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ABSTRACT 

A computer program Is developed for the simulation of 
flowing geothermal wells. Th e necessary correc t ions of the 

salt and C02 concentrations on the thermophysical proper 
ties of the geothermal fluid are included 1n the program. 

The program is tested wi th the data from the Svartsengi 

geothermal field in Iceland and the Kizl1dere geotherma! 

field in Turkey. 

The response of the Svartsengl geothermal field to the 

injection is also investigated. A lumped model, called "the 

steam model" is used to analyze the effect of injection. 

and the actual data from th e injection test at the Svarts

eng! field in 1984 Is used for that purpose. 
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1 INTRODUCTION 

1.1 Purpose of the study 

This report is the final part of a 6 month training at the 
UNU Geothermal Training Programme I at the National Energy 

Authority 1n Reykjavik, Iceland 1n the summer of 1985. 

The author's training programme can be divided into four 

main sections, namely introductory lectures in various 

disciplines of geothermal technology, lectures on reservoir 
engineering for the specialized training in this subject. 

two weeks field excursion and seminars on the various 

geothermal fields of Iceland and the final project on the 

subjects of simulation of flowing wells and response of the 
Svartsengl field to injection. 

The experience and knowledge gained will be helpful to 

solve not only problems dealt with in this report but a 

wide range of problems associated with evaluation and 

utilization of geothermal energy in Turkey. 

1.2 Statement of the problem 

Among the several factors affecting the flow performance of 

the wells, diameter of the we ll as well as the reduction in 

the diameter due to calcite scaling and the drawdown in the 
reservoir can be mentioned. It is a common practi ce to 
develop simulators to study the effects of those factors. 
Because of the chemical composition of the geothermal 

fluid, the thermodynamic properties of pure water should be 

corrected for salt concentration . Another factor which 

should be taken into account in the two-phase pressure drop 

calculations is the effect of non-condensable gases. 

Reinjection is increasingly becoming an integral part of 

the deSign of geothermal projects. The necessity of 

reinjection mainly arises from three factors I disposal of 
chemically hazardous geothermal waste water, possibility of 

pressure recovery of the declining aquifer and more heat 
extraction from the reservoir rock. 
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The main pr o blems encoun t ered 

Turkey are the reduction 1n the 

1n geoth e rma l fields in 

yields of the wells due to 

both scaling and drawdown 1n the reservo i r , and the 
disposal of waste water. These two problems were selected 

to provide the writer with a useful experience and knowl 

edge on the methods of solution. 
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2 FLOW PERFORMANCE CALCULATIONS IN GEOTHERMAL WELLS 

2.1 Introduction 

Good production wells 1n high temperature fields are 
characterized by high flowrates which make the downhole 

measurement of the flowing wells impractical. This diffi 

culty makes simulation of the flowing wells important . 

Therefore, it is necessary to develop and test the flow 

models for geothermal wells by using limite d data which 

exists for low flowrates. 

Wells 1n high temperature, liquid dominated geothermal 

reservoirs generally produce two-phase mixtures . In the 

case of liquid water inflow to the wellbore, the drop 1n 

pressure during upflow results in flashing of the fluid in 
the wellbore. Since the thermodynam i c properties of a brine 

change with the salt concentration, it is necessary to 

correlate the properties of fluid with respect to salt 
concentration. One of the constituents in geothermal fluid 

is non - condensable gas, especially C02, which causes an 
increase in the flashing pressure. To analyze the behaviour 

of flowing wells, a wellbore simulator was developed which 

takes the effects of salt and C02 concentration into 

account. This simulator was used to estimate the 

deliverability curves for two wells in the Svartsengi 

geothermal field 1n Iceland. The effect of C02 was studied 
by using data from the Kizilde r e geothermal field in 
Turkey . As a final applica t ion, the changes 1n the output 

of a wel l as a result of calcite deposition was also 

stUdied. 

In the following sections, the derivation of flow equations 

and corrections for 

presented . 

salt concentration and C02 are 
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2.2 Derivation of the equations for fluid flow in a 

vertical pipe 

To describe the fluid flow in a vertical pipe, one can use 
the equations of conservation of mass, momentum and energy. 

During the following derivation of equations it is assumed 
that the flow 1s homogeneous, steady and one - d i mensional. 

- Equation for conservation of mass: 

w pVA (1) 

- Equation for conservation of momentum: 

This 

pOint 

equation 
of view. 

1s generally wr i tten 

Total pressure drop 

from a pressure 

is made up of 

individual gradients, 

- {dP)t = (dP)fric + (dP)acc + (dP)pot ( 2 ) 

Let us define each gradient separately. 

i) Frictional pressure drop 

drop 

three 

This pressure drop is def ioed by the Darcy-Weisbach 

equation as; 

(dP)fric 
pfV2 
--dz 

2D 
( 3 ) 

The friction factor "f" is a function of the Reynolds 

Number, Re, and the relative roughness of pipe and is given 

by the modified Colebrook's equation as; 

where 

< 
f = [ [ -2 log (--J + 

3.7D 

pVD 
Re 

7 0.9 2 -1 
(-J 1 1 

Re 
( 4 ) 

( 5 ) 
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11) Acceleration pressure drop 

(dP)acc = pVdV ( 6 ) 

If the mass flux ls defined as G - W/A, and from Eg o 1. 

V Gip. then the acce l eration pressure drop can be 

expressed as; 

(dP)acc • G dV 

ill) Potential pressure drop 

This pressure drop is defined as; 

(dP)pot • pgdZ ( 8 ) 

By using equations 3.7 and 8 the total pressure drop can be 

written as; 

pfV2 
- (dP)t - dZ + GdV + pgdZ 

2D 
( 9 ) 

- Energy equation: 

The total energy equation can be expressed as; 

dE WdH + Wd (':'.:.) 
2 

- WgdZ - QdZ ( 1 0 ) 

since there is no energy input for a self-flowing well, 

E- O. equation 10 becomes; 

o 
V2 Q 

dH + d ( - ) + gdZ - dZ 
2 W 

( 1 1 ) 

The total enthalpy ls a function of the enthalpies of each 

phase, HI and Ha. and the flowing steam quality. x. 

