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THE NESJAVELLIR H I G H  TEMPERATURE GEOTHERMAL FIELD I N  ICELAND 

Valga rdur  S t e  fansson 

ABSTRACT 

The N e s j a v e l l i r  High Temperature Geothermal 
F i e l d  i s  loca ted  i n  the Nor thern p a r t  o f  the 
H e n g i l l  Geothermal Area, which has been e s t i -  
mated t o  be one o f  t h e  l a r g e s t  geothermal 
areas i n  Iceland. D r i l l i n g  s t a r t e d  a t  Nesja- 
v e l l i r  some 20 years ago wi th  f i v e  wel ls .  I n  
1982 a renewed e x p l o r a t i o n  phase began and 
f i v e  a d d i t i o n a l  w e l l s  have been d r i l l e d  dur ing  
the  l a s t  th ree  years. The pressure d i s t r i b u -  
t i o n  within t h e  geothermal system i s  very in-  
homogenous i n  bo th  h o r i z o n t a l  and v e r t i c a l  
d i r e c t i o n s .  Var ia t ions  i n  temperature a re  
a l s o  considerable. The h ighes t  pressure and 
temperature i s  found i n  t h e  southwestern p a r t  
o f  the  i n v e s t i g a t e d  area and b o t h  pressure and 
temperature descreases towards nor theast .  
There seem t o  be four  d i f f e r e n t  zones o f  
pressure p o t e n t i a l  i n  t h e  system, which 
r e q u i r e  t h e  ex is tence o f  b o t h  h o r i z o n t a l  and 
v e r t i c a l  b a r r i e r s  i n  t h e  system. Some p a r t s  
o f  the  geothermal system a r e  i n  two-phase 
c o n d i t i o n  whereas o ther  p a r t s  a re  i n  s i n g l e  
phase l i q u i d  cond i t i on .  The chemical composi- 
t i o n  o f  the f l u i d  seem t o  be r e l a t i v e l y  
un i fo rm and a common o r i g i n  o f  the  f l u i d  i s  
assumed. The t r a n s m i s s i v i t y  o f  wells i s  i n  t h e  
range (1,3-3,5)10-8 m3/Pa- s whereas the  f low- 
i n g  enthalpy ranges from 1200 - 2100 kJ/kg. The 
thermal output  o f  w e l l s  a re  40-60 MW. The geo- 
thermal system a t  N e s j a v e l l i r  shows a h i g h  
degree o f  three-dimensional v a r i a t i o n ,  b u t  a 
simple conceptual model descr ibed i n  the  
paper, seem t o  be i n  agreement wi th a l l  
observat ion made so fa r  i n  the  f i e l d .  

INTRODUCTION 

One o f  t h e  l a r g e s t  h i g h  temperature areas i n  
Ice land  i s  t h e  H e n g i l l  geothermal area. The 
N e s j a v e l l i r  h i g h  temperature geothermal f i e l d  
i s  the northernmost p a r t  o f  t h e  H e n g i l l  area 
(F ig.  1). The geothermal area has been 

described by Arnason e t  a l .  (1969) and t h e  geo- 
logy o f  the H e n g i l l  c e n t r a l  volcano i s  descr ib-  
ed by Saemundsson (1967). Extens ive geo- 
phys ica l  i n v e s t i g a t i o n s  have been c a r r i e d  ou t  
i n  the  area and a r e  descr ibed by Bjornsson and 
H e r s i r  (1981). 

Studies o f  the  N e s j a v e l l i r  F i e l d  s t a r t e d  many 
decades ago, and the f i r s t  w e l l  was d r i l l e d  i n  
1965. Up t o  1973 there  were d r i l l e d  f i v e  w e l l s  
i n  N e s j a v e l l i r .  I n  1982 t h e  e x p l o r a t i o n  o t  
the f i e l d  was cont inued by d r i l l i n g  and during) 
t h e  l a s t  t h r e e  years f i v e  a d d i t i o n a l  w e l l s  have 
been d r i l l e d  i n  t h e  f i e l d .  

