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ABSTRACT 

T h e  U n i t e d  Kingdom f o r m s  p a r t  o f  t h e  s t a b l e  c o n t i n e n t a l  
f o r e l a n d  o f  n o r t h - w e s t  E u r o p e .  T h e  a v e r a g e  b a c k g r o u n d  
s u r f a c e  h e a t  f l o w  is 52 m W / m 2  b u t  t h e r e  a r e  s eve ra l  
a n o m a l i e s  w i t h  v a l u e s  r a n g i n g  up  t o  1 3 6  m W / m 2  
s u p e r i m p o s e d  o n  t h e  b a c k g r o u n d  f i e l d .  T h r e e  o f  t h e s e  a r e  
a s s o c i a t e d  w i t h  g r a n i t e  b a t h o l i t h s  i n  C o r n w a l l .  n o r t h e r n  
E n g l a n d  a n d  t h e  E a s t e r n  H i g h l a n d s  o f  S c o t l a n d .  

Two p o t e n t i a l  s o u r c e s  o f  g e o t h e r m a l  e n e r g y  h a v e  b e e n  
i n v e s t i g a t e d  i n  t h e  U K :  t h e  Hot D r y  Rock r e s o u r c e ,  w h i c h  
d e p e n d s  o n  t h e  h e a t  s t o r e d  i n  i m p e r m e a b l e  r o c k s  a t  
d e p t h s  g r e a t e r  t h a n  3 t o  4 km: a n d  t h e  low e n t h a l p y  
r e s o u r c e  p r o v i d e d  by a q u i f e r s  i n  s e d i m e n t a r y  b a s i n s  a t  
d e p t h s  up  t o  a b o u t  3 km. 

T h e  g r a n i t e  b a t h o l i t h  o f  C o r n w a l l  h a s  b e e n  e x t e n s i v e l y  
i n v e s t i g a t e d  a s  a n  H D R  t a r g e t .  S e v e r a l  e x p l o r a t i o n  w e l l s  
h a v e  b e e n  d r i l l e d  w i t h  d e p t h s  u p  t o  2.5 km, w i t h  b o t t o m  
h o l e  t e m p e r a t u r e s  o f  a b o u t  80 C.  A t e m p e r a t u r e  o f  2 0 0  C 
would  b e  e x p e c t e d  a t  a b o u t  5.4 km. 

T h e  low e n t h a l p y  g e o t h e r m a l  p o t e n t i a l  o f  t h e  
P e r m o- T r i a s s i c  s a n d s t o n e s  p r e s e n t  i n  s e v e r a l  s e d i m e n t a r y  
b a s i n s  h a s  b e e n  i n v e s t i g a t e d  a n d  s i g . n i f i c a n t  r e s o u r c e s  
h a v e  b e e n  i d e n t i f i e d  a t  t e m p e r a t u r e s  up t o  a b o u t  8 5  C. 
T h r e e  g e o t h e r m a l  e x p l o r a t i o n  wel l s  a n d  o n e  d e v e l o p m e n t  
w e l l  h a v e  b e e n  d r i l l e d .  

T h e  A c c e s s i b l e  R e s o u r c e  Base (ARB) t o  a d e p t h  o f  7 km i s  
2 .75  x 1 0 2 3  j o u l e s ,  a n d  t h e  Hot D r y  Rock ARB a t  
t e m p e r a t u r e s  o f  m o r e  t h a n  1 0 0  C a n d  a t  d e p t h s  o f  l e s s  
t h a n  7 km i s  3 6 x  I d ' j o u l e s .  T h e  l o w  e n t h a l p y  i d e n t i f i e d  
r e s o u r c e s  o f  t h e  P e r m o- T r i a s s i c  s a n d s t o n e s  a t  
t e m p e r a t u r e s  a b o v e  4 0  C a m o u n t  t o  . 5 . 2 x 1 O L 9  j o u l e s .  

T h e  e x t e n t  t o  w h i c h  t h e  g e o t h e r m a l  r e s o u r c e s  o f  t h e  U K  
c o u l d  b e  u s e d  d e p e n d s  o n  t h e  s u c c e s s f u l  i m p l e m e n t a t i o n  
o f  t h e  HDR c o n c e p t ,  t h e  d e v e l o p m e n t  o f  s u i t a b l e  c h e a p  
h e a t  pumps. and  t h e  c o s t  o f  t h e  e n e r g y  i n  r e l a t i o n  t o  
o t h e r  f u e l s .  

INTRODUCTION 

T h e  m a r k e d  i n c r e a s e  i n  e n e r g y  p r i c e s  i n  t h e  m i d- 1 9 7 0 s  
l e d  t o  g r e a t e r  w o r l d- w i d e  i n t e r e s t  i n  l e s s  c o n v e n t i o n a l  
f o r m s  o f  e n e r g y ,  i n c l u d i n g  g e o t h e r m a l  e n e r g y .  I n  t h e  
U n i t e d  Kingdom,  i n i t i a l  s t u d i e s  o f  t h e  f e a s i b i l i t y  o f  
d e v e l o p i n g  g e o t h e r m a l  e n e r g y  were e n c o u r a g i n g  a n d ,  a s  a 
c o n s e q u e n c e ,  t h e  D e p a r t m e n t  o f  E n e r g y  d e c i d e d  t o  s u p p o r t  
a m o r e  d e t a i l e d  s t u d y  o f  i t s  p o s s i b l e  p o t e n t i a l .  T h e  
programme a l s o  r e c e i v e d  f i n a n c i a l  s u p p o r t  f r o m  t h e  
C o m m i s s i o n  o f  t h e  E u r o p e a n  C o m m u n i t i e s .  

T h e  U K  i s  n o t  a n  a r e a  t h a t  i s  i m m e d i a t e l y  a s s o c i a t e d  
w i t h  g e o t h e r m a l  e n e r g y .  I t  is p a r t  o f  t h e  s t a b l e  
f o r e l a n d  o f  n o r t h - w e s t  E u r o p e  a n 2  i s  r e m o t e  f r o m  p l a t e  
m a r g i n s .  T h e  l a s t  m a j o r  e p i s o d e  o f  v o l c a n i c  a c t i v i t y  
o c c u r r e d  d u r i n g  T e r t i a r y  t ime a n d  t h e  i g n e o u s  i n t r u s i o n s  
w h i c h  were f o r m e d  t h e n  h a v e  l o n g  s i n c e  c o o l e d  t o  
e q u i l i b r i u m  t e m p e r a t u r e s .  T h e  a v e r a g e  h e a t  f l o w  is n e a r  
t o  t h e  w o r l d  mean a n d  s u f a c e  g e o t h e r m a l  m a n i f e s t a t i o n s  
a r e  l i m i t e d  t o  a f e w  t h e r m a l  s p r i n g s .  t h e  h o t t e s t  o f  
w h i c h  i s  4 7  C a t  B a t h .  

I n  v i e w  o f  t h e  l a c k  o f  n a t u r a l  h i g h - e n t h a l p y  g e o t h e r m a l  
f i e l d s  i n  t h e  UK. g e o t h e r m a l  r e s e a r c h  h a s  b e e n  
u n d e r t a k e n  i n  two d i r e c t i o n s :  t h e  e x p l o r a t i o n  o f  t h e  Hot  
D r y  Rock (RDR) c o n c e p t  i n  g r a n i t e  b a t h o l i t h s ,  a n d  t h e  
a s s e s s m e n t  o f  l o w- e n t h a l p y  r e s o u r c e s  i n  t h e  f o r m  o f  
d e e p l y - b u r i e d  a q u i f e r s  i n  s e d i m e n t a r y  b a s i n s .  