H - xHs + (l - x) HI ( 1 2 ) 
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Integration of equation 11 between any two points in the 

well 1n an upward direction gives; 

Q 
( 1 3 ) 

By introducing equation 12, the steam quality at point 2 

can be found as; 

H8 .2 - Hl,2 
( 1 ~ ) 

The heat 10S8 to the surrounding, Q. will be discussed 1n a 

later section. 

It 1s known that a liquid-dominated geothermal reservoir 

will initially produce undersaturated water at the well bore 

sand - face. During the upflow of the fluid along the 

wellbore. the drop 1n pressure results 1n saturated water 

and the flow becomes a two - phase flow. In order to examine 

these two different sections, namely single-phase and 
two - phase, it is necessary to study the above equations at 

each section separately. 

2 • 2 • 1 Singe - phase region 

In this section, the fluid density is almost constant which 

corresponds to the density of the inflow temperature . This 

constant density results in a constant velocity, V,R V2, 

then according to equation 7 (dP)acc - o. 

Now, total pressure drop for Single-phase region is reduced 

to; 

-(dP) -
pfV2 
--dZ 

20 
+ pgd Z ( 1 5 ) 



1 5 

2.2 . 2 Two-phase region 

When the fluid starts flashing 1n the wellbore, it under 

goes different two - phase flow regimes. namely bubble . slug 

and annular. These flow regimes have been studied by 
several authors (Ros, 1961; Hagedorn , 1964; Orkiszewski. 

1967). In these flow regimes , the vapour and liquid phases 

travel separately at different velocities. Since the vapour 

always "slips " past the liquid 1n vertical flow, equation 

9 has to be corrected. 

In general the mixture density Is presented 1n terms of 

actual void fraction defined f r om the volume occupied by 

the vapour phase, 

where 

o • or 
Al 

(1 - 0) • 
A 

( 1 6 ) 

( 1 7l 

On the other hand the slip factor , '\, Is defined as the 

velocity ra t io, 

, . ( 1 8 ) 

Another important definition for the two - phase region is 
the steam quality. x. 

x • 
Ws 

W 
or (l-x) • ( 1 9 ) 

Now , let us define individual pressure drops in the 
two - phase region . 
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i) Potential pressure drop 

By substituting equation 17 into equation 8 

(dP)pot : ( 20 ) 

11) Acceleration pressure drop 

From the equation for conservation of mass, equation 1. the 

velocities of each phase can be written as; 

xW 
V . (21 ) 

PsAs 

and 

V . (l - x)W 
( 22) 

P1Al 

On the other hand. the acceleration pressure drop in 

two- phase region is defined as; 

(23) 

By substituting the definitions of velocities from equa

tions 21 and 22 

_W_W,,-l..:.( ..:.1 _- ,,-x .c) 
d( 

A P1Al 
( 24 ) 

By making further substitutions for rates of mass flow and 

cross - sectional areas for each phase from equations 17 and 

19 the final equation is obtained as; 

(dP)acc • 
(l-x)2 
--J 
(I-.)Pl 

( 25 ) 
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111) Frictional pressure drop 

If we introduce the definition of mixture dens i ty , equation 
16, into eq uation 3 the frictional pressure drop for 
the two-phase region can be obtained. 

( 2 6 ) 

But the difficulty a r ises here In the evaluation of the 

two - phase friction factor and velocity of the fluid, 

because oC the definition of the two - phase viscosity and 

the difference between the velocities of phases due to 

slip. In order to overcome this difficulty several empiri

cal correlations have been studied. 

Martinelli-Nelson (1948) defined an empirical relation to 

calculate the friction pressure gradient by assuming a 

ratl-o, called two-phase multIplier. 

(dP/dZ)rtp - ~21 ors (27 ) 

where (dP/dz)rtp Is the two - phase frictional pressure gra 
dient, (dP/dz)l and (dP/dz)s are the frictional pr essure 
gradients for the li quid or gas respectively if they a re 
flowing alone in the same tube . 

Other correlating parameters have been defined if the total 
mass is flowing with the physical properties of one of the 

phases . 

(28) 

where (dP/dz)lo and (dP/dz)so are the pressure gradients 
for the total flow of fluid having the liquid or gas 
physical properties respect i vely . 

In this correlation , frictional pressure drop for the 
single phase is obtai ned by assuming that all the flo wing 

fluid is in this phase , then this single phase pressure 

drop is multiplied by the two-phase multiplier to obtain 

the frictional pressure drop in the two-phase flow. 
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In the literature, there are several correlations fo r a 

two- phase multip l ier. In this report, the correlation given 

by Chisholm (1972) is used. 

4> 2= C 1 
1 + + 7 X 

( 29 ) 

where 

X2 . 1-x 2 vl 
(-).- (30 ) 

x Vs 

and 

C 1 + 
xVs - a ( 3 1 ) 

xvs + (1 - xlvl 

As can be seen in equation 31 the void fraction, hould 

be known to calculate t he two - phase multiplier . In order to 

calculate the vo i d fraction the correlation by Ar ma nd and 

Teacher (1959) is used . 

a = 
0 . 833 + 0 . 05 log(P) 

(1-x) Vl 
+ 

This concludes the equations for 

two- phase section . The location of 

be calculated as follows. 

