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ABSTRACT

Warm water (40 to is produced from two deep
dolomite aquifers depth) beneath the city 
of Beijing; the aquifers occur near the top of the
Sinian basement which forms a 3.5 deep and about 50

wide depression (Beijing Graben). The aquifers
have been explored by 45 deep wells covering an area
of about LOO one aquifer is probably coherent 
throughout the whole prospect. The transmissivity of
the aquifers is high (about 150 to 300 darcymeters).

About 4 x of water is presently abstracted per
year. Since no re-injection takes place, there is a 
continuous pressure drop in the aquifers (total drop 
up to 2 to 3 bars over the last 10 The warm
water is being used in a few industrial and heating
pilot schemes. 

Analysis of simple reservoir models has shown that the 
energy potential of the resource is limited (about 2.5
to 10 for a 25 yr period) but pressure
drops can be stablised by reinjection; natural re-
charge is also limited.

If geothermal fluids are to be used in future heating
schemes, the annual heat load curve and economic
considerations indicate that boosting by existing
boilers has to be considered. Overall heating costs 
are comparable with present-day heating costs using
coal. The reservoir could also be used for injection
of waste heat during the summer, thus increasing its 
production potential for space heating in the winter.

INTRODUCTION

Slightly anomalous temperatures were detected as early
as 1970 at the bottom of shallow groundwater
wells in the SE sector of the City of Beijing (Yang
Qilong, 1982). Deeper exploratory wells encountered 
aquifers with temperatures between 40 and near
the top of the Sinian (dolomite) basement at depths of
500 to Drilling was shifted to the central and
NE part of the city where the Sinian basement was 
encountered at greater depths, although the bottom
temperature did not increase significantly below about 

depth (average temperature about Until
1983, a total of 45 deep exploratory wells had been
drilled by the Beijing Bureau of Geology; the well 
sites cover an area of about 100

Abstraction of warm water started in 1973 and the 
total production has increased ever since,
reaching about x in 1983. The water being
used in a few heating and industrial schemes. As a

result of this production, the piezometric level has
continuously decreased in wells pointing to a
total p r e s s u r e drop of about 2 to 3 bars in the main
aquifer over period of 10 y r s throughout the whole
prospect. from

pilot schemes encouraged further development of the
resource, there were uncertainties as to the
structure of the reservoir, its potential, and the
feasibility of ‘large scale developments.

In 1980 offered assistance to the project.
review was held in 1983 to find out whether the accum-
ulated data were sufficient for aa overall assessment 
of. the prospect. The findings of the review have been
compiled (Hochstein, 1983) and are presented here in a
condensed form because exploration and assessment of
large prospects have not often been
discussed in the literature.
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Fig 1: Schematic section of Beijing Graben showing
simplified geological structure and inferred
circulation of fluids in Sinian basement.

Geological and hydrological setting of
geothermal prospect

The prospect lies in the SE part of the Beijing
Graben. A schematic geological section of the graben

shown in Fig 1. Sinian dolomites outcrop in the
part of the section where natural warm springs occured
until recently at Xiaotangshan. The S i n i a n basement
does not come to the surface SE of Beijing where it is
concealed by a rather Precambrian sequence
which outcrops in the Daxing Horst structure (see Fig
1). The Sinian basement descends into a of large
basins further to the south. The Beijing Graben is

by an up to 3.5 km thick sequence of
impermeable Tertiary rocks, underlain by Cretaceous
sediments and Jurassic volcanics (see Fig 1). The
Tertiary sequence effectively seals all deeper
formations; wells which bottomed in the Tertiary
remained dry even after long standing time, no
vertical infiltration occurs within the graben. The
only structures a r e the thin

at the surface and the deep

the top of the dolomites.

