rice strains, More than 100 of these
strains have entered their fifth or sixth generation. Many of the good strains

“have gone through winter propagation in the geothermal greenhouses and raised

its propagation coefficient, and subsequently propagated over the whole coun-
ty. The yield has reached more than 1,000 jin per mu per crop. (Note:1 jin=
0.5kg, and 1 mu=0.067 hectare). These strains were welcomed by the masses.
Hunan, Jiangxi, Liaoning, Shandong, Tianjin and many other places have used
geothermal water to protect the floating Totus (a pig feed in southern China)
through the winter, to help in curing concrete products, in Jeather-making,
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in cultivating African carp, for vegetable planting, seedling raising, and for
poultry incubation. Industries in Sichuan, Yunan, Guizhou, and Xhandong Prov-
inces have extracted iodine, potassium, 1ithium, sulfur and othér useful ele-
ments from geothermal waters. The Jianghan Basin in Hubei has two high tempera

ture brine wells. On top of an annual $alt production of more than 10,000 tons;

0.5 ton of iodine, 18.8 tons of bromine, 40 tons of boron, 70 tons of potassium
chloride, 5.8 tons of aluminum carbonate, and 480 tons of 6% ammonium water
were extracted from the brine every year. The use of hot springs for therapeu-
tic purposes has a long history in China. There are over 80 hot spring sana-
toriums established by the state alome, such as world-famous sanatoriums at
Conghua in Guangdong, at Lushan in anngx1, and at Xjaotangshan in Beijing.
Furthermore, the use of geothermal water in space heating and as a hot water
supply is also emphasized.

Even though the history of China's development and utilization of her geo-
thermal resources is still rather limited, the prospect is bright. At present,
our foundation in this field is rather weak Qur technologies in the field of
geothermal resource exploration, evaluation and development are, as yet, unable
to satisfy the needs. Thus, as we continue to strive for more data and better
results, we must learn extensively from good foreign experience and strive for
assistance from our fore1gn colleagues in this field, such that the so-called
"Geothermal Flower® in the energy field can bloom fully and bear rich fruits
at an early date in China.
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Foreword .-

Full utilization of geothermal resources is a strateg1ca]]y significant
measure. It helps to broaden the energy sources, to accelerate the pace of
the Four Modernizations of the capital city and shift the emphasis of the
Party's tasks. ‘ )

Geothermal resource in Beijing refers to the stored hot ground water
within a specific depth. Since the start of planned exploration and study in
1970, a geothermal water zone has been found in the southeastern urban region
and 20 geothermal wells have been sunk. Many of the wells were utilized with
good results. The exploration covered: Chaoyangmen, Tiananmen, and those
regions east of Yongdingmen such as Hujialou, Shilibao, Shuangjing, Dajiao-
ting, and Tiantan, etc.--an area of about 50 square kilometers.

Full utilization of geothermal resources in Beijing's construction means:
changing the urban fuel composition, reduction of coal consumption as well as
transportation requirements, and more importantly, reduction of environmental
pollution. This will have significant economic benefit and political meaning
in terms of transforming the capital into a clean modern city and improving
the health of its residents.

- For the sake of better management and utilization of the capital's new
geothermal resources and to achieve a planned and orderly development;- the
Bureau of Geology, Bureau of Planning, Bureau of Housing Administration, Muni-
cipal Unified Building and Public Utilities Bureau, and Institute of Architec-
ture Design jointly developed this plan under the unified Teadership of the
Municipal Committee. This serves as an implementation plan as well as a ref-
erence for the leadership and planners.




1. PRESENT STATUS OF GEOTHERMAL GEOLOGICAL WORK AND MUNICIPAL BUILDING PLAN

1. History of Geothermal Geological Work in Beijing

Geothermal geological work in Beijing started early in the 1950's with a
geothermal geplogical exploration in the suburb Xiaotangshan., Afterwards,
the work moved toward the urban area. Since 1970, geophysical exploration
and reconnaissance survey by boring were systematically carried out to deter-
mine the geothermal geological structure and the thermal water distribution.
A great amount of new results were thus obtained in the southeastern urban
area above the 1,000m depth range, clearly defining a geothermal core region
about 50km¢ in area. This will provide a reliable basis for the present
4deve1opment and utilization of the geothermal water. (See attached Chart 1.)

A. Geophysical Exploration

1) Exploration by .Electric Methods

Factory No. 646 of the Ministry of 0il1 performed gravity and electric
exploration work (scale 1:100,000) in urban Beijing between 1966 and
1970, and reported its findings. From 1970 to 1978, based upon the
above findings, the Hydrology and Engineering GeoTogy Team of Beijing
Municipal Bureau of Geology explored the urban Beijing and the northwes-
tern suburb, covering a total area of about 500ki2, The exploration
was by the electric method (scale 1:50,000) in search of geothermal
energy and a solution to a municipal water supply problem. A report was
subsequently published. The report provided basic information for geo-
thermal geological exploration work, including deductions on: the struc-
tural outline of the Beijing graben, the burial and distribution of Sini-
an subgroup dolomitic limestone and the secondary structural rift.

2} Gravity Exploration

In 1972, a gravity exploration (scale 1:10,000} was carried out in
the urban area covering 220kmZ, preducing maps on Bouguer gravity ancmaly,
gravity gradient, and residual gravity anomaly. The exploration also
defined the extent of basalt and structural outline of the Beijing gra-
ben, thus enriching the results of geothermal geological exploration.

3) Artificial Seismic Exploration

Team 217 of the Bureau of Physical Exploration, the M1n1stry of 011,
and Team 104 of Be131ng Municipal Bureau of Geology performed many con-
trollable source seismic tests during 1976 and 1977 {scale 1:50,000).
These tests were for gas and oil as well as geothermal water in the
nearby Fengtai area covering 70km2. The exploration uncovered the con-
vex structure of Wujiachang. The results were important to the study
of the thickness of the deposits and rift structure within the Beij1ng
graben. :

B. Geothermal Géological Reconnaissance Survey and Exploration

1) Geothermal Survey

The Hydrology and Engineering Geology Team of Beijing Munic¢ipal Bur-
eau of Geology surveyed water temperature in shallow wells over urban
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and neighboring suburban areas of about 600km2 from 1970 to 1976. A
total of 1,000 wells were surveyed, and the resu1ts were used to define
the geotherma1 anomaly region {now it is called "geothermal core
region") of southeastern urban Beijing. This significant f1nd1ng clearly
pointed out the direction of geothermal exploration and boring.

2) Geothermal Exploration and Boring

Based upon various previous findings, the Hydrology and Engineering
Geology Team and Team 104 of the Be1J1ng Municipal Bureau of Geology,
carried out exp10rat1on drilling in_the geothermal core region from 1970
to 1979 covering an area about 50kmZ. A total of 20 geothermal water
wells were sunk. Part of these have already been used for industrial
manufacturing, therapeutic bathing, and winter heating. Final reports
and related charts and maps on the geothermal exploration of southeast-
ern urban Beijing were prepared. The report included a comprehensive
summary of various geothermal geological information obtained from 1970
to 1976 and a preliminary evaluation on geothermal water.

The achievements mentioned above on geothermal geological work pro-
vided significant information toward the understanding of the geo]og1ca1
structure and composition of deposits, and represented a breakthrough in
the d1scovery of geothermal resources. But, due to certain reasons,
there remain the following problems in the geotherma] geological explora-
tion work:

(1) The 1ével of investigation was lower in the outiying region
and relatively higher in the geothermal core region. This limits the
extent of geothermal development and utilization to within the 50km2
in the southeastern urban region.

' (2) Depths of exploration were shallow. The exploration bore-
holes reached depths only around 1,000m except for a few individual
"holes. The characteristics of the boundary condition such as the
thickness and distribution of the geothermal storage layer are not
fully known. The condition of the gecthermal resource needs further
evaluation.

(3) Lack of confirmation. The level of physical exploratioh is
relatively high in outlying regions, yet without confirmation by bore-
hole. L1th01ogica1 character of geological strata, distribution and

. governing laws on geothermal storage layers, etc >, await confirmation
by boring.

Explaoration results obtained so far provide an important basis for
both geothermal development and planning. The plan implementation will
mean the expansion of the area of geothermal utilization from the south-
eastern urban area to the whole urban area, and from single-purpose use
to multipurpose use. This will enable the geothermal energy, as an
energy source, to contribute more benefits and become more versatile in
the socialist construction of the capital. :

. Characteristics and Storage Conditions of the Geotherma] Resources in
the Southeastern Urban Beijing

A. Geothermal Geological Environment

The existence of geothermal resources in the southeastern urban region
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is closely linked to the particular geological structural condition of the
Beijing graben.

