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Abstract. The utilization of subsurface reservoirs for
geothermal or aquifer thermal energy storage applications re-
quires the drilling of boreholes, which are part of the site in-
frastructure. For a successful utilization and implementation
of this subsurface infrastructure, it is important to know the
hydraulic characteristics of the technically connected reser-
voir system as reliable and early as possible. Comprehensive
hydraulic tests required for this are usually carried out after
well completion and first filter developing in order to min-
imize possible influence of the drilling mud and any alter-
ation of the near wellbore area caused by the drilling oper-
ation. This normally requires a temporal decoupling of the
first well development and the main hydraulic test which is
carried out afterwards. In order to optimize this procedure, a
combination of well development and hydraulic testing was
performed at the High Temperature Aquifer Thermal Energy
Storage (HT-ATES) site in Berlin Adlershof. It is shown that
hydraulic parameters, such as transmissibility, permeability,
productivity index (PI), and skin factor can also be deter-
mined already during the well development. For this purpose,
a five- and a two-stage step-rate test were carried out, each
with subsequent shut-in phases. The combination of analyt-
ical and numerical modelling was employed to analyze the
aquifer performance. For the analysis, the concept of radially
varying permeability around the borehole was developed to
account for the area of influence due to drilling mud infiltra-
tion and to determine its transient course. The application of
a combination of a classic Pressure Transient Analysis (PTA)
together with numerical models enabled reliable character-
ization of the aquifer. The methodical approach developed

herein delivers a permeability of 1.5 to 2.0 D and a PI of 1.1
to 1.2 L s−1 bar−1 for the Hettangian (Jurassic) HT-ATES tar-
get aquifer, which is screened between 369 and 387 m True
Vertical Depth (TVD). The method enabled to determine the
drilling mud influence area of approximately 0.32 m which
corresponds to a skin factor of 0.7 to 1.8.

1 Introduction

Transitioning to sustainable energy systems is a key strategy
for mitigating climate change and ensuring a reliable energy
supply (Fleuchaus et al., 2018). A significant challenge in
this context is developing a sustainable and efficient heat sup-
ply for urban environments. A HT-ATES system represents
an innovative solution by storing surplus heat during periods
of low demand, such as summer, and making it available dur-
ing high-demand seasons, such as winter (Fleuchaus et al.,
2018; Dinçer and Rosen, 2010; Bauer et al., 2010). Utilizing
the geological subsurface, HT-ATES offers a large-scale en-
ergy storage solution, with capacities reaching the gigawatt-
hour range. This makes HT-ATES particularly well-suited for
urban areas where substantial energy is needed for heating
and cooling (Fleuchaus et al., 2018; Bauer et al., 2010). The
efficient injection and extraction of thermal energy by heat-
loaded formation water within the aquifers is essential, mak-
ing an accurate exploration of their hydraulic properties fun-
damental for successful HT-ATES operation.

Key aquifer properties that influence storage efficiency in-
clude transmissibility, permeability, groundwater flow veloc-
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ity and direction (Blöcher et al., 2024). Additionally, the
most important well-specific characteristics for HT-ATES
well performance are the productivity index and the skin ef-
fect (Blöcher et al., 2024). The productivity index PI quanti-
fies how much fluid a borehole can produce per unit of pres-
sure drop. The skin factor describes the condition of the well
and its hydraulic connection to the reservoir. The skin ef-
fect represents the additional pressure loss near the wellbore
caused by changes in formation properties from drilling or
completion. A positive skin indicates damage or poor con-
nectivity, increasing flow resistance, while a negative skin
reflects enhanced flow and improved well performance. Be-
fore obtaining these parameters, typically, well development
takes place prior to conducting the single-well tests to en-
sure the removal of fine particles and drilling residues from
the wellbore and surrounding formation, thereby improving
the hydraulic connection between the well and the aquifer.
This step minimizes wellbore skin effects and enhances the
reliability of test results by providing more accurate mea-
surements of aquifer properties (Maliva, 2016). Single-well
aquifer tests are commonly conducted afterwards to estimate
hydraulic properties at the initial stages of site investigation
and when larger scale pumping test or tracer tomography at
a doublet system (Blöcher et al., 2024, 2016) are not feasi-
ble due to the high cost or access constraints. Step-rate tests
with shut-in phases are particularly effective for determin-
ing transmissibility, permeability, skin effect, and produc-
tivity index by examining drawdown and buildup (Ramey,
1982; Birsoy and Summers, 1980; Clark, 1977; Rorabaugh,
1953; Jacob, 1947) and to detect formation and wellbore
damage (Eseimokumoh et al, 2021). These tests are often an-
alyzed using the analytical or grapho-analytical methods like
Cooper-Jacob method (Cooper and Jacob, 1946), a simplified
technique for evaluating permeability in aquifers (Blöcher et
al., 2024; Kahuda and Pech, 2020; Holub et al., 2019; Hal-
ford et al., 2005).

