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ABSTRACT 

The Nesjavellir geothermal field in Iceland is being 
developed to provide the capital city of Reykjavik and sur­
rounding areas with hot water for space heating. In the last 
few years, many wells have been drilled at the site and vari­
ous geothermal studies have been conducted. The main 
upflow to the system is underneath the nearby Hengill vol­
cano, and the natural recharge rate and enthalpy are estimated 
to be 65 kg/s and 1850 kJ/kg, respectively. An extensive 
vapor zone is believed to be present in the upflow region. 
Permeabilities and porosities of the system range between I 
and 50 md and I and 10 percent, respectively. In this paper, 
the characteristics of the Nesjavellir field are described and a 
three-dimensional numerical model of the resource is dis­
cussed. 

I!HRODUCTION 

The Nesjavellir geothermal field in southwest Iceland is 
being developed for production of hot fluids for space heat­
ing purposes in the capital city of Reykjavik and surrounding 
areas. The hot geothermal fluids will be used to heat up 
fresh water to a temperature of about 90°C using heat 
exchangers. The hot fresh water will then be piped about 30 
km to the capital, and distributed. After use, most of the 
spent water is discharged into the sea at a disposal tempera­
ture of some 40°C. 

The Nesjavellir geothermal field has been under inter­
mittent development for over 20 years, with the first well 
being drilled in the mid- I 960s. At present, 18 wells have 
been drilled. identifying the presence of a high temperature 
(>300°C) geothermal system. Most of these wells were 
drilled after 1982, as a result of the need for identifying a 
longterm solution to the approaching shonage of hot fluids 
from the geothermal fields in the vicinity of Reykjavik. 

Concurrent with the drilling activities in recent years, 
various studies have been conducted in order to better under· 
stand the geothermal system. This includes a thorough geo­
logical and geophysical investigation (Amason et al .• 1986, 
1987). extensive reservoir studies and flow testing of the 
wells, fluid sampling and analysis and the development of a 
three-dimensional numerical model of the system. All of 
these studies aim toward a proper assessment of the charac· 
teri sties of each well and the overall generating capacity of 
the resource.· 

In this paper the available field data from Nesjavellir 
are briefly described and a conceptual model of the field 
presented. Then we describe the development of the three· 
dimensional reservoir model and the results obtained in terms 
of the characteristics and propenies of the system. 

THE NESJA VELLIR FIELD 

The Nesjavellir geothermal field is a pan of the Hengill 
geothermal area, which extends over some 70 to 100 km1 

(Bodvarsson, 1951). 

The HengiU area is densely faulted, with the primary 
fault direction being SW-NE. Locations of extinct and active 
surface manifestations are controlled by the fault patterns. as 
is the flow of fluids and heat within the geothermal system. 
In general, the faults enhance N-S trending fluid flow, but 
probably retard E- W trending flow. 

Drilling in the Nesjavellir area staned in the mid-1960s; 
five wells were drilled during the period 1965 through 1972 
(wells 1 through 5; Stefansson, 1985). These wells 
identified the presence of a high temperature resource, with 
higher temperatures at shallow depth found towards the south 
(Tomasson et al., 1974). Data from these wells also indi· 
cated that pan of the system is two-phase. the remainder 
being a subcooled liquid system (Steingrimsson and Stefans· 
son, 1979). Since the early 1980s 13 additional wells have 
been drilled at Nesjavellir (Fig. 1). All of these wells arc 
commercial producers with the exception of well 8, which 
was abandoned at a depth of 400 m because of high shallow 
pressures (Franzson and Sigvaldason, 1985). 

The Nesjavellir wells encounter vastly different thermo· 
dynamic conditions as evidenced by their pressure and tem­
perature profiles and the enthalpy transients during produc­
tion. 

Figure 2 shows the estimated temperature distributions 
in a venical cross sections extending W·E. The figure shows 
high temperatures near the Kyrdalshryggur fracture zone 
(wells II and 3), and rapidly declining temperatures away 
from it in both directions (east and west). Temperatures in 
excess of 380°C were measured deep in well II, perhaps 
related to a magmatic intrusion. In order to control the high 
pressure, high temperature feed near the bottom of this well, 
the well was filled with gravel at depths between 1700-1900 
m (Steingrimsson et al., 1986). 
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Figure 1. The Nesjavellir wellfield (after Arnasson et a! .• 1986). 
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A W-E cross section through the northern 
wellfield showing the estimated temperature 
distribution. 