G e o t h e r m a l  r e s e a r c h  i n  t h e  UK h a s  b e e n  c a r r i e d  o u t  
p r i m a r i l y  by  t h e  B r i t i s h  G e o l o g i c a l  S u r v e y ,  t h e  Camborne  
S c h o o l  o f  ! l ines ,  a n d  s e v e r a l  u n i v e r s i t y  d e p a r t m e n t s .  

HEAT FLOIJ 

I n  t h e  UK t h e  g e o t h e r m a l  g r a d i e n t  i n  t h e  u p p e r  few 
k i l o m e t r e s  o f  t h e  c r u s t  r a n g e s  f r o m  a b o u t  1 5  t o  4 0  C/km, 
w i t h  a n  a v e r a g e  m e a s u r e d  v a l u e  o f  26 C/km ( W h e i l d o n  and  
R o l l i n  1 9 8 6 ) .  T h e  t r u e  a v e r a g e  v a l u e  i s . .  l i k e l y  t o  b e  
less  t h a n  t h i s  - of t h e  o r d e r  o f  20 Cfkm - b e c a u s e  
m e a s u r e m e n t s  h a v e  b e e n  b i a s e d  t o  s e d i m e n t a r y  b a s i n s ,  
w h i c h  a r e  o f t e n  a r ea s  o f  l o w  t h e r m a l  c o n d u c t i v i t y  a n d  
t h e r e f o r e  o f  h i g h e r  g r a d i e n t .  

H e a t  f l o w  i n  t h e  UK i s  c o n s i d e r e d  t o  b e  m a i n l y  
c o n d u c t i v e  a n d  t h e  b a s i c  e q u a t i o n  u s e d  t o  assess 
o n e- d i m e n s i o n a l  ( v e r t i c a l )  h e a t  f l o w  is t h e  P o i s s o n  
e q u a t i o n  

1 

w h e r e  z i s  d e p t h ,  X Is t h e r m a l  c o n d u c t i v i t y ,  e i s  
t e m p e r a t u r e  a n d  A is h e a t  p r o d u c t i o n .  

T h e  p r e d i c t i o n  o f  s u b - s u r f a c e  t e m p e r a t u r e s  t h e r e f o r e  
r e q u i r e s  t h e  i n t e g r a t i o n  o f  t h i s  e q u a t i o n  w i t h  v a r i o u s  
a s s u m p t i o n s  a b o u t  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  t h e r m a l  
c o n d u c t i v i t y  a n d  h e a t  p r o d u c t i o n .  For s e d i m e n t a r y  r o c k s  
t h e  h e a t  p r o d u c t i o n  term is  a s s u m e d  t o  b e  n e g l i g i b l e .  
a n d  i f  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e r m a l  
c o n d u c t i v i t y  c a n  b e  i g n o r e d  t h e n  e q u a t i o n  1 c a n  b e  
i n t e g r a t e d  t o  y i e l d  

2 

w h e r e  e is t h e  t e m p e r a t u r e  a t  d e p t h  z ,  e i s  t h e  s u r f a c e  
t e m p e r a % u r e ,  X. i s  t h e  t h e r m a l  c o n d u c t i v 3 t y  o f  l aye r  i. g 
is t h e  b a c k g r o i n d  h e a t  f l o w  a n d  t i s  t h e  t h i c k n e s s  o f  
l aye r  i .  

The e q u a t i o n  a s s u m e s  a h o r i z o n t a l l y  l a y e r e d  c r u s t  w i t h  n 
l a y e r s  t o  a d e p t h  z a n d  i s  u s e d  t o  p r e d i c t  s u b - s u r f a c e  
t e m p e r a t u r e s  i n  a r e a s  o f  n e g l i g i b l e  h e a t  p r o d u c t i o n .  I t  
i s  a l s o  u s e d  t o  c a l c u l a t e  s u r f a c e  h e a t  f l o w s  f r o m  
t e m p e r a t u r e  a n d  t h e r m a l  c o n d u c t i v i t y  m e a s u r e m e n t s  i n  a l l  
a r ea s ,  a s  i t  i s  a s s u m e d  t h a t  t h e  h e a t  p r o d u c t i o n  o v e r  
t h e  d e p t h  o f  a b o r e h o l e  e v e n  i n  a n  a r e a  o f  h i g h  h e a t  
p r o d u c t i o n  w i l l  b e  n e g l i g i b l e  

l l e a t  f l o w  c a l c u l a t i o n s  i n  t h e  U K  h a v e  b e e n  b a s e d  on  t h e  
s o l u t i o n  of e q u a t i o n  2 by m e a s u r i n g  t h e  g e o t h e r m a l  
g r a d i e n t  i n  b o r e h o l e s  a n d  by d e t e r m i n i n g  t h e  t h e r m a l  
c o n d u c t i v i t y  o f  t h e  c o r r e s p o n d i n g  r o c k  t y p e  f r o m  r o c k  
samp 1 e s . 
I n  1 9 7 5  t h e r e  were o n l y  32 v a l u e s  o f  s u r f a c e  h e a t  f l o w  
i n  t h e  UK. S i n c e  t h e n  t h e  number  f o r  s e d i m e n t a r y  
s e q u e n c e s  and  g r a n i t e s  h a s  i n c r e a s e d  t o  188. l i e a t  f l o w  
v a l u e s  h a v e  b e e n  o b t a i n e d  f r o m  a v a r i e t y  o f  s o u r c e s  
i n c l u d i n g  h y d r o c a r b o n  e x p l o r a t i o n  we l l s ,  s t r a t i g r a p h i c a l  
t e s t  b o r e h o l e s  a n d  g e o t h e r m a l  e x p l o r a t i o n  w e l l s .  T h e  
mos t  r e l i a b l e  c a l c u l a t i o n s  h o w e v e r  h a v e  b e e n . b a s e d  on  
m e a s u r e m e n t s  i n  p u r p o s e - d r i l l e d  h e a t  f l o w  b o r e h o l e s  
w h i c h  a r e  t y p i c a l l y  3 0 0  m d e e p  a n d  c e m e n t - l i n e d .  I n  
a d d i t i o n ,  v a l u e s  h a v e  b e e n  e s t i m a t e d  a t  s i t e s  w h e r e  
t e m p e r a t u r e  m e a s u r e m e n t s  a r e  a v a i l a b l e  a n d  w h e r e  t h e  
g e o l o g i c a l  s e q e n c e  i s  a l s o  known. Heat f l o w s  w e r e  
e s t i m a t e d  f r o m  e q u a t i o n  2 by a l l o c a t i n g  t h e  a p p r o p r i a t e  
t h e r m a l  c o n d u c t i v i t y  v a l u e  t o  t h e  v a r i o u s  f o r m a t i o n s  i n  
t h e  s e q u e n c e ,  u s i n g  a d a t a  f i l e  o f  mean t h e r m a l  
c o n d u c t i v i t i e s  f o r  t h e  p r i n c i p a l  f o r m a t i o n s  i n  t h e  UK. 
The 188 o b s e r v e d  v a l u e s  o f  h e a t  f l o w  t o g e t h e r  w i t h  t h e  
m o s t  r e l i a b l e  es t imates  ( a b o u t  100 v a l u e s )  h a v e  b e e n  
u s e d  t o  p r o d u c e  a h e a t  f l o w  map ( F i g u r e  1 )  a n d  a l l  
v a l u e s  a r e  l i s t e d  i n  t h e  C a t a l o g u e  o f  g e o t h e r m a l  d a t a  
f o r  t h e  l a n d  a r e a  o f  t h e  U K  ( B u r l e y  a n d  o t h e r s .  1 9 8 4 ) .  
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Figure 1. Heat flow map of the UK. Units are mW/m' .  
Sites where heat flow has been observed are indicated. 
(From Wheildon and Rollin, 1986). 