The Beijing graben is between the Beijing Northwestern heave and the
Daxing horst, spreading in a northeastern-southwesternly direction with a
south-north width of about 15km. On each side of the Andingmen-Xibianmen-
Fengtai 1ine, there are three well developed rifts, roughly parallel to
each other. The six rifts, from north to south, are the Yamenkou rift,
Chegongzhuang rift, Lianhuachi rift, Qianmen rift, Chongwenmen rift, and
Nanyuan rift. Their-development process is also the formation process of
the graben. Because of the differences in the lithological characters and
the forces acting on them at different locations, the graben has an asym-
metrical form, steeper in the north and milder in the south as shown in the
attached profile. It also forms a local heave of the bedrock at its south-
ern flank near Hujialou. Such a heave shows up clearly in the Bouguer
gravity anomaly map of the physical exploration, as shown in Figure 1, and
it has been verified by boring. Otherwise, all geothermal characteristics
gradually spread out from this region. This forms Beijing's southeastern
urban region's geothermal core region. ’

The deposit stratum in the Beijing graben is very complex. After boring,
uncovering, and tests in the laboratory such as rock mineral analysis, dif-
ferential thermal analysis, sporopollen analysis, and isotope dat1ng, etc.,
it was finally determined that the foundation rock of the graben is a Sin-
ian subgroup stratum. Successive strata above are: Jurassic, Cretaceous,
Tertiary system strata as shown in the attached profile and in attached
Chart 2. The Sinian subgroup stratum forms the thermal storage stratum of
the reg1on, and other strata form the upper cover.

The Sinian subgroup stratum that exists in this region is formed by the
Jixian and Qingbaikou systems. The Wumishan formation, Hongshuizhong for-
mation, and Tieling formation are in the Jixian system. The Xiamaling for-
mation and Jingeryu formation are in the Qingbaikou system. They jointly
form the foundation base of the graben. The depth increases gradua]]y from -
southeast to northwest, ranging between 392m at the No. 3 hole in the Oxy-
gen Plant, to 2,456m at the No. 20 hole in Zhongshan Park. The lithologi-
cal character of the upper part are thin siliceous and argillaceous lime-
stone, dolomite, and shale. The lower part consists mainly of thick,
stratum-1ike dolomitic limestone with well-developed karst crevasses. This
is the only geothermal storage stratum and is about 1,000m deep.

The Jurassic system stratum is discordant over the Sinian subgroup stra-
tum. The only Jurassic stratum is the Tiaojishan formation of the mid-
Jurassic system. The formation exists to the west of Chongwenmen rift,
with a roof depth varying from 517m, at No. 24 hole in Hujialou, to 2,101m
at No. 20 hole in Zhongshan Park. The open thickness varies from 197m to
398m. It is composed of medium basic volcanic rock such as andes1te vol-
canic breccia, tuff, and tuffaceous sandstone, etc.

The Cretaceous system stratum exists in the middle section of the graben
and is discordant over Jurassic system stratum. Depth of the roof is
1,567m at the No. 20 hole in Zhongshan Park, and the open thickness is
534.5m. It is composed of medium acidic volcanic rock fragments such as
sandstone, breccia and tuffaceous mudstone.

The Tertiary system stratum exists over the whole region. The depth in
the west is shallower and partially exposed at the ground surface. Most of
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FIGURE 1 - BOUGUER GRAVITY ANOMALY OF URBAN BEIJING
(scale 1:100,000)
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the rest is buried deeper than 80m. In general, the open thickness ranges
from 500m to over 1,000m. The Chongwenmen rift serves as a boundary. The
southern part covers directly over Sinian subgroup stratum, and the north-
ern part is discordant over the Cretaceous system stratum or the Jurassic
system stratum. It is composed of mudstone, sandy mudstone; sandstone, and
breccia. Lithological characters are fine in the upper parts and coarse in
the lower part and with alternating fine and coarse layers. Permeability

is extremely low, which reflects the characteristics of terrestial deposits.
This stratum is distributed over a wide region.' It is thick and structural-
ly dense and thus becomes an excellent impermeable, thermal insulating stra-
tum,

The Quaternary system deposit covers the top and is seen over the whole
region. Its thickness grows from west to east, from 50m to 150m in general.
Its formation is due to stream deposition. It is -composed mostly of the
clay soil stratum, sand, and gravel. Permeability and water-bearing char-
acteristic are good. The water in this stratum can be used as a supplemen-
tary water source for the thermal water recharge wells. In addition, dur-
ing the formation of Beijing graben, there was volcanic activity accompany-
ing the crust movement and deposition of the Tertiary system stratum. Basalt
magma in the deep part of the earth sprayed out, following the outlet of
the Chongwenmen rift covering an area of more than 40km2. A1l boreholes
had uncovered this except those near Shuangjing. For example, the No. 7
hole near Hujialou at the Guanghua Dyeing and Textile Factory has five lay--
ers.of basalt with a thickness of 264m. The thinnest is near Tiantan Park
and even then it is thicker than 20m. Because of this, favorite conditions
are present in this region for heat flow by radiation, conduction, and ther-
mal convection.

B. Hydro-Geological Characteristics of the Geothermal Region

1) Geothermal and Thermal Anomaly Region

The internal heat of the earth, under the action of a differential
thermal condition, is continuously dissipating its heat through the
ground surface. It exhibits itself in different ways through different
rock strata at the ground surface and at specific depths. Based upon
this fact, a water temperature survey was made in shallow wells withina
600km2 area in urban and suburban regions. It was discovered that at
about 70m depth, water temperature begins to gradually rise because of
the terrestial heat. Under normal conditions, shallow ground water tem-
perature is generally 139 to 140, But in the southeastern trban area
the water temperature is all above 150C. The area east to Shilibao, west

- to Qianmen, north to Chaoyangmen, and south to Dajiating covers several
tens of square kilometers as shown in Figure 2. It was confirmed by bor-
ing that this thermal anomaly was entirely due to geothermal influences.
When such influences are expressed in terms of the.geothermal gradient,
then its distribution is approximately centered at the convex structure
of the bedrock at Hujialou, and spreads outward in elliptic contours.
The maximum thermal gradient reaches above 59C east of Hujialou. From
there, the gradient drops from 40 to 50C and 30 to 40C as shown in at-
tached Chart 3. ~

2) Distribution and Depth of Thermal Water

Geological boring found that, in this reéion, the geothermal energy
is stored in Sinian subgroup's dolomitic limestone. This kind of
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FIGURE 2 - ISOTHERMS OF DEEP AND SHALLOW GROUND WATERS IN URBAN BEIJING
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carbonatite stratum, because of its brittleness and high dissolvability,
has well developed karst and crevasses during the continuous structural
movements. This has provided favorable conditions for the storage and
movements of geothermal water. Such crevasses and karst strata have
exposed thicknesses of more than 9,000m at the ground surface. Among
those, the limestone of the Wumishan formation, which has better water-
bearing capacity, is 670m to 3,518m. But up to the boring depth, the
open thickness was only 40m with a maximum op2n portion of only 200m.
It can be seen that the yield potential of this aquifer is great.

The geothermal water in this region is of the confined or artesian
type. After the borehole opened up the aquifer, the water stage soon
rose to near the ground surface, and sometimes it overflowed. The mag-
nitudes of the head are as shown in Chart 3, with a maximum elevation
of 30m at the convex structure of bedrock near‘Chongwenmen rift, paral-
leling the direction of tne rift. Thermal water output per well can
reach 1,000 metric tons per day. 1In Chart 3, it is shown that most of
the high yield wells are close to the Chongwenmen rift zone. Such var-
jations of water stages and flow rate indicate that the Chongwenmen
rift may be the vital passageway for the rise and movement of geother-
mal energy in this region.

3) Physical Property and Chemical Composition of the Thermal Water

Thermal water is transparent in general with a slightly rusty yellow
color. It sometimes exhibits a bluish gray color, which was caused by
the oxidation of elements (such as ferrous iron) when the thermal water
comes out of the ground with a reduction of pressure and temperature.
Furthermore, because of the release of gases such as hydrogen sulfide,
the water appears to have a rotten-egg odor and rusty taste. The most
outstanding characteristic of the thermal water is still its tempera-
ture. Measurements at the wellheads showed a minimum temperature of
38.40C and a maximum of 69.50C with a normal temperature of about 500C.
The Chongwenmen rift serves roughly as the boundary for the variation
of water temperature in the horizontal direction. Water temperature is
greater than 500C north of the rift and drops gradually to 40°C and
less toward the south side. The water is classified to be low to medi-
um temperature thermal water.