2 

The pressure conditions at feed zones in the various 
wells. shO\I.Tl in Figure 3, illustrate the complex thermo­
dynamic state of the resource. The data suggest the presence 
of several aquifers with different pressure potential (Stefans­
son. 1985). Pressures are very high in shallow aquifers in 
the southern part of the reservoir system with two-phase con­
ditions prevailing in the region around wells 6. 8 and 9. In 
the northern pan of the wellfield the shallow aquifers do not 
contain high temperature fluids and the pressure potential is 
much lower. At intermediate depths high pressures prevail. 
but the temperatures are rather low. indicating subcooled 
liquid aquifers. Wells 12. 17 and 18 have anomalously high 
pressures at depth, about S bars higher than those in other 
wells at Nesjavellir. 

The geological formations encountered a't Nesjavellir 
consist primarily of hyaloclastites and basalt lavas. (Figure 
4; Franzson et a! .• 1986). Basaltic hyaloclastite formations 
are dominant in the top 600 m. with basaltic lava series 
becoming more abundant below 600 m. Intrusions also 
increase drastically with depth and exceed 50% at depths 
below 1500 m (Franzson et a! .• 1986). The geological cross 
section shows two major fault structures delineating a central 
graben. The hydrothermal alteration indicates that in most of 
the reservoir system the mineral assemblages arc in equili­
brium with the prevailing temperatures (Franzson et a! .• 
1986). 

Franzson et a!. (1986) discuss the fracture characteris­
tics of the Nesjavellir system in light of fluid production. 
They believe that horizontal permeability is predominant in 
the upper 800 m of the system, perhaps due to contact per­
meability between layers. This agrees well with the observed 
pressure discontinuitie.~ between aquifers in the shallciw pans 
of the field. For the main reservoir section below 800 ni 

t 



r ,. 

'J 

-~ 
' I 

q 

+ 200 

0 

....; -200 
IIi 
ci 
E -400 

c: 
.!2 -600 c 
> 
111 

w -eoo 

·1000 

·1200 

·140C 

·16:0 
0 20 40 60 eo 100 120 140 

Pressure (bars l 

Figure 3. Pressures at feed zones in some of the wells 
(after Stefansson, 1985). xBl e~II·I26C4 

r-1_, Jtl~ ~~ 8'!'~~ II, 

~ tt0701~· (ll 

A 

0 

-200· 

-•uu-

-600-

-eoo 

-tOCO-

•120~-

-11100 

-1600. 

Figure 4. 

NE SJAVE LLIR. GEOLOGICAL PROFILE 

A' 

Geological cross section extending W-E 
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depth, Franzson and coworkers believe that vertical permea­
bility becomes more dominant as fracture and fault permea­
bility becomes important as well as contact permeability at 
the boundaries of the intrusions. 

Almost all of the Nesjavellir wells are good producers. 
Table I lists typical flow rates, enthalpics and energy outputs 
(in MW J for each of the commercial wells. The table shows 
that on the average the thermal output of the wells is about 
60 MW,. The average electrical generating capacity of the 
wells is about 8 MW •. 

The Nesjavellir wells vary greatly in the enthalpy of the 
produced fluids (see Table 1), which is mostly due to the 
different thermodynamic conditions in the vicinity of the 
wells. The two-phase wells produce fluids with enthalpy 
varying from 2000 to 2650 kJ/kg, whereas the wells com­
pleted in the subcooled part of the reservoir produce fluids 
with enthalpies below 1500 kJ/kg. 

Monitoring of chemical concentrations of gases and dis­
solved solids in the produced fluids shows that concentrations 
of these chemicals are relatively low in comparison with 
other high temperature geothermal fields. In general. the 
chemical characteristics of the fluids from individual wells 
are so similar that it is difficult to infer fluid flow directions 
from the data. Recent isotope studies have sho~~on that the 
fluids feeding well 12 have undergone less interaction with 
the rock than those feeding the other Nesjavellir wells. 