. ._.
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From s t a b l e temperature measurements i deer, d
h o l e s and from thermal c o n d u c t i v i t y measurements
o b t a i n e d from c o r e s ,  t h e  h e a t  f l u x a t t h e  c o n t a c t  of
t h e  S i n i a n  basement can be es t imated . Here a
c a n t change i n t h e temperature g r a d i e n t o c c u r s caused
by t h e change o f  t h e thermal c o n d u c t i v i t y of t h e
S i n i a n l imes tones (mean about t o t h a t of t h e
younger Cre taceous and T e r t i a r y sediments (mean about
2 These d a t a  i n d i c a t e  t h a t t h e a c t u a l h e a t
f l o w o v e r b o t h f l a n k s of t h e B e i j i n g Graben is s i g n i f l -
c a n t l y h i g h e r than t h e  r e g i o n a l  mean h e a t
f l u x 0.5 observed o v e r North China
b a s i n s ; t h e h e a t f l o v t h e c e n t r e of t h e B e i j i n g
Graben, however, appears t o be lower than t h e r e g i o n a l
mean h e a t f l o w (see Fig 2). T h i s d i s t r i b u t i o n o f hea t-
f l o w  c a n  be expla ined by a model where h e a t i n t h e
c e n t r a l  p a r t  o f  t h e graben is t r a n s f e r r e d by convec-
t i o n a t h i n l a y e r a s s o c i a t e d  w i t h  t h e a q u i f e r s near
t h e  t o p  o f  t h e S i n i a n basement and where thermal
f l u i d s move s lowly upwards a long a n  i n c l i n e d p a t h from
t h e f l o o r o f  t h e graben t o t h e h i g h e r  s t a n d i n g  f l a n k s .  
I n t h i s case, t h e d e f i c i e n c y h e a t over t h e graben
s h o u l d  b a l a n c e  t h e excess h e a t o v e r t h e f l a n k s ; F i g 2
i n d i c a t e s t h a t such balance has  p robably  occurred.
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F i g 2: I n f e r r e d hea t f low on t o p o f  S i n i a n  basement
a c r o s s t h e B e i j i n g Graben ( s e c t i o n is t h e
same as t h a t i n F i g

S i n c e n a t u r a l d i s c h a r g e by w a r m s p r i n g s o v e r t h e
f l a n k s is almost n i l , c o n s e r v a t i o n of mass r e q u i r e s a
small c o u n t e r f low as i n d i c a t e d i n F i g The read-
j u s t m e n t o f t h e tempera tures v i t h i n t h e graben was
dominant ly by conduction, t h e tempera tures i n t h e
d e e p e s t p a r t o f t h e graben decreased c o n t i n o u s l y u n t i l
t h e p r e s e n t e q u i l i b r i u m was e s t a b l i s h e d , whereas temp-
e r a t u r e s o v e r t h e f l a n k s Increased somewhat as a
r e s u l t of t h e s h e e t f low conf ined t o t h e a q u i f e r s n e a r
t h e t o p o f t h e S i n i a n basement. Using a s i m p l e d i f -
f u s i o n model (Hochstein, e t al . , 1983) i t was
a t e d t h a t t h i s p r o c e s s took a t least 0.5 x y r t o
produce t h e present- day temperature f i e l d . I f one u s e s
t h i s model, one can a l s o p r e d i c t t h e average temper-
a t u r e s a t t h e t o p of t h e S i n i a n basement benea th
B e i j i n g (see F i g 3) , which shows t h a t tempera tures do
n o t i n c r e a s e s i g n i f i c a n t l y where t h e c o n t a c t l ies a t
d e p t h s g r e a t e r than about
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Fig 3 : Mean and tempera ture  near  t o p of

basement B r i j i n g p r o s p e c t

a rea o n l y ) .
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Addi t iona l  in format ion  about t h e o v e r a l l hydro log ica l
s t r u c t u r e of t h e B e i j i n g prospec t is provided by
chemistry and i s o t o p e  d a t a .  Published and
measurements i n d i c a t e  t h a t  t h e  f l u i d s  i n t h e  S i n i a n  
basement o r i g i n a t e from meteor ic waters which i n f i l -
t r a t e d t h e basement ou tc ropping i n t h e mountain