The i n f o r m a t i o n  gained from the recent  w e l l s  i d  
N e s j a v e l l i r ,  together  w i th  the  experience oP 
the  opera t ion  o f  w e l l s  tapp ing  two phase 
r e s e r v o i r s  (Stefansson 1981, Stefansson and 
Steingrimsson 1980b, Palmason e t  a l .  1983) has 
e tab l i shed  a new p i c t u r e  o f  the geothermal 
system a t  N e s j a v e l l i r .  The aim o f  the  present 
paper is t o  descr ibe the  present  p i c t u r e  o f  the 
N e s j a v e l l i r  geothermal system. 

PRESSURE AND TEMPERATURE 

Up t o  1976 a l l  known h i g h  temperature geo+ 
thermal f i e l d s  i n  Ice land  were s i n g l e  phase 
l i q u i d  dominated systems. The e x p l o r a t i o n  o f  
t h e  K r a f l a  geothermal f i e l d  showed i n  1977 thaC 
p a r t  o f  t h a t  geothermal system i s  i n  two-phase 
c o n d i t i o n  (Stefansson 1981). Already i n  1979 
i t  was proposed t h a t  s i m i l a r  c o n d i t i o s  might 
e x i s t  i n  t h e  N e s j a v e l l i r  f i e l d  (Steingrimsson 
and Stefansson 1979). 

D r i l l i n g  o f  w e l l  NG-6 i n  1982 r e v a i l e d  an 
unique pressure d i s t r i b u t i o n  i n  the  r e s e r v o i r  
(F ig .  2 ) .  The pressure g rad ien t  above 800 1)1 

depth seemed t o  be h igher  than corresponding t O  
the  h y d r o s t a t i c  pressure o f  c o l d  water. Below 
t h e  depth o f  800 m t h e  r e s e r v o i r  pressure wa$ 
much lower, and the  ex is tence o f  d ry  steam zone 
between 800 and 1100 m depth was proposed 
(Stefansson e t  a l .  1983, Palmason e t  a l ,  
1983). The p h y s i c a l  c o n d i t i o n  o f  such steam 
zone had t o  be a t  84 bar  pressure and 297 c 
temperature. I t  was decided t o  t e s t  t h i s  hypo- 
t h e s i s  by cas ing the  next  w e l l  i n  t h i s  area 
down t o  800 m depth i n  order t o  ge t  the  f l u i d  
from these depths uncontaminated t o  sur face.  
Well NG-9 was cased t o  824 m depth and t h i g  
w e l l  has discharged d ry  steam when i t  was f i r s t  
p u t  on discharge. Th is  behaviour i s  i n  agree- 
ment wi th t h e  hypothesis  o f  a steam zone 
e x i s t i n g  below 800 m depth. La te r  the f l ow ing  
enthalpy decreased t o  some 2000 kJ/kg. A 
d e t a i l e d  study o f  the  r e s e r v o i r  pressure i n  
the  f i v e  w e l l s  NG-6-NG-IO has r e s u l t e d  i n  f a r  
more complex p i c t u r e  o f  the  geothermal system. 
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F igure  3 shows t h e  r e s e r v o i r  pressure d i s t r i b u -  and p a r t l y  as pressure measurement o f  the f i r s t  
t i o n  i n  d i f f e r e n t  w e l l s  i n  the  N e s j a v e l l i r  geo- aqu i fe r  i n t e r s e c t e d  by d r i l l i n g  beneath the  
thermal f i e l d ,  and f i g .  11 shows the l o c a t i o n  o f  cemented casing. The data p o i n t s  g iven i n  F i g .  
the  we l l s .  F ig .  3 shows t h a t  the  pressure 3 a r e  therefore considered t o  be f a i r l y  good 
seems t o  d i v i d e  the  geothermal system i n t o  four determinat ion o f  r e s e r v o i r  pressure (Stefansson 
d i f f e r e n t  p a r t s  o f  pressure p o t e n t i a l .  and Steingrirnsson 1980a, Grant 1979). 

The r e s e r v o i r  pressure i s  p a r t l y  determined as Comparing the r e s e r v o i r  pressure below 800 rn 
the  p i v o i t  p o i n t  i n  pressure p r o f i l e s  measured depth ( -  500 masl) i n  w e l l s  6 and 9 shows, 
dur ina  the  h e a t i n q  o f  w e l l s  a f t e r  completion,- t h a t  the  r e s e r v o i r  i s  i n  b o i l i n g  c o n d i t i o n  a t  
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F ig .  2 Reservoir pressure i n  w e l l  NG-6. 