CONCEPTUAL MODEL 

A conceptual model of the field was proposed by 
Stefansson (1985) before the drilling of the last eight wells 
(wells II through 18). Most of the ideas proposed in the 
conceptual model developed by Stefansson are consistent 
with the results of wells drilled after the model was 
presented. 

All evidence collected to date suggests that the main 
upflow zone to the system is located southwest of the 
wellfield under the HengiU volcano. In addition to the Nes­
javellir anomaly, this upflow zone probably also feeds fluids 

Table 1. Productivity of Nesjavellir wells. 

Well 

5 

6 

7 

9 

10 

11 

12 

13 

14 

15 

16 

Flow 
rate 

(kgls) 

10 

22 

36 

28 

52 

37 

57 

36 

28 

47 

27 

Enthalpy Steam at 
7 bars 

(kJJkg) (kg/s) 

1600 5.3 

2500 19.0 

1300 10.9 

2200 20.4 

1350 16.4 

2500 32.7 

1300 17.2 

2500 31.4 

1300 8.6 

1450 16.5 

2300 21.0 

Thermal 
output 
(MWJ 

18 

55 

48 

62 

70 

93 

75 

90 

37 

67 

6:! 
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to other geothennal anomalies in the Hengill area (e.g., Kol­
vidarholl, IIU\Stidalur, etc.). We believe that vapor-dominated 
conditions exist in the upper pan of the upflow region. which 
help!' to explain the high pressures in shallow aquife~ in the 
southern pan of Nesjavellir and the vastly different pressure 
potential at differem depths in the wells. Well 8, in the 
southern pan of the wellfield, identified a shallow two-phase 
aquifer (= 120 m depth) with very high pressure (20-23 
bars}; this aquifer is also present in well 6, but has lower 
pressure (H. Franzson. pe~onal communication, 1986). At 
depths between 400 and 800 m a single-phase aquifer with a 
high pressure potential can be found in many of the wells. 
The presence of an upflow zone with a small venical pres­
sure gradient (vapor-dominated zone). located beneath a high 
topography anomaly (i.e .• the Hen-gill volcano) can explain 
the high shallow pressures and vastly different pressure 
potentials. 

It is hypothesized that this vapor zone will have pres­
sure on the order of 70 bars to be consistent with the large 
pressure potential or the aquife~ between 400 and 800 m 
depth. The vapor zone would have to extend down to an 
elevation or about 600 mbsl to create the lower pressure 
potential in the deeper reservoir. 

The temperature and pressure data obtained from the 
wells suggest that the fault zone near Kyrdalshryggur has 
higher penneability than the surrounding rocks. The extent 
or this high penneability zone (discharge channel) to the 
north is not well known. but it extends past well 16 and 
perhaps as far as well 18. which is located about I krn north 
or well 12. Depths to the hot fluids become greater towards 
the north. 1be high temperature and pressure zone found 
deep in well 11 is located within the discharge·channel, and 
perhaps some localized upflow oc!:u~ along it The last 
eruption at Nesjavellir some 2000 years ago was a fissure 
eruption in the Kyrdalshl')·ggur area (see Figure 1). 

The anomalously high pressures deep in well 12 in 
Kyrdalur necessitate the presence of low pcnncability rocks 
between well 12 and the other wells to the east Recent data 
from wells I 7 and 18 also indicate high pressures in these 
wells, suggesting that they may be hydrologically coMected 
to the aquifers feeding well 12. The impenneable barriers 
between well 12 (and perhaps wells 17 and 18) and the other 
wells can be readily explained because of the numerous eru)>­
tive fissures (dikes} extending NE-SW in the Kyrdalshryggur 
area. 

The heat loss from the Nesjavellir system occu~ 
through conductive heat transfer to the ground surface and 
laterally to the sides, and steam and hot water loss to surface 
manifestations. Most or the present active surface springs 
are located in the Koldulaugargil (see Figure 1) or in Nes­
jalaugargil between wells 6 and 9. Temperarure data from 
lhc Nesjavellir wells generally show that the conductive shal­
low temperature gradient varies between 0.4 and 0.7 •om. 
There is a S-N flow of cooler fluids at depths or about 150-
200 m over most of the northern pans of the welllield. This 
fluid flow enhances the heat losses of the system. 