l y i n g more than 60 t o t h e from the
edge of t h e B e i j i n g Graben shown i n F i g 1 (Zheng e t
al . , The i s o t o p e d a t a a l l o w t h e i n t e r p r e t a t i o n
t h a t deep waters beneath t h e B e i j i n g Graben move
s lowly f u r t h e r t o t h e SE i n t o t h e T i a n j i n g Basin.
T h i s s e c u l a r movement o c c u r s a t great
depths , below t h e l e v e l of t h e S i n i a n  a q u i f e r s .  
I f n a t u r a l recharge l i m i t e d t o deep s e c u l a r flow,
one could e x p e c t t h a t t h e conten t of t h e
waters i n t h e a q u i f e r s should be n i l . Some
t r i t i u m , however, has been found i n t h e s e waters
(average 2.5 t r i t i u m u n i t s ) and f u r t h e r  s t u d i e s  are
r e q u i r e d to check whether t h e s e waters have been 
contaminated by d r i l l i n g f l u i d s . Geochemical d a t a
indicate t h a t  t h e  a q u i f e r f l u i d s encountered in wells
s t a n d i n g  o v e r  t h e ,SE and f l a n k of t h e B e i j i n g
Graben are similar i n composit ion, a l though t h e waters
beneath t h e flank are more a f f e c t e d by mixing w i t h
some groundwater.

Simple reservoir models of t h e B e i j i n g prospec t

Borehole l o g g i n g d a t a and s t a n d a r d pumping tests have
shown t h a t t h e r e are two a q u i f e r s i n t h e S i n i a n base-
ment beneath t h e SE p a r t o f t h e C i t y , namely a n upper
a q u i f e r t h i c k ) in t h e Croup ( T i aqui-

f e r ) and a l o v e r , main a q u i f e r (70 t h i c k ) i n t h e
Group (Wu a q u i f e r ) . Both a q u i f e r s are separ-

a t e d by a t h i c k sequence of s h a l e s . The
a q u i f e r appears t o extend throughout  the whole pros-
pect . The S i n i a n basement benea th B e i j i n g is down
f a u l t e d by a few major NE-trending normal f a u l t s wi th
throws between 150 t o ( s e e F i g 1). Each a q u i f e r
can be c l e a r l y recognlsed in t empera ture l o g s , run
immediately a f t e r complet ion and which show a s m a l l
temperature i n v e r s i o n i n t h e a q u i f e r s  r e f l e c t i n g  pene-
t r a t i o n of c o l d e r d r i l l i n g f l u i d s . Pumping tests
u s i n g nearby o b s e r v a t i o n v e l l s and t h e Theis method
have shown t h a t t h e average t r a n s m i s s i v i t y of t h e T i
a q u i f e r of t h e o r d e r of 150 darcymeter , t h a t of t h e
Wu a q u i f e r about 300 darcymeter .

I n t e r f e r e n c e tests i n d i c a t e t h a t t h e  a q u i f e r s  e x h i b i t
block s t r u c t u r e v h i c h is probably c o n t r o l l e d by a few
major NE t r e n d i n g f a u l t s and t h e Daxing u p l i f t i n t h e
SE. The approximate e x t e n t  o f  basement b locks w i t h
coheren t a q u i f e r s is s t i l l n o t but one block

10 km i n NE d i r e c t i o n .

To unders tand t h e phenomenon of p r e s s u r e drop, even
w i t h low produc t ion , ve used a model which c o n s i s t s of
a single, e q u i v a l e n t a q u i f e r w i t h a t r a n s m i s s i v i t y of
600 darcymeter p o r o s i t y : 0.03; av. d e n s i t y :

av. thermal av.
thermal c a p a c i t y : 1 which was bounded above
and below by strata; no r e i n j e c t i o n was
cons idered . The a q u i f e r i n t h e model ex tends from t h e
Daxing U p l i f t i n t h e SE t o a major f a u l t

F a u l t ) i n t h e The. model was

def ined as a dimens iona l s t r u c t u r e by p l a c i n g
f i c t l t i o u s pumping wells t o e i t h e r s i d e a t 2 km i n t e r-
v a l s w i t h a t o t a l d i s c h a r g e which was equa l t o t h e
annua l  p roduc t ion  as in 1983. Temperatures and press-
u r e s i n t h e c e n t r a l , km wide s t r i p were computed f o r

wide blocks; one produc t ion w e l l (22 was
placed i n t h e  c e n t r e  of t h e s t r i p . A f i n i t e d i f f e r -
ence  technique  e t 1979) w a s used t o
compute t h e o r e t i c a l tempera tures and pressures a s a
f u n c t i o n of t i m e . I n i t i a l l y i t w a s assumed t h a t  t h e  
permeable layer was i n f i n i t e  t o  t h e SE. The model
c a l c u l a t i o n s showed t h a t i n t h i s a pressure drop
of only 0.2 bar  occurs  throughout a q u i f e r which
s t a b i l i s e d q u i c k l y . S ince t h e observed p r e s s u r e drop
is one o r d e r of g r e a t e r , model w a s t h e n