The heat flow data for the map are based on several 
assumptions which have an important bearing on its 
interpretation. Firstly it is asssumed that heat flow is 
conductive only. In fact even very snall flows o f  
groundwater can transfer significant quantities of heat 
(see for example Eappelmeyer, 1979) and such convective 
effects can be important in all rocks - even in 
crystalline material (Drury. 1984). In the UK, while 
conduction is probably the most important heat transfer 
mechanism, the heat flow observations made in 
sedimentary basins should be regarded only a s  apparent 
conductive heat flows (Gale and Downing, 1986). 

Another assumption o n  which the heat flow equations are 
based is that flow is one-dimensional. directed 
vertically. However lateral variations in thermal 
conductivity and in heat prodrction will result in 
horizontal components of heat flow. These are important 
when considering in detail the anomalies at possible HDR 
sites. 

Sub-surface temperatures in the UK have been affected by 
Pleistocene glaciations. Most of the heat flow data o n  
which the map is based are not corrected for this effect 
because of uncertainties in the type of correction 
necessary. This is not important for compnrative 
regional studies but it leads to a slight underestimate 
of heat flow nnd therefore of predicted temperatures at 
depth. 

The values from which the heat flow map is constructed 
range from 17 to 136 mW1m' (British Geological Survey, 
1985). I n  general the pattern is of a background heat 
flow with a n  area-weighted mean of 52t9 mU/m' 
superimposed on which are several local anomalies. 

The three most extensive anomalies are associated with 
granites with high values of heat production (Figures 1 
and 2). These are: the south-west England Hercynian 
batholith, with a maximum heat flow value of 136 mUIm' 
and with surface heat-production values in the range 
4.0-5.3 uW1m' : the Lake District and Ueardale 
Caledonian granites in northern England with a maximum 
heat flow value of 101 mWIm' ond with surface heat 
production in the ranae 3.3-5.2 uW/m' ; and finally the 
Caledonian batholith below the Eastern Highlands o f  
Scotland with a maximum heat flow value of 76 mWlm' and 
with surface heat production in the range 4.8-7.3 uW1m'. 

Of the remaining features the most important is that 
centred on east Nottinghanshire in centralleastern 

England. There is evidence that this is caused b y  
convective heat flow as a result of groundwater movement 
from the Pennine outcrop of Carboniferous strata. The 
other minor anomalies are as yet unexplained. For 
example the small positive anomaly in the h'essex Basin 
in southern England may be due to groundwater 
circulation. Alternatively it may be caused by a buried 
granite (for which there is some evidence based on 
gravity data). 

The presence of anomalously high values of heat flow 
over granitlc.rocks with high values of heat production 
suggests HDR as a potential source o f  geothermal energy 
in the UK. Also, in areas where average or above average 
values of heat flow occur through deeply-buried 
aquifers. low enthalpy resources may be available. 
particularly in areas where sediments with low thermal 
conductivities increase the geothermal gradient. 

EAST YORKSHIRE 
LUNCOLNSHlRE 

BASIN . 

WRNW 
o s im is 

Figure 2. Principal Mesozoic and Upper Palaeozoic 
sedimentary. basins and radiothermal granites in the 
UK. (From British Geological Survey, 1985). 

HOT DRY ROCK 

The possibility of extracting geothermal energy from 
rocks of low permeability at high temperatures is 
generally referred to a s  the Hot Dry Rock concept and 
has been described by numerous authors (e.g. Smith, 
1975, Batchelor, 1982). The technique usually proposed 
is to create a region of fractured rock at depth between 
two boreholes. either by the stimulation of naturally 
occurring joints or by creating artificial fractures. 
Cold water is pumped down the injection borehole and 
passes through the fractured region, which acts a s  a 
heat exchanger: hot water or steam is recovered from the 
production borehole. Heat is extracted from the produced 
fluids with a heat exchanger at the surface. 

The target temperature of a n  IlDR system depends on the 
end use of the extracted heat. Most applications 
envisage temperatures above 150 C - and usually above 
200 C for electricity generation - but lower 
temperatures may be acceptable for other applications. 

In the UK the most promising areas for applying the HDR 
concept are in the regions of elevated heat flow 
associated with granitic intrusions. These granites are 
characterised by the presence of the heat-producing 
radioactive elements uranium, thorium and potassium 
which result in a high heat production. The gronites 
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a l s o  p r o d u c e  l a r g e  n e g a t i v e  g r a v i t y  a n o m a l i e s ,  
i n d i c a t i n g  l a r g e  i n t r u s i v e  v o l u m e s  e x t e n d i n g  t o  
s i g n i f i c a n t  d e p t h s .  

T h e  p r e d i c t i o n  o f  s u b - s u r f a c e  t e m p e r a t u r e s  i n  g r a n i t i c  
r o c k s  r e q u i r e s  a m o d e l  f o r  t h e  v a r i a t i o n  o f  h e a t  
p r o d u c t i o n  w i t h  d e p t h  i n  o r d e r  t o  s o l v e  E q u a t i o n  1. 
V a r i o u s  m o d e l s  h a v e  b e e n  p r o p o s e d  t o  e x p l a i n  t h e  
v e r t i c a l  d i s t r i b u t i o n  o f  h e a t  p r o d u c i n g  e l e m e n t s  a n d  t h e  
o b s e r v a t i o n  t h a t  t h e  s u r f a c e  h e a t  f l o w  v a r i e s  w i t h  
s u r f a c e  h e a t  p r o d u c t i o n .  I n  t h e  U K  a n  e x p o n e n t i a l  
f u n c t i o n  h a s  b e e n  u s e d ,  a l t h o u g h  c a l c u l a t i o n s  h a v e  s h o w n  
t h a t  d o w n  t o  7 km t h e  c a l c u l a t e d  t e m p e r a t u r e  i s  
r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  t y p e  o f  h e a t  d i s t r i b u t i o n  
f u n c t i o n  e m p l o y e d  ( k ' h e i l d o n  a n d  R o l l i n ,  1 9 8 6 ) .  Of  more 
i m p o r t a n c e  i s  t h e  a c c u r a t e  o b s e r v a t i o n  o f  h e a t  f l o w .  a n d  
r e l i a b l e  t h e r m a l  c o n d u c t i v i t v  a n d  h e a t  p r o d u c t i o n  d a t a .  

D e t a i l e d  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  o n  s e v e r a l  
g r a n i t e  i n t r u s i o n s  t o  m e a s u r e  h e a t  f l o w  a n d  h e a t  
p r o d u c t i o n ,  t o  s t u d y  g e o c h e m i c a l  v a r i a t i o n s  a n d  t h e  
d i s t r i b u t i o n  o f  r a d i o a c t i v e  e l e m e n t s ,  a n d  t o  i n t e r p r e t  
t h e  s u b - s u r f a c e  s h a p e  o f  t h e  i n t r u s i o n s  f r o m  g r a v i t y  
d a t a .  i n  o r d e r  t o  assess t h e i r  HDR p o t e n t i a l .  T h e  b e s t  
IlDR p r o s p e c t  a n d  t h e  m o s t  e x t e n s i v e l y  e x p l o r e d  i s  t h e  
C o r n u b i a n  b a t h o l i t h  i n  C o r n w a l l .  