THREE-DIMENSIONAL NUMERICAL MODEL 

Because of the complex thc:nnodynamic and geologic 
conditions of the NesjaveUir field it was decided to develop a 
fully three-dimensional model of the field. The model had to 
consider all relevant field data and be consistent with 
observed field conditions and behavior, including: 

4 

I. The pressure and tcmperarure conditions: 

2. The presence of two-phase zones: 

3. The flow rates and enthalpies of wells: 

4. The observed pressure interference effects. 

After the model development was completed. perfonnance 
predictions of the generating capacity of the field were made. 

The Numerical Grid 

The three-dimensional model consisted of four laye~. 
three of which were 400 m in thiclcness. while the bottom 
layer was 800 m thick. The choice of the number of laye~ 
and their respective thicknesses was made based on the 
observed thermodynamic conditions in the field and the loca­
tions of major feed zones in the wells. 

The grid used extends 12 krn in all directions from the 
wellfield; constant pressure boundaries were used as external 
conditions to the model. In most of the simulations the outer 
boundary conditions did not affect the results. 

The upflow zone was assumed to be located in grid 
block 53, which geographically represents a pan of the Hen­
gill volcano (Fig. 5). This location was chosen rather arbi­
trarily, but it places the upflow zone under the Hengill vol­
cano, which we believe is necessal')' to explain the vast 
differences in pressure potential shallow in the well field. 

Various reservoir pararnete~ were adjusted during the 
narural state and history match simulations. including per­
meabilities and porosities, the production indices for the 
wells and the mass recharge rate and the enthalpy of the 

.., ...... . 
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Figure 5. 

-- XBL 8710·4055 --

1bc basic grid superimposed on a topographic 
map of the Nesjavcllir area. 
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upflow zone. Most other parameters used are well known 
for geothermal systems or did not affect any of the simula­
tion results significantly. The computer code MULKOM 
(Pruess, 1982) was used in this wort. 

l"'atural Sute Modeling 

Over most of the Nesjavellir area the conductive heat 
losses amount to some 0.9 - 1.5 W/m2, as indicated by the 
"static" temperarure profiles in some of the wells (see Fig­
ure 10). This conductive heat loss will decrease away from 
the main thermal plume. Convective heat losses to surface 
springs are estimated to be about 10 MW, in Koldulaugargil 
and 5 MW, Nesjalaugagili. In addition to these, we also 
include in our model mass flow to warm springs located 
close to Sandklener on the eastern flanks of the Hengill vol­
cano, where about 5 kg/s of 80°C water are discharged in the 
area (S.P. Snorrason and K. Saemundsson, personal com­
munication, 1986; see also Amasson et al., 1986). 

As mentioned earlier, a basic four-layer model was 
used for all of the modeling wort. The four layers will be 
referred to as layers U, M, L and R. Uppermost layer U 
averages 400 m in thickness, as do layers M and L beneath 

iL Bottom layer R is 800 m thick and resides at elevations 
between 1000 and 1800 mbsl. Depending upon the specifics 
of the topography, layer U varies in thickness from about 
300 m to about 550 m. Additional shallow layers are used in 
the vicinity of the upflow rone in the Hengill area to 
represent the topographic high of the central volcano. 

The basic grid shown in Figure 5 was used for the 
main reservoir layers (layers L and R). Because of predom­
inant conductive heat transfer to the ground surface for many 
regions in the rwo "shallow" layers (layers U and M), many 
of the elements (gridblocks) shown in Figure 5 were not 
needed in those layers. The conductive heat losses were 
computed by an algorithm developed by Vinsome and 
Westerfeld ( 1980). · 

In the "conductive" regions the conductive heat losses 
are computed for different areas based on the observed tem­
perature data from the wells with proper interpolation and 
extrapolation where needed. Thus, the conductive heat losses 
vary areally to the degree the observed data demand. An 
average annual surface temperarure of 5°C was assumed in 
the simulations. 

Many simulation runs were necessary until a coarse 
match with the observed thermodynamic conditions in the 
field was obtained. Each run simulated several hundred 
thousand years until near steady-state conditions were 
reached. after which temperarures would change by less than 
I °C anywhere in the system. As the model has about 300 
gridblocks and 950 connections, the computations needed to 
reach steady state for each run were rather intensive. 

History Match Simulations 

For the history match simulations of the flow rate and 
enthalpy data from the wells, a finer grid than that used in 
the natural state simulations was required around each well. 