7,"O ,I Ill,." 

Locotion of wells and crass sections ~ 4 ~ 0 ~ 0 0 3 . 0 8  

in the Nesjavellir field 

t 
za- 
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F ig .  4 Loca t ion  o f  w e l l s  and cross sec t ions  
i n  N e s j a v e l l i r .  

t h i s  l o c a t i o n  and a steam zone cannot be con- 
f i rmed from the  data. The four  d i f f e r e n t  p a r t s  
o f  the  r e s e r v o i r  as def ined by the pressure 
d i s t r i b u t i o n  (F ig.  3 )  are  represented on a 
cross s e c t i o n  shown i n  F ig .  5. I t  seems necea- 
sary t o  have impermeable b a r r i e r s  bo th  
h o r i z o n t a l  and v e r t i c a l  i n  t h e  system. The 
most remarkable c o n d i t i o n  i s  t h a t  w e l l  6 seems 
t o  i n t e r s e c t  th ree  d i f f e r e n t  zones. The geo- 
thermal system i s  h i g h l y  th ree  dimensional and 
a two dimensional p r o j e c t i o n  cannot g i v e  a t r u e  
p i c t u r e  o f  t h e  system. 

F igures 6 and 7 show t h e  pressure d i s t r i b u t i o n  
a t  sea l e v e l  and a t  500 m below sea l e v e l  i n  
the N e s j a v e l l i r  r e s e r v o i r .  I n  b o t h  cases i s  
the  pressure h ighes t  t o  the  southwest and 
decreasing towards nor theast .  There i s  a 
l a r g e  v a r i a t i o n  i n  the  temperature i n  the 
r e s e r v o i r  as w e l l  as i n  the  pressure. F igure  @ 
shows the temperature d i s t r i b u t i o n  i n  the  SW-Nt 
cross s e c t i o n  and F igures  9 and 10 show the 
temperature d i s t r i b u t i o n  a t  sea l e v e l  and a t  
500 m below sea l e v e l .  

Both pressure and temperature d i s t r i b u t i o n s  
show h ighes t  values i n  t h e  SW p a r t  o f  th$  
i n v e s t i g a t e d  area and decreasing values toward$ 
nor theast .  These circumstances might i n d i c a t e  
a l a t e r a l  f low i n  the  system from SW t o  NE. The) 
temperature d i s t r i b u t i o n  i n  F igures  9 and 19 
i nd ica tes ,  furthermore, t h a t  t h i s  f l ow i d  
p r e f e r a b l y  t a k i n g  p lace  i n  t h e  nor thern  p a r t  09 
the  area r a t h e r  than i n  the  southernmost p a r t .  

A cross s e c t i o n  o f  temperature d i s t r i b u t i o n  
from SE t o  NW i n  t h e  nor thern  p a r t  o f  the 
i n v e s t i g a t e d  area shows these cond i t i ons  c l e a r &  
l y ,  F ig .  11. Comparison o f  pressure and 
temperature i n  the  r e s e r v o i r  shows t h a t  a t  
depth t h e  r e s e r v o i r  i s  b o i l i n g  (two phase) i n  
the  southwestern p a r t  o f  t h e  i n v e s t i g a t e d  
area, b u t  i s  i n  l i q u i d  phase i n  t h e  MJ par t .  
This i s  a l s o  r e f l e c t e d  i n  t h e  f lowing enthalpy 
o f  we l l s .  Wel ls  6 and 9 have f low ing  enthalpy 
o f  about 2000 J/g b u t  w e l l s  5 and 7 have f low-  
i n g  enthalpy 1200 J/g. 

I - Y .? * 

F ig .  5 Cross s e c t i o n  o f  the N e s j a v e l l i r  
o f  the  f i e l d  showing the  four  p a r t s  

reservo i r .  
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F ig .  6 Pressure d i s t r i b u t i o n  a t  sea l e v e l  i n  
the  N e s j a v e l l i r  reservo i r .  

F ig .  8 The temperature d i s t r i b u t i o n  i n  cross 
sec t ion  A A i n  t h e  N e s j a v e l l i r  
r e s e r v o i r .  