C o r n u b i a n  b a t h o l i t h  

T h e  C o r n u b i a n  b a t h o l i t h  is a b o u t  2 0 0 k m  l o n g .  2 0- 3 0  km 
w i d e  a n d  1 0 - 2 0  km deep . '  I t  is e x p o s e d . i n  f i v e  m a i n  
o u t c r o p s  i n  s o u t h - w e s t  E n g l a n d  a n d  i n  t h e ' S c i l l y  I s l es .  
A s  n o t e d  a b o v e ,  b o t h  h e a t  f l o w  a n d  h e a t  p r o d u c t i o n  
v a l u e s  a s s o c i a t e d  w i t h  t h e  b a t h o l i t h  a r e  h i g h .  h e a t  
f l o w s  e x c e e d i n g  110 m W / m 2  o v e r  m u c h  o f  t h e  o u t c r o p .  T h e  
g e n e r a l  u n i f o r m i t y  o f  h e a t  f l o w  v a l u e s  o v e r  t h e  
i n t r u s i o n  a n d  t h e  c o i n c i d e n c e  o f  t h e  h e a t  f l o w  ' a n o m a l y  
w i t h  t h e  b a t h o l i t h ' s  p o s i t i o n  s u g g e s t s  l i t t l e  l a t e r a l  
t r a n s f e r  o f  h e a t  by  c o n v e c t i o n  ( L e e .  1986).  P r e d i c t e d  
s u b - s u r f a c e  t e m p e r a t u r e s  f o r  t h e  C a r n m e n e l l i s  g r a n i t e  i n  
t h e  C o r n u b i a n  b a t h o l i t h  a r e  s h o w n  i n  F i g u r e  3. T h e  
p r o f i l e  p r e d i c t s  a t e m p e r a t u r e  o f  80 C a t  2 km - a v a l u e  
s u b s e q u e n t l y  v e r i f i e d  b y  d r i l l i n g  ( B a t c h e l o r .  1 9 8 5 )  - 
a n d  200 C a t  5 . 4  km. 
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F i g u r e  3. C o m p a r i s o n  o f  p redic ted  s u b - s u r f a c e  
t e m p e r a t u r e  p r o f i l e s  f o r  B r i t  i s h  g r a n i t e s  a n d  b a s e m e n t  
r o c k s .  ( F r o m  L e e ,  1986) .  

T h e  C a r n m e n e l l i s  g r a n i t e  h a s  b e e n  t h e  s i t e  o f  t h e  f i r s t  
HDR r e s e a r c h  p r o j e c t  i n  t h e  U K  w i t h  t h e  a im o f  
i n v e s t i g a t i n g  r e s e r v o i r  s t i m u l a t i o n .  I n i t i a l  w o r k  b y  t h e  
C a m b o r n e  S c h o o l  o f  M i n e s ,  w h i c h  h a s  u n d e r t a k e n  t h e  
p r o j e c t ,  s h o w e d  t h a t  a s h a l l o w  n r t i f i c i a l l y  f r a c t u r e d  
r e s e r v o i r  c o u l d  b e  c r e a t e d  a t  300 m d e p t h .  T h e  n e x t  s t e p  
was t o  a t t e m p t  t o  c r e a t e  a s im i l a r  r e s e r v o i r  a t  2 0 0 0  m.  
T h i s  d e p t h  was c h o s e n  b e c a u s e  i t  was d e e p  e n o u g h  t o  
p r o v i d e  a r e a l i s t i c  e n v i r o n m e n t  t o  t e s t  r e s e r v o i r  
s t i m u l a t i o n  t e c h n i q u e s  b u t  was w i t h i n  t h e  c a p a b i l i t i e s  
o f  r e a d i l y  a v a i l a b l e  d r i l l i n g  r i g s .  Two wel l s  were 
d r i l l e d  t o  t h e  t a r g e t  d e p t h  i n  1 9 8 1 .  B o t h  w e l l s  were 
d e v i a t e d ,  w i t h  t h e  p r o d u c t i o n  well ( R H 1 1 )  l y i n g  i n  a 
v e r t i c a l  p l a n e  a b o v e  t h e  i n j e c t i o n  w e l l  ( R H 1 2 )  w i t h  a 
v e r t i c a l  s e p a r a t i o n  i n  t h e  t a r g e t  a r e a  o f  350 
( B a t c h e l o r .  1 9 8 5 ) .  RH12 was p r e - t r e a t e d  u s i n g  a n  
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Microse i smic  m o n i t o r i n g  d u r i n g  i n j e c t i o n  a n d  t h e  r e s u l t s  
o f  s t r e s s  m e a s u r e m e n t s  s h o w e d  t h a t  u n f o r t u n a t e l y  t h e  
d i r e c t i o n  o f  max imum p r i n c i p a l  s t r e s s  c o i n c i d e d  w i t h  t h e  
d i r e c t i o n  o f  t h e  wel l s  a n d  n o t  w i t h ' t h e  j o i n t  s e t  w h i c h  
t h e  w e l l s  h a d  b e e n  d r i l l e d  t o  i n t e r c e p t .  T h e r e f o r e  t h e  
e f f e c t  o f  h y d r a u l i c  f r a c t u r i n g  was t o  c r e a t e  f r a c t u r e s  
i n  t h e  p l a n e  o f  t h e  wel l s ,  r e s u l t i n g  i n  p o o r  h y d r a u l i c  
c o n n e c t i o n  b e t w e e n  t h e m .  H o w e v e r  t h e  s i z e  o f  t h e  
r e s e r v o i r  c r e a t e d  was s i g n i f i c a n t  - 1.5 km h i g h ,  1 . 2  km 
l o n g  a n d  4 0 0  m w i d e  - a n d  t h e  e x p e r i m e n t  t h e r e f o r e  
s h o w e d  t h a t  t h e  l a r g e  f r a c t u r e d  v o l u m e s  n e e d e d  f o r  HDR 
s u c c e s s  c o u l d ' b e  c r e a t e d  i n  U K  g r a n i t e s .  

S i n c e  1983 a t h i r d  we l l  (R1115) h a s  b e e n  d r i l l e d  i n t o  t h e  
f r a c t u r e d  r e s e r v o i r .  A l t h o u g h  i n i t i a l  t e s t s  s h o w e d  a 
p o o r  c o n n e c t i o n  b e t w e e n  RH15 a n d  R1112. t h i s  h a s  b e e n  
i m p r o v e d  b y  u s i n g  a l a r g e  s c a l e  v i s c o u s  i n j e c t i o n  i n  
RH15. D u r i n g  s u b s e q u e n t  water i n j e c t i o n  t e s t s  i n  R H 1 2 ,  
a t  i n j e c t i o n  r a t e s  o f  2 4  l f s  r e c o v e r i e s  f r o m  t h e  o t h e r  
two w e l l s  h a v e  t y p i c a l l y  b e e n  i n  e x c e s s  o f  80 %, w i t h  a 
system i m p e d e n c e  o f  0.6 M P a f l f s '  ( C a m b o r n e  S c h o o l  o f  
M i n e s ,  1 9 8 6 ) .  I t  i s  t h o u g h t  t h a t  t h e  v i s c o u s  f r a c t u r i n g  
t r e a t m e n t  h a s  s t i m u l a t e d  e x i s t i n g  j o i n t s  i n  a 
c y l i n d r i c a l  v o l u m e  w i t h  d i m e n s i o n s  a p p r o x i m a t e l y  
7 0 ~ 7 0 x 2 0 0  m d e e p .  More c i r c u l a t i o n  t e s t s  h a v e  b e e n  
u n d e r t a k e n  r e c e n t l y  a n d  a r e  p l a n n e d  t o  c o n t i n u e  u n t i l  
1 9 8 7 .  F u t u r e  p l a n s  f o r  t h e  s i t e  i n c l u d e  d r i l l i n g  a 
b o r e h o l e  t o  a d e p t h  o f  a r o u n d  5 km. 