A subgrid was placed. in the well clements containing 
the major feed 1.oncs. using the approach developed in the 
Krafla (Pruess et al., 1984) and Olkaria (Bodvarsson et al., 
1985) simulations. Concentric cylinders of radii 20 and 60 
m were used as subgridblocks in the elements, which are typ­
ically equivalent in si1.c to a cylinder 100 m in radius. The 
subgrid allowed for the simulation of the early time response 
of the wells. 
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In order to obtain a reasonable match with observed 
How rates and enthalpics of the wells. numerous iterations 
were necessary. The main parameters controlling flow rate 
decline and enthalpy changes of the wells are productivity 
indices, permeabilities and porosities. 

The method we used in the iterations was to determine 
the productivity indices of the wells based on the initial flow 
rate history, before well interference is seen. Then the 
enthalpy rise was matched by adjusting porosities, while the 
permeabilities were adjusted until the flow rate decline was 
approximately represented. It should be noted that any 
change made in porosity and permeability anywhere in the 
wellfield will have an affect on all nearby wells. Conse­
quently, many iterations were required before a reasonable 
match was obtained. In addition to the flow rate and 
enthalpy data from the wells the model was also calibrated 
against pressure interference effects observed during the well 
production period. 

As mentioned earlier, the calibration of the model 
against flow rates and enthalpies of wells and the observed 
pressure decline staned after a coarse match was obtained 
with the narural thermodynamic conditions of the field. The 
calibration with the production history required many 
changes in the permeability distribution. especially in the pro­
duction layers (layers L and R). This in rum required recali­
bration of the natural state calculations and vice versa. 

BEST MODEL 

Natural SUite Results 

In the best model 65 kg/s of steam-water mixture with 
an enthalpy of 1850 kJikg feed the Nesjavcllir system 
through the upflow rone underneath the Hengill volcano. 
This energy input corresponds to about 120 MW1, which is a 
similar value to that estimated from the tv•o-dimcnsional 
natural state model (Bodvarsson and Pruess, 1986). 

In the model some of this energy is lost through steam 
How to surface springs in Koldulaugargil (=10 MWJ, Nes­
jalaugagil (= 5 MWJ, and to warm springs ncar Sandklenar 
(=1.5 MWJ. However, most of the energy is lost through 
conductive heat transfer to the surface, or to shallow ground­
water aquifers. 

Figures 6 and 7 show the computed temperature distri­
butions in the U and R layers, with observed temperarures of 
wells given in parentheses. The solid hatched lines indicate 
the presence of impermeable barriers retarding fluid flow and 
significantly reducing the total flow areas in layers U and M. 
The locations of these barriers are inferred from the shallow 
temperature distributions in the wells, indicating conductive 
heat flow for areas surrounding most of the low enthalpy 
wells. The impermeable barriers sh011.11 in layer R arc 
inferred from the high pressure in well 12 in Kyrdalur in 
comparison with pressures in other wells. In the present 
model it is hypothesized that the high pressure in well 12 is 
due to separate high permeability flow paths from the upflow 
wne to the well. The broken lines shown in Figures 6 and 7 
represent "imperfect" barriers, that is, lower permeability 
connections berween various regions of the system. These 
arc inferred from various observations during the calibration 
process with the temperature and pressure data, the produc­
tion history and the observed pressure decline as will be 
described later. It should be emphasized that there is consid­
erable unccnainty involved with these permeahility barriers, 
and their locations and permeabilitics arc subject to ,·arious 
non-uniqueness problems. 
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Figure 6. 'The computed temperature distribution for layer 
U. Observed values for each well are given in 
parentheses: doned area represents two-phase 
zone. 

