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MODELING VAPOR DOMINATED SYSTEMS - SERRAZZANO 
LUMPED PARAMETER MODELS 

R. Celati, R. Marconcini, G. Neri, 
K. Pruess, R. Schroeder and 0. Weres 

1 - Introduction 
Ta& 3/7 of the -DOE collaboration "Weement has been devoted 

to numerfcal simulation of two-phase geothermal reRervoirs. !be work 

has been conducted by the National Geothermal Unit of EHEZ,, Italy and 

the Laurence Berkeley Laboratory of mziversity of California, USA.The 

National Research Counoil of Italy also *contributed to the research. 

The main objectives of the research were identified in improving 

the understanding of physical processes, investigating the theoretical 

bases of some simple reserve estimation methds and testing tho feasL 

bility of rmmerical simulation of 8 real vapordominated reservoir. 

l?atur&l geothermal reservoirsarefound in a large variety of geolo - 
g i o  and hydrogeologic conditions and are characterieed by different 

distributions of the phasen in ths pore volume and fluid compositions. 

The t5istribution of the phases in the reservoir affects to a large 

extent the production mechanism &nd the characteristics of the fluid 

produced (Refs. 1 t2). 

The pressme of noncondensable gas ( m a i n l y  CO ) also can be important 
2 

fn the control of reservoir performance (Refs. 3,4). 

The fact that a reservoir delivers dry or even superheated stem do - 
es-not exclude the possibility that the reservoir may also contain fluid 

in a liqnid phase. In effect mass bslance calculations for known vapor- 

-dominated reservoirs show that the existenrse of a condensed phase must 

be admitted in order to justify the cumulative fluid production from the 

estimated reservoir volume (Refs. 2,5,6,7). 

The experience of several exploited geothermal fields of New Zealand, 

(;i Mexico and Italy show that fluid extraction can induce boiling inside 

reservoirs which were water-dominated in their undisturbed initial cog 
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W ditions. Thus it is likely that t 

exploitation in  the majo re8=drs4 

roaches have been followed in the mathematical mg 
delling of geathmal reservoirs: lumped parameter and distrib 

fed parameter models. 

er  models a s m e  reservoirs and fluid properties 

Although suoh hypothesis represents a good ~ p p 2  

ximation only for  ew geothermal reservoirs, 

been sucoessfully applied in several reservoir engineering studies 

(Refso 3,438199 10, j 1 ) o  

Simple lumped parameter models are preferred when detailed rz 
eervoir iizformationis not available or  scarce, 8s it i s  fo r  the 

majority of existing geothennal reservoirs. 

DTEctrfbufed parameter model8 can take into accoIqt complex rz 
aervoir shapes, etherogeneity, anhysotropy, irregular initial and 

bokdary conditions eco. 

Although their  use requires data which are generally difficult 

to obtain, they offer the possibility t o  &udy f ie ld  behavimr well 

per well and carefully investigate phenameas controlled by fluid 

been applied t o  Wairakei 

t o  the simula of the prodcotion 

f s  that & b e  0bta;ined 

from ,lumped parameter model6 (PART 1) and the simulation of the va .I 

podominated reservoir of Serrae-o 

(I*aly) 4 
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,- . 
2 - ,?hermodynami c behavior of vapor dominated resemroirrr LJ 

The most simple uay t o  conceive a geothermal reservoir is t o  bypz 

thesise a "hot box", poasibly adiabatic, containing three different 

components: rocks, water and noncondensable gas, assuming all the pro, 
per&ies unifom through the box volume - Let us assume that thermal 

equilibrium persists between the three components with every process 

which may occur in  the sgstem, that no chemical r a t i o n  exists betwe 

en the components and that the gas is dissolved i n  the liquid phase 

according: t o  Henry's law, llurs the changes of state are defined by 

the energy'and mass conservation equations as follows. 

- 

Equations ( l ) ,  (2) and (3) have been numerically in%egrated as% 

ming T, ea and Pg as independent variables and assigning the t o t a l  

flow of the fluid sxtracted or injected. The liqpid and steam produo 

t ion rates have been calculated on the basis of their  relative perm% 

b i l i t i e s  Ice, Kv, defined analfiically using a Carey's equation 

- 

$where 
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U Capillary pressure and any adeorption phenomena have not been t2 
ken into consideration even though they could play an important role 

i n  the reservoir aynamics and in the reserve estimation. 

Fig. 1 i l lust rates  an ideal reservoir. This reservoir in i t ia l ly  - 

contains a large volume of vapor and a small volume of liquid water 

at boiling point. Tho fluid delivery is 40 Kg/sec and the water  is 

presumed t o  be immobile. 

Fig. 2 shows the change over a period of time of the t o t a l  pressu - 
r e  and of the cumulative steam production. 

The main characteristic of the pressure decline curve is  given by 

the rapid decreaseoccurring i n  the first period of production due t o  

the extraction of the noncondensable gas. This fast decrease ends 

when the gas pressure is very small and t o t a l  pressure is  close t o  

that of saturation. 

