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INTRODUCTION

Production well tests in geothermal fields quantify well productivity and flow capacity under specific reservoir
and operating pressures, generating discharge curves that support design and performance monitoring (Moya
et al., 1998; Aragdn et al., 2008). When downhole measurements are limited, inflow performance relationships
and coupled reservoir-wellbore models are used to infer flow contributions from multiple feed zones (Aragén et
al.,2008; Moya etal., 1998; Xu et al., 2017; Liet al., 2021). Such coupling is particularly important for multiphase,
multi-feed systems, where few simulators can represent the interaction between reservoir deliverability and
wellbore hydraulics in a physically consistent manner (Hadgu et al., 1995).

Cyclic (“coughing") discharged behavior observed in several Taupo Volcanic Zone wells occurs despite stable
surface flow-control conditions and is widely attributed to competing feed zones with contrasting pressures,
enthalpies, and permeabilities (Grant & Bixley, 2011; Moon et al., 2018). These oscillations arise from transient
mass-energy coupling and changes in flashing depth and density structure within the wellbore (Grant et al.,
1979; Haukwa & O’Sullivan, 1981; Inagaki et al., 2014; Shulyupin, 2017; Yanto et al., 2019). Recent work has
demonstrated the value of a coupled wellbore-reservoir simulation for diagnosing such field cases by explicitly
capturing the consistent explanation of multiphase reservoir inflow and transient wellbore thermohydraulics
(Moon et al., 2018; Jiménez Martinez and Renner, 2022; Peng et al., 2022).

Accordingly, this study reconstructs a multi-feed wellbore model for ULB-01 using a pressure-drop approach
constrained by production test and PTS data, and integrates the inferred feed-zone conditions with reservoir
simulation to interpret cycling under low-pressure operation. The workflow comprises: (1) steady-state wellbore
reconstruction to estimate feed contributions; (2) sensitivity tests on key inputs (e.g., feed enthalpy/pressure
and permeability); and (3) validation against field measurements to ensure consistency between simulated and
observed responses.

1 WELL PROFILE

The pressure and temperature measurements of the well ULB-1 obtained during shut-in were assumed to
represent the initial formation conditions in the potential feed zones (FZ). The PTS data from the second test have
revealed the occurrence of fluid influxes, most prominently at depths of approximately 650, 950, and 1080
meters. Therefore, spinner-derived fluid velocities were used to calculate mass flow rates and estimate the
productivity index (PI) of each feeding zone around these depths, as summarized in Table 1. These parameters
then serve as a reference for subsequent flow modeling.

Table 1: Initial condition of each feed zone. The following data is taken from the PTS logging, which consists
of pressure and temperature.

Parameters FZ-1 FZ-2 FZ-3
Depth (meter) 650 950 1080
Reservoir Pressure (bar) 28 58 69
Reservoir Temperature (°C) 225 233 235
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2  WELLBORE SIMULATION APPROACH

Previous studies on Well ULB-01 indicated a vapor-dominated upper zone and a liquid-dominated lower zone at
temperatures of 230-240-C (Kurniawan et al., 2018), suggesting a complex two-phase feed structure. To
characterize such systems, pressure-temperature-spinner (PTS) surveys are commonly employed to determine
reservoir and flow characteristics. Shut-in PTS surveys establish initial reservoir pressure and temperature,
while flowing PTS surveys provide pressure, temperature, and spinner data along the wellbore. Among these
measurements, temperature and spinner logs are particularly effective for identifying feed zones and estimating
their relative flow contributions (Grant & Bixley, 2011; Gudmundsdéttir & Steingrimsson, 2000). Using these logs,
itis possible to estimate the mass flow rate by averaging pressure, temperature, and spinner data during logging
runs (Buscato, 2012).