Thermal water normally exhibits neutral to weak alkalinity, with a
dissolved solid content of 500-600 mg/1l and a holo-hardness number of 7
to 12 German qegrees. Water chemistry classification is based upon
normal ion content in the water as tabulated in Table 1. The thermal
water of this region belongs to carbonic acid--sulfuric acid--sodium
type water. In addition to those main chemical components listed in
Table 1, there are those special chemical components as tabulated in
Table 2. 1In shallow ground water, the content of those special compo-
nents were either small or nil. Among those, the contents of flourine .
(F'), radon (Rn), radium (Ra), boric acid (HBO ), and hydrogen sulfide

S), have all reached the standards of m1nera1 water, and ‘some have

the concentration requirement for therapeutic purposes. In addi-
tion, the effect of geological structure on the chemical components of
. thermal water is more pronounced. For example, water in the No. 5
well at the Beijing Railroad Station and water in the No. 8 well at the
Xingiao Hotel, both near Chongwenmen rift, belong to the carbonic acid-
sulfuric acid-sodium-calcium water chemistry type. Radon, soluble
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TABLE 1: SUMMARY TABLE OF CONTENTS OF MAIN CHEMICAL COMPONENTS OF
GEOTHERMAL WATER

Chemical Component (in mg equivalent %)

Holo-
Water : Hardness Solids
Source | HCO'g} SO"4 | C1' [K'+Na' | Ca" Mg" | (German Deg) | (mg/1)
Geo- , ,
thermal 49.5- 9.7- 500-
Water JfO-SG 23-35 |14-23177.1 18-32 | 22 7-12 600

silicon dioxide, boric acid, and hydrogen sulfide contents are relative-

ly high.

The No. 13 well at the Beijing 3rd Cotton Textile Factory and
No. 15 well at Santongyun, both are far from the rift.

They belong to

carbonic acid-sulfuric acid-sodium type water and carbonic acid-sodium

type water.

Radon and silicon dioxide contents are both low.

This il1-

Tustrates that the Chongwenmen rift has significant impact on both the
formation and existence of the thermal water.

The above description shows that the thermal water of this region is

not salty, has low hardness and good water quality.

TABLE 2: COMPARISON OF SPECIAL CHEMICAL COMPONENTS BETWEEN GEOTHERMAL
WATER AND SHALLOW GROUND WATER

Water

Chemical Geothermal Shallow Ground
Components Unit Water Water

F! mg/1 5-6 0.5-0.6

Soluble Si02 mg/1 30—60 20
HBO, mg/1 - 0.4-3.76 Minute

H,S mg/1 0.19-1.91 Ni1l

Fe mg/1 0.5-5.8 0.04

Li mg/1 0.3 Nil

Sr mg/1 1/53 0.4

Rn eman/1 4/6-43.2 4.4-4.9

Ra g-rad/1 10-10-10-9 “10-12

U g/1 106 -10-9 --

Total Curie/1 3.8x10-1 3x10-12

K40 (1.9510.23)x10-11 (2.0140.92)x10712
- D(H2) &d -6.3 to -9.78 -6.9 to -7.48
T(H3) U 2 to 3414 144 to 861
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On the other hand, the water has high contents of special chemical
components and with moderate temperature; hence, it has good potential
to be used in building heating, water supply for industrial and agri-
cultural production, and therapeutic bathing, etc. But because of the
high contents of flourine, radon, and iron exceeding the drinking water
standard, it cannot be used for drinking water.

4) Dynamics of the Thermal Water

The dynamic changes of thermal water's important parameters, such as
temperature, stage, quality, flow rate, etc., are increasing every
year with the increasing number of production wells and the increasing
amount of water use based upon periodic observation. Dynamic para-
meters of the thermal water have changed differently. The stage varia-
tion was most pronounced. Observed data showed that there is quite a
difference in stage variation between north and south sections as shown
in Figure 3. For example, in the south section, starting and shutdown
of the No. 13 well at the Beijing 3rd Cotton Textile Factory can influ-
ence’ those wells 7km away, such as the No. 2 well at Tiantan, No. 3
well at the Oxygen Plant, and No. 12 well at the Main Glass Factory.
However, this has only minor effect on the No. 17 well of the Beijing
1st Cotton Textile Factory within 1km. On the other hand, pumping of
the No. 17 well can affect the No. 16 well at the Art Press 6km away,
but have very little effect on the No. 13 well at the Beijing 3rd Cot-
ton Textile Factory. This shows that the dynamic conditions and hydrau-
lic connections of north and south sections are different. Withdrawal
rate has significant impact on both the north and south sections. There
are eight production wells in the south section. Stage was generally
10 to 12m before 1974. As the withdrawal rate increased, the stage
fell. From 1971 to 1976, the accumulated withdrawal amount was
2,080,000 metric tons. At the end of 1976, the stage fell to 15.2-22.4m
The average annual rate of the stage drawdown was 0.45 to 0.89m in
1976, as shown in Table 3. In the north section, the stage drawdown
rate was even greater. In this section, there are 11 thermal water
wells. Before October 1976, the withdrawal amount was less than 600,000
metric tons. Average annual rate of stage drawdown was around 1lm.
After that, because of the increase of withdrawal rates of Nos. 16,17,
and 22 wells, stage fell drastically. Total withdrawal was 2,760,000
metric tons from 1971 to 1976; the corresponding stages were 2.54-
11.56m in 1971 and dropped to 9.4-16.6m in 1976. Annual rate of stage
drawdown was 2.15-4.98m.

The above description shows that the trend for the stage is to move
downwards year after year. If the withdrawal rate increases continu-
ously or proper measure is not undertaken, then the geothermal water
stage will consistently fall at an even faster rate, and eventually
will have the situation that the geothermal medium--water--is no longer
usable.

Over the years of withdrawal, the temperature variation of ‘the ther
mal water has been small. For example, the No. 3 well at the Oxygen
Plant has maintained its water temperature at 600m at 40.93° to 40.549C
over a two-year survey period. Amplitude of variation was only 0.40C.
The variation of the chemical components should be a slow process and
it is presently under observation.
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FIGURE 3 - SCHEMATIC DIAGRAM ON VARIATION OF THERMAL WATER STAGES
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C. Preliminary Analysis on the Formation of the Thermal Water and
Thermal Water Resources .

Thermal water resources and their formation are still under study.
Based upon results obtained so far, the preliminary conclusions are:
(1) geothermal water under Beijing has been formed over the long geologi-
cal history, (2) the formation is controlled by local topography, geology,
and structural conditions, (3) thermal water is produced in conjunction
with a combination of factors such as terrestial heat storage, heat
sources, water sources and passageways.

In the mountainous region with exposed bedrock in western Beijing,
precipitation and surface runoff percolates continuously into the ground
under gravitational action. Water infiltrates into the deep parts through
all possible ways, such as pores, bedding surface, joints, crevasses,
karst rifts and fracture zones, etc. The temperature of the water rises
as it flows along under the action of radiation, conduction and convec-
tion from the deep heat source of the earth. When this thermal fluid
reaches the dolomitic limestone in the graben, it forms the thermal water
resource of this region under the impermeable cover and thermal insula-
tion of Cenozoic era stratum. Under high pressure, the deep high tempera-
ture geothermal water rises rather rapidly through Chongwenmen and other
rifts into shallower parts. It is stored in the dolomitic limestone
thermal storage stratum and in any favorable position such as a convex
structure of the bedrock. Hence, it is possible to obtain relatively
high temperature geothermal water in shallow parts (e.g., around 1,000m)
of the geothermal core region.

The above-mentioned condition can be illustrated from water quality.
In general, it is recognized that the stable isotope of hydrogen in
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TABLE 3 - SUMMARY OF GEOTHERMAL WATER STAGES AND RATES OF DRAWDOWN

Before 1974 "End of 1974 End of 1976
, _Average ' Average
Well Number Date Stage Stage | Rate of Stage | Rate of
and Drawdown Drawdown
Location (m) (m) | (m/yr.).. | (m) (m/yr.)
South Section '
No.2 Tiantan 72.2*% 12.6 21.0 3.60 22.40 0.70
No.3 Oxygen Plant 74.5 9.5 14.5 5.00 15.60 0.55
No.9 Remin Mach. 72.12 8.9 (13.9) 2.72 15.60 0.85
No.10 Nat'l Comm. ! ’
on Phys.- Ed. 73.8 9.5 15.2 4,55 16.75 0.89
No.12 Main Glass ’ )
Factory o 174.1 11.1 16.0 4.90 15.20 -
No.13 Beijing 3rd
Cot. Tex. Fac. - - 215,17 - " 16.20 0.45

Remark: Those excluded are: No.1ll at Langansh1 and No.15 at Santongyong
*78.2 in the original

North Section Before 1975 October 1975 End of 1976

No.5 Beijing : 73.7 2.54 4.00 0.67 9.40 4.98
Railroad ' . :

‘No.7 Guanghua Dye- 73.2 5.10 7.93 1.09 11.83 2.93
ing Factory

No.8 Xingqiao 72.12 0.20 - - 9.15 -
Hotel .

No.16 Renmin Arts 74.9 11.56 12.70 1.14 16.60 4.20
Press

No.17 Beijing 1st 74.8 7.00 8.00 1.00 (8.36) | (0.36)

’ Cot. Tex. Fac..