- (dP)t . (Pwf - Ps) . (d P)fr! + 

From equation 1 5 • by substituting dZ 

- (dP)t . 

z* - Za -

pfV2 
pg)( Za - Z*) (""2D + 

Pwf - Ps 

pfV2 
pg + 

2D 

Pin bar 

pressure drop in the 

the flashing point can 

(dP)pot (33 ) 

. Za - Z* 

(34 ) 

(35 ) 
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But. the high flowrates and temperatures in geothermal 
wells, make it difficult t o run downhole measurements 

under normal operati ng conditions. Therefore, in order to 
get the value o f the bottom hole flowing pressure, Pwf. we 

should find a relationship between the conditions of static 
well and flowing well. 

Durlng the flow of fluid 1n the reservoir. the pressure 

drops from undisturbed reservoir pressure, Pal to the 

bottom hole flowing pressure. Pwf. at the sand-face. This 

pressure drop in the reservoir Is due to the skin effect, 

the longterm drawdown factor. and the turbulence pressure 

drop. (Kjaran , 1983) Therefore, Pwf can be written as; 

Pwf • Pa - (SW + Cw2) (36) 

where Band C are some factors. 

In the high flowrate geothermal wells, initially the 
pressure drop due to turbulence is the dominant factor and 

equation 36 can be rewritten as; 

Pwf - Pa - CW2 (37) 

Since we have some measurements of Pwf for the low 
flowrates, equation 39 can be solved analytically by taking 

the slope of (Pa-Pwf)/W vs. W graph as turbulence factor C. 

Another way of obtaining the C value is the use of 

simulators to match the deliverability measurements of the 
wells since the wellhead pressure is given by, 

Po • Pwf - (dP)t • Pa - CW 2 - (dP)t (38 ) 

In this procedure, Pa is an i nput and C is the variableto 
match the measured wellhead pressure for a given flowrate. 

2.3 Well bore heat transfer 

During the flow of fluid in the wellbore, some heat is 
transferred by conduction through the rock surrounding the 

well bore. This heat transfer to the surrounding has been 
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studied by Ramey (1962). By assuming that the conductive 

heat flow Is normal to the axis of the well. the equation 

for heat conduction can be written as; 

1 3 3T 
K -.-(r. - ) 

3T 
PmCm-

3T r ar ar 

The boundary conditions are as follows, 

where Tr • 

T 

(r + "'). 

(r - r w) 

undisturbed reservoir temperature, (OK) 
temperature at the well face, (OK) 

<39 ) 

The conductive heat transfer per unit length of the 

well bore Is given by: 

(T r - Tw) 

f(t) 

where let) Is defined as; 

2;'](t 
f(t)-ln( ) - 0.29 

rw 

( ~ 0 ) 

( ~ 1 ) 

In fact. the boundary condition given for undisturbed 

reservoir temperature occurrs at a certain distance from 

the wellbore instead of infinity. By introducing this new 

boundary condition, the solution of the problem becomes 

more complicated and is given by Carslaw and Jaeger (1959). 

2 . ~ Thermodynamic properties of geothermal fluids 

Geothermal fluids are solutions of various types of salts. 

These are primarily NaCl, KC1, and CaC12, but it is a 

common practice to use the "equivalent NaCl content" to 

define the salinity of a geothermal fluid. The "equivalent 

NaCl content" is the amount of NaCl in solution that will 

bring the same effect on the properties as the amount of 

all the salts combined. 
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For the model ling of the geotherma! well, it is necessary 

to know some thermophysical properties accurately. such as 

the density, the enthalpy, the entropy. the viscosity and 
the saturation pressure at a given temperature. To make the 

corrections on the pure water properties, Michaelides 

(19Bl) presented some formulas which are based on "equiva
lent NaCl content". 

One of the effective changes in the properties of pure 

water wi th salt content is the depression of saturation 

pressure at a given temperature, 

1 .8R(T + 273.15) m 
OF -

Vs - VI 55.56 
( 4 2 ) 

where R - (8.314/18) - 0.4619 kJ/kgK. 55.56 15 the moles of 

water in 1 kg of the substance 

Salinity of water in pprn 
and m -

Molecular weight of NaCl 

The saturation pressure of pure water Is given by the 

following simplified correlation; 

P(T) • exp(0.21913E - 6T3- 0.17816E-3T 2 

+ 0.0653665T - 4.96087) (43) 

In his paper Michaelides gives the gas constant as 8 . 314 

kJ/kgK for equation 42, but if the unit analysis is done 

carefully, it is found that the actual gas constant is the 

ratio of universal gas constant (8.314 kJ/kmoleK) to the 

molecular weight of water ('8 kg/kmole). The reader should 

give attention to this change in the formula. 

Let us take an example to show the effect of salt on the 

depression of saturation pressure. If we take the common 

values from the Svartsengi geothermal field in Iceland, 

T • 240DC and salinity - 20.000 ppm 

by using equation 43, P(T) - 32 .93 bar 
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20.000 mg/kg 
m = = 0.342 mol/kg 

58.500 mg/mol 

and Vs 0.0595 m3/kg . vI 0.0012 m3/kg from the steam 

tables for pure water. 

By substituting the above values into equatIon 42 

6P - 45.05 kPa = 0.45 bar 

The true saturation pressure therefore reduces to. 

P P(T) - 6P - 32.93 - 0.45 - 32.48 bar 

For the correlations of densIty. enthalpy. viscosity, 

entropy and elevation of saturation temperature, the reader 
is referred to Michaelldes (198 1 ). 

2.5 Effect of C02 

C02 provides an Important component to the total pressure 

of geothermal fluid. Presence of C02 causes the transition 
between single-phase and two-phase flow to happen deep er in 

the well bore than one would expect by ignoring C02. 

The pressure of the vapour phase Is the sum of steam and 

gas partIal pressures, 

p - Ps + Pg ( 4 4 ) 

The partial pressure of gas can be expressed in terms of 

the concentration o f gas in liquid phase and solubility. 