Led by reducing t h e of the a q u i f e r
Daxing T h e o r e t i c a l p r e s s u r e

d r o p s t o those observed when



t h e permeabi l i ty the blocks beneath the Daxing
U p l i f t w a s reduced t o about 20 mil l idarcy
Natura l recharge is the r e fo r e  l im i t ed  and i t vas
concluded t h a t any s i g n if i c a n t production of f l u i d s
from t h e Be i j i ng a q u i f e r s r equ i r e s r e i n j e c t i o n t o
s t a b i l i s e pressure drops i n t h e aqui fer .

The model was then modified by l i m i t i n g the recharge
both from t h e SE and the and by cons ider ing  only  
t h e a q u i f e r which appears to be coherent throughout
t h e prospec t- Rein jec t ion w a s achieved by p l ac ing
r e i n j e c t i o n w e l l s 1 km from production wells.
Product ion and r e i n j e c t i o n wells were spaced l a t e r a l l y
1 a p a r t . flow i n a th i ck l a y e r below
t h e Wu a q u i f e r was a l s o cons idered where some minor
permeabi l i ty e x i s t s was assumed) as
ind i ca t ed by temperature . Pumping rates equal led
r e i n j e c t i o n rates (22 f o r each w e l l ) . The
o r i g i n a l temperature a t production w e l l and rein-
j e c t i o n wells were 58 and respec t ive ly . The
tempera ture of t h e r e in j ec t ed f l u i d s was taken as
30°C. The computed temperature and pressure changes
f o r product ion and r e i n j e c t i o n wells, aga in  us ing  
b locks , are l i s t e d i n Table which shows t h a t t h e r e

no p re s su re nea t t h e production w e l l and t h a t
t h e f l u i d temperatures slowly decrease du r ing
product ion t i m e as t h e r e i n j e c t e d f l u i d s move towards
t h e product ion w e l l . The drop i n temperature a f t e r
y r s production, however, is still small The
e f f e c t of a f a u l t d i sp l ac ing  t he  Vu-aquifer between
product ion and r e i n j e c t i o n w e l l was also analysed.
The throw was assumed t o be g r e a t e r than t h e th i cknes s
of t h e Wu a q u i f e r , bu t less than so t h a t some
f l u i d movement could s t i l l occur ac ro s s  t he  f a u l t i n
t h e less permeable l a y e r beneath t h e aqui fer . Resu l t s
l i s t e d i n Table 1 i n d i c a t e t h a t some pressure  drop  
(about 2 ba r ) w i l l be no t i c eab l e i n the product ion
w e l l ; t h e long term temperature changes a f f e c t i n g t h e
w e l l are similar t o those computed by t h e model w i th a
coherent a q u i f e r s t r u c t u r e between production and
r e i n j e c t i o n w e l l , except t h a t long term temperature
changes are somewhat smaller.

These models have shown t h a t under moderate 
t i o n , long term e x p l o i t a t i o n of hot water from deep

beneath t h e  C i t y  of Be i j i ng i s pos s ib l e
f l u i d s are re in j ec t ed . The path length between produc-
t i o n and r e i n j e c t i o n w e l l s w a s kept t o a d i s t a n c e of 1

I f t h e d i s t ance were s h o r t e r ,  i n t e r f e r e n c e  by
r e i n j e c t e d f l u i d s would be no t i c eab l e a t an earl ier
s t age . Assuming the r e fo r e t h a t production coupled 
w i th r e i n j e c t i o n is f e a s i b l e ,  t h e  l i k e l y energy
p o t e n t i a l of t h e resource can be assessed.

but
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Table Theo re t i c a l temperature and pressure changes
i n the Wu-aquifer under continuous production 
and r e i n j e c t i o n

0.5 5 19 48

product ion well

0

r e i n j e c t i o n w e l l

-23
M.6

*) The f i r s t f i g u r e i n each column r e f e r s t o a model
where t h e  a q u i f e r  is coherent between production
and r e i n j e c t i o n w e l l ; t h e second f i g u r e i n brac-
k e t s  r e f e r s  t o a model where t h i s a q u i f e r has been
disp laced by a f a u l t running between the two
wells.