O u t s i d e  s o u t h - w e s t  E n g l a n d  t h e  W e a r d a l e  b a t h o l i t h  h a s  
t h e  most f a v o u r a b l e  IlDR p o t e n t i a l .  F i g u r e  3 s h o w s  t h a t  
p r e d i c t e d  s u b - s u r f a c e  t e m p e r a t u r e s  a r e  lower t h a n  f o r  
t h e  C o r n u b i a n  b a t h o l i t h  b u t  c o n s i d e r a b l y  h i g h e r  t h a n  
t h o s e  e l s w h e r e  i n  t h e  UK, i n  e i t h e r  g r a n i t e s  or b a s e m e n t  
r o c k s .  F i g u r e  3 i n d i c a t e s  t h a t  a t e m p e r a t u r e  o f  150 C 
m i g h t  b e  r e a c h e d  a t  a d e p t h  o f  a b o u t  4 . 4  km a n d  2 0 0  C a t  
a b o u t  6 km. 

Heat f l o w s  o v e r  t h e  g r a n i t e s  i n  t h e  E a s t e r n  H i g h l a n d s  
o f  S c o t l a n d  a r e  low. l e a d i n g  t o  low p r e d i c t e d  
t e m p e r a t u r e  g r a d i e n t s  ( e . g .  t h e  B a l l a t e r  g r a n i t e  s h o w n  
i n  F i g u r e  3) .  I t  i s  u n l i k e l y  t h e r e f o r e  t h a t  t h e s e  
g r a n i t e s  w i l l  o f f e r  m u c h  HDR p o t e n t i a l .  

LOk' ENTHALPY RESOURCES IN SEDIHENTARY BASINS 

Low e n t h a l p y  g e o t h e r m a l  r e s o u r c e s  a r e  a v a i l a b l e  i n  t h e  
U K  i n  t h e  f o r m  o f  h o t  water ( u s u a l l y  a v e r y  s a l i n e  
b r i n e )  p r e s e n t  i n  t h e  d e e p e r  p a r t s  of p o s t - C a r b o n i f e r o u s  
s e d i m e n t a r y  b a s i n s  ( n o r m a l l y  r e f e r r e d  t o  a s  Mesozoic 
b a s i n s ,  a l t h o u g h  t h e  o l d e s t  s e d i m e n t s  t h a t  t h e y  c o n t a i n  
a r e  o f t e n  o f  P e r m i a n  a g e ) .  T h e s e  b a s i n s  were i n i t i a t . e d  
d u r i n g  l a t e  C a r b o n i f e r o u s  times w h e n ,  d u r i n g  a p e r i o d  of 
u p l i f t  l o c a l  d o w n w a r p s  d e v e l o p e d .  T h e  b a s i n s  d e v e l o p e d  
d u r i n g  t h e  P e r m i a n  a n d  T r i a s s i c  p e r i o d s  a n d  g r a d u a l l y  
f i l l e d  w i t h  s e d i m e n t s ,  i n c l u d i n g  t h i c k  s a n d s t o n e s  n e a r  
t h e  b a s e  w h i c h  a r e  c o n s i d e r e d .  t o  c o n t a i n  t h e  most  
f a v o u r a b l e  a q u i f e r s  f o r  g e o t h e r m a l  d e v e l o p m e n t .  F i g u r e  2 
s h o w s  t h e  l o c a t i o n s  o f  t h e  b a s i n s ,  w h i c h  i n  s e v e r a l  
cases  a r e  t h e  o n s h o r e  e x t e n s i o n s  o f  major o f f s h o r e  
s t r u c t u r e s .  

I n  t h e  Mesozoic b a s i n s  o f  s o u t h e r n  B r i t a i n  t h e  
c o m p a r a t i v e l y  low c o n d u c t i v i t y  o f  some o f  t h e  
s e d i m e n t a r y  r o c k s  r a i s e s  t e m p e r a t u r e  g r a d i e n t s  w i t h i n  
t h e  s e d i m e n t s  t o  v a l u e s  s i m i l a r  t o  t h o s e  p r e d i c t e d  f o r  
t h e  C o r n u b i a n  a n d  W e a r d a l e  g r a n i t e s .  ( S e e  f o r  e x n m p l e  
t h e  e a s t  L i n c o l n s h i r e  p r o f i l e  i n  F i g u r e  3 ) .  T h u s  
t e m p e r a t u r e s  i n  e x c e s s  o f  7 0  C c a n  b e  a c h i e v e d  a t  2 km 
d e p t h .  

T h e  most  f a v o u r a b l e  g e o t h e r m a l  a q u i f e r s  i n  t h e  M e s o z o i c  
b a s i n s  a r e  t h e  P e r m o - T r i a s s i c  s a n d s t o n e s ,  b o t h  b e c a u s e  
t h e y  r e a c h  s u b s t a n t i a l  d e p t h s  i n  t h e  b a s i n s  a n d  b e c a u s e  
t h e y  f o r m  g o o d  a q u i f e r s .  A q u i f e r  p o r o s i t y  a n d  
p e r m e a b i l i t y  d e c r e a s e  w i t h  d e p t h  a s  a r e s u l t  o f  f i s s u r e  
c l o s u r e  a n d  c e m e n t a t i o n ,  b u t  t r a n s m i s s i v i t g  v a l u e s  a t  
d e p t h  a r e  e x p e c t e d  t o  b e  a c c e p t a b l e  i n  s e v e r a l  a r e a s  
b e c a u s e  o f  t h e  l a r g e  t h i c k n e s s e s  o f  s a n d s t o n e s  i n  t h e  
b a s i n s .  

T h e  p o t e n t i a l  o f  t h e  P e r n o - T r i a s s i c  s a n d s t o n e s  a s  
g e o t h e r m a l  a q u i f e r s  h a s  b e e n  i n v e s t i g a t e d  by  t h e  B r i t i s h  
G e o l o g i c a l  S u r v e y  b o t h  r e g i o n a l l y  a n d  i n  g r e a t e r  d e t a i l  - 
a t  s p e c i f i c  s i t e s .  E s t i m a t i n g  t h e  g e o t h e r m a l  r e s o u r c e s  
o f  t h e  a q u i f e r s  i n v o l v e d  d e f i n i n g  t h e  g e o m e t r y  a n d  
s t r u c t u r e  o f  t h e  a q u i f e r s  a n d  e v a l u a t i n g  t h e i r  
p o r o s i t i e s ,  p e r m e a b i l i t i e s  a n d  m e a n  t e m p e r a t u r e s .  

T h e  q u a l i t y  o f  d a t a  u s e d  t o  e s t ima t e  t h e s e  p a r a m e t e r s  
v a r i e d  g r e a t l y ,  d e p e n d i n g  p r i m a r i l y  o n  t h e  e x t e n t  o f  
h y d r o c a r b o n  e x p l o r a t i o n .  I n  t h e  C a r l i s l e  B a s i n ,  f o r  
e x a m p l e ,  o n l y  o n e  b o r e h o l e  p e n e t r a t e d  P e r m o - T r i a s s i c  
s e d i m e n t s  a t  d e p t h .  c o m p a r e d  w i t h  h u n d r e d s  i n  t h e  E a s t  
Y o r k s h i r e  n n d  L i n c o l n s h i r e  B a s . i n .  I n  t h e  l a t t e r  b a s i n  
t h e  d . a t a  a r e  g e n e r n l l y  a f e w  d e c a d e s  o l d ,  b u t  i n  t h e  
W e s s e x  B a s i n  d a t a  a r e  more r e c e n t ,  a n d  n o d e r n  
c o m p r e h e n s i v e  g e o p h y s i c a l  l o g g i n g  t e c h n i q u e s  h a v e  h e e n  
u s e d .  