PERMEABILITY 

Informat ion on permeab i l i t y  i s  a t  present on ly  
a v a i l a b l e  from t r a n s m i s s i v i t y  determinat ions 
made by i n j e c t i o n  t e s t s  a t  the  complet ion o f  
each we l l .  I t  has, however, been demonstrated 
(Sigurdsson e t  a l .  1985)  t h a t  c a r e f u l l y  analyz-  
ed i n j e c t i o n  t e s t s  o f  10-20 hours d u r a t i o n  i n  
b o t h  s i n g l e  phase and two phase geothermal-  

Pressure in bar at 500m below sea level 
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F ig .  7 Pressure d i s t r i b u t i o n  a t  500 m below 
sea l e v e l  i n  t h e  N e s j a v e l l i r  r e s e r v o i r .  

TABLE 1 

HYDRAULIC PROPERTIES OF WELLS 
I N  THE NESJAVELLIR FIELD 

Wel ls  kh T o t a l  Enthalpy Heat 
f l ow - 

IJ 
m3/pa.s kg/s kJ/kg Mw 

NG- 5 193 23 1400 32 
NG- 6 315 29 1920 56 

NG- 9 370 29 2080 60 
NG- 7 291 35 1220 43 

NG-10 1 7 7  - - - 
............................................... 

- r e s e r v o i r s  g i v e  cons is ten t  values wi th recovery 
t e s t s  l a s t i n g  f o r  severa l  months. I t  i s  there-  
f o r e  considered t h a t  t h e  i n j e c t i o n  t e s t s  made 
i n  N e s j a v e l l i r  g i ves  f a i r l y  r e l i a b l e  values on 
the  t r a n s m i s s i v i t y  o f  d i f f e r e n t  w e l l s  i n  the 
N e s j a v e l l i r  reservo i r .  

Table 1 shows t h e  t r a n s m i s s i v i t y ,  f l ow r a t e ,  
f l ow ing  enthalpy and thermal output  o f  w e l l s  
i n  N e s j a v e l l i r .  I t  i s  seen i n  Table 1 t h a t  
the  t r a n s m i s s i v i t y  and the thermal output  o f  
w e l l s  i s  f a i r l y  constant desp i te  the  f lowing 
enthalpy v a r i e s  considerably. 

-27- 



..“(I.Cn 1 1 / 1  “5 
2 0 5  01 0063 m 

Temperature in “C at sea level 

Fig .  9 Temperature d i s t r i b u t i o n  a t  sea l e v e l  
i n  t h e  N e s j a v e l l i r  r e s e r v o i r .  
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Fig. 11 Temperature d i s t r i b u t i o n  i n  t h e  c r o s s  
s e c t i o n  E E ’  o f  t h e  N e s j a v e l l i r  
r e s e r v o i r .  
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Fig.  10  Temperature d i s t r i b u t i o n  a t  500 m 
below sea  l e v e l  i n  t h e  N e s j a v e l l i r  
r e s e r v o i r .  
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-19. 12 Flow i n  t h e  N e s j a v e l l i r  r e s e r v o i r .  
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There i s  l i t t l e  v a r i a t i o n  found i n  perme- 
a b i l i t y  between d i f f e r e n t  we l l s ,  and 
thermal output  o f  w e l l s  are i n  the  range 

CHEMISTRY OF THE THERMAL FLUID 

Despite the inhomogenity o f  the p h y s i c a l  con- 
d i t i o n s  (pressure and temperature) o f  t h e  aeo- 40-60 MW. 

thermal system a t  N e s j a v e l l i r ,  the  chemical Combining together these items we arrive at a c o n d i t i o n  seems t o  be r a t h e r  uniform. Table 2 conceptual model where we have to place the 

main upf low zone ou ts ide  t h e  area which have so 
shows t y p i c a l  chemical composit ions o f  the  
f l u i d  discharged from four o f  the  w e l l s  i n  far been investigated by drilling. The 
N e s j a v e l l i r .  

pressure and temperature d i s t r i b u t i o n s  i n d i c a t e  
t h a t  the  up f low zone should be i n  the SW d i r e c-  There i s  a d i f fe rence  i n  the chemical composi- tion from the investigated area. Furthermore, 

bo th  pressure and temperature d i s t r i b u t i o n s  
t i o n  between the  h i g h  enthalpy and the  low 

i n d i c a t e  t h a t  the re  i s  a s u b s t a n t i a l  l a t e r a l  
enthalpy we l l s .  Espec ia l l y  i s  the  low con- 

not iceable.  I n  general the chemistry i n d i c a t e s  drilling area. 
t h a t  the  f l u i d s  i n  d i f f e r e n t  w e l l s  a re  o f  

centration O f  '' in the low flow in NE d i r e c t i o n  just n o r t h  o f  the  present 

common o r i g i n .  