To optimize rig time (testing time), we are assessing the
feasibility of conducting a hydraulic test during well devel-
opment. This enable us to evaluate the hydraulic progress and
quantify the extent to which the area surrounding the bore-
hole has been impacted by the drilling operation. The ensu-
ing results are presented herewith. Subsequently, we use a
numeric model to estimate the extent to which the surround-
ing formation was affected by the drilling process. Moreover,
the technologies presented here can be adapted for broader
reservoir characterization beyond HT-ATES applications.

2 Site description and hydraulic history

Berlin is situated within the North German Basin, one of
the most prominent sedimentary structures in the Southern
Permian Basin which extends from the United Kingdom to
Poland. This extensive basin extends from England in the
west to Poland’s eastern border. It originated during the Per-

mian period and contains a sedimentary sequence with 7 km
in thickness in the central part of the basin (Hoth et al., 1993).

In Adlershof, southeast Berlin (Fig. 1a), the research well
Gt BTrKoe 1/2021 was drilled to 456 m Measured Depth
(MD) in 2021. Due to a cementing failure, a side track, the
Gt BTrKoe 1a/2021, was completed from 213 m MD to a
depth of 410 m MD in 2024. Along the entire length of the
borehole, four principal sedimentary units were encountered
(Fig. 1b): (1) Quaternary sediments down to 62 m MD, (2)
Tertiary sediments extending to 202 m MD, with Rupelian
Clay reaching from 98 to 202 m MD. The Rupelian Clay
above acts as a regional aquitard, effectively isolating the
shallow freshwater aquifers from the deeper, more saline
groundwater. (3) Pliensbachian-Sinemurian sediments down
to 310 m MD (Norden et al., 2023). (4) The Hettangian For-
mation was selected as the reservoir for an HT-ATES sys-
tem due to its thickness and promising initial permeability
and porosity estimates obtained from drill core and well logs
characterization and well log interpretation (Norden et al.,
2023). The aquifer has a thickness of 30 m, with a filter
screen installed between 370.84 and 388.93 m MD (369 to
387 m TVD) with a length of ca. 18 m. A gravel pack extends
significantly deeper, from 350 to 410 m MD, with a radius of
85 mm. The remaining section above the gravel pack was ce-
mented.

On 29 August 2024, following drilling and borehole com-
pletion, approximately 6 m3 of water were extracted by
pumping. Subsequently, on 2 September 2024, an airlift test
was conducted, followed by a production phase that pro-
duced a water-drilling mud mixture. Neutron-neutron well
logging (Norden et al., 2023) indicates a mean total porosity
of the interval between 369 to 387 m TVD of approximately
0.3.

During 3 and 4 September 2024, two step-rate tests with
subsequent shut-in were performed, which are examined in
greater detail in this study. The test setup, is described in de-
tail in Sect. 3.2.

3 Methods

To evaluate the productivity index PI and the borehole’s
skin effect s, as well as their variations under different flow
rates V̇ , two step-rate tests followed by a shut-in phase were
conducted during 3 and 4 September 2024. The pressure
buildups observed during the shut-in periods on 3 Septem-
ber (17:36:10 to 20:30:00 LT, local time) and 4 Septem-
ber (17:03:00 to 23:00:00 LT) were analyzed to determine
the transmissibility T and permeability k = T/Sf using the
length of filter screen Sf.
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Figure 1. (a) Map of the borehole site including the wellbore Gt BTrKoe 1/2021 and the side track Gt BTrKoe 1a/2021 (red dot) in south-
east of Berlin, Adlershof (© Google Maps 2025). The inlay shows the city boundary of Berlin. (b) Borehole completion of the side track
Gt BTrKoe 1a/2021 and lithology (Norden et al., 2023). (c) Zoom of the near well area with ri – investigation radius; rsz – radius of the skin
zone; Sf – length of filter screen; p(t) – measured time-dependent pressure head at the wellbore; psz(t) – time-dependent pressure head at
the radial extension rsz; pi – hydrostatic pressure head. (d) Gamma Ray (GR) values and lithology (Norden et al., 2023).