No.18 Yuan Xili 175.2 8.85 (8.68) - 14.26 3.35

No.21 Dongfanhong 75.6 8.40 8.00 - 13.40 4,32
Auto Fac. ’

No.22 Beijing 3rd 75.12 9.95 - - 12.10 2.15
Cot. Tex. fFac.

Remark: Those excluded are: No.24 at Hujialou, No.20 at Zhongshan Park, and
No.1l of Beijing Railroad Bureau

water--deuterium--will not undergo any pronounced change during the
ground water flow process. Based upon chemical analyses, concentration
of deuterium in the thermal water has a éd value of -6.33 to -9.78,
which is very close to the rainwater value of -6.33 to -7.48, river
water value of -6.9 to -7.48 and the shallow ground water value of -6.9
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to -7.48 and the shallow ground water value of -6.9 to -7.48. Viewed
from the gas composition, the main gas component of the thermal water
is nitrogen with an argon-nitrogen ratio of 1.96 to 2.37%. This is
fairly close to rainwater's value of 2.49% and shallow ground water's
value of 2.12 to 2.14%. In addition, the thermal water-also consists
‘of special elements and components such as radon, helium, fluorine,
soluable silicon dioxide, lithium, strontium, radium, etc., which shows
that the thermal water is formed in the deep part and rises through the
rift. In general, the atmosphere does not tontain radon which tends to
concentrate near-certain-rifts. In this region, the wells near Chong-
wenmen rift often have higher radon contents. The helium content of
the thermal water is 0.077 to 0.134%, while in shallow ground water no
helium is detectable. These facts indicate that after precipitation
and surface water percolate into the ground, the water captures helium
from the deep part of the earth's crust during its circulation. Mov-
ing through the Chongwenmen rift as a passageway, it obtains radon,
flourine, boron, sulfur and silicon dioxide which correspond to the
material in the deep part of the earth's crust. The dolomitic 1lime-
stone of the water-bearing stratum of this region has very little sili-
con dioxide and sulfur, yet the basalt's content of these substances
are five times of those in the dolomitic limestone. This implies that
the formation of the thermal water is more closely related to the magma
in the deep part.

As far as the question of thermal water resources is concerned, be-
cause of limited extent and depth of exploration, boundary conditions
such as the thickness of the aquifer and the extent of distribution,
are still unclear. To determine these factors, the geothermal resource
requires further study. However, based upon the existing information,
the preliminary estimate is that the permissible daily withdrawal rate
is about 50,000 metric tons. The quantity is not large, yet-with the
advance of exploration techniques, application of the recharge tech-
nique and continuous perfection of evaluating methods, data will be
obtained in the future, covering accurate amount of water, heat, etc.

3. Near-Term Municipal Building Plan and Analysis of Geothermal Space
Heqting for Southeastern Urban Beijing

A. Municipal Building Plan and Implementation Scheme

Based upon the requirements of the layout of our city's building plans,
the existing urban region will be modified and rebuilt gradually but com-
pletely. Those buildings in the near suburban area will be adjusted so
that they form functional groups, and there will be extensive development
in the far suburbs. Both above and underground construction will be
guided by the principles of the overall plan. On fuel structure, coal
will be gradually replaced by gaseous and liquid fuel. Use of geothermal
water for winter heating should be promoted and expanded rapidly so as to
reduce smoke and soot and improve the environmental condition.

The two categories in the municipal building plan for which geothermal
heating has been proposed are new building areas and rebuilding areas.
This will be implemented around 1982. .The locations for these buildings
will be: (1) Tuanjiahu near Erdaogou outside Chaoyangmen, (2) Puhuangyu,
south of Tiantan, and (3) Jingsongqu near Longtanhu. As shown in attached
Chart 4, there will be a total building area of 3,180,000m2 with a land
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area of 318 hectares. The new building area will be 2,670,000m2 with a
land area of 267 hectares. The work will begin in 1979 and be completed
in 1982. The building area to be rebuilt is 510,000m2,

B. A Preliminary Analysis of the Application of Geothermal Heating in
Urban Buildings

In our country, the application of geothermal energy as a heating source
is recent. It has been confirmed in practice to be both technologically
feasible and economlcally justifiable. As an example, a 1,299m deep ther-
mal water well was sunk in September, 1975 at Renmin Art Press inside Jia-
guomen. The aquifer was dolomitic-Timestone. The depth of its roof was
1,257.9m and 42m of the stratum was opened. During the pumping test, the
drawdown was 15.53m. The daily flow rate was 985 metric tons with a tem-
perature of 590C. After the test and the shutting down of the pump, the
static water stage was 10.38m. It was used gor heating beginning in the
winter of 1976 with a heating area of 4,400m¢ during the year. It was then
increased to 14,300mZ in 1978, and the result has remained good since then.
In the winter season, as in January, when the outdoor temperature dropged
to around -100C, the room temperature was maintained between 160 to 22°C
with an effluent water temperature of 41°C. To utilize the thermal energy
of the well more efficiently, variable flow rate tests were performed in
January of 1979. Room temperature was between 180 to 220C when the flow
rate was 36 metric tons per hour and was still between 16° to 189C when
the flow was reduced to 9 metric tons per hour. Based upon this fact, it
was recognized that the heating capability of this well could reach more
than 50,000m2. The heating area could be further increased by 1mprov1ng
the p1pe11ne network and further adjustment of building layouts.

Geothermal heating can be justified in comparing economic benefits with
boiler heating.  Table 4 shows that the initial investment for geothermal
heating is RMB 37,000 dollars (Note: US $1-RMB 1.6) more than boilerheat-
ing, but the operat1ng cost is RMB 17,000 dollars less. The heat supply
of boiler heating is considered on 106 kcal/hour basis with a heat area of
20,000m?, and the geothermal heat area is also considered on a 20,000m2
basis. In this case, the extra investment can be recovered in a little
more than two years. This example illustrates that geothermal heating is
economical.

The above analyses show clearly that geothermal heating is completely
feasible on both technical and economic terms. If the pipeline network
system can be further improved, new heat exchange components designed,
heat pumps adopted, effluent water temperature lowered, and the utiliza-
tion rate of thermal water increased, then the heating area per well can
increase significantly.

To turn geothermal energy into a reliable source of thermal energy,
the requirements on geothermal geological work from the v1ewp01nt of utili-
zations are:

1) To satisfy the needs of the capital city on geothermal heating,
various characteristics of the heat storage strata of the geothermal
core region should be further clarified. These include the governing
laws on the variation of the strata in both vertical and horizontal
directions, heat storage conditions, and the distribution and depths of
thermal water in different strata. Geothermal resources should also be
evaluated.
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TABLE 4 - COMPARISON OF INVESTMENTS BETWEEN GEOTHERMAL HEATING AND BOILER

HEATING ) .
Initial Investment (RMB 103) Operating Cost (RMB 103)
Civil Well

Heating |Construc- | Construc- |Heating Sub- Elec- [Sub-
Method |tion tion Elements|{Material| Total|Coal|Labor|tricity|Total
Geo- : ’
thermal| 0.14 4.43 4.6 2.72 |11.89] - 0.05( 0.27 | 0.32
Boiler 1.2 - 3.3 3:67 8.1711.2] 0.09| 0.72 | 2.01

Note: US $1 = RMB 1.6

2) To expand the region of the thermal water use, the storage, move-
ment, and possibility of utilization of the thermal water on both west
and east regions next to the geothermal core region should be under-
stood.

3) To provide a basis for long-term geothermal uti]%zation, the pos-
sibility of geothermal water reserves under the northwestern urban
region and its value should be studied. -
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I1. PRELIMINARY PLAN FOR DEVELOPMENT AND UTILIZATION OF GEOTHERMAL ENERGY

The geothermal resources of Beijing should be well managed and protected,
to make them a reliable and stable energy source. To achieve this, one
should use the geothermal geological work of the previous years as the foun-
dation, dealing directly with the previous unresolved problems, and should
integrate the three requirements by the Municipal Building Plan on geothermal
geological work. In addition, the following work should also be carried out
well. . .

1. The Development and Utilization of Geothermal Energy in Southeastern

Urban Beijing

A. A Basic Guideline on Development and Ut111zat1on of Geothermal
Energy :

To maximize the use of the limited local geothermal resources in the
capitol city's construction, a balanced emphasis must be on drilling both
shallow and deep, production and exploration wells. In addition, the tech-
nique of ground water recharge must be investigated as a way to guarantee
future production. A balanced' emphasis should also be made on production
and recharge. We should carry out exploration and recharge while produc-
ing, and use the benefit brought by production to promote exploration.

Only in this fashion, can existing geothermal resources be a reliable and
long-lasting heat energy supply.

B. Plan for Development and Utilization of Geothermal Energy

The geothermal resources of this region should first be utilized for
urban building heating purposes, with consideration of industrial, agri-
‘cultural, and therapeutic bathing purposes in a comprehensive development.
This will be the underlying principle in defining the production well
field and the stage implementation scheme.