Energy p o t e n t i a l of t h e Be i j i ng prospect

Since t h e resource is of l a r g e extent , w e r e s t r i c t e d
t h e assessment t o blocks of s ize beneath the
C i t y of  Bei j ing .  The assessment covered both the
p o t e n t i a l of t he well def ined t w o a q u i f e r s (proven
re se rve s ) as w e l l as t h e pos s ib l e p o t e n t i a l of a l aye r
beneath the lower a q u i f e r which appears t o be perm-
eab l e, as ind i ca t ed by temperature logs (probable
reserves) . The temperature of the f l u i d s , and the
energy p o t e n t i a l  i n c r e a s e s  wi th depth; t h i s was
allowed f o r by r e t a i n i n g  t h e  depth of the  r e se rvo i r  as
parameter. It was assumed t h a t a l l energy can be
ex t r ac t ed from produced f l u i d s down t o a cut-gff value
of It was also assumed t h a t the o v e r a l l  e f f i c-
iency of e x t r a c t i n g hea t  s t o r ed  i n the  aqu i f e r s  i s
about 0.25 and t h a t t h e economic l i f e of any

scheme about 25 years. The phys ica l con-
s t a n t s of t h e product ive r e se rvo i r were t h e same as
used i n the models d iscussed previously.

The r e s u l t s of t h i s assessment a r e shown i n 4a
(proven re se rve s ) and F i g 4b (proven and probable
reserves) . It can be seen from Pig 4a t h a t t h e energy
p o t e n t i a l of t h e Be i j i ng resource lies between t o
2.5 (thermal) per i f f l u i d s  a r e  produced from
depths between 1000 and from t h e Wu-aquifer
(continuous production);  i f f l u i d s ve re produced f o r
space bea t i ng  du r ing  a 5 month period, t h i s p o t e n t i a l
i nc r ea se s by a f a c t o r of The p o t e n t i a l is a l s o

1 1

t .
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g r e a t e r where both the Wu and T i a q u i f e r s occur
toge the r al though t h e T i a q u i f e r does not extend t o
dep th s g r e a t e r than about I f hea t can be
e x t r a c t e d from the probable r e se rve s ,  t he  p o t e n t i a l
would inc r ea se by a f a c t o r of 2 ( s ee Fig The
l i k e l y energy p o t e n t i a l of t h e Bei j ing prospect l i e s
t h e r e f o r e t h e range of 2.5 t o 10 ( thermal ) per

where aqu i f e r s l i e a t depths g r e a t e r than

U t i l i s a t i o n

With t h e information as t o t h e l i k e l y p o t e n t i a l of t h e
resource , one has t o assess whether t h e energy can be
used economically. Geothermal energy could be used i n
Be i j i ng f o r  d i s t r i c t  hea t ing , as bulk h e a t f o r
t r i a l processes , and f o r pub l i c baths. I n t h e f i r s t
two cases i t has t o compete with o t h e r sources of
energy, mainly coal . The b a s i c  c o s t s  of geothermal
energy were es t imated  us ing  simple schemes c o n s i s t i n g
of t o 2 production wells, 1 r e i n j e c t i o n w e l l , h ea t
exchangers and hea t boos t ing u n i t s i n t h e form of
e x i s t i n g coal f i r e d b o i l e r p lan ts . These costs were
then compared with the b a s i c c o s t s of energy de l i ve r ed
by c o a l f i r e d d i s t r i c t hea t i ng schemes and i n d u s t r i a l
p l an t s . I n t e r e s t f o r investment c o s t s and r e t u r n s f o r
inves tments were not considered f o r the b a s i c costs.