The solubility data for C02 was fitted to an equation by 

Sutton (1976). 

a(T) - {5.4-3.5(T/IOO)+1.2(T/IOO)2IE - 9. (I/Pa) (45) 

The partial pressure of C02 i s given by the following 

formula, 

( 45) 
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In order to show the effect of C02 on the flashing pressure 

of the fluid I let us take an example from the Kizildere 
geothermal field in Turkey. 

The well number KD-6 is producing 15% C02 by weight in the 

steam phase and the wellhead steam quality is measured as 

9.47%. The inflow temperature of fluid is 201°C. 

In order to get the flashing pressure, the steam saturation 

pressure and C02 partial pressure should be calculated 
separately. 

By using equation 45 the steam pressure can be found. 

Ps(T) • 15.79 bar 

Now,first of all we should convert the wellhead C02 meas

urement to downhole concentration. By assuming all the C02 

was in the vapour phase at the wellhead, 

n1 • 0.15·9.47 • 1.42 % by weight 

By using equation 45. a(T) - 3.21E-9 

0.0142 

3.21E-9 
4.42E6, Pa 

l/Pa 

1i4.2 bar 

Therefore, the flashing pressure of this system 1s; 

P • 15.8 + 44.2 • 60 bar 

which is far beyond the steam saturation pressure. 

After flashing, the C02 pressure in the vapour diminishes 

from its inl tial value as flashing progresses. Most of the 

mass of C02 is exsolved in the first few weight percent of 
flashing. Mlchels (1981) developed a relationship for the 

C02 pressure in a developing vapour phase. 

The partial pressure of C02 is given accurately enough by 

the real gas equation, PV = znRT, and the final form can be 

expressed as a function of three factors, namely initial 
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CO 2 partial 
system. and 

developed. 

pressure, the present temperature of the 
the weight percent of flashing that has 

Pc(O) {l 
44 \lsx -1 

+ .(T)R(T+273.15)1 
(47) 

where pc{o) Initial C02 partial pressure and 42 is 
molecular weight of C02. 

2.6 Applications of the program 

The developed computer program can find the main applica

tions in the follow i ng subjects: 

i. Prediction of flowing well pressure and temperature 

profiles. 

11. Development of deliverability curves for a certain 

well for different aquifer pressures. 

iil. Determination of the effect of salt and C02 concentra 

tion on the flashing point of the fluid. 

iv. Determination of the e ff ect of calcite deposition and 
plugging on production . 

These four items were analyzed for two wells in the 

Svartsengi 
the effect 

During the 

field in Iceland 

of CO 2 from the 
applicatio n of 

a nd one exampl e is gi ven for 

Kizildere field in Turkey. 
the computer program , the 

relative roughness coefficients of the slotted liner, 

casing and calcite deposition were taken as 1.37 E- 4, 4.57 

E- 5 and 3.041 E- 4 m respectively. 

The listing of the program is presented in Appendix A. 
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2.6.1 Svartsengl Well No. q 

This well was initially drilled to 1113 m depth, and it was 
used as a production well until a casing damage occurred 1n 

the well in 1980. Presently it Is used as an observation 

well. 

The depth of the aquifer Is found from the temperature 

profiles as 1024 m, initial temperature and pressure values 

were 240 0 C and 88 bars respectively. 

During the application 

deliverability curves of 

of the computer program. the 

the well, with or without calcite 

deposition, and the pressure profile of the well were 

obtained. These results are compared with the actual 

measurements. The output measurements for well 4 In 

Svartsengi are given in Table t. As can be seen from 

Fig. 1, the deliverability curves for the cases with or 

without calcite are in good agreement with the measured 

ones. This fit was obtained by using the turbulence 

coefficient as 0.0035 bar/(kg/s)2. 

TABLE 1 Svartsengi well no 4 output measurements 

WHP(bara) Flow(kg/s) WHP(bara) Flow(kg/s) 
Without calcite With calcite 

19.0 33.0 18.9 28.0 
17.1 59.0 1 6.8 39.0 
1 4 . 0 75.0 1 3. 5 49.0 
1 3.2 80.0 1 1 .2 50.0 
1 1 . 7 85.0 9.2 51 .0 

8.9 52.0 

Data derived from Fig. 2 was used to see the ef fect of 

calcite deposition. The length of deposition was taken as 

60 m between the interval 350-410 m and the best fit was 

obtained by using 11.5 cm as the average diameter of the 

calcite section. The calcite deposition causes a very high 

in high flowrates and the chang e in pressure drop 

deliverability curve 

flowrate. In Svartsengi 

Is very abrupt at a parti cular 

kg/S and with a flowrate 

choked. 

51 4, this flowrate is found as 

higher than this value the flow is 
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The measured and calculated pressure profiles were also 

compared at Fig. 3. The calculated pressure profUe at 30 

kg/s flowrates gives a good fit with the measured one. 

As a final application, mass flowrate vs. flashing depth 

from wellhead was plotted. and the caliper log of the well, 

Fig. 2, was compared with this plot (Fig . 4) . By taking the 

flashing depth as 410 m from Fig. 2, the corresponding 

f!owrate Is found as 31 kg/a from Fig. 4 which was the 

actual average flowrate of the well before callper log. 

The computer outputs for Svartsengl 
Appendix B. 

are given in 

2.6.2 Svartsengi Well No. 11 

This well was used as an example for the effect of reser

voir pressure and casing size on the dellverabl11ty curves. 

The family curves for different reservoir pressures are 

shown on Fig. 5. The pressure drawdown causes a reduction 

in the wellhead pressure but this reduction is not of the 

magnitude as the reduction of reservoir 

the other hand, the shape of the 

same order of 

pressure. On 

deliverability curves are almost the same for all reservoir 

pressures, therefore it is possible to find a common 

formula depending on the reservoir pressure, wellhead 

pressure and mass flowrate by knowing 

deliverability curve for a reservoir pressure. 

only o n e 

As a part of this study, three production tests were 

carried out and the data is used in the program. The lip 

pressure method developed by James (1970) was use to test 

the well. A V-notch was used to measure the low mass 

flowrates and 

James's formula 

area, en thal py 

the enthalpy of fluid is calculated from 

which relates mass flow, discharge pipe 

of fluid, and lip pressure. For a higher 

mass flowrate, the well was discharged vertically, direct 

to the atmosphere. The enthalpy value obtained from low 

flowrates is used to get the flowrate from James ' s formula. 