1) Defining the Geothermal Production Well Field

_ The number of production wells should be determined by the heat sup-
ply per well and the heat requirement of the building area. As men-
tioned above, the thermal water temperature of the Beijing geothermal
core region is usually around 500C, and the daily flow rate per well

is 1,000 metric tons. Because of the increase in both the depth of
exploration and the well diameter, it is estimated that the water tem-
perature can be raised up to around 60°9C and the daily flow rate up to
1,500 metric tons. Based upon the state of the art on heating equip-
ment and technology, it is possible to utilize 300 to 4009C of heat from
the thermal water. Under this assumption, the.heat supply per well and
the required number of wells can be determined. The related parameters
are tabulated in Table 5.

-Determination of the Building's Heating Standard Coal supplies
over a heating season are specified at 22 kg/m? of building area.
Coal's heating value is 101,200 kcal, based upon a unit heatxng val-
ue of 4,600 kcal/kg. The heating season is 120 days long, giving an
average building heating requirement of 35 kcal per mZ per hour.

-Determination of the Heat Supply and the Heating Area per Well.
Based upon a flow rate of 1,500 mt/day per well (62.5 mt/hr), with a
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TABLE 5 - SUMMARY OF NUMBER OF WELLS FOR GEOTHERMAL HEATING PLAN

Thermal Heat Heating

Water Output Building Area  Building Number
Flow Rate Temperature  Per Heating Per &Rebuild-  of Wells
Per Well oC Well Standard* Well ing Area Required
At , *
Well- Uti- ’
mt/day mt/hr Head 1lized 100kcal kcalmhr  103m2 106m?
1500 62.5 60 40 2.5 35 70 3.18 45
1] 1] 1] n (1} 50 50‘ n 63
. " " 30 1.875 35 54 " 58
" " " ll' 111 50 38 1" 83

*The heating standard is derived by the specified 22kg of coal

at a heating value of 4,600 kcal/kg.

thermal water temperature of 60°C and with 4008 of which can be
utilized, the heat output per well is 2.5 x 10°kcal. Using this
hgat output and the building heating standard of 35'kca} (Note: Per
mé per hour), the heating area per well is thus 70,000m¢.

-Determination of the Number of Production Geothermal Welils.
Since the heating area per well is 70,000mZ and the total building
and rebuilding area to be heated by geothermal energy is 3,180,000m2,
then a total of 45 thermal water wells are needed. If the building
heating standard is raised from 35 to 50 kcal, then the heating area
per well will drop to 50,000m?, and a total of 63 wells will be re-
quired.

We shall further consider the case for either heating standard,
the flow rate remains at 62.5 mt/hr per well and the water tempera-
ture remains at 600C, but the heat energy that can be extracted is
reduced from 40° to 30°C with the increase of the heating standard
from 35 kcal to 50 kcal. The possible heat supply is calculated to
be 1,875,000 kcal/hr per well. Considering that the total planned

building area is 3,180,000m2, then a total of 58 wells are required.
If the building heating standard is at 35 kcal, then the heating area
can reach 54,000m2 per well. 1If the standgrd is raised to 50 kcal,
then the heating area will drop to 38,000m¢ corresponding to 83 wells
for the planned buildings.

These conditions illustrate that the number of required wells
varies between 45 to 83, depending upon the portion of thermal water
temperature utilized and the building heating standards.- In accord-
ance with the principle of gradual and orderly expansion of wells,

a total of 65 production wells are tentatively scheduled.

2) Distribution and Construction of Geothermal Wells for Heating

The distribution of geothermal wells should be integrated.organically



26

with the building's heating needs and natural conditions. In attached

Chart 4, geothermal energy exists in all building zones except near

Dongzhimen and Zuojiazhuang where the geothermal condition is still not

clear. Hence, the geothermal energy distribution basically matches the
" three building zones at Tuanjiehu, Jingsong, and Puhuangyu.

The planned depths of geothermal production wells are classified by
geological conditions into three categories: 1,500m, 1,500-to-1,800m,
and 1,800-to-2,000m. The southern Tuanjiehu zone is close to the con-
vex structure of.bedrock near .the Chongwenmen rift, and has a tempera-
ture gradient of more than 50C (Note: Per 100m). Drilling down to
1,500m will get a higher water temperature; however, both Jingsong and
Puhuangyu zones are further from the Chongwenmen rift, so the geother-
mal temperature gradient is low. Hence, drilling to deeper than 1,500m
will be required to obtain a higher water temperature. The Zuojia-
zhuang building zone outside Dongzhimen is close to the center of the
graben. This means that the depth of the heat storage layer is great,
so that the drilling depth should also be increased. Based upon these
depths, for total of 65 geothermal production wells, the drilling foot-
age will be 113,500m. Among those wells, 25 are 1,500m deep, 25 are
1 500 to 1,800m deep, and 15 are 2,000m deep.

In construction, the Tuanjiehu zone will have first priority, but
both Jingsong and Puhuangyu building zones will also be covered. It is
planned that the construction of these geothermal production wells will
be started in 1980 and will be completed in three years, ending in 1982.
An average of 21 wells should be completed each year. The actual prog-
ress depends upon the availability of boring equipment and piping.

C. App]icafion of Recharge Techniques

Geothermal energy is extracted through the ground water medium and it
cannot be utilized if there is a deficiency in water. As mentioned above,
the geothermal water stage of this region has been dropping gradually .
over the years following the increase of the withdrawal rate. If this’
trend continues, the stage may drop so low as to be beyond the capability
of the pumps. According to some foreign experience, the application of
recharge techniques can ensure the continuous production of geothermal re-
sources. For example, in the Huitang geothermal field in Hunan, artifi-
cial recharge tests were carried out in a geothermal well from September 6
to October 21 in 1973. The thermal water maintained a temperature of 850
to 89°C with no reduction observed while the well was recharged with 230C
river water for 47 days at an average recharge rate of 1,850 metric tons
per day. This nearly doubled the productive reserve of the thermal water,
and a geothermal power station has been built there. In France, the de-
sign of one production well with one recharge well in geothermal utiliza-
tion was able to maintain the thermal water temperature for 30 years.
Based upon these experiences and the geothermal condition in Beijing, it
is planned to adopt the recharge technique.

1) Conceptual Number and Location of Recharge Wells

The ratio between recharge and production wells can be 1:1, 1:2, or
2:3... Since parameters such as the rational spacing between wells,
recharge rate and recharging methods and effects are still understudy,
it is impossible to provide the economical and rational number of re-
charge wells at this time. If it is tentatively assumed that forevery
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three production wells there will be two recharge wells, then a total
of 43 recharge wells will be required. As far as the locations of the
recharge wells are concerned, in addition to maintaining proper dis-
tance from the production wells, they should be at regions with inter-
nal hydraulic connections and rather concentrated withdrawals. Accord-
ing to this concept, groups of recharge wells should be placed at Hujia-
lou, Tiantan, and Shuangjing. Each group consists of 5 to 8 recharge
wells. In addition, there will be individual recharge wells for local
pressure boosting in the Chongwenmen and Beijing Cotton Textile Factory .
regions. The .planned depths of the recharge wells are greater than
those of the production wells by 50 to 100m to increase the flow path
of the recharge water and its depth, thus obtaining more thermal energy.
Computing based upon an average well depth of 1,800m, the total drill-
ing footage for the 43 recharge wells is 77,400m. It is planned to
have two drilling rigs working in 1980. Starting from the three groups
of recharge wells mentioned above, three recharge stations will be
established. ‘Recharge wells will then be increased and constructed in
stages in order to gain experience while expanding.

2) Method of Recharge

The recharge will be done centrally, with each recharge station as
a unit. Recharge water will be transmitted through a pipeline network
to the three recharge stations at Hujialou, Tiantan, and Shuangjing,
and then recharged by natural head or by applying pressure. Recharge
water is mainly coming from the tailings of the geothermal water after
heating use. The consumption will .be made up by shallow stratum water.

Recharge can be carried out at any time of the year, but will be cen-
tered in two periods, namely "withdrawal in winter, .recharge in winter"
and "withdrawal in winter, recharge in summer." In the winter heating
season, the consumption of heat and thermal water is great, thus re-
charge in winter should be of the first priority to ensure meeting nor-
mal heating requirement. During non-heating seasons, it is proposed
that cold water or cold water which has warmed .up in heating ponds
under the sun in the summer season, be recharged so that thermal water
of a certain temperature is stored in an aquifer for use in winter.

D. Preliminary Prevention of Thermal Water Corrosion

The geothermal water of this region is commonly corrosive to metals
and pumps. Because of the hydrogen in the hydrogen sulfide there will be
seepages into the metal of the pump shaft, and the surface of the shaft
will always blister and form 0.2 to 0.2mm pits and freckles. The thread
of the pump shaft support is occasionally completely corroded, sometimes
causing the shaft itself to break. The cause is none other than water
chemical corrosion (or electric corrosion) or biological corrosion. One
problem is that the present water-lifting equipment and various carbon
steel materials are suitable only in cold water. In addition, the off-
and-on nature of the pump operation will also cause mechanical fatigue
and increase corrosion. To prevent thermal water corrosion, increase the
life of water-1ifting equipment, and obtain cheap thermal energy, the fol-
lowing measures should be taken before the large-scale development of geo-
thermal energy. .