Two hypo the t i c a l d i s t r i c t hea t i ng schemes were
cons idered , p i l o t schemes f o r both types a l r e ady exist
i n Bei j ing . The f i r s t type , w e c a l l e d a modified
Reykjavik Scheme (R-scheme) where thermal waters
d i r e c t l y e n t e r t h e r e t i c u l a t i o n system and provide

hea t ing; peak load heat ing can be provided by
e x i s t i n g c o a l f i r e d  b o i l e r s  by means of h e a t
exchangers. Maintenance c o s t s are s i g n i f i c a n t . The
scheme has similarities t o t h a t descr ibed by Einarsson
(1976). The second type of hea t i ng scheme is a
modified scheme which is similar t o t h a t descr ibed by
Lienau (1981) f o r Klamath F a l l s (K-scheme). I n  t h i s
scheme non- corrosive su r f ace water is heated by h e a t
exchangers near t h e w e l l head, peak loading is aga in
provided by e x i s t i n g  c o a l  f i r e d b o i l e r s ; maintenance
costs are small. The p o s s i b i l i t y of providing peak
load h e a t i n g by geothermal energy from a d d i t i o n a l
w e l l s was also considered, bu t found t o be uneconomic.
The annual hea t load  curve  f o r d i s t r i c t hea t i ng i n
B e i j i n g usfng one or two w e l l s and the  hea t  
de l i ve r ed by the R-scheme and t h e K-scheme are shown
i n Fig 5 . The computations are based on a r e s e r v o i r
s t r u c t u r e as i t e x i s t s i n t h e v i c i n i t y of t h e
Tuanjiehue p i l o t hea t i ng scheme. It was found t h a t
t h e  b a s i c  c o s t s  of  geothermal energy de l i ve r ed by t h e
modified R-scheme are s l i g h t l y lower than t h e c o s t s of
h e a t i n g by coa l only , whereas t h e  c o s t s  of t h e
K-scheme a r e s l i g h t l y higher. The d i f f e r e n c e i n c o s t s
between t h e two schemes appears t o be no g r e a t e r than
about 30%.

lood curve

It vas in f e r r ed t h a t the c o s t s of bulk heat provided
f o r  i n d u s t r i a l  usage e i t h e r by the K-scheme o r the
R-scheme would be s i m i l a r t o the energy cos ts of dis-
t r i c t hea t ing . The s tudy ind i ca t e s t h a t even under 
optimum condi t ions t h e  c o s t s  of geothermal energy a r e
not lower than t h e costs of t he most economic a l t e r -
na t i ve energy coal ) . The reasons for t h i s a r e
the r a t h e r low temperature of  t h e produced f l u i d s and
the a d d i t i o n a l costs incurred by re in j ec t i on and pipe-
l ine s . It w a s a l s o t h a t t h e costs of geothermal
energy inc r ea se s i g n i f i c a n t l y i f f l u i d s are produced
f dep th s g r e a t e r than (addi t iona l d r i l l i n g
costs) o r less than (smaller temperature
i n t e r v a l )

Present day space hea t i ng i n Bei j ing  requi res  a t least
2000 peak h e a t load t o hea t about f l o o r
a r e a i n t h e more dense ly occupied p a r t of the c i t y .
About one t h i r d of t h i s f l o o r space is assoc ia ted with
high rise housing complexes. All space hea t ing is pres-
e n t l y provided by coal, causing s i g n i f i c a n t a i r pollu-
t i o n dur ing t h e win t e r months. It w a s es t imated t h a t
t he c i t y area ly ing over t h e r e se rvo i r where geo-
thermal f l u i d s can be produced economically
a q u i f e r depths between 800 to of t h e o rde r
of 50 Using t h e lower value of proven energy
p o t e n t i a l of 2.5 ( thermal)  per i t can be
i n f e r r e d t h a t a t least 125 heat ing power can be
provided f o r mixed d i s t r i c t hea t ing schemes by geo-
thermal energy which, is no more than about
6% of t h e t o t a l peak hea t load required by t h e  c i t y .  
The c o n t r i b u t i o n of geothermal energy might be 
g r e a t e r , but should not exceed 500 Use of geo-
thermal energy f o r space hea t i ng of pa r t of Be i j i ng
appears t h e r e f o r e t o be f e a s i b l e , but i t cannot pro-
v ide more than a f r a c t i o n of t h e present h e a t load;
t h e  p o l l u t i o n  problem would not be solved by l a r g e
scale geothermal d i s t r i c t hea t i ng schemes.