As shown in Figures 6 and 7 the Nesjavellir model 
matches the temperature distributions in layers U and R rea­
sonably well. In the U layer the match is good and the com­
puted two-phase zone extends around wells 6, 8 and 9, which 
is in good agreement with observed data. The vapor satura­
tion in this zone is fairly high and varies between 20 and 
60<it, which is consistent with the observation that mostly 
steam (and gas) was produced out of well 8 from the high 
pressure fracture zone at a depth of 120m. Similar tempera­
ture matches were obtained for layers M and L, and also the 
computed three-dimensional pressure distribution agrees well 
with observed values. The high pressure potential in layer M 
and relatively low temperatures were not easy to simulate. 
This was finally achieved using a model with rather complex 
interaction between the various layers. as shown in Figure 8. 
As mentioned earlier we hypothesize that there is a vapor­
dominated zone approximately 800 - 1000 m thick under­
neath the Hengill volcano. In the vapor-dominated zone 
steam is the pressure-controlling fluid with a ncar vaporstatic 
heat pipe transferring the energy upward towards the 
caprock. The average pressure in the vapor-dominated zone 
is grossly estimated to be about 70 bars. Below the vapor­
dominated layer in the upflow zone there is a liquid­
dominated two-phase zone that extends to unknown depths. 
The near-uniform pressure in the vapor-dominated zone 
causes thc different pressure potential in the various aquifers 
in the drilled region of the geothermal field. According to 
this model. most or the fluids recharging the U layer consist 
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Figure 7. 

-- XBL 87l0-406C --

Tile computed temperature distribution for layer 
R. Observed values for each well are given in 
parentheses; dotted area represents two-phase 
zone. 

of steam and gases ascending from the deeper M layer. The 
high vertical permeability needed for this mass exchange is 
provided by a series of faults cutting through the Hengill vol­
cano just northeast of the proposed upflow zone. and then 
continuing towards the north ncar the KyrdalshHgur area 
and providing high permeability for fluid flow towards the 
north. The vertical steam flow from the M layer to the U 
layer accomplishes two things consistent with the observed 
data. First, the steam loss cools down the fluids and rocks in 
the M layer, yielding single-phase liquid conditions with high 
pressure potential. Second, it produces a gas-rich, two-phase 
mixture in the U layer, without the excessively high pres­
sures that would result if the U layer were in good lateral 
communication with the vapor-dominated upllow zone. It is 
possible that some of the degassed waters recharge certain 
regions of the L layer and provide lluids to well 14, which 
has anomalously low gas content and low fluid enthalpy. 

History Match Results 

All of the wells were modeled individually and !.heir 
flow rate and enthalpy histories matched. The main parame­
ters that were adjusted to obtain matches with t.hc flow rate 
and enthalpy data or the wells were t.he productivity indices, 
permeabilities and porosities. 

As an eumple. Figure 9 shows the match between 
observed and calculated flow rates and enthalpies for well 6. 
This well shows considerable variations in flow rate and 
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Comparison between computed and observed 
flow rates and enthalpies for well 6. 
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enthalpy caused by mobility effects; i.e., when low enthalpy 
fluids recharge the well the flow rate increases and vice 
versa. but the thermal output of the well remains near con­
stant. During the early flow period of the well the enthalpy 
decreases and the flow rate rises, which could be panly due 
to the large water losses during drilling (Stefansson et al., 
1983). However, since the low enthalpy period lasts for 
more than a year it cannot be explained solely by the drilling 
fluid losses. It is probable that the low enthalpy fluids 
recharge the well from the region around well 9 and perhaps 
even further to the east. There is undoubtedly a very good 
permeability connection between wells 6 and 9, as evidenced 
by the rise in fluid enthalpy in well 6 when well 9 starts to 
flow. In our model, we find that very high pcrmcabilities (= 
50 md) connect these wells, and that this high permeability 
zone extends considerably further to the east. The model 
results show good agreement with the flow rate history of 
well 6, especially the gradual decline that starts soon after 
well 9 starts producing. The rise iri enthalpy due to the 
interference from well 9 is somewhat more gradual than what 
has been observed. 

Some pressure decline has been observed at Nesjavcllir 
due to fluid production. In June 1986 the low enthalpy wells 
were shut in and the pressure recovery was observed. The 
results suggest a 3 • 4 bar pressure decline in well 7, a I • 2 
bar decline in well 10, and no decline in wells 12 and 14. 