3.1 Analytical evaluation of step-rate tests and
subsequent shut-ins

For buildup tests conducted with a single constant-rate step,
the Horner semi-log analysis (Horner, 1951) is commonly
applied. This method was used in the study as the final step
was sufficiently long. With the Horner method, the residual
drawdown 1p is plotted against the logarithm of the Horner
time tH. The transmissibility and permeability are estimated
using the semi-log (Cooper and Jacob, 1946) method, ap-

plied to the second straight-line segment of the drawdown
curve. The transmissibility and henceforth the permeability
are determined from shut-in using the equation:

1p =
2.3µV̇
4πT

log
(
t

t ′

)
(1)

where t is the time since production started, t ′ is the time
since shut-in. The parameter µ represents the dynamic vis-
cosity of water at 23 °C, which is 1× 10−3 Pa s.
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The step-rate tests were analyzed using the Bierschenk
(1963) method, as described by Langguth and Voigt (2004),
to determine the PI and the skin effect s. The PI is defined as
the flow rate per unit pressure drop and serves as an indicator
of the production potential of the well:

PI=
V̇

1p
. (2)

Furthermore, the validation of the PI and the corresponding
transmissibility value was carried out using the approach de-
scribed in Lee (1982):

PI=
2πT
µ

1

ln
(
R
r

)
− 0.75+ s

(3)

with R the radius of the reservoir and r the borehole radius
(R� r; R = 1000 m).

To separate linear and non-linear components of the total
drawdown caused by borehole effects, the following equation
was used (Bierschenk, 1963):

1p = BV̇ +CV̇ 2, (4)

where BV̇ represents the linear part and CV̇ 2 accounts for
the non-linear part of the drawdown. These constants allowed
the separation of aquifer effects from borehole-specific ef-
fects, such as the skin effect s.

The skin effect s consolidates all borehole effects and was
calculated using the following equation:

s =
2πT

1pBwµw
1ps, (5)

where 1ps represents the pressure drawdown caused by the
skin effect s, corresponding to the non-linear term CV̇ 2. The
parameter Bw = Vres/Vsur ≈ 1 (Guo et al., 2008) denotes the
water formation volume factor with volume of reservoir Vres
and volume of the surrounding rock Vsur.

In Eq. (6), a relationship between the discharge from the
apparent composite aquifer and the recharge into the well-
bore during the shut-in phase is provided. There c and t de-
note the hydraulic conductivity of the skin zone and the time
span of a studied shut-in stage. We evaluated the unknown
pressure head psz(t) at the radial extension of the skin zone
using the far field hydrostatic pressure head pi on top of the
aquifer (Fig. 1c). Such evaluation followed the assumption
that the pressure at the radial extension rsz was recovered
sufficiently fast at the onset of shut-in due to the differen-
tial permeability of the aquifer material to the skin zone. The
time dependent pressure head at the wellbore p(t) was eval-
uated following Eq. (7). Therein pm(t), Ds, Da, ρw and g
denote sequentially the pressure as measured using the elec-
tronic sensor during shut-in, the depth of deployment of this
sensor, the depth of the aquifer top, the density of water and
the gravitational acceleration:

c · Si
∫ t

0

[
px(t)−p(t)

]
dt

rsz
=1p · Sa (6)

and

p(t)=
pm(t)

ρw · g
+DaDs, (7)

where Sa represents the area corresponding to the change in
water level within the borehole, excluding the area occupied
by the production string (Fig. 1b). We conducted and com-
pared two analytical and one numerical method to quantify
the thickness and transmissibility of the damage zone and
aquifer. The transmissibility, permeability, productivity in-
dex, and skin effect were determined from step-rate and shut-
in tests using a Python script to solve the analytic formulars
and to carry out linear fitting, hereafter referred to as the an-
alytical analysis. The results were compared with those ob-
tained from the commercial software Kappa Saphir®; here-
after referred to as the standard Pressure Transient Anal-
ysis (PTA). Numerical simulations were conducted using
COMSOL® and are hereafter referred to as the numerical
analysis.