On the o t h e r hand, a heated re se rvo i r with e x c e l l e n t
t r an smi s s iv i t y and good s to r age f a c i l i t y e x i s t s
beneath the  C i ty  of Bei j ing . I f waste hea t produced
by numerous i n d u s t r i a l p l a n t s dur ing  the  months
could , be r e i n j e c t e d i n t h e form of heated,
ro s ive  su r f ace  waters i n t o t h e r e se rvo i r and be
ex t r ac t ed dur ing t h e winter months, a po l lu t i on f r e e
d i s t r i c t hea t i ng scheme could evolve which might so lve
t h e hea t i ng problems of t h e  c i t y .  The scheme appears
t o be a t t r a c t i v e s i n c e t h e economics of the scheme can
be optimised a s the temperature of the i n j e c t e d  v a s t e  
hea t can be con t ro l l ed , which i n tu rn c o n t r o l s  t h e  
temperature of the f l u i d s t o be produced dur ing  the  
winter months. The waste h e a t scheme can be extended
t o the shallower p a r t s of t he  r e se rvo i r  as w e l l .
Expe r t i s e  i n ‘  c y c l i c waste h e a t s t o r age i s a l r eady
a v a i l a b l e and e f f i c i e n c i e s of b e t t e r than 80% have
been achieved under test cond i t i ons (Chin Fu Tsang and
Hopkins, 1982) . Fur the r s t u d i e s a r e requi red t o .
a s s e s s whether waste hea t  s t o r age  i n the deep Bei j ing
a q u i f e r s is f e a s i b l e .

ACKNOWLEDGEMENTS

Mr Einarsson N e w York) was a member of the
Technical Review Mission and h i s expe r t i s e i n  d i s t r i c t
hea t ing has been fundamental i n analysing eco-
nomics of hypo the t i c a l u t i l i s a t i o n schemes s u i t a b l e
f o r Bei j ing . A l l members of the Beij ing Hydrological  
Bureau involved i n t h e Bei j i n g geothermal p ro j ec t
cont r ibuted t o the review; models of the Bei j i ng
v o i r presented in a summarised form i n t h i s paper a r e
based on t h e i r da t a .

.



REFERENCES

Einarsson, S S Geothermal space heating and
cooling. Proc. of the 2nd UN Symposium on the
development and of geothermal resources (San
Francisco 3, 2117-2126.

Chin Fu Tsang; Hopkins, D L (1982): Aquifer thermal 
energy storage; a survey. Geol. Society of 
America, Spec. Paper 181, 427-441.

Hochstein, M P (1983): Technical evaluation of
geothermal resources and their development in the
Beijing Area (China P Geothermal Institute
Report GIR 009, University of Auckland.

Hochstein M P; Caldwell, C; Kifle, K (1983): Minimum
age of the Aluto geothermal system (Ethiopia) from 
fossil temperatures beneath a deep lateral 
outflow. Proc. 5th NZ Geothermal Workshop 1983, 

University of Auckland.

IN

Lienau, P J (1981): Design of the Klamath Falls 
geothermal district heating network. Ashrae
Transactions, 87, 2.

Yang Qilong (1982): Geotemperature measurements in
geothermal exploration. Proc. of the Pacific 
Geothermal Conference 1982, University
of Auckland.

Zheng, K; Ma, D L; Xie, C; S; Peng, J; Wu, J
(1982): Preliminary interpretation of isotopic
studies of geothermal waters f the Bei jing
Region (China PB). Proc. of the Pacific 
Geothermal Conference 1982, 491-496. University
of Auckland. 

Zyvoloski. A; M J; Krol, D E (1979):
Finite differences techniques for modelling
geothermal reservoirs. Journal Num.
Analytical Methods in 3, 335-366.