Figure 10 shows the computed dov.-nhole pressure 
versus time for well 7, and suggests that well 7 is in reason­
able hydrologic communication with wells 10 and 15. Total 
pressure decline in well 7 is about 3 • 4 bars, which agrees 
very well with the observed data. As an example, the 
inferred permeability distribution in the main reservoir layer. 
layer R, is shown in Figure 11. The high permeabililies in 
the discharge channel are most pronounced. The permeabil­
ity of this zone is estimated to be about 30 md. Other hit:h 
permeability areas include the region north and cast of wells 
16 and 7 that enhance recharge from these directions and the 
high permeability zone extending from the upflow zone nonh 
towards well 12. The background permeability is estimated 
to be about 10 md, primarily from the matches with the pres­
sure decline data. It should be noted that the area of 
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Figure 10. Computed downhole pressure chan[:.cs in well 7. 
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Figure 11. The permeability distribution in the R layer, 
inferred from the model. 

influence from fluid production to date only extends a few 
kilometers in each direction, so that permeabilities outside 
this area arc completely unknown. 

The transmissivities deduced from this modeling woric 
suggest that the overall average transmissivity of the Nes­
javellir reservoir is about 10 Dm. This value is somewhat 
higher than those inferred from injection test data, which 
range from 2 - 8 Dm. The reservoir porosity values inferred 
from this model study were generally in the range of 3.5 to 5 
percent, which is somewhat lower than those measured on 
cores. 

CO~CLUSIO~S 

A three-dimensional numerical model of the NesjaveUir 
field has been developed. The model is consistent with the 
observed thermodynamic conditions of the reservoir system 
and matches reasonably well the production histories of the 
wells and the observed pressure interference effects. The 
model has been used to study various exploitation cases for 
l"csjavellir in order to determine the generating capacity of 
the system. and the effects of reinjection and different well 
spacings. Many approximations and assumptions have been 
used in this work, including the usc of a porous medium 
model for a fractured reservoir. and the assumption of con­
stant bottomholc pressure in producing wells. The reader 
should evaluate the following conclusions in light of the 
approximations made: 

I. It is hypothesized that the main upflow zone to the sys­
tem is under the Hengill volcano. The recharge rate in 
the upflow zone is estimated to be 65 kg/s with an 
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enthalpy of 1850 kJtl;g. An extensive vapor zone with 
high pressure (:::: 70 bars) is hypothesized to reside 
underneath the Hengill volcano. 

2. Most of the energy losses in the Nesjavellir area are 
due to conductive losses to the ground surface as well 
as lateral conductive and convective heat losses. Mass 
and heat losses to surface springs only amount to some 
20 MW1, compared to the total energy input of 120 
MW1• 

3. The permeabilities of the system are very heterogene­
ous, and vary between 1 and 50 md. The permeabihy 
in shallow parts of the system are estimated to be in the 
range of 1 to 10 md. In the upper reservoir layer the 
average permeability is around 5 md, but about 10 md 
in the lower pan of the reservoir. In the upper reser­
voir layer a high permeability fracture zone is believed 
to intersect wells 6 and 9; this fault zone is believed to 
extend a considerable distance east of well 9. In the 
lower reservoir layer the permeabilities arc highest in 
the discharge channel extending to the north from the 
upflow zone. Various permeability barriers are believed 
to be present in the reservoir, isolating some of the 
wells from the others. 

4. The "porous medium" porosities of the system vary 
between 1 and 10%. The "effective" porosity in the 
upper pan of the reservoir is estimated to be 5'7.: and 
3.5'7.: in the lower part. These values appear reasonable 
given the measured porosity of 8 • 15% in cores and 
the fact that only ponions of the fluids may be recover­
able from the tight mauix blocks. 

ACKNOWLEDGMENTS 

The authors acknowledge valuable work on this project 
by G. Bjomsson. M. Bodvarsson, K Pruess. M. Ripperda. 
and S. Surcsh. The authors also appreciate technical discus­
sions with G. Bodvarsson, H. Franzson, A. Gudmundsson. 
G. P. Hersir, S. P. Snorrason. and K. Saemundsson. Thanks 
are also due to the Reykjavik Municipal Disuict Heating Ser­
vice (RMDHS). for allowing publication of this paper. This 
work was supponed by RMDHS and The Assistant Secretary 
for Conservation and Renewable Energy, Office of Renew­
able Technology, Division of Geothermal Technology 
through U.S. Depanment of Energy Contract No. DE-AC03-
76SF00098. 