The results of the test are given in Fig. 5. Since there is 

about 12 bar pressure reduction in the field from the 

initial reservoir pressure, due to the production, the 
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reservoir pressure is taken as 76 bar. The best fit is 

obtained by using zero turbulence factor. 

The effect of casing size on the output curves was also 

studied and the results obtained for two different wells 

are plotted in Fig. 6 . The main effect of the casing size 

on the output characteristics of the wells is the decrease 

1n the turbulence pressure drop in the wider wells. The 

dellverabl11ty curve for Svartsengi 11 was obtained by 

using zero turbulence factor and as can be seen from Fig. 

6. the change in flowrate does not affect the wellhead 

pressure in the wider well as in the narrower wel l . 

2.6.3 Kizildere Well No. 6 

To see the effect of C02 on the output curves, data from 

Kizildere geothermal field in Turkey was used. The 

Kizildere field is a hot-water type geothermal field which 

is producing through six wells. One of the important 
problems in this field is CaCO scaling in wells which is 

related not only to the calcium but also to the C02 
content of the geothermal fluid. High percentage of C02 in 
the geothermal fluid of Kizildere causes early flashing of 

the fluid because of higher C02 partial press ure . The data 
from Kizildere Well no 6 (KD-6) was used in the program and 

the flashing depth and the wellhead pressure were examined. 
The actual data (Tan, 1982) and computer output for this 

well are given in Table 2. Fig. 7 shows the configuration 

of casing string and flashing point. 

By using zero turbulence pressure drop, the wellhead 
pressure was obtained as 3.14 bar and the flashing point is 
at 576 m which shows a good agreement with the measure

ments. 
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TABLE 2: Data and computer output for Kiz1!dere well No. 6 
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3 RESPONSE OF THE SVARTSENGI GEOTHERMAL FIELD TO INJECTION 

The Svartsengl geothermal field is a high temperature 

liquid dominated field with a temperature range 235-2400C 

and the fluid produced is in composition of two-thirds sea 
water and one - third fresh water. The geology of the 

Svartsengl field has been deseri bed by Franzson ('983). 

Res e rvoir engineering studies in Svartseng l are discussed 

by Kj aran et al . (1979) and Gudmundsson et al. (, 985a. 

1985b). The fluid production in Svartsengl has resulted 1n 

a draw down of 135 m, after a fluid production of about 41 

E9 kg. The rap i d drawdown in the field may affect the 

following items of the future performance of the field, i) 
cold water 

cooling of 

production 

encroachment from surrounding 

the formation, i1) decline in 

wells with falling reservoir 

aqu ifers, and 

the output of 
pressure, iii) 

migration of the flashing zone down the wells and into the 
formation, iv) sealing of the producing fractures by 

calcite deposition if the fluid flashes in the formation. 

Injection would be a solution to the pressure recovery of 

the field as well as the efficient disposal of waste brine 
and condensate. 

To study the effects of injection in the field two injec
tion and tracer tests were carried out in 1982 and 1984. 

These tests are discussed by Gudmundsson (1983) and 
Hauksson (1985). The purpose of this study is to investi 

gate the pressure response of the field to injection and 
match one year production history of the field by using a 

lumped-parameter model. 

3.1 Analysis of injection data 

In the Svartsengi injection test, a brine - condensate 

mixture was injected for 72 days between 25th July to 
4th October, 1984. The mixture was 80 percent flashed brine 
and 20 percent steam condensate and the injection flowrate 

was kept at 50 kg/so The mixture had a pH close to 6.7 and 
the temperature 80°C. During the injection test, the 

drawdown was measured as water level in a monitoring well . 
The critical problem encountered during the injection was 

the silica scaling in the i njection well. It was tried to 
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avoid this by controlling the pH of the injected fluid and 
by dilution of the 

plant. During the 

brine with the condensate of the 

test the condensate concentration 

power 

could 

not be kept constant because of the unavailability of 

adequate amount of condensate from the power plant. As a 

resul t the concentration of the condensate decreased down 

to 10 percent which caused an increase in the rate of 

silica deposition. One of the proposed solutions to 

decrease the rate of silica deposition Is the injection of 

CO 2 with the condensate, which produces a weak acid to 
lower the pH down to 5.5 (Hauksson, T. personal communi ca
t 1 on) • 

To see the effect of injection on the drawdown of the 

field. the rate of production and drawdown data are used 

for the time period of October 1983 to January 1985. The 

total rate of production and injection data are shown in 

Fig. 8 with time, and the net production is the difference 

between production and injection rates. The water level 

drawdown is shown in Fig. 9 with time. 

The drawdown data shows a linear trend for the first seven 

months in which the net production rate is almost constant. 

But after a decrease in production. the rate of drawdown 

also decreases and during the time of injection the water 

level starts to increase. The effect of reinjection can 

also be seen from the late portion of the data when the 

production rate reaches the initial value. During this 

period, the change in drawdown shows the similar trend as 

of the early data. By using these two graphs it can be 

concluded that the injection can be helpful to recover 

pressure . 

3.2 Model description 

Fluid extraction and reservoir drawdown in the Svartsengi 

field developed an increased steam zone after a few years 

of fluid production. This is evident from Well 10 which 

changed from being liquid-fed to producing steam only which 

is the shallowest well among the six main producing wells 

(424 m deep). Other wells in the field are still liquid

fed. A conceptual model of the Svartsengi reservoir is 
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shown in Fig. 1 0 • The liquid dominated reservoir Is 

overlaln with a steam zone, which increases in size with 

drawdown (Hauksson, 1985). 