The variation of gas content and steam saturation axe shown i n  

Hge 3 e  
The reservoir temperature decreases W l Y  and O ~ ~ o U ' s l Y  de - 

termines the vapor pressure as long 

reservoir. The slow decline i n  temp 

reserves are much greater than the heat' required t o  vaporize the l& 

are present i n  the 

i e s  that the heat 

auid contained in  the reservoir. - 
I <  

It can be seen that after XOO days (approx. 15 ps) of produg 

' tion, 28% of the Hater 'stored in  the reservoir has been produced cau - 
the temperature of only 3 OC. In the 88me period, 

the vapor saturation has changed from 

In practice, the reservoir engineer can never have complete infof 

mation on the initial state of the reservoir. Thus, he w i l l  never ha - 
ve all  the information tha t  he needs t o  build a numerical model of 

the reservoir i n  order t o  predict its future evolution. However, af 
t o r  the reservoir has been in production for a certain period, td 
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G 1 - 4 0  Kg/s 

I 

9 3  
RESERVOIR VOLUME V = 4.10 m 
POROSITY + 1-07 

CR =I200 J/KgT 
PR = 2500 Kg/m3 

SPECIFIC HEAT 
OF ROCK 

ROCK DENSITY 

SO =.8 INITIAL STEAM 
SATURATION 

INITIAL GAS 
PRESSURE Pgo=14.8 Bar 

T = 1 7 3 O C  INITIAL RESERVOIR 
TEMPERATURE 

INITIAL STEAM 
PRESSURE Pv0=8.5 Bar 

Fig. 1. Initial and boundary conditions for the reservoir 
considered in this study. 
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Fig. 4. Graph of the steam partial pressure versus 
steam production. 
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Fig. 5. Graph of the gas steam ratio versus steam 
production. 
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enation w i l l  be available for the flow rate and ljressure which can 

be used to  characteriae the reservoir and mayb 

Berves. 

w 
stimate the rz 

Figs. 2 and 3 show graphs that contain almost all the information 

necessary to evaluate the fluid reserves, once i t  has been establi 

shed that the reservoir being studied can be consi ed zero-dimeg 

sional 

The rock energy decrease corresponding to a temperature decrease 

A T is 

A &  = ( A - + ) V c , e p T  

As most of the energy is contained in the rock rather than in the 

fluid, we can assume with a good approximation that this value must 

balance the energy spent to vaporize the fluid produced and the work 

performed on the fluid leaving the system 

The result is 

A more precise calculation, which still presumes that the energy 

of the fluid is negligible with respect to the rocks, gives the equa - 



336 

where . I .  

_,, . . . . .  ..,. . 

G 

Th@, equation. practice gives the 88m 

equation, as the vapor density is generally irrele 

that of the liqtdd. 

Finally, given that Hv, El and h (p) are functions which 

ghtly with respect to p, the significance of the previous equation is 

that pressure is almost a linear function of the mass produced. me- 
slope of the plot of the pressure vs the d a t i v e  st.eam 

is approximately proportional to the inverse of the heat capscity of 

the rock. In practice, for a reservoir of this type, it is posoible 
to evaluate the rock volume (if the density and specifio heat are knc 

m) by measuring $be decrease in pressure or temperature corresponding 

to a given mass of vapor produced. 

.i 
.& 

tion 
i 

Using the results given in pig. 1 and applying these concepts, the 

p p h  ohown in Fig. 4 is obtained. Estimating that the average g (p) 

l is between 8.5 asld 8 bar and assunning for Hv-El, the value far 'the 

initial reservoir conditions, we obtain: 

@ - + ) V  = 3?.44 40 8 3  o-rl 
, .  

which is in good agreement with the actual value of 37.20 ;OB on3. 

/ 
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b' 

but 

where B&e.&s the mass of gas dissolved in  the liquib 

Inrtroducing the distribution coefficient gD ~hich i s  dependent on 

temperature, and considering also  that the vapor saturation varies v' 

ry l itt le during the time period being considered, we obtdn 

or 
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Therefore, for short time periods, there is a linear relationship 

between the logarithm of the gas/steam ra t io  and the cumulative steam 

pr&uction.Fig. 5 gives graph of In 
ced. If the  value of the quantity $ V is known, we 

the slope of the straight l ine ahown in the figure,.obtaining 

i n  function o vapor prod.. 

estimate S from 
7 

s = . 8 0 3  

For vapoldominated system in which S is quite large, usually the 

expression(4 - $)ee /KO can be ignored with respect t 

du& $ VS can thus be calculated directly. 

s and the prz 

In the example'above, where S is quite large we obtain 

9 3  &7\/s= . 239 10 m 

9 3  while the actual value is .224 10 m 

.Therefore, i f  the products 

sible to estimate(J-S)+Vee 

$by other methods, e.gr geophysical. 

VS and (1 - 8) V are known, it is poz 

i.e. the fluid reserves, evaluatingv or 

4 - Conclusions 

The evolution of the temperature of a homogeneow3 two-phase geo - 
thermal reservoir is controlled emlusively by the vaporisation prz 

oess. In  vapor dominated system, the gas content of the fluid prods 

ced depends mainly on the volume fraction of the reservoir which W i r 6  

in i t ia l ly  occupied by vapor. 

Adopting these two concepts i n  the analysis of the evolution of 

the reservoir temperature and the gas/steam ra t io  it is possible t o  

evaluate the fluid reserves. 

Actually these concepts can-only be applied i n  particular c i r c E  

stances '(Ref. 4). Normally. the liquid water i n  a reservoir' is not 

uniformly d i s t r i b u t e d ,  the reservoir is not homogeneous or isotrg 
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pic, f luid properties are  different from place to place and probably 

the assumptions concerning the gas m e  incomplete. 

These factors can be taken into considerstion with distributed pa - 
ramet 

Joule 

H .I Spe~if5.0 f f  Joule/& 

f i  I M a S S  

a gg/e  
ectio 

S .I Volume vapor saturation 

$ P Rock porosity 

a Y Water 

r 
g =car3 0 

5 E Injection g1 = Gas in 1i-a pbase 

U 
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