REFERENCES 

Amasson. K .• Haraldsson, G.l.. Johnsen, G.V., Thorbergsson. 
G., Hcrsir, G.P., Sacmundsson, K .• Gcorgsson. L.S. and 
Snorrason. S.P., 1986, NesJavellir- Geological and geo­
physical study in 1985. Icelandic NationaJ Energy 
Authority report OS-86014/JHD·O:! (in Icelandic), 125 
pp. 

Amasson, K .• Haraldsson. G.l .. Johnsen. G.V .. Thorbergsson. 
G.. Hersir. G.P., Saemundsson. K .. Georgswn, L.S .. 
Rognvaldsson. S.Th. and Snorrason. S.P .. 1987, Nes­
javcllir • Olkelduhals - Geological and gcophysicaJ 
study in 1986, Icelandic National Energy Authority 
repon OS-87018/JHD-02 (in Icelandic), 11:! pp. 

Bodvarsson, Gunnar, 1951. Repon on geothermal research in 
Hcngill. Hvcragcrdi and surroundings. 1947-19-19, Jour­
nal Engineering Society of Iceland, pp. 1-48. 



,"' 

. ~ 

Bo<h"ar5son. G.S., Pruess, K .. Stefansson. V., Bjornsson, S. 
and Ojiambo. S:B .. 1985. A summary of modeling stu­
dies of the East Olkaria geothermal field, Kenya. LBL-
19367, Geothermal Resources Council 1985 Interna­
tional Volume, pp. 295-301. 

Bodvar5son. G.S. and Pruess. K.. 1986. The Nesjavellir 
geothermal field, Iceland • A two-dimensional natural 
state model. repon prepared for the Reykjavik Munici­
pal District Heating Service, 38 pp. 

Franzson. H .. Gudmundsson, A .• Fridleifsson, 0. and Tomas­
son, J., 1986, Nesjavellir high-temperature field, SW­
Iceland · Reservoir Geology, Proc. 5th International 
Symposium on Water-Rock Interaction, Reykjavik. Ice­
land, pp. 23-27. 

Franzson, H. and Sigvaldason, H., 1985. Nesjavellir well 
NG-8, Icelandic National Energy Authority repon OS-
85 I ZO/JHD-16 (in Icelandic), 55 pp. 

Pruess. K .. 1982, Development of the general purpose simu­
lawr MULKOM. 1982 Annual Repon. Earth Sciences 
Division. Lawrence Berkeley Laboratory, Berkeley, 
California, LBL-1 5500, pp 133-134. 

Pruess, K., Bodvarsson, G.S., Stefansson, V. and Eliasson, 
E.T., 1984, The Krafla geothermal field, Iceland, 4. 
History match and prediction of individual well perfor­
mance, Water Resources Research, vol. 20. no. II, pp. 
1561-1584 . 

Stefansson. V., 1985, The Nesjavellir high temperature 
geothermal field in Iceland, Proc. lOth Workshop on 
Geothermal Reservoir Engineering, Stanford University. 
repon SGP-TR-84, pp. 23-30. 

Stefansson, V., Tomasson, J., Gunnlaugsson. E., Sigvaldason. 
H., Franzson, H and Sigurdsson,O., 1983, Nesjavellir · 
well NG-6, Icelandic National Energy Authority repon 
OS-86023flHD-04 (in Icelandic), 100 pp. 

Steingrimsson, B. and Stefansson, V ., 1979, Nesjavellir -
Temperature and pressure in the reservoir, Icelandic 
National Energy Authority repon OS-79032/JHD-15 (in 
Icelandic), 31 pp. 

Steingrimsson, B.. Gudmundsson, A.. Sigurdsson, 0. and 
Gunnlaugsson, E., 1986, Nesjavellir · well NJ-1 I, Ice­
landic National Energy Authority repon OS-
86025/JHD-05 (in Icelandic), 60 pp. 

Tomasson. J., Gronvold, K., Kristmannsdottir, H. and Thor­
steinsson, T.. 1974, NeSJavellir well 5, Icelandic 
National Energy Authority repon. 40 pp. 

Vinsome, P.K.W. and Westerfeld, J., 1980, A simple method 
for predicting cap and baserock heat losses in thermal 
reservoir simuJations. Journal of Canadian Petroleum 
Technology, July-September 1980. 

9 



~" 

LAWRENCE BER-KELEY LABORATORY 
TECHNICAL INFORMATION DEPARTMENT 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

~.~,. i~ 