Based on the above conceptual model Vatnaskil (1983) 

developed a lumped parameter model of the field. The 
schematic representation of the model Is given In Fig. 11. 

The boundaries of the reservoir are impermeable and there 

Is a slightly impermeable barrier between the feed zone and 
the liquid dominated zone. The drawdown In the feed zone 

leads to a leakage from the water zone. This leakage 

results in an increase In the size of the two-phase zone. 

The balance equations for this model can be written as; 

W "" q + 

where c is a constant . 

If we solve these equations for h, and h2 we get; 

t 

h1 (t) • Cdm(t-tle-t/kdt 
o 

t 

h2(t) - Cl(t) - C2 fm(t-t)e-t/kdt 
o 

where; 

C 

( 4 8 ) 

( 49) 

( 5 0 ) 

(51 ) 

(52) 

( 5 3 ) 

( 5 4 ) 
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c 
C3 • 

A, " S, A2'2S2 
( 5 5 ) 

A, " S, A2'2S2 
K • ( 5 6 ) 

C A, P, S, +A2P2S2 

and 

k 

M (t ) • fW(T)dT (57) 

0 

The same set of production and drawdown data given In Figs . 
8 and 9 were used to test the proposed model. The produc

tion rate of Well 10 was subtracted from the total field 

product i on. because it i s producing from the two" phase 

region. For the best fit of dr a w-down, the variables in Eq. 

54 are found as; 

K '" 125 days, C = 5.1 E- 9 m/kg, C = 2.5 E- l1 m/kg/day 

A good fit is obtained for the long term behavio r of t he 

drawdown (Fig. ' .2). but the model was not able to produce 

the sharp changes In the draw-down . This is due to the 

nature of the model, which assumes the storage is given by 

the free surface effect at the boiling surface. which is 

the long term effect thus neglecting the short term elastic 

storage. The model also assumes that all the introduced 

change in the flowrate should reach to the boundaries to be 

effecti ve on the drawdown, The time required to see the 

boundary effects in the Svartsengi field was found to be 

10 " 30 days by Kjaran e t .al. (1979) , Therefore, it is not 

possible to simulate any changes 

time less than 30 days. 

in the flowrate for a 
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4 SUMMARY 

Simulation of flowing wells can be a useful tool for 
geothermal well analysis. Using the flow model, It Is still 
possible to get information for the conditions where the 

actual measurements failed. The following parameters can be 
deduced by the application of a well bore simulator. 

1. The temperature and pressure profiles of flowing wells 

can be obtained. 

2. The change In the performance of the well after scaling 

development In the well can be simulated. 

3. The magnitude of decline In wellhead pressure with 
aquifer pressure can be found 

4. The wellbores with wider production casings give higher 

flowrates than those with smaller sized wells . 

The practical use of the model presented here can be listed 
as follows: 

a. The flash level of the geothermal fluid can be found 

within a good accuracy. therefore it gives a valuable data 

for the cleaning operations of the wells. 

b. The wellhead pressure and mass flowrate history of the 

wells can be forecasted by using the predicted drawdown of 

the reservoir itself. This Information is used for the 

planning of the operational life of a geothermal power 

plant, since it requires some minimum values for both mass 

flowrate and pressure values in the turbine. 

It is found that the decline in the drawdown can be reduced 

by injection. Reinjection also has merits for the waste 

disposal problems of geofluid which causes pollution 

problems. To fit the immediate response of the Svartsengi 

field to injection, a new model should be developed which 

can respond to changes in the 

less than a month. In order to 

steam model the flowrate of 

constant for a longer time. 

flowrate over a period of 

see the validity of the 

injection should be kept 
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50 OI~_ (Z_AINt«%_I .)/OII) ' Oll) 

. r(II.L£.I) CO TO " 
'f(I~O!.CT .I!( N-I)) CO TO 70 
01 <_ (1_12(101_1)) 

,~ IP(U01.GT. 1T) GO TO 70 
OI ... · (I-ZT) 

70 1I. IJI(hDI)'C 
OP'·POT' 011 FHOH'Ol 
r:'lp< PSHOP ' II:-' 
rSI'I'.-rs!' 
tF(ot. r.Q . D) Qp. ·ex' X'Yt";/ALrlIAI (I-X) ' '2'YCI 
I (I_ALf'HA»' (FLOWA.O' ' 2_FLOWA' '2) 
NINT_O 
tU .. 'lT'"-1 
00f" Ill' 
1::IT0f" 0 
r Oto· roT 
fR! CO-· FlUC 

2lD NltrT, Nltnll 
['ror~I"Ir.~IOP 

!, ( X. r.O 0 . ) GO TO 212 
1'(01.1:0.0) roD TO 212 
1,(rror .cr. . D. 1II'!:') CO TO 211 
O~I "DtI/2 . 
IF ( Dtl . LT . I) GO TO gO 
t · xtAST 
CO TO U 

C • - - --. -. -- --- -- -. -. -- .- - ••• -. - . -- --- ----- .- •• ••• •• •• --- .------
r. CAU 5U~ rROGTWi TO CALCULATe IIr.W TF.HPCItATURE 
C-·-- -. -. - --. - - - _ . . --- - -. - --_. -- -- -. -. - - . - - - . -. -- . . .. -- ----. 