3.2 Test setup

On both test days, a submersible pump was positioned at a
depth of 88.70 m MD (Fig. 1b). The pressure was continu-
ously monitored with a frequency of 1 Hz using an electrical
pressure transducer placed at a depth of 87.20 m MD. On 3
September, a step-rate test was conducted with four constant-
rate production steps. The flow rates increased from 7.24
to 13.99 m3 h−1 (Fig. 2). The total production period lasted
224.6 min, with a cumulative water production of 43 m3,
leading to a total pressure drop of 3.39 bar. On 4 September,
two production rates of 10.00 and 13.77 m3 h−1 were applied
during the test (Fig. 3). The total duration of the production
phase was 573.6 min, with a water production of 100.4 m3,
leading to a total pressure drop of 3.46 bar.

4 Results

We present the results of the two test days, 3 and 4 Septem-
ber. The results of the hydraulic measurements are divided
into shut-in and step-rate tests. The semi-log plot of Horner
time for the shut-in periods are divided into two distinct time
intervals: an early and a late interval (Figs. 4a and 5a). With
the results of the analytical analysis and PTA, we calculate
the approximations of the numerical analysis.

4.1 Transmissibility from pressure built-up during
shut-in

On 3 September, the early time interval y1, spans from 8 to
200 s, while the late time interval y2 extends from 200 s after
shut-in until the end of the measurement period. For the early
time interval after shut-in, analytical analysis yielded a T1
of 3.63× 10−12 m3 and a permeability k1 of 0.20 D and a
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Figure 2. Step-rate test on 3 September with flow rate (blue) and pressure (black) at the top of the reservoir in 369 m TVD.

Figure 3. Step-rate test on 4 September with flow rate and pressure at the top of the reservoir in 369 m TVD.

transmissibility T2 of 3.28× 10−11 m3 and a permeability k2
of 1.85 D for the late time interval (Fig. 4a).

The analysis of the Horner time plot of the two-time in-
tervals using PTA produced nearly identical permeability re-
sults with a skin factor of 4.0, reflecting additional resistance
to flow near the wellbore caused. The derivative plot of the
PTA reveals infinite radial flow during the late time intervals,
beginning at 200 s for 3 September. In contrast, the early time
intervals (< 200 s) reflect the effects of wellbore storage and
skin effect (Fig. 4b). A distinct bump is observed in the early
part of the derivative plot. The permeability and skin factor
derived from the analytical models generated using PTA ex-
hibit deviations. According to the analytical model, the per-
meability for 3 September is calculated to be 1.73 D, with a
skin factor of 7.7. The radius of investigation during shut-in,
as calculated using PTA, is on 3 September, ca. 20 m at the
beginning of the early time interval and ca. 100 m at the start
of the late time interval.

On 4 September, the early interval y1, from 14 to
235 s after shut-in, resulted in a transmissibility T1 of

2.72× 10−12 m3 and a permeability k1 of 0.154 D, calculated
using analytical analysis and the late interval y2, from 235 s
after shut-in to the end of the measurement period, yielded a
transmissibility T2 of 2.97× 10−11 m3 and a permeability k2
of 1.67 D (Fig. 5a).

Similarly, PTA of the Horner time plot of the two-time in-
tervals produced nearly identical permeability values with a
skin factor of 1.5. The derivative plot reveals infinite radial
flow during the late time intervals, beginning at 235 s for 4
September. And the early time intervals (< 235 s) reflect the
effects of wellbore storage and skin effect (Fig. 5b). A dis-
tinct bump is observed in the early part of the derivative plot.
The radius of investigation during shut-in, as calculated us-
ing PTA, is on 4 September, ca. 24 m at the beginning of the
early time interval and ca. 100 m at the start of the late time
interval. According to the analytical model, permeability for
4 September is calculated to be 1.46 D, with a skin factor of
6.3.
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Figure 4. (a) Semi-log analysis of pressure difference during the build-up of 3 September. Red lines show the linear regressions of the early
(y1) and late (y2) time intervals and in the boxes, the derived values for transmissibility (T ) and permeability (k). (b) Double-log plot of the
pressure decline curve, including the derivative function, used for pressure matching corresponds to 3 September. Blue dots represent the
pressure difference during build-up, while red dots indicate the derivative of the pressure over time. The red and black lines represent the
analytical models generated using PTA.