T h e  g e o m e t r y  o f  t h e  b a s i n s  a n d  t h e  a q u i f e r s  was 
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were used a s  controls t o  study the thickness. depth and 
facies variations o f  t h e  Yermo-Triassic sandstones. 

Hydrogeological information at or near outcrop was 
obtained from rock samples and from water wells. At 
depth, borehole logs provided information such a s  
porosity and fluid resistivity, and these interpreted 
values were occasionally suplemented by measurements of 
porositv and permeability and, rarely. o f  interstitial 
fluid chemistry from borehole core. Drill-stem tests and 
production tests a r e  scarce but invaluable hecause they 
provide fluid samples and enable values o f  
transmissivity. formation pressure and temperature t o  be 
measured in-situ. Deep boreholes providing c o r e  and test 
data in aquifers o f  geothermal interest a r e  uncommon 
except where they have been drilled specifically for 
geothermal investigations. liowever work t o  aid 
geothermal studies has sometimes been commissioned in 
hydrocarbon boreholes. 

As part of the programme o f  evaluation of the 
Permo-Triassic sandstones, three deep geothermal 
exploration wells were drilled o n  the basis of early 
results from the basin studies: at Harchwood near 
Southampton in the Wessex Basin, at Larne in Northern 
Ireland and at Cleethorpes. near Grimsby. i n  South 
llumberside in the East Yorkshire and Lincolnshire Basin. 
I n  addition a geothermal development well was drilled at 
Southampton for the Southampton City Council. T h e  main 
purpose of the exploratory wells was t o  provide 
high-quality local data about the Permo-Triassic 
aquifers t o  facilitate geothermal evaluation, but it was 
also hoped t o  use the wells commercially if they proved 
the existence of an exploitable geothermal resource. 

Information was obtained from the wells by means of a 
series of tests designed so that each test yielded 
progressively more data - or data applicable to a 
greater volume o f  aquifer - than its predecessor. 
Initially part or all of the aquifer was cored during 
drilling, providing lithological information, fluid 
samples and precise but localised values of porosity and 
permeability. Geophysical logging subsequent to drilling 
gave temperature values, a continuous profile of 
porosity, helped t o  identify permeable horizons, and 
indicated litholosy in uncored parts o f  the aquifer. 
Drill-stem tests were then undertaken over selected 
intervals at Narchwood. Larne and Cleethorpes t o  give 
values of permeability, piezometric level and 
temperature, and to provide fluid samples. Gas-ljft 
tests were carried out in each of the wells t o  develop 
the aquifer, to test well performance during pumping and 
fo estimate transmissivity. Finally long-term production 
tests, carried out at Yarchwood and at Southampton only, 
enabled data concerning temperature, transmissivity, 
well behaviour and fluid chemistry t o  be refined, and 
provided information about hydraulic boundaries. 

Evaluation o f  resources 

T h e  geometries, hydraulic properties and temperatures o f  
t h e  geothermal aquifers i n  e ach Mesozoic basin have been 
used t o  estimate the potential geothermal resources of 
t h e  basin. T h e  " Geothermal Resource" (H,) is defined a s  
the heat in place in a n  aquifer i n  both the fluid and 
t h e  matrix (Gale and others, 1984a). For a viable 
geothermal aquifer a minimum transmissivity o f  5 darcy- 
metres (D.m) and a minimum temperature of 20 C have been 
prescribed. T h e  geothermal resource is then taken t o  be 
t h e  total amount o f  heat which would be released o n  
cooling a n  aquifer from its mean temperature t o  the mean 
annual ground temperature. T h i s  calculation requires 
knowledge of factors such a s  porosity. density and 
specific heat for the aquifer and its contained fluid. A 
sensitivity analvsis of potential errors in the 
determination o f  these variables has shown that for the 
Permo-Triassic sandstones in the UK the following 
equation i s  sufficiently accurate: 

H = 2.6 x 10' V (Om-lO) joules 3 

where V (m') is the volume of the aquifer and Em is the 
mean temperature o f  the aquifer. T h e  total geothermal 
resource cannot he recovered and therefore the 
"Identified Resource" is defined a s  the proportlon o f  
the geothermal resource that is likely t o  be available 
f o r  economic exploitation in the future. It is 
calculated hv multiplying the neothermal resource by a 
maximum recoverv factor which takes account o f  rejection 
temperature, method of disposal of the fluid, and the 
hydraulic properties o f  the aquifer. 

Results o f  evaluation 

Five potential geothermal fields have been identified in 
the I I K  in Permo-Triassic sandstones (Figure 4). T h e  
geothermal and identified resources have been calculated 
for each basin and are summarised in T a b l e  1. They have 
been calculated for areas where the temperature is 
greater than 40 C and where the transmissivity is 

Calculations o f  identified resource assume that 
reinjection will be used, Where reinjection would not be 
used ( f o r  example at coastal sites) the identified 
resource would be reduced by a factor of about 2.5. If 
heat pumps were employed then a reject temperature o f  
10 C could be used and the identified resources would be 
approximately twice those shown in Table 1. 

Transmirriuity 2 lOOm Boo 

700 

600 

Souihampton 

1 5p I O O h  

Figure 4. Potential low enthalpy geothermal fields 
in the UK a s  defined b y  a transmissivity of more than 
1 0  D.m a n d  a temperature o f  more than 40C. (From 
Downing a n d  Gray, 1986). 

TABLE 1 

The resources of potential geothermal fields 
(From Allen, Gale and Price, 1985) 

Geothermal Identified 
Basin Formation' resource resource". 

(exajoules..) (exajoules..) 
E Yorkshire ss 99 10.. 6 
and Lincolnshire BPS 6 . 1  0.9 t 
Uessex ss 22.9 3.2 +t 
Worcester P-T 12 1.4 

Cheshire 

N Ireland 

ss 16.9 2.1 
27.9 3 . 8  

ss 35.4 4.1 

220.8 26.7 
- - 

SS - Sherwood Sandstone *** Identified resource 
BPS - Basal Permian Sands calculated assuming 
P-T - Permo-Triassic reject temperature 

Pt - Permian, including fluid, reinjection of 

..  lo^^ joules t Transmissivity 5 D.m. 

(undifferentiated) - 30C! direct use of 
some Triassic fluid. 

tt In part of area of 
transmissivity 5 to 
10 D.m. 
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The main c h a r a c t e r i s t i c s  o f  Mesozoic b a s i n s  c o n t a i n i n g  a 
p o t e n t i a l  geothermal  f i e l d  a r e  summarised below. 

E a s t  Yorkshire  and L i n c o l n s h i r e  Rasin 

T h i s  bas in  c o n t a i n s  two d i s c r e t e  p o t e n t i a l  geothermal  
a q u i f e r s  which a r e  o v e r l a i n  b y  a t h i c k  i n s u l a t i n g  l a v e r  
r e s u l t i n g  i n  t empera tu re  g r a d i e n t s  o f  2 h  t o  30 C / k m  
(Gale and o t h e r s ,  1983). The lower a q u i f e r  i s  t h e  Basal 
Permian Sands which v a r i e s  g r e a t l y  i n  t h i c k n e s s ,  
a l though  c o n s i s t e n t  t h i c k n e s s e s  of 30 t o  60 m a r e  
a t t a i n e d  i n  e a s t e r n  L i n c o l n s h i r e  where t h e  a q u i f e r  l i e s  
a t  a depth of about  1800 m .  The sands  a r e  mainly a e o l i a n  
and tend t o  be poor ly  cemented,  having p o r o s i t i e s  of 
between 15 and 25 % and p e r m e a b i l i t i e s  ' a v e r a g i n g  
100-200 m D .  Where t h e  a q u i f e r  i s  t h i c k  enough t o  form a 
resource  t h e  t empera tu re  v a r i e s  from 50 C t o  g r e a t e r  
than 60 C .  