21 1 CALL 1Ir.wTr.H(I. YC. YL. TI . 12. pror' H_ 5 .CH.I'CO. T) 
110. 11<":[,(1) 
Ht ' HLP(1,CM) 
YL. Y5W(T,IIC,lIt) 

212 YO, YSC(PSrF,T) 
"(Op . EO . O) CO TO 210 
r.K IN·O. 5' FLQW.2 ' Y4 ' Y4 

r. ___ _ . -_ ..•. -. -. --. - -- - --- -- . -----. -.~---- -.-- .------ ----- - - •• --.-- ---
C CALL SUB f'Ror.IIAH 1'0It HEAT t Oss 
e-· ----.•• -.---- -------- .•. - ---- ---. ------- •.. ---- -- --- .. -- --- -- ------

! FeU . IIC . I) 1'.0 TO 211 
CM.L IIP-ATLOSS( t .01. (TOUT .on ... ol ,HnA02, n. T ,COli, D!P ,0, PT [H~, HC) 

211 x' (U_r.KIII_II[. · ICJ I "r. /FL~}/(HC_[IL)'IU) 
'F(OI . r.O . O) 1'.0 TO 215 
'I'(I . CT . D) CO TO 214 
ALI'''''' '''O. 
YI-.YI. 
Vl __ VL 

n "v!. 
V4 r Yl 
(l0 TO 216 

C-- - - - - _. - ------ ----- -- •• • -- .-- ------- --- .- .-. - - --- - - -- ------ ---
C CORRr.CTION Cl' CMBOII 0101"101: PAlIT, ... t I'nCSSU1IE 
C· ---- ------- ------ --- -- - . - ••• - -- ------ --- •. --. - -- ------.-- •• •. --
214 AT' (5. 4_ 1 . " (T/IOO . )11 .2 ' (T/IOO. ) .. 2) ' IE - ' 

R ... TIO.( 1.( 4 4' ! C_l'YC'X)/(AT'S . 114' (TI273 . ! 5))) ' '-I 
PC'PCO' RATIO 
DI'C02, pe· I'CI 

215 AI.rllA' U07Tf'5( rror' LE_'.I, VI., ye . I't~A.O .... tI'K ... ) 
CL ' "LPHA 

Cl~ I.-"'LI'HA 
BI ~ X/CI 

82- (l - XJlC2 
VI~ t · /(CI/VC~C2/VL) 
CI" CI'Bl 
C2'Cl'U 
V2LCt'VC~C2 ' VL 

CCt " CL ' BI 
CC2" C2'II2 
V]. CCl ' WHCCl'VL 
CCl r CCI'Bl 
CC2 _Ce2'1I2 
V4 r 5QAT{CCI'VC'V<":ICC1 ' YL ' YL) 
VUF" U07Tf'4(X , ... LPH .... VL, VC) 

216 POT>O/vt 
FRIC .. I\·YF.FI' 
DrroT- (POTlI'OTO) ' 0.5 ' Ot 
DPFnIC_(FRlelFRICO)'O , 5'O! 
pFLIIX' FI.QW,I.2 f Vl 
DPHO"~rl'LUIO-PFtuX 
rSPFL rsrl(OrpOT~orFR I C'OPHOH) ' IC-5 

OroLO' or 
n~ OI'POT10rI'RIC'OrMOH1(OPC02-0PCQ20)'IE5 
norOLO_ODI' 
OOI' ·or _orOlO 
I F(AIIS(DOP/Op) . U.rACC) CO TO 2]0 
1:0 10 210 

230 !F{OI.CO.G) roo TO 2J2 
P' PI (OrroTl OM1llH. DrFR IC) ' 1 t -5'OPC02-0~r.020 
01 , nl~lIrrOTlorHOHIDrFR'C.(OPC02 _ crC020}'lt5 

co TO 2ll 
232 P' rI0f'tlOt1'\E-5 

OI . OIIO,,"OH 
21J OPC020, OI'C02 

02 , 0:z.orroT 
03 D]IOrMOH 
04 L04,orrnlC 
!r(Ot. Nt.O) FWJI1<DrMQH/OZ 
tP(ot . CO. 0) Ft1QH. rHOH' FLDWII/FLDWIIO 
l ' tlln 

C .-- -. --" - . ---- --. - ------. - - - • • -. - - -- . - -- -. 
C r. ... n sua PlIOI:RAH FOR IIEAT tOS:J 
C-- - -- --. -- -. -- --- . ------- - --. ---- ---- -. -- - •• -- - ••• --- ---- -- -----.-

'F(~k . KC . I) CO TO 211 
CALL Hr""TtOSS(t ,Dt .ITOUT .OnAOl .OAA02, tl, T .COM,OIl', D. M'IHt .KC) 

2lt 1'- (U. r.U II- lIt ' lCl~IIE/FLOW)/( (KC _ HL)~ IEl ) 
'F(t . CT.%T) 00 TO JO 

'0 1I'(OII.CE .. l) r.o TO 100 
!'CA IT- (KSTAlI' 'I . 102' FLDWII)"l . 04167'1 , G2,E- 13 
t.Il.ITC(2,6'O) PeRIT 

66D FORMAT(- JAMES' CDITIC ... t rRESSURE'" ,1'7 . 2,' (8ADS)') 
co TO 110 

100 100' 1 
CO 10 lOO 

11 0 pt. I' 
A~TUA II 

100 I F( . NOT . LTYP£) co TO UO 
e·· __ ----.--. - ---. -- --. ------ --. ------ --.- ~.- - - -- -- -•. ------ --. 
r. OETr.nHw ... TIOII OF FLOW IIECIH£ 
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c------------.---------------------- ------------------------------------ --
I.' sua PRIX:IIAl! i'OR LIQUIO PW£ sP£clrlc VOLUlf2 
1.'----------------.---------------------------- -------- ---- ----------------

f UNC!'IOll VS«T,IIC,IIL) 
DATA Cl.C2,C3,C~,C~/-0. 11 ~t5 4, -t.1C)37.t-3, ' . '!08£-11 
1,0.1)4148',-1 .'46"3£-3/ 
TSS-14.'652 ' (T~273.15). ·2/(IIC-IIL) ·CM/55 5' 
r·-)14.12_1'_TSS 
VSW->(3. 1')75.1.'1"'" (1./3) ... Cl·'~Cl' r" 4)/ 
1(1 ... 1.'",'°(1 ./3).1.'5")'1£-3 
RtTURN 