CONCEPTUAL MODEL 

The c h a r a c t e r i s t i c s  o f  the  N e s j a v e l l i r  geo- 
thermal system are: 

The pressure d i s t r i b u t i o n  wi th in  t h e  system 
i s  very inhomogenous i n  b o t h  h o r i z o n t a l  
and v e r t i c a l  d i r e c t i o n s .  I n  general,  the  
h ighest  pressure i s  found i n  the  south- 
western p a r t  o f  the  i n v e s t i g a t e d  area. 

0 There a re  considerable v a r i a t i o n s  i n  the  
temperature i n  the  system and the h ighest  
temperatures a r e  i n  t h e  SW p a r t  o f  the 
area. 

The geothermal system i s  p a r t l y  i n  two- 
phase phase c o n d i t i o n  and p a r t l y  i n  s i n g l e  

cond i t i ons .  

The chemical composit ion o f  the  thermal 
f l u i d  i s  r e l a t i v e l y  homogenous and common 
o r i g i n  o f  the  f l u i d  i s  assumed. 

There seems t o  be a t  l e a s t  fou r  d i s t i n c t  zones 
i n  the  system wi th  d i f f e r e n t  pressbre poten- 
t i a l .  These zones a re  separated by b a r r i e r s  
bo th  v e r t i c a l l y  and h o r i z o n t a l l y .  This  means 
t h a t  the th ree  dimensional fea tu re  o f  the  
system i s  r a t h e r  pronounced, and a representa-  
t i o n  o f  the system i n  a two dimensional p i c t u r e  
i s  n o t  an easy task. 

I n  F igure  12 an h o r i z o n t a l  p r o j e c t i o n  has been 
se lec ted  t o  descr ibe t h e  conceptual model. I n  
genera l  t h i s  p i c t u r e  cou ld  show t h e  n a t u r a l  
f l ow i n  the geothermal system a t  -500 mas1 i n  
t h e  geothermal system. The p i c t u r e  shown i n  
F ig .  12 i s  a l a r g e  s i m p l i f i c a t i o n  o f  the  
observed data from the  N e s j a v e l l i r  geothermal 
system. However, t h i s  model seems t o  be i n  
agreement w i t h  a l l  observat ions made so f a r  for 
the  N e s j a v e l l i r  system. Therefore, th is  
s i m p l i f i e d  p i c t u r e  i s  chosen a t  present  as a 
conceptual model even though i t  w i l l  n o t  
descr ibe i n  d e t a i l s  the  th ree  dimensional 
fea tu res  o f  t h i s  geothermal system. 

TABLE 2 

CHEMICAL COMPOSITION OF TOTAL DISCHARGE 
FROM WELLS I N  NESJAVELLIR FIELD. CONCENTRATION 
I N  mg/kg. 

WELL 
DATE 
WPH bar  
H kJ/kg 
Si0 
Na 
K 
Ca 

so 
c1  
F 
co 
H S  
H 
CH 
N 
0 + A  

Ms 

NG-5 
8 3-06-24 

7.2 
1240 

531.7 
101.3 

18.3 
0.20 
0.02 

27.4 
1.6 
0.78 

1421.0 
412.0 

14.1 
4.6 

53.6 
2.5 

NG-6 
84-09-30 

20 
1828 

446.5 
59.1 
10.8 

0.03 
0.00 
3.65 

0.40 
43.7 

2668.4 
801.5 

40.2 
1.75 

35.8 
2.1 

NG-7 
84-09-29 

8.8 
1220 

593.5 
132.8 

20.8 
0.36 
0.00 

22.90 
4.58 
1.11 

1'303.6 
313.9 

29.0 
7.4 

61.9 
2.1 

NG-9 
84-11-21 

10.2 
2185 
285.6 

53.1 
7.1 
0.01 
0.00 
1.89 

30.6 
0.23 

2560.0 
817.4 

38.4 
3.4 

33.3 
1.61 
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