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Abstract

fur simulator is presented
a model Wairakei geothermal field (New as

the graphically or modify
then the simulation The pack-

age X Window to an many

used by the authors to model?.
i s

X-Windows.

1 Introduction

authors developed a graphical interface to create input
process for a gcothermal

was to aid authors in
and 3-D models of such

Broadlands (New Zealand). Dieng and

Humeros (Mexico).
around the of the

I t guides the through the diffcrcnt steps in

also used as a tool research and
the of

authors fallowing steps develop model a
:

I are :

. and geophysical

gravity features and stud-

data

ofthe natural state distribution sur-

.
and in wells

history of hcat flow
wel l

2. A oi the field developed. This

. the of the reservoir both horizontally and

at the of the field and at the SUI-

. the locations of the two phase zoncs which
natural state a result production

the permeahility structure of the in-
cluding the location and orientation of fault zones, and re-
lating the temperature distribution and chemistry

modcl l ield developed. This

the field where
rcquircd

discretiration of the field based
on model. Ex-
tra may bc to vertical fault

up a numher of layers (all with the horizon-

tal with thicknesses. Extra

bc needed to represent high permeahility

. and othcr rock properties to

model. may have anisotropic
fault zone

of heat and mass at the hare model
the deep recharge the held

A model run. This

running the model to a state" in a simulation of
lield geological time

comparing temperature and
in the model with measurcd

2 and 3 and model
un t i l good obtained

5. I f historical data available, the
in the natural state model can be further refined by his-

tory This

allocating the production and wells to suitable

running simulation the of the field hy
putting the known production rates. The natural state,

i s uscd the initial for the

hlocks in the model

.comparing the hehaviour of the model with measured

production enthalpies and pressure drops. model such as and
the process. The

should he re-run to check its

6. A analysis should be Model parameters.
such rock properties. rock type distribution, location
and strcngth, perturbed and the simulations
compared in order to determine which are
most important

7. i s to run future A check
should he made that the "failure mode" for the sensible
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This iterative model requires many simulation
runs, each ofwhich produces a large output file. Therefore, order
check results obtained from the modcl against measured field
i t is important a user-friendly and powerful graphics package.

described in this paper uses the X-windows graphics
library which
der UNIX and personal computers (under DOS with an X
server). Currently i t interlaces to the MULKOMITOUGHITOUGHZ

simulators by Pruess
Lawrence [Prucss. but it could he
extended other simulators.

The is display quantities as pressure, temper-
ature. vapour rock type, well location. mass Row and Haw-
ing enthalpy. There are four types of display used hy :

Horizontal slice. This shows how a property varies at the inter-
ofthe model with plane of specified depth.

slice. This shows how a property at
tion ufthe modcl with a vertical plane that intersects the surface
along a specified 

Plot with depth. This shows how property varies with
specified horizontal

Time history. This s h o w how a property with time.

The following sections illustrate, a model of the Wairakei
field (New Zealand) an how the graphical in-

terface is used. 'The section describes for the
which currently considered.

2 Development of the reservoir model 

Wairakei field is located in the centre of the North
Island of a few kilometers north a i Lake Taupo. It is
a hydrothcrmal system driven by a large scale circulation

decp) which a column of rising fluid. In the
natural probably towards the top of the

A (the formation) at

depth the This resulted in a
exploitation, the north-east in

spreading occurred towards Lake
thermal and on the

river. Thcrc a related system,
the south-east. Production in and then. drilling has

westwards from borefield
plume hoil

extensively and then gradually in some as cold

rcchargc replaced the hot water and steam. Thcre
running SW-NE direction.

i n thir
First there

and lhat represented
the main region of These used in-
vestigate the required to give correct pressurc

tcmpcraturc distribution with depth. The type of
i n 2-D radially symmetric model [Blakcley,

The balance hetween horizontal and 
vertical flows during production was with the 2-D

models. dccidcd that 3-D model
lield is not radially symmetric and

rcchargc stronger from certain directions. 

below is the first of
by and detailed models

dcvrlopcd. aim with this first model
to up with as blocks possible, but which

for the Various parts lield I o he hy scparatc
hlocks. Since there have becn very changes in the
direction in vapour as boiling
zone spread. relatively large number of layers was

Figure I : The horizontal discretiration the model
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2.2 Vertical discretization

The allows stack layers with the horizontal
structure hut different thicknesses on of each other to form the 3-D
model. The thicknesses of the block? in the top layer can be specified 
individually follow the surface topography. The vertical
tion for the Wairakei model is shown in Figure 2 

At this stage the interface creates geometry file which is stored
separately from the input and output files for the geothermal simulator. 
The geometry file can be used on its own, the view
the hasic grid structure. Once the geometry of the grid is satisfactory.
the he used an input tile forthc geothermal

can also he used to graphically edit an
The steps in a new input tile are described

i n following
The model discussed here, which of a number of

layers cach with block structure. is not and
are capable handling more general

3-D modcls. The authors have not often found this layered approach
In a few cases, where there was irregular

tical the turned an its side, That is the model 
set up with number of slices, each with same block

(Chen. for example).

2.1 Horizontal discretization 

create horizontal discretization with the the user draws
the with a mouse on the computer screen. digitized

he and blocks drawn on top of it. Regular 
be by

direction. the block side length i n each direction. a paint
and direction. A mapping grid with orientation can

help with setting up the block 

Figure I map of Wairakei with the 2-D
and the electrical resistivity boundary [Risk et 1984,

Hunt, There arc inner blocks ( IA,
IC. ID. IF, IJ . and IO) representing the 
hot geothermal field and outer columns (OA, OB, OC,
OD. OF. OH, and OJ) representing the exterior

recharge. The boundary between the inner
outer blocks was chosen approximate the electrical resistivity 

field (regions of hot gcothermal fluid or thermally
anomalies). inner blacks wcre cho-

w~tt) of interest Eastern borefield (IK), Western
Karapiti (IF) and Geyser Valley (IB). The

outer hlock. OE. of importance because it represents
thcrc is activity.
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Figure 2: The vertical discretization For the Wairakei model 

2.3 Rock properties

The rock propertics is layer by laycr and
uses the concept of types. Figurc 3 shows the win-
dow part way through assigning rock types to one of the layers i n the

model. On right is palette of rock types. The rock
types with have been assigned propertics. If the

palette, corresponding an unassigned rock 
type. they will he prompted for a name and rock properties

thermal The current rock
is and i f selects one of blocks

in block will given the current ruck type. The user
make of one rock type or have the same rock type

ture another laycr. Editing is possible after one of these options has
been

2.4 Wells

Therc various of wells which are available with
Some extra well types have been

added to the Auckland version. As well production
and injection wells. representing wells, inflow from depth and
recharge from the side of the model are represented by special types 
of wells. The interface allows the user to the type of well. its
location in the model and such as flow rate. productivity
index and injection enthalpy. 

3 Viewing the simulation results

While a natural state model, carrying history match or
running future scenario simulations. the user needs to display
lion results and to compare simulation results with field measurements
and possibly the results from other simulations. This section gives ex-

amples, based the Wairakei model, of ways this can be done

3.1 Vertical slice

Figure 4 shows vertical slice drawn through the natural slate model of
Wairakei along north-south line through Geyser Valley. the Western
borefield and Karapiti. The slice has been "coloured according to the
temperatures ofthe blocks using the Scale on the right. The mushroom
shaped hot plume can clearly seen. This agrees with the conceptual

model developed by the authors.
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