1) To satisfy the need of geothermal energy development and utili-
zation, water-1ifting equipment and materials suitable to the thermal
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water of this region should be developed and produced as soon as pos-
sible. To meet the immediate needs, the sections of mechanical parts
for most easily corroded (i.e., at the stage fluctuation zone) can be
chrome-plated or replaced by a chrome nickel material so as to be more
corrosion-resistant.

2) Corrosioanrevention by Coating

Epoxy resin can be applied to the easily corroded part. This high-
polymer substanceé is odorless,’ tasteless, alkaline-resistant, insoluble
in water, and heat-resistant (melting point 1450 to 1559C). Its adhe-
sion to metal is strong. Coating the pump shaft with epoxy resin will
protect the pump shaft from water and thus strengthen the corrosion
resistance of the pump shaft. In addition, plastic or silicon sprays
are also effective corrosion-resistant materials.

3) Sterilization and Elimination of Bacteria

There are iron bacteria and sulfate salt-reduction bacteria (Sr bac-
teria). Strontium bacteria can reduce the sulfate salt in the water to
sulfides or can oxidize the hydrogen sulfide into sulfuric acid, thus
accelerating corrosion. To eliminate the bacteria and neutralize the
hydrogen sulfide in the thermal wate,r a proper amount of liquid chlor-
ine, hypochlorides and other exidizers should be added in the recharge
water to minimize the corrosiveness of the thermal water.

4) Based upon electro-chemical principles, the method of sacrific-
ing the anode for protecting the cathode has already been applied in
corrosion-prevention of oil pipelines. The method should be tested to
find out its applicability to thermal water corrosion problems.

2. Reconnaissance Survey énd Exploration of Geothermal Resources in the
Deep Part and Outlying Areas of the Geothermal Core Region

To locate new geothermal resources and to expand the scale of geothermal
development and utilization, reconnaissance survey and exploration work on
geothermal resources must be extended to the deep part of the geothermal core
region and outlying areas. Geological structure and heat storage conditions
should be explored and determined for planning purposes.

A. Deep Geothermal Exploration of the Geothermal Core Region

Three geothermal boreholes will be used to determine the thickness of
the Sinian subgroup dolomitic limestone aquifer in the southeastern urban
region, i.e., the geothermal core region. These boreholes will also be
used to understand the development of deep karst crevasses and to under-
stand deep high temperature geothermal conditions. They are located near
Hujialou, the Beijing Railroad Station, and the Longtanhu area, where the
geothermal temperature gradients exceed 50C, shown as C , and C
attached Chart 5. The planned borehole depth is 2,500m w1t a total drill-
ing footage of 7,500m. Large drilling rigs are to be used. The construc-
tion work will start in 1980 and will be completed in 1981.

B. Geothermal Reconnaissance Survey and Exploration of the Outlying
Areas
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1) Extent of the Survey and Exploration

The survey and exploration will include both the east and west
sides next to the core region from Jiuxianqiao to Dingfuzhuang and
Yongdingmen to the Nanyuan area. It will also include the northwest-
ern urban region and both the east and west sides next to the region.
The total area is about 250km¢. The objectives are to verify and
investigate in detail, the geological characteristics of the Beijing
graben and its relation to geothermal energy, to locate a new -geother-
mal region and its possible utilization. This will serve as a basis
for expanding long-term geothermal development and utilization,

2) Geophy%ica] Exploration

Because of the relatively high degree of geophysical exploration
and study. of this region, it is unnecessary to duplicate the work.
The physical exploration will emphasize the application of comprehen-
sive physical exploration techniques in verifying the distribution laws
of underground geological structure and heat storage of the Beijing
graben. Hence, it is proposed that physical exploration should be car-
ried out along four transects by using a non-blasting seismic source
with a digital seismograph and magnetic, gravitational, and infrared
survey techniques. The exploration will be from Babaoshan to Fengtai,
Zizhuyuan to Nanyuan, Zijiahuozi to Dajiaoting, and Jiuxiangiao to
Dingfuzhuang; these being designated respectively as CI, CII, CIII, and
CIV, with a total length of 64km. This plan calls for 1n1tiating work
on the transects CII and CIIT first in 1980, with work on the other two
transects later; and the verified work will be completed inm 1981.

3) Geological Boring

With the physical exploration verification as the basis, geo]ogica]
structure will then be studied further in detail; the governing laws
of the thermal water storage and its dlstr1but1on will be defined. - A
total of eight geothermal reconnaissance survey boreholes will be sunk
designated .as Cy to C The planned borehole depths vary from 1,500
to 2,500m. Three of %%ose holes will be 1,500m deep, two will be
1,800m, one will be 2 ,000m, and two will be 2,500m deep, with a total
footage of 15,100m. The plan calls for the boring to start in 1982 and
to be completed in 1983.

In all the regions above, a total of 119 wells, including reconnais-
sance survey holes, boreholes, etc., are proposed. The total footage
will be 213,500m and six to eight drilling rigs will be required. The
work will begin in 1980 and will be finished in 1983. Table 6 is a
summary of all the different kinds of well and borehole work.

3. Research Topics on Geothermal Energy

Our present geothermal exploration techno]ogy and equipment are outdated,
our methods are limited, the productivity is low, and the construction period
is extended. All these are incompatible with the requirements posed by the
large-scale development and utilization of geothermal resources, and incom-
patible with serving the needs of the capital city's four modernizations. To
change the present situation, it is urgent to introduce the necessary advanced
technology and equipment, and to quickly determine all the information related
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TABLE 6 - SUMMARY OF THE WORK FOR GEOTHERMAL HEATING DRILLING, SURVEY, AND

EXPLORATION
Number Dri11ing Number of Planned

Work of Footage Drilling Rigs | "Construction
Region |[Classification | Wells 103m Planned : Date

Production Well | ~ 65 11.35 | . 3. | 1980 to 1982
rosion |Recharge Wet | 43 | .77.4 2 |start in 1980

Borehole 3 7.5 - 1 1980 to 1981
Outlying |
Area Survey Borehole 8 15.1 2 1980 to 1983
Subtotal . 119 213.5 6-8- 1980 to 1983

*Establish three recharge stat1ons f1rst With this experience, then
go into full swing.

to the geothermal resources by various methods. In addition to accomp]1sh-
ing the exploration work previously discussed, the following research work’
should be carried out.

A. On Basic Theory

1) Research on the Evaluation Methodology 'on Geothermal Resources

A basic understanding has been achieved on geothermal resources’
formation, replenishment, and heat storage boundary conditions. Based
upon this knowledge, we should search step-by-step for an evaluation
methodology for geothermal resources that fits the practical condition
of this reg1on The approach is by trying and repeatedly testing and
comparing various techniques such as the natural flow rate method, heat
storage method, or analogy comparison method In addition, a correct
evaluation shou]d be made on this region's geothermal resources.

2) Theoretical Research on the Utilization of Geothermal Heating

By selecting pertinent parameters of Tow- and medium-temperature geo-
thermal heating systems, and research and testing for defining the eco-
nomic and technological standards, an economical and a rational system
model for geothermal heating should eventually be established.

B..On Application

1) Research on the Prevention of Geothermal Corrosion

Although much research has been performed over the past years on geo-
thermal corrosion, ‘there is still a lack of quantitative information on
corrosion mechanisms and its main causes. Corrosion prevention measures
are still not very effective. This plan calls for a continuation of
past efforts, utilizing previously obtained results, and expanding, as
well as deepening, the corrosion prevention research on a mass basis.

The research should find the main causes of corrosion and propose feasible
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corrosion prevention measures. The electro-chemical- corrosion prevention
methods that sacrifice the anode to protect the cathode should be fur-
ther tested. Better results should bé obtained before the end of 1980.

2) Research on the Impact of Geothermal Energy on the Environmental
Pollution and Human Health

The thermal water contains radioactive elements, such as radon, radi-
um, uranium, etc. Although the amounts are small, the radioactive sub-
stances tend to concentrate because of frequent use. They either remain
in the pipeline or are discharged over the ground surface. The effect
of its accumulation over the years on human health and the environment
remains unclear. To safeguard human health and reduce environmental
pollution, research work should be emphasized while earnestly developing
and utilizing geothermal energy. By checking for potential dangers and
proposing safety methods, a safe utilization of geothermal resources
will be achieved.

3) Research on the Comprehensive Utilization of Geothermal Energy

The economic and technological feasibility of heat pumps or heat ex-
changers should be tested in the winter heating projects to investigate
increasing the thermal energy levels of both the thermal water and ef-
fluent. The effects of this increase of thermal energy on corrosion
prevention shoudl also be studied. Summer use of geothermal energy for
refrigeration, such as in air conditioning, industrial, agricultural

- and sideline business and applications in people's daily living needs,
should be studied. This will expand the domain of geothermal utiliza-
tion.