A geothermal wellbore simulator solves the conservation of mass, momentum, and energy for steady-state two-
phase flow (McGuinness, 2013; Tonkin et al., 2020). The pressure drop along the well is modelled as the sum of
frictional, gravitational, and acceleration components. The frictional term depends on flow velocity, diameter,
and fluid properties, while the elevation term is governed by fluid density and gravity. Under steady discharge
conditions, the acceleration effect is relatively small and is therefore often neglected in wellbore analyses. The
modified Hagedorn-Brown correlation is applied to estimate the pressure drop in the vertical two-phase flow
(Saptadiji et al., 2023), while the separated flow conditions are modelled using the Harrison-Freeston method
(Churchill, 1977; Freeston, 1980).

In the separated flow model with the assumption of annular flow, the total pressure drop is determined by the
combined effects of friction and acceleration influencing the liquid film surrounding the gas core (Wallis, 1969;
Hewitt and Hall-Taylor, 1970). The Hariston-Freeston method adopts a similar approach to the homogeneous
model but incorporates an acceleration correction term that accounts for the changing momentum of the gas—
liquid mixture as steam quality (mass fraction of vapor) varies along the flow (Harrison & Freeston, 1973). The
key parameters that describe this interaction include the void fraction, phase velocities, and Reynolds number
based on the liquid phase (Collier & Thome, 1994).

The void fraction, which represents the volumetric proportion of the gas phase within the flow, is a critical
parameter affecting all other two-phase flow characteristics. According to the correlation proposed by
Butterworth (1975), the void fraction a is explicitly related to the steam fraction x (mass fraction of vapor) and
the specific volumes of the liquid (vs) and gas (v) phases as:
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The Reynolds number, based on the liquid-phase properties, describes the degree of turbulence and is used to
determine the friction factor in the annular film region (Freeston, 1980). It is modified from the single-phase form
to account for the reduced flow area occupied by the liquid film:

m(1l —x)D
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Here, m is the total mass flow rate, D the pipe diameter, A the flow area, and prthe dynamic viscosity of the
liguid. The presence of (7-a) in the denominator emphasizes that as the void fraction increases (more vapor,

thinner liquid film), the effective velocity in the liquid film increases, leading to higher Reynolds numbers and
possibly greater turbulence.
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The pressure gradient combining friction and acceleration effects is derived by substituting the phase velocities
and acceleration correction into the wall shear expression. Therefore, the final explicit form is:
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In this equation, Ais the Darcy friction factor, pris the liquid density, and P is the local pressure. The void fraction
a(x) appears explicitly, showing that the pressure gradient is highly sensitive to changes in vapor quality. As x
increases, aincreases rapidly, which reduces the liquid film thickness and generally increases the frictional and
acceleration effects.
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3 RESULTAND DISCUSSION

Although the wellbore flow model was initially developed , wellhead data exhibited fluctuating pressures and
steam/brine flow rates. Consequently, a bottom-up approach was adopted, using PTS log data and
precalculated productivity indices to replicate fluid flow from the feed zones to the wellhead. The reservoir
enthalpy was assumed to depend on the temperature and pressure in the feeding zones, with reference
pressures selected from FZ-3.

Following the previous step, wellbore simulations were performed to match the measured wellhead conditions.
For high wellhead pressure (41 bar at FZ-3), enthalpy adjustments of 970, 930, and 2700 klJ/kg were applied to
FZ-1, FZ-2, and FZ-3, respectively, yielding pressure drops consistent with PTS at test-1 (Figure 1a). Under low
wellhead pressure (29.62 bar at FZ-3), the temperature profile indicated a cooler water influx at FZ-2, with an
enthalpy decreasing from 930 to 740 kJ/kg, reflecting competing fluid flows from the formation (Figure 1b). These
simulations capture the thermodynamic and hydraulic behavior of the drilled well, providing reliable input for
reservoir modeling and improving understanding of feed zone performance under varying operating pressures.
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Figure 1: The wellbore simulation results (red line) are compared with the well flow data (blue dots) for high
wellhead pressure (a) and low wellhead pressure (b) conditions.

The reservoir simulation focuses on the cold-water breakthrough under low-pressure conditions. Recent studies
(Kurniawan et al., 2018; Hammad & Sutopo, 2025) suggest a lower temperature zone near the southwest
boundary of ULB-1, potentially allowing cold-water inflow when the bottomhole pressure (Pw) drops. Due to
limited downhole data available, wellbore simulation is used to estimate pressure and temperature at the feed
zones.