The sha l lower  Sherwood Sandstone a q u i f e r  compr i ses  u p  t o  
500 m o f  f l u v i a t i l e  d e p o s i t s  w i t h  p o r o s i t i e s  g e n e r a l l y  
exceeding 20 9, and p e r m e a b i l i t i e s  - even ly  d i s t r i b u t e d  
throuxhout  t h e  sequence - of between a few hundred and a 
few thousand m i l l i d a r c y s .  T r a n s m i s s i v i t i e s  range from a 
few t e n s  t o  s e v e r a l  hundred darcy- met res  and 
t empera tu res  near  t h e  c o a s t  - where' t h e  top  of  t h e  
a q u i f e r  l i e s  a t  d e p t h s  g r e a t e r  than  1000 m - a r e  a 
l i t t l e  over  50 C .  

The Clee thorpes  Geothermal Well i n v e s t i g a t e d  t h e  
geothermal  p o t e n t i a l  of both a q u i f e r s  (Downing and 
o t h e r s ,  1985).  The t r a n s m i s s i v i t y  of the :Basa l  Permian 
Sands a t  t h a t  s i t e  was l e s s  than 2 D . m ,  w i t h  a 
t empera tu re  of 65 C .  The t r a n s m i s s i v i t y  of t h e  Sherwood 
Sandstone a q u i f e r  was found t o  be a t  l e a s t  60 D . m ,  and 
produce(: water  dur ing  a g a s - l i f t  t e s t  a t  53 C .  

Wessex Basin 

Of t h e  I 'ermo-Triassic sed iments  i n  t h i s  bas in  only t h e  
Sherwood Sandstone Croup i s  cons idered  t o  have 
geothermal  p o t e n t i a l  ( A l l e n  a n d  Ilolloway. 1984).  The 
Croup . a t t a i n s  a t h i c k n e s s  of more than  250 m a t  a depth 
o f  about 1200 m and r e a c h e s  a maximum depth o f  2200111. 
The heat  f low i n  t h e  I.!essex Basin i s  above average  and 
sed iments  w i t h  low the rmal  c o n d u c t i v i t i e s  l i e  above t h e  
Sherwood ' Sands tone .  Group. T h e r e f o r e  t empera tu re  
g r a d i e n t s  a r e  h i g h .  averag inf i  30 C / k m  over  t h e  h a s i n ;  
where t h e  a q u i f e r  i s  deepes t  t e m p e r a t u r e s  exceed 80 C .  

The Sherwood Sandstone Croup i s  composed g e n e r a l l v  of 
marg ina l  and basa l  b r e c c i a s  which a r e  well- cemented a t  
d e p t h ,  o v e r l a i n  b y  R s e r i e s  o f  f l u v i a t i l e  sand-dominated 
f ining- upward c y c l e s .  The geothermal  a q u i f e r  l i e s  i n  
t h e s e  c y c l e s  and i s  composed of  d i s c r e t e  zones of h i g h  
p e r m e a b i l i t y  (commonly s e v e r a l  d a r c y s ) .  L o c a l l y .  
i n t e r r u p t i o n  o f  t h e  wa te r- bear ing  l a y e r s ,  e i t h e r  b y  
f a u l t i n g  o r  b y  l i t h o l o g i c a l  change may s i g n i f i c a n t l y  
a f f e c t  t h e  a q u i f e r ,  p a r t i c u l a r l y  where i t  is t h i n .  A t  
Southampton, f o r  example,  the  a q u i f e r  a p p e a r s  t o  be i n  
an  i s o l a t e d  block w i t h  an a r e a  of about  200 km (Downing 
and o t h e r s ,  1984).  

Two geothermal  w e l l s  have been d r i l l e d  i n  t h e  k'essex 
B a s i n ,  both i n  t h e  Southampton a r e a .  The w e l l s  showed 
t h e  Sherwood Sandstone Group t o  have a t r a n s m i s s i v i t y  o f  
3.5 D.m and t o  c o n t a i n  a b r i n e  w i t h  a s a l i n i t y  of around 
100 g /1  a t  a t e m p e r a t u r e  o f  76 C. F u r t h e r  west where t h e  
s a n d s t o n e s  a r e  t h i c k e r ,  t r a n s m i s s i v i t i e s  of t h e  o rder  o f  
20 D . m  have been found. In t h e  deepes t  p a r t s  of t h e  
b a s i n  t empera tu res  exceed 80 C ,  b u t  s a l i n i t i e s  a r e  a l s o  
h i g h ,  r each ing  300 g / 1 .  which may cause  problems i n  
d i s p o s i n g  of t h e  b r i n e  a f t e r  the  hea t  has been 
e x t r a c t e d  . 
The Wessex Basin i s  cons idered  t o  be t h e  most f a v o u r a b l e  
r e g i o n  f o r  t h e  development of low e n t h a l p y  r e s o u r c e s  
above 60 C; however i t  i s  a predominantly r u r a l  a r e a  
where t h e  p resen t  d i s t r i b u t i o n  of h e a t  l o a d s  i s  no t  
f a v o u r a b l e  f o r  widespread development. 

Yo r cqs  t e r Bas i n 

The Permo-Triassic  sed iments  i n  t h e  Worcester  Basin a r e  
more than 1 km t h i c k  over  most of t h e  b a s i n ,  and r e a c h  
d e p t h s  of  more than 2.5 km (Smith and Burgess. 1984). 
However t h e  t empera tu re  g r a d i e n t  i s  low. of t h e  o r d e r  o f  
18 C/km.  and t h e  maximum tempera tu re  reached is about  
5 5  C .  N e v e r t h e l e s s ,  w i t h  an averape  p e r m e a b i l i t y  of 
100 m D  t h e  sands tones  a r e  h v d r a u l i c a l l y  a t t r a c t i v e  f o r  
t h e  development of  geo thermal  r e s o u r c e s  a t  t e m p e r a t u r e s  
u p  t o  50 c. 
Chesh i re  Basin 

In t h e  n o r t h  of  t h e  Chesh i re  Rasin t h e  Permo-Triassic  
s a n d s t o n e s  form two d i s t i n c t  a q u i f e r s  s e p a r a t e d  b y  t h e  
Manchester Blarl (Gale and o t h e r s ,  1984h).  To t h e  s o u t h  
t h e y  c o a l e s c e  t o  form a s i n g l e  u n i t .  The t o t a l  t h i c k n e s s  
of  t h e  sands tone  exceeds  2.5 km and t h e  maximum dep th  is 
more than 3 km. The l a r g e l y  a renaceous  soquence has  a 
low temoera tu re  ~ r a d i e n t  of 17 C l k m .  l e a d i n e  t n  maximum 

T r a n s m i s s i v i t i e s  of t h e  sands tones  a t  dep th  a r e  expected 
t o  exceed 10 D . m .  b u t  t h i s  i s  based on an i n t e r p r e t a t i o n  
Of geophys ica l  l o g s .  