C. On Exploration Technology

1) Research on Geothermal Boring Machinery

The emphasis of this research is on the medium depth (1,500m) and
deep well (2,500m) drilling rigs especially made for geothermal explora-
tion. The requirements for the machinery are to be easily movable and
operable, and have a large diameter (greater than 6 or 8 inches), and
high efficiency. In addition, the existing boring equipment should be
rapidly modified as to fully utilize their potential. The emphasis for
modification is on enlarging the diameter, so that a well can be com-
pleted by using a single diameter drill. Improving the well-completion
technology will insure the quality of the completed well.

2) Research on New Techniques and Methodologies
Emphasis is placed on development of well video recording, stereo-
~graphic photography techniques, and equipment to improve the efficiency
and quality of completed wells. '

4. TECHNICAL TRAINING

To meet the needs of the four modernizations, a technical force should be
established in geothermal geology, exploration and design, and technical man-
agement. Training courses on physical exploration, boring, chemical analysis,
heating design and technical management are planned. Such comprehensive
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training should produce a group of management and technical cadres who possess
social consciousness and advanced technology. Various training methods would
be utilized to produce trained personnel as-soon as possible.

A. On Job Training

Under the guidance of responsible personnel, the trainees will study
while remaining on their productive jobs. Priority will still be on the
production of geothermal wells but will integrate study with production.
After three months' practice in production, the trainee should be skillful
in operating advanced equipment. He should also understand general main-
tenance. Within six months, the trainee should thoroughly understand . the
principal technical capability of commonly used equipment. He should also
be able to work independently.

B. Short Training Courses

Those professional engineering and technical cadres presently engaged
in the fields of geothermal geology, physical exploration, heating tech-
nology, design, and management, should be trained in rotation. Special
lecturers will be invited to teach the courses. The training will enrich
the cadres' basic understanding of geothermal theory, enable them to solve
concrete problems in production, and apply new techniques. A1l these will
raise the present technical and management levels.

Each class will last three months. The course will mainly consist of
new techniques on geothermal resource research, application of electronic
techniques in geothermal exploration and technical management, theory of
their comprehensive utilization, determination of technical parameters,
installation of automatic control systems for geothermal heating, and the
advanced evaluation techniques in chemical analyses.

C. Foreign Visits and Study

Geothermal technical study groups, consisting of selected geothermal
professional engineering and technical personnel, will be sent abroad to
study exploration, engineering and utilization of geothermal resources.
After a particular place has been chosen, the group will directly partici-
pate in the local exploration and construction effort and learn advanced
techniques and management experience. The main content will include basic
theory on geothermal energy, new techniques and methods, and experience
on technical and economic management. Each session will last six to nine
months.
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'CHART 1 - EXTENT OF GEOTHERMAL GEOLOGfCAL WORK IN URBAN BEIJING
A Brief Explanation of the Chart

=
o
-+
1)

. Above work was mostly performed by Beijing
Municipal Bureau of Geology and those units
under the Ministry of 0il.

[tem Work Legend Description
In 1972, a gravity exploration
(scale 1:10,000) was §arried out
Gravity over an area of 200km® in urban
Beijing. Reports and related co : .
charts were issued. SITES SHOWN ON CHART
Two electric method explorationd 1- Qinghezhen
S were carried out in urban and 2. Beiyuan
= northwestern suburb regions . .
2 (scale 1:50,000) in 1970 and197g, > Laiguangying
o . Summary reports and charts were| 4. Yuquanshan
'E§ Electric issued. 5. Kunminghu
From 1966 to 1970, Factory No. . s
s Method 646 of the Ministry of 0il per- 6. H?1d1?nzh?n
- formed gravity and electric 7. Jiaoxianqiao
> exploration work (Sca]el:lOQpOé) 8. Huangshi
L . s o .
a in urban Beijing. Reports T
3 charts were issued. 9. Baishiqiao
T 10. Balizhuang
Controllable source seismic L.
Artifi- tests were performed ;n the 11. Beihai
cial exploration of a 70km¢ area in | 12. Babaoshan
Seismic Fengtai region during 1976 and 13. H .
Tests 1977 (scale 1:50,000). Reports| 12- fongmiaocun
and charts were issued. 14. Shuanggiao
_§ Well water temperatures were 15. Gaobeidian
+ surveyed over the urban and 16. Dajiaoting
= neighboring suburban areas of :
= |Tempera- about 600kmZ. A total of 1,000 17. T1anta?
X ture wells were surveyed and Fhe 18. Lugougiao
. results were used to define the| 19  Fengtaizhen
c |Survey geothermal ~anomaly region in .
g southeastern Beijing. It pro- | 20. Laojuntang
v vided the basic informa@ion 21. Dahongmen
(% for geothermal exploration. 22. Changxindian-
S 20 geothermal boreholes were zhen
E . comp]sted over an area of 23. Henjiecun
& |Boring 500km< in southeastern region. | 24, Nanyuanzhen
= Geothermal exploration reports ‘
& and related charts were issued.
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CHART 2 - ANTE-TERTIARY GEOLOGICAL MAP OF URBAN BEIJING

Legend
Mid- i
| Jad| voicanic rock A Reverse fault
Mesozoic Jurassic ) ; ]
ower Jurassic
Ji | sandstone, shale ;;éi Normal fault
and breccia
1 Unclear, speculated
Permian p Sandstone / to be a rift
, Carbon- Shale, sandstone Sj?ﬁ?;g"aphlca]
Palaeo- iferous C and coal
zoic - . Sinian subgroup roof
OC?gian () | Limestone ,ﬂdﬂ depth contours (m)
Cambrian | € | ‘Limestone Divide between the moun-
tainous and plain regions
7 Jingeryu Hole No.
dy siliceous marlite (:). Hole Depth
Qingbai-
kou Xiamaling shale, Depth of the bedrock
Z?X siltstone (:) (1ithological char-
: acter and age)....
Sinian .| Tieling siliceous,
Subgroup Z}t argillaceous ) ) )
dolomitic limestone Qéﬁ) Historical epicenter and
— . date of occurrence
. . .,| Hongshuizhuang ~
Jixian ZJJ; shale
e Note:
. | Wumishan flint~ Showing that there are
gkg belt dolomitic " Cretaceous layer over
. limestone Ja mid-Jurassic volcanic
rock in boreholes in
Yanshan Y' Granite Beijing depression.
1. Beijing north- SITES SHOWN ON CHART 2
western heave :
2. Yamenkou rift 12. Beihai 22. Re 4 32. Re 17 42. Re 1
3. Chegongzhuang rift 13. Dinfuzhuang 23. Re 25 33. Re 13 43. Re 6
4. Lianhuachi rift 14. Babaoshan 24. Mei 2 34. Re 15 44, Re 14
5. Beijing graben 15. Gugong 25. Re 19 35. Re 12 45, Re 20
6. Qianmen rift 16. Lianhuachi 26. Mei 1 36. Re 9 46. Re? 1
7. Chongwenmen rift 17. Tiantan 27. Re 23 37. Re 3 47. Ding-
8. Nanyuan rift 18. Yamenkou . 28. Re 24 38. Re 11 shui 2
9. Daxing horst 19. Fengtaizhen 29. Re 7 39. Re 10 48. Tie 1
10. Jiaoxiangiao 20. Nanyuanzhen 30. Re 16 40. Re 2 49. Gaobei-
11. Zizhuyuan 22 41. Re 8 dian

21. Kunminghu 31. Re



CHART 3 - DISTRIBUTION OF GEOTHERMAL ANOMALY IN SOUTHEASTERN URBAN BEIJING

Legend -

GEOTHERMAL TEMPERATURE GRADIENT

" -50-60C/100m

" 40-50C/100m

—

69C/100m

— Geothermal Anomaly Region

30-40C/100m

—

20-39¢C/100m

20C/100m

WATER TEMPERATURE AND OTHERS

-~

@
@)
[e

o -

N

500C (Max. wellhead temperature)
400-500C (Max. wellhead temperature)
370-40°C (Max. wellhead temperature)

Stage Elevation Contours (m)

Depth Contour of Aquifer Roof (m)
Fault Line (concealed)

Hole Number Stage Elevation (m)
Agu. Roof Depth Unit Flowrate (1/s-m)
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[So B~ I FV N ALl

. Chegongzhuang rift
. Lianhuachi rift
. Qianmen rift

Chongwenmen rift
Shuangjing rift

SITES SHOWN ON CHART 3

6. Nanyuan rift 11. Taoranting
7. Houhai 12. Longtanhu
8. Beihai 13. Zhen 1

9. Gugong 14. Zhonghai
0. Tiantan 15. Nanhai
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CHART 4 - NEARTERM MUNICIPAL BUILDING PLAN FOR SOUTHEASTERN URBAN BEIJING