Figure 2a shows that the wellbore model, constrained by the flowing PTS survey, is used to infer liquid-feedzone
pressure and temperature under both high and low WHP conditions. Figure 2b compares measured wellhead
pressure and phase mass rates with the corresponding wellbore-simulation outputs, indicating that the model
captures the key production trends. Using these inferred feedzone inputs, the coupled TOUGH2-wellbore
simulation reproduces the main surface responses (Figure 2c) and agrees well with production data. The
simulated mean wellhead pressure (9-11 bara) is matched within +10-15% during stable periods, while the
steam mass flow remains near 6 kg/s with typical deviations below 10%. This level of agreement is consistent
with prior coupled reservoir-wellbore studies showing that integrating wellbore hydraulics with reservoir
deliverability improves the fidelity of surface-pressure and flow predictions in multi-feed geothermal systems
(Hadgu et al., 1995; Peng et al., 2022), and aligns with the use of IPR-style relationships as a practical benchmark
for geothermal deliverability under constrained measurements (Moya et al., 1998; Aragén et al., 2008). Produced
enthalpy is also captured within 2200-2700 kJ/kg with mostly <10% deviation under steady conditions,
suggesting that the model preserves the dominant energy balance and phase-partitioning behavior expected for
geothermal wellbore flow when energy conservation and two-phase thermodynamics are treated consistently
(McGuinness, 2013; Grant & Bixley, 2011). Although short-term brine surges are smoothed, the overall match
demonstrates that the coupled workflow reliably translates reservoir deliverability into realistic surface
production behavior. According to prior studies on cycling/instability in geothermal wells, the remaining
mismatch in rapid liquid transients likely reflects short-timescale two-phase flow regime dynamics (e.g.,
intermittent holdup and flashing-depth migration) that are difficult to reproduce with quasi-steady or averaged
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boundary representations and simplified flow-regime closures (Grant et al., 1979; Haukwa & O’Sullivan, 1981;
Shulyupin, 2017; Moon et al., 2018).

- I 2eme o, B

=t T gt Sntatiy”
. 200 14 oy LI !fé 1 S

b
7 ;-’:;,:

4 —~e—Liquid FZ Pressure i ;
WHP 1%

40 180

—e—Liquid FZ Temperature B

3 170 2"
c B

B30 160 2 2 s
£ s E
25 50 2 =
; 25 ‘\ 150 § z

4 "R 3 <6
£ 20 140 § Y
£ 5 z
\\ = B

15 . 130 24
b

10 120

5 110

0 100

Time (Days)

(a) (b) (c)

Figure 2: (a) Liquid feedzone pressure and temperature inferred from PTS-constrained wellbore modeling
under high and low WHP. (b) Measured versus simulated wellhead pressure and phase mass rates. (c)
Coupled TOUGH2-wellbore match to surface wellhead pressure, phase rates, and produced enthalpy.

CONCLUSION

This study reconstructed and validated a multi-feed wellbore model for geothermal well ULB-01 in the Ulumbu
geothermal field using a pressure-drop approach constrained by flowing PTS and production data. The inferred
feed-zone boundary conditions model was subsequently coupled with a TOUGH2 reservoir model to determine
cyclic behavior under low wellhead pressure conditions. Three dominant feed zones were identified at
approximately 650, 950, and 1080 m depth. The bottom-up wellbore reconstruction indicates that the
intermediate feed zone (FZ-2) experiences cooling and a reduction in inferred enthalpy during low-pressure
operation, suggesting competing inflow and potential cold-water contribution. The coupled TOUGH2-wellbore
simulations successfully reproduce the main surface observations, matching mean wellhead pressure, mass
flow, and produced enthalpy. These findings demonstrate that the coupled wellbore-reservoir modelling is
essential to translate feed-zone thermodynamic evolution into surface constraints and phase split, providing a
robust framework for diagnosing unstable discharge and evaluating low-pressure operating strategies in multi-
feed geothermal wells.
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