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Ulumbu is a geothermal field located in East Nusa Tenggara, which has been generating electricity of 10 MW. To 
accommodate a better understanding of the geothermal system characteristics and the unexplored area of the prospect, it 
is important to perform reservoir modeling study. A completely improved natural state model of Ulumbu geothermal field is 
discussed in this paper. The newer model consists of several improvements in terms of model structure and model 
validation. The improved natural state model can represent more accurate modeling results and can overcome the 
limitations of the previous version. 
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INTRODUCTION 

Ulumbu geothermal field is located in Manggarai 
District, Flores Island, East Nusa Tenggara, Indonesia. 
The field is part of Flores Geothermal Island program, a 
government program, aiming to raise the electrification 
ratio in the eastern part of Indonesia and to make the 
geothermal energy as a primary energy used for 
generating electricity in 2025 in the island of Flores. 

The field is owned by PT. PLN (state electricity 
company of Indonesia) and has been producing a total 
capacity of 10 MW. The geothermal system of this field is 
vapor-dominated underlying liquid-dominated reservoir 
with a temperature of approximately 230-240oC (Nasution 
et. al. 2016, Grant et. al. 1992). NW-SE faults are acting 
as the main conduit of the system since most of the 
surface manifestations are found along these faults. 

To understand the geothermal system better and to 
understand the unexplored area of the prospect, the 

simulation study needs to be carried out. Given that this 
field has a considerable number of data, the natural state 
modeling study can be done. Previously, the natural state 
model of Ulumbu geothermal field was constructed and 
developed successfully despite several limitations. The 
objectives of the current study are to present and to 
discuss the newer version of natural state model of 
Ulumbu geothermal field to increase the modeling 
accuracy through several improvements. Those 
improvements are focused on modifying the model 
structure and increasing the model validation accuracy 
through better well-to-well temperature matching as well 
as better conceptual model representation. 

CONCEPTUAL MODEL 

All geosciences and drilling data were put into one 
qualitative model called conceptual model describing the 
natural behavior of the geothermal system in question. 
The conceptual model is shown in Figure 1. The most 
important features of this conceptual model are as follows. 
Based on Utami (1996) the rocks in this area consist of 

Fig. 1. Conceptual model of Ulumbu geothermal field (After ESDM, 2017). 
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two ages, quaternary and tertiary rock. The tertiary 
volcanic rocks comprising mainly lavas, breccias, tuff, and 
calcareous sediments act as the basement, meanwhile, 
the quaternary rocks spread to an elevation of 
approximately 1,600 masl. The upflow zone of Ulumbu 
geothermal field is located below Poco Leok-Rii caldera 
as indicated by the high resistivity profile and the 
updoming BOC profile around this area, the upflow zone 
is not located below the Ulumbu well because there is 
temperature inversion found beneath the deepest well of 
Ulumbu, ULB-01. The main outflow zone is located to the 
west as indicated by bicarbonate water springs indicating 
peripheral water of the geothermal system. The recharge 
areas are coming from both sides of the conceptual model 
toward the center of the geothermal system. The caprock 
was delineated by using the low resistivity profile, the 
thickness of this layer is ranged from 500 to 700 m 
(Nasution et. al., 2016) with the area of the high elevation 
BOC is approximately 20 km2 (ESDM, 2017). The 
reservoir of higher resistivity (10-50 ohm-m) is assumed to 
sit below the low resistivity layer having thickness 800 to 
more than 1,500 m. From the downhole measurement 
result, the reservoir comprises of vapor-dominated 
reservoir underlying liquid-dominated reservoir beneath 
(Grant et. al., 1997) with a temperature of 230-240oC. 
Beside all of those features the isotemperature profiles 
are also shown in the conceptual model. 

MODEL STRUCTURE 

The model structure was initially defined by first 
determining the area to be modeled. The total modeled 
area of the newer model is approximately 100 km2 
compared to 130 km2 of the older model. The 
consideration of taking that areal extension was the newer 
model is focused on the modeling of the reservoir area. 
Although the newer model has smaller modeling boundary, 
it remains covered the important features such as the 
upflow zone, the outflow zone, and the recharge area. 
The model was rotated clockwise to make it parallel with 
the direction of main faults controlling the geothermal 
activity in this field.  

The model vertical extent was set to be the same as 
the previous model of 4 km, it was based on the highest 
elevation in the modeled area and an assumed base 
model elevation of -2100 masl. This vertical extension 
was divided further into 14 layers compared to 16 layers 
of the older model and some of the top layers follow the 
real topographical condition. 

The heterogeneous rectangular grid approach was 
chosen to discrete space into several small grid blocks. 
Grid blocks size was carefully selected by considering the 
modeling accuracy and simulation time. The newer model 
uses the grid block having size from 250×250 m2 to 
1000×1000 m2. The smallest grid block size was placed at 
the center of the model where the important features such 
as reservoir and well are located while the less important 
area was modeled by using larger grid block. Those grid 
block sizes are coarser than the size used in the previous 
model. The total grid block of the current model is 16.834 
compared to 25.650 grid of the older model. This selection 
was expected to boost the simulation time while keeping 
the accuracy of the modeling. The complete depictions of 

model structure is shown in Figure 2. 

The internal boundary structures were added to 
simulate a better representation of the fault systems. All 
faults were signed the permeable rock properties except 
for fault between ULB-02 and ULB-03, it was treated to be 
impermeable. Figure 3 shows the addition of the internal 
boundary structure to the model. 

 INITIAL AND BOUNDARY CONDITION 

The following initial and boundary conditions were 
defined to simulate the reservoir system. They have 
identical value with the previous model. 