Explanation of Municipal -Building Plan

New Building Zone

Rebuilding Zone

Building|Number [Heating Building|Number {Heating
Arsa2 of Wells |Area « |Area of Wells |Area
No.| Location |10°m Planned{103m2, [No.| Location |10 m¢  |Planned|103me
1|Zuojia- 520 10 500 | 1|Xingfu- 50 1 50
zhuang " | xiaoqu
2 [Tuanjiehu 300 6 300 || 2|Guangming- 60 1 50
(Ist stage) . xiaoqu :
3 |Tuanjiehu 190 4 200 || 3|Banchang- 30 1 50
(Ist stage) xiaoqu
4 |Anhualou 100 2 100 || 4 |Longtan- 100 2 100
xiaoqu
.5 1Jdinyuchi 100 2 200 |t 5|Tiantan- 60 1 50
dongli
6 {Jinsong 270 8 400 || 6 |Tiantan- 40 1 50
(1st stage) - | gaoceng 3
7 |Jingsong 360 8 400 || 7 |Tiantannan- 50 1 50
(2nd stage) 1idongqu
8 |Puhuang- 170 3 150 [| 8|Tiantan- 60 1 50-
yubei nanli ‘
9 |Liujiayao 220 4 200 || 9 |Puhuangyu 30 1 30
dongqu
10 |Puhuang- 80 2 80 |10 {Puhuangyu- 30 1 30
yunan xiqu
11 |Dahongmen 40 1 40
12 |Dongsibei- 50 1 50
dajie
13 |Donghuamen 50 1 50
14 [Taoranting 100 2 100
Sub-Total | 2,670 54 2,670 Sub-Total 510 11 510
Legend SITES SHOWN ON CHART 4

. l New Building Zone
l—j .

Rebuilding Zone

NOYOTH W —

. Dongzhimen
. Shizipo

Chaoyangmen
Jianguomen
Erdaogou

Jianguomen Waidajie
Chongwenmen



CHART 5 - LAYOUT OF GEOTHERMAL EXPLORATION, DEVELOPMENT, AND UTILIZATION
PROJECTS IN URBAN BEIJING -

Legend
o3 Existing geothermal well _ Physical exploration
%31 “and its number a~la|  profile Tine and
, its number
® Borehole A Recharge station
o Reconnaissance survey — Region of geothermal
borehole + ~ 9| -development and
utilization
ES;Q; Borehole No. —
: Planned Depth (m) > | Concealed normal fault
SITES SHOWN ON CHART 5
1. Yamenkou rift 15. Yongdinghe
2. Chegongzhuang rift 16. Baishigiao
3. Lianhuachi rift 17. Ditan
4. Zianmen rift 18. Balizhuang
5. Chongwenmen rift 19. Diaoyutai
6. Nanyuan rift 20. Beihai
7. Mountainous region 21. Gaobeidian
8. Zinghezhen 22. Shuangqiao
9. Beiyuan ’ 23. Dajiaoting
10. Yuquanshan 24. Roller
11. Kunminghu ~ 25. Lugougiaozhen
12. Haidianzhen 26. Fengtaizhen
13. Jiaoxiangiao 27. Henjiecun

Bazhen 28. Nanyuanzhen

—
)



CHART 6 - GEOTHERMAL BOREHOLE COLUMNAR SECTION CHART
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Part 1: Borehole at Guanghua Dyeing and Textile Plant
BOREHOLE NO.| Beijing Re-7 . Borehole Depth | 824.84m S§i§;§ 3.26m
LOCATION | §uanshua D¥e-|  Ground Elevation | 39.42m “?2;; . 480 ¢
— U’ e
5 E ‘”,_J STRATIGRAPHIC ’ ] Flowrate 925 mtAd
5 5 gv PROFILE AND DESCRIPTION OF
5 § g BOREHOLE STR LITHOLOGICAL CHARACTER Drawdown 13.38m
—
L 00mmE L
> O L1
g QE) / // . /f//
£ Z24 ’/’z Clay, sand and gravel
& Al ey R
= (224 54
: A A
170.60171.60f¢ 7. RS
——— ——{ Mainly of sandy mudstone
£ = - which is mottled, reddish
3 == ——=| brown and semi-cemented.
;”>), ror - Younger tertiary system
- rr is above 402m with older
‘%’ C '— tertiary system below
= — : The latter has many layers
L r rlasmn|T of green or purplish red
= r [(asm basalt and.is 200m thick.
rr r .
r -
rr rr
r
ror rr
r r
rr rr
697.00[525.40] I r
) T
- T II
ke . L Dolomitic 1imestone which
= ff T is brownish grey-white
TE 1 ]]JJ T with flint belt. There
o¥ T T are caverns and karst
> T T phenomena at hole depth
2 1 Il 737-742m. The caverns
£ T HILH are filled with sand.
o B24-84{12784 T T 1T




CHART 6 - GEOTHERMAL BOREHOLE COLUMNAR SECTION CHART

Part 2: Borehole at Renmin Art Press

40

Qingbaikou-

BOREHOLE NO.|Beijing Re-16 Borehole Depth 129.08m sgzgg . 10.38 m
LOCATION [ReAmIn Ground Elevation  43.44m ”?2;; 580
P ) m N R N N 0
5| S |9 |[STRATIGRAPHIC Flowrate 1000 mt/d
5 = %E PROFILE AND - DESCRIPTION OF -
= é;,:; BOREHOLE STR. LITHOLOGICAL CHARACTER Drawdown 12 m
S P C7
> —Z g mm =g
55 ~amyt Alternating layers of
sH oy ?k;{ clay sand, sandy clay,
Eg; Y3t o.:4 sand and gravel.
S [129.00}12000 222 77
= ==l Younger tertiary system
——— ——4 from 129.00-739.00m,
| = - mainly of reddish brown
g - —-—| sandy mudstone with thin
n — = ——-1 Tlayers of sandstone.
b~ - -1 Bottom part consists of
. — ‘o" semi-cemented sand and
. :-o-oo' oo-;-o grave].
P e — | 0Older tertiary system is
o r '~ | from 739.00-859.50m,
= r-r T-T| mainly of basalt with
ror r~ r| sand and gravel at the
CRLA) 224 lower part.
859501 73050] 0 . 00 o0l
1 AL L A
= 1AL .y
3 1 a 1L A
g A L AlA
3 1 a4 1'a4 .
:m: :Li 145 :At Upper part consists of
< grey, purple and brown
. 1 a A L . " . .
E — A apdes1te vo]gan1c.brecc1a.
Middle part is mainly of
S L -4 purplish black andesite.
= 2+ £ 2! Lower part is purplish
-t 2 ++ 4 red breccia.
L &L 1 4
N~ A 4 4 1 44
g a A A D
t; AL D A A A
A AAAAA A AA
s 125790[398-40] 2 & AAAA.A
= b e Siliceous dolomitic Timestone,
5 [120908] 41-18 A o "] fractured and with karst.
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Part 3: Borehole at Zhongshan Park
‘s Static
BOREHOLE NO. {Beijing Re-20 Borehole Depth 2600.5 Stage 7.5 m
LOCATION [5hongshan Ground Elevation Meer | 9.50 ¢
~— w
5| = |§ _|STRATIGRAPHIC ’ Flowrate[1000 mt/d .
2| S |5 E|PROFILE AND DESCRIPTION OF
&5 § '_1:": BOREHOLE STR. LITHOLOGICAL CHARACTER Drawdown| 55 m
> ZZ dounlise=4 Clay sand, powdery fine
5 [78.00 |18.00fF 58280 5 55] __sand, gravel. -
[ = — - e — -
m —y — —  —
T = ——=| Younger tertiary system is
""" 1033m thick. Both upper
=~ — p—— and lower parts are mainly
- - - — reddish grey, greyish
il —-—1 white and greyish green
E s 2221 sandstones. Middle part -
+ e = is mainly red mudstone.
> == = Older tertiary system is
> P— p— 456m thick. Upper and
5 pae ~ 1 middle parts consist of
e r e three basalt layers with
o s a green mudstone and shale.
= - r rr Lower part is mainly brown
L L mudstone and shale with
156700]1468.00F= =| sandstone.
] : :
Upper part is mainly pur-
e plish brown, greyish brown
g shale. Middle part is
0 e D mainly brownish grey sand-
o Sp—— - stone with sandy mudstone
@ and shale layers. There
S e — are gypsum and plant fos-
St | == sils. Lower part is
B . mainly purplish grey and
5 ° 22 °H  mottled breccia with sandy
shale. There is gypsum.
°°°° Doooo
2181.50 614505 o o ° 0 0
— — Upper part is a deposit of
Qe e 2 o D volcanic fragments, mainly
v O D s 5] of purple sandstone and
o g - -+ -} breccia. Middle part is a
291 v ¥ v, set of 