'" 1.'-___________ ___ __________________________________________________________ _ 

I.' SUB PROCRA."I 'OR VAPOR PllASt 9PtCIFIC VOLIIM£ 1.' _____________________________________________________ -____ __ __ _______ __ __ _ 

FUIle1'IOIl VSG(P,T) 
VSG~1./(100 · P/(-0 . 11"t-l'T · T.O.&Jl"1'.llt . 0'» 
RE TURN 

'" 1.' __ ______________ ___________________ • __ ___________ ____ ____________________ _ 

I.' SUB Pllor.P..&.H r Oil VISCOSITY 1.' ______ . ___ _______________ _______ ____ ___ __________________ . _____________ __ _ 

r UNC1'IOII VIS(CM,T) 
AvO. l3241:-1'CM.O. 3624£- l'CM ' O!· O. U"'CM' ' ) 
B'·- O .3961£-t ' CMl O. 0 1 0~'CIi ' CM-O. 10U-J"et-!' ') 
Ce 20_T 
O~C/('SlT) ' {1.1178-1.30Jt-J · C.l . 06~-6 ' C · C. 

12 .55E, "C"l ) 
~, . 002 '1 0"0 
r,. A!.'I'O 
VIS- M"\" (HI' 'C ) '! to, 
RETURN 
t~:tl 

1.'-------------------------------------________________ ___________________ _ 
C SU~ PRO~~ rOR 1'HE CALCUtATIONS III SINCL!-PIIAS£ C----·--------------------- --------------------________ -______ . __________ _ 

SUlIRC!lTltlE U~1VA1(IA, PA, U ,DO, n.AI'!, FtOW, Ot3 ,C:u.Ct., Ill, T, 
t'l'S, P"STAlI. VC. VL .0~S.("lj.C, UTARl 
OI:-ff.~tsIOW If( IN) ,ODe Ill), FL.AI1( IN) 

1.'--.---------------------------_______________________ --------------------
I.' Ot!lSl't'{ OF 1oI.\1'£R C------ _______________________________________________ _________ ___ ___ ____ _ 

HIlOL~O£N(CM, VL) 
WIIITt(2,100':;) 

1005 POIU' .... T(T5 , 'O~PT~(.)· ,1'1'), 'P(bar)' , 1'32, 'Vd( f)' ,TU, • rr<lclor 
I' ,T55, • D(c.)" ,T68, • OF'WAT. ' ,1'80, . OPPOT' ,T'I, • DPFRIC' ,1'100. 
2 ·ItOW(k9/1)' ,Till, 'Tt~P(C)' ,Tl12, '''lASH' /130(' - ')1/) 
K~[N 

P~PA 

Z~%A 

V[SFzV[S(CM,1') 
K~t J., 
Ot ' ! -AIHT(Z/Dfl) ' O!l 
%- t-Ot 

Iota tF{K.U.IJ co TO 1020 
IP(J.tQ.2) co TO 1020 

10&0 

1020 

1030 

1080 

1040 

1090 

1070 

100' 

1050 

t .. t - 01 
"(I . LT . ll(N-I)) co TO 1060 
CO 10 \020 
Zr Z.Dt 
OZ"Z-tl( N. l) 
J ' , 
CO TO 1010 
O~DO(H)/100. 

P'P'tE5 
'1.AHQAa.PL»I(K) 
YVATW, FLOW/HAOI./(O'O'O 785HBI6) 
REPT' RROt'VVAl'K'O/VISF 
FFAct· {( _1 · ... LO~10( FlAHllAJ( 1. 1'0). (? /R T.P1')' ' 0 '). '2)' ' -I 
OpP01'''. (HROL·~ ' ot) 

OPFII I C,· _ (Fr ACT' HROL ' VVATN ' '2/2/0 ' 0% ) 
OPVATW"OPPOT'OpFAIC 
r~ NopvATN 

IF(P . J.~ . (P!lTAR'lE5)) ~O TO 1050 

'" P'U- ' 
OPPOTrOPPOT'tt-5 
DPPR IC" OrFII II." 1£_5 
nI'VAT N, n l'VATW' U · 5 
WRITF.( 2. \ 0 40) Z, 1'. VVATN, FFAL'1', DO(N), OPVA"rN ,OPPO'l', DPFRIC. 
lFLOW,T,PSTAll 
'oA~T(.FI2 . l,rI0 . 2.F' . 1.FI2 3) 
" (J . r.Q . I ) roo 10 1010 
tr(H . tQ . I ) J ·O 
IF(J . EQ . O) r~ TO 1006 
Ot· t-AIWT{!/DtJ) ' DIJ .. , 
1'(N . I.t . 1} co TO 10'0 
roo 10 t Ot O 
Z" Z-Ol 
~o TO ton 
lfo·N_l 
Q.--OO(NJ/toO. 
rLM1OA' Ft.>.H{II) 
VNCU· FLOU/RIlOL/(O' O'O 7U39816) 
ntl'T' HAOL · VNr.w ' O/Vt~F 

FPACT> ({ -2 ' ALor,t~( rt.AHOA/(l_ "0). (7/Rr.I'1')"0 . '» " 2 ) " - 1 
DPVAT!!' (VVATN. VHIll)' ' 2 ' IIROL/2 
p, (P'tt5,o"VATI1) 'I E-5 
O"VATN~ npvA'I'N'le _ 5 

VVATH~VNr.W 

npM'I'o. 
OpFRIC.O . .' , J ,.] 
CO TO toSO 
Ol ' OU .' , IF(H . r.E . I) IlO TO 10'0 
GO TO IOU 
p. p_nrVATII 
OPVA'I'N'.ABS( npVATN) 
t , tlOt 
Ot~'I'AA' (p. pSTAR '1£5 l/OpVA'I'N'OZ 
tSTAR" I-OISTAA . ,. , 
UTURN 
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