Initial condition 

The temperature and pressure of 25oC and 1 bar 
were set into the entire gridblocks at the initial condition. 
The initial condition was needed to accelerate the 
modeling process. 

 

Fig. 2. Model structure ilustration. 

Fig. 3. Internal boundary structures. 
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Top boundary condition 

The top boundary condition was set to be constant at 
an atmospheric condition of 1 bar and 25oC. In addition, to 
simulate the cold inflows from rain infiltration, a surface 
injection was added. This injection was based on the 
annual rainfall data of Flores Island of 2,281 mm/year 
(BMKG, 2017) with an assumed infiltration of 10%. The 
injection enthalpy was the liquid water enthalpy at 25oC of 
104.8 kJ/kg. 

Side boundary condition 

The side boundary condition was treated to be 
impermeable and assumed to be no-flow boundary. The 
side boundary of the model was set to be far from the 
main reservoir area (equal to or more than 2 km). 

Bottom boundary condition 

Heat source acts as the bottom boundary of the 
model. It allows the conduction heat transfer to the model. 
Its location and size were initially based on the conceptual 
model, but in the final condition it needed to be expanded 
and distributed to meet the best match with the 
observation data. The final temperature and pressure of 
this heat source are 305oC and 143 bar. The fixed state 
condition was used to keep the pressure and temperature 
from changing. 

ROCK PROPERTIES 

To define the certain type of rock material, some 
parameters value are needed. Because permeability is 
the only important parameter in the natural state condition, 
the other properties were set at the same value for all rock 
types. The rock density of 2600 kg/m3, matrix porosity of 
5%, rock heat conductivity of 2 W/m-oC, and specific heat 
of 1000 J/kg-oC were used. The permeability values were 
acquired from trial and error attempts, the newer model 
has a better permeability structure than the older one. The 
following permeability structures were set in the model 
(Table 1).  

Table 1. Permeability range of each material properties. 

Rock Material kxy (mD) kz (mD) 

Reservoir 80-200 40-100 

Caprock 0.001-0.02 0.0005-0.01 

Basement 10 5 

Boundary 0.001-0.01 0.0001-0.01 

Heat Source 100 100 

Surface Rock 0.01-10 0.01-10 

Fault 0.01-100 0.01-50 

Side 1-4 0.2-0.5 

 

NATURAL STATE RESULT 

The natural state condition reproduces the initial 
temperature and pressure distribution in the reservoir at 
the initial condition. It was achieved when the heat-mass 
flow of the model correspond to the observation data. The 

built model was run until the simulation time exceeds the 
geological time then the results were compared to the 
actual data. Since the newer model has less gridblock 
than the older model, the running time is six times faster 
than the older model. Three drilled wells temperature 
profiles were used in the validation. In addition, the upflow, 
outflow, recharge, and fluid condition were also checked. 
Many iterations were done in order to achieve the 
condition. Permeability, heat source location, and heat 
source pressure-temperature were the main parameters 
being adjusted in this natural state modeling. 

Figure 4 to Figure 6 show the well-to-well temperature 
matching for all ULB wells. They also show the 
comparison between the old and the newer model. The 
model temperature profiles for all wells are extended to 
about 1300 masl to know the reservoir condition up to that 
depth. 

Figure 4 shows a very good match between ULB-01 
well actual temperature with both newer and older model. 
This well shows a temperature inversion at -400 to -600 
masl, it indicates that this well is not located in the upflow 
zone. In this well, the newer and the older model give the 
same very good match. The pressure profile of ULB-01 
successfully reflect the steam cap underlying 
liquid-dominated reservoir as there is a pressure gradient 
change and below saturation temperature profile start 
from -600 masl. This fact corresponds to the downhole 
measurement result by Grant (1997) stated that there is a 
liquid column at an elevation equal to sea level or below it. 

Figure 5 indicates a difference between the newer 
model and the older model. The older model predicted 
that at the depth after -600 masl, the temperature profile 
began to increase making the steam still exist even at 
-1300 masl, it makes the steam cap has a very huge 
thickness which is very unlikely. The newer model predicts 
otherwise, the liquid table exists at about -600 masl and 
the liquid-dominated reservoir exist at the greater depth. 

Fig. 4. ULB-01 temperature matching. 
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The newer model is more reliable and suitable than the 
older model because the addition of new MT data from 
ESDM (2017) to the model predicted that the extension of 
ULB-02 will penetrate the boundary at the elevation below 
-600 masl. 

Figure 6 shows that the newer model has a relatively 
better match with the actual temperature data. The 
extended profiles of both models predict the same 
temperature inversion at the lower section of the well, but 
the newer model is more suitable since the new MT data 
indicates the reservoir boundary at -200 masl in ULB-03. 
Moreover, the steam cap of ULB-03 in the older model 
has a thickness of about 600 m which is very unlikely as 
ULB-03 has a really poor permeability thickness. 

Figure 7 and 8 show a temperature distribution profile 
at the conceptual model vertical section for the older and 
the newer model respectively.  

From both figures the newer model represents the 
conceptual model (Figure 1) better than the older model. 
The older model has an overestimate temperature 
distribution as the isotemperature profile has a very huge 
lateral extension than the conceptual model.   

CONCLUSION 

The updated model of Ulumbu geothermal field has 
successfully reflected a higher confidence in modeling the 
reservoir actual condition as more data used and more 
accurate as well as better matching condition resulted. 
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Fig. 5. ULB-02 temperature matching. 

Fig. 6. ULB-03 temperature matching. 

Fig. 8. Newer model temperature distribution. 

Fig. 7. Older model temperature distribution. 
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