Northern I r e l a n d  

Data f o r  t h e  Northern I r e l a n d  b a s i n s  a r e  l i m i t e d  b u t  
i m p l y  t h a t  t h e  Sherwood Sandstone is t h e  a q u i f e r  w i t h  
t h e  g r e a t e s t  geothermal  p o t e n t i a l  ( B e n n e t t ,  1983).  I t  
r e a c h e s  t h i c k n e s s e s  i n  e x c e s s  of 500 m b u t  is probably 
only permeable i n  t h e  upper 200-250 m where 
t r a n s m l s s i v i t t e s  a r e  l i k e l y  t o  exceed 10 D . m .  The 
t empera tu re  g r a d i e n t  i s  ahout  30 C/km and maximum 
t e m p e r a t u r e s  a r e  expec ted  t o  be g r e a t e r  t h a n  60 C - 
a l though  i n  a l a r g e l y  r u r a l  a r e a .  The Larne w e l l  
p e n e t r a t e d  650 m of Sherwood Sandstone i n  which t h e  
upper permeable zone had an e s t i m a t e d  t r a n s m i s s i v i t y  of 
8 D . m  w i t h  a mean tempera tu re  of  40 C. The tower  Permian 
Sandstone p e n e t r a t e d  b y  t h e  we l l  was 440 m t h i c k  b u t  had 
a very low t r a n s m i s s i v i t y .  

Other  low en tha lpy  r e s o u r c e s  

The Permo- Triassic  s a n d s t o n e s  undoubtedly p r o v i d e  t h e  
b e s t  p r o s p e c t s  f o r  low e n t h a l p y  geothermal  development 
in t h e  U K .  There a r e  however o t h e r  r e s o u r c e s  which may 
prove l o c a l l y  v i a b l e ,  f o r  example t h e  Lower C r e t a c e o u s  
Sands tones  a long  p a r t  of the  s o u t h  c o a s t  of England 
irhere t empera tu res  between 20 and 30 C may b e  reached.  
I f  a m i n i m u m  t empera tu re  of 20 C f o r  geothermal  
r e s o u r c e s  were a c c e p t a b l e  then t h e s e  s a n d s t o n e s  cou ld  
p r o v i d e  an i d e n t i f i e d  r e s o u r c e  of 1 . 6x10L7 j o u l e s .  

I n  a d d i t i o n ,  a q u i f e r s  in t h e  Upper P a l a e o z o i c  may 
p o s s e s s  some l o c a l  geothermal  p o t e n t i a l .  These r o c k s  
c o n t a i n  t h e  only hydrothermal  sys tems  known i n  t h e  UK. 
a t  Bath,  B r i s t o l .  i n  Derbyshire  and South V a l e s .  These 
warm s p r i n g s  a r e  a l l  a s s o c i a t e d  w i t h  t h e  C a r b o n i f e r o u s  
Limestone and t h e i r  presence shows t h a t  f i s s u r e s  and 
c i r c u l a t i o n  sys tems  ex tend  t o  d e p t h s  u p  t o  3 km. There 
a r e  a l s o  Pa laeozo ic  s a n d s t o n e s  i n  t h e  Midland Val ley  of 
S c o t l a n d  and in n o r t h- e a s t  England which may have some 
geothermal  p o t e n t i a l .  

REVIEW OF THE GEOTHERMAL POTENTIAL OF THE UK 

T h e  hea t  s t o r e d  i n  t h e  u p p e r  c r u s t  of t h e  U K  is 
c o n s i d e r a b l e ,  d e s p i t e  t h e  f a c t  t h a t  i t  i s  a g e o l o g i c a l l y  
s t a b l e  a r e a  w i t h  a n  average  h e a t  f low s i m i l a r  t o  t h e  
world mean. The A c c e s s i b l e  Resource Base - . the h e a t  
s t o r e d  above mean ground tempera tu re  between t h e  s u r f a c e  
and a depth of 7 km - is 2.8 x l o z 3  j o u l e s  ( B r i t i s h  
Geolog ica l  Survey 1985). The Hot Dry Rock A c c e s s i b l e  
Resource Base ( t h e  hea t  s t o r e d  above 100 C a t  d e p t h s  
l e s s  than 7 km) is 36x 1 0 "  j o u l e s .  These  f i g u r e s  
i n d i c a t e  t h e  l a r g e  p o t e n t i a l  t h a t  is a v a i l a b l e  i f  t h e  
H D R  concep t  proves t o  be v i a b l e .  

Cornwall  is recognised  a s  being t h e  b e s t  H D R  t a r g e t  i n  
t h e  UK b u t  t h e  g r a n i t e s  o f  n o r t h e r n  England a r e  a l s o  
favourab ly  placed.  The t empera tu re  exceeds  200 C a t  a 
d e p t h  o f  7 km o n l y  i n  t h e s e  two a r e a s  and i n  s m a l l  a r e a s  
i n  Northern I r e l a n d ,  and p o s s i b l y  Lancash i re  and 
Not t inghamshi re .  

The most f a v o u r a b l e  a q u i f e r s  w i t h  low en tha lpy  
geothermal  p o t e n t i a l  i n  t h e  UK a r e  t h e  Permo- Triassic  
s a n d s t o n e s .  The geothermal  r e s o u r c e s  o f  these s a n d s t o n e s  
a t  t e m p e r a t u r e s  over  40 C a r e  l a r g e ,  amounting t o  
approx imate ly  2.2 x 1 o Z 0 j o u l e s .  ( I f  t e m p e r a t u r e s  a s  low 
a s  20 C a r e  cons idered  t h e  r e s o u r c e  is 4 . 7 ~ 1 0 ~ ~  j o u l e s ) .  
E v e n  i f  on ly  t h e  amount of energy which is l i k e l y  t o  be 
e x p l o i t a b l e  a t  some time in t h e  f u t u r e  is c o n s i d e r e d  t h e  
va lue  is 2 . 6 ~ 1 0 "  j o u l e s .  The l a t t e r  f i g u r e  is p u t  i n t o  
c o n t e x t  when i t  irr c o n s i d e r e d  t h a t  approx imate ly  
10"joules o f  e l e c t r i c a l  energy were genera ted  i n  t h e  UK 
in 1982 (Department o f  Energy. 1983). Most of t h e  low 
e n t h a l p y  r e s o u r c e s  e x i s t  w i t h i n  a r e a s  d e s i g n a t e d  a s  
geothermal  f i e l d s ,  where t h e  t r a n s m i s s i v i t y  of t h e  
a q u i f e r  is expected t o  exceed 10 D.m and where 
f a v o u r a b l e  we l l  y i e l d s  m i g h t  be expec ted  wi thou t  
unaccep tab ly  h i g h  drawdowns. 

W i t h i n  t h e s e  f i e l d s  only b r i n e s  w i t h  t empera tu res  i n  
e x c e s s  of abou t  60 C cou ld  be u s e d  d i r e c t l y ,  o r  v i a  a 
hea t  exchanger ,  f o r  space  h e a t i n g  and t h e s e  t h e r e f o r e  
p rov ide  t h e  most a t t r a c t i v e  resource .  A t  lower 
t e m p e r a t u r e s  hea t  p u m p s  would be r e q u i r e d  t o  use  t h e  
h e a t  i n  t h e  b r i n e ,  t h u s  i n c r e a s i n g  c o s t s .  

In c o n c l u s i o n ,  while  i t  is c l e a r  t h a t  t h e  geo thermal  
r e s o u r c e s  of t h e  UK do r e p r e s e n t  a s i g n i f i c a n t  energy 
r e s o u r c e ,  t h e  e x t e n t  t o  which they can be developed 
depends on whether  t h e  d i f f i c u l t  e n g i n e e r i n g  problems 
a s s o c i a t e d  w i t h  t h e  H D R  concept  can be overcome, whether 
a p p r o p r i a t e  h e a t  pumps can be developed c h e a p l y ,  and 
whether t h e  c o s t s  of geothermal  energy can become 
c o m p e t i t i v e  w i t h  r e s p e c t  t o  t h o s e  of o t h e r  f u e l s .  
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