Figure 5. (a) Semi-log analysis of pressure difference during the build-up of 4 September. Red lines show the linear regressions of the early
(y1) and late (y2) time intervals and in the boxes, the derived values for transmissibility (T ) and permeability (k). (b) Double-log plot of the
pressure decline curve, including the derivative function, used for pressure matching corresponds to 3 September. Blue dots represent the
pressure difference during build-up, while red dots indicate the derivative of the pressure over time. The red and black lines represent the
analytical models generated using PTA.

4.2 Productivity index and skin factor derived from
drawdown during step-rate tests

On 3 September, PI decreased from 1.20 to 1.15 L s−1 bar−1

as the flow rate increased from 7.24 to 13.99 m3 h−1 (Ta-
ble 1). Furthermore, a linear resistance coefficient of B =
2.20× 10−1 and a non-linear resistance coefficient of C =
1.55× 10−3 were determined. The non-linear drawdown

component accounts for 4.8 % to 9.2 %. The skin factor in-
creased from 0.76 at the first step to 1.53 at the final step.
PTA calculate a skin factor for the drawdown of the step rate
test of 4.9.

On 4 September, PI decreased from 1.13 to
1.11 L s−1 bar−1 as the flow rate increased from 10.00
to 13.77 m3 h−1. Furthermore, a linear resistance coefficient
of B = 2.21× 10−1 and a non-linear resistance coefficient
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Table 1. Summary of the average flow rate (V̇ ), the corresponding pressure drawdown (1p), and PI of the step rate tests. Additionally, the
linear drawdown component (BV̇ ), the non-linear drawdown component (CV̇ 2) and the skin factor (s) are presented.

Step V̇ 1p PI BV̇ CV̇ 2 BV̇ +CV̇ 2 s∗

3 September [m3 h−1] [bar] [L s−1 bar−1] [bar] [bar] [bar] at 1.7 D

1 7.24 1.68 1.20 1.59 0.08 1.68 0.76
2 9.06 2.12 1.19 1.99 0.13 2.12 0.99
3 11.34 2.71 1.16 2.49 0.20 2.70 1.22
4 13.99 3.39 1.15 3.08 0.31 3.39 1.53

4 September at 1.5 D

1 10.00 2.44 1.13 2.21 0.22 2.43 1.34
2 13.77 3.46 1.11 3.04 0.41 3.46 1.82

∗ The skin factor derived from PTA ranges from 4.0 to 7.7 on 3 September and from 1.5 to 6.3 on 4 September.

of C = 2.18× 10−3 were determined. The non-linear draw-
down component accounts for 9.1 % to 11.9 %. The skin
factor increased from 1.34 at the first step to 1.82 at the
second step. PTA calculate a skin factor for the drawdown of
the step rate test of 5.5.

4.3 Numerical analysis of skin zone radius

The dual-permeability of the planned aquifer thermal storage
(Figs. 4a and 5a) as well as the calculated Bourdet deriva-
tive (Figs. 4b and 5b) implied the existence of a skin zone.
Such skin zone was less permeable than the aquifer mate-
rial. The skin zone and the aquifer material, together, could
be regarded as a composite aquifer (Fig. 1c). With an ef-
fort to validate the estimated radial extension of the skin
zone, we simulated the drawdown during the first produc-
tion test stage on 4 September, at a defined production rate of
10 m3 h−1. The simulated drawdown aligned well with the
measurements when the modeled radial extension of the skin
zone was set to 0.32 m (Fig. 6), with a permeability of 0.15 D
for the skin zone and 1.66 D for the aquifer (Fig. 5).

5 Discussion

5.1 Radial distributed permeability

Two distinct time intervals with different permeabilities can
be identified on both days in build-up pressure values. Kær-
gaard (1982) also observed two distinct time intervals dur-
ing the step-rate test and the build up test: The first inter-
val occurs immediately after the start or stop of the pump,
during which the influence of well storage is significant. In
this phase, the flow pattern within the well and its immedi-
ate surroundings in the aquifer is established. The drawdown
in the well during this period is governed by the pumping
yield, well storage, flow conditions within the well, screen
design, gravel pack, skin zone, and the reservoir properties
at a certain distance from the well. The second interval be-

Figure 6. Drawdown as measured in the first production test stage
on 4 September with a flow rate of 10 m3 h−1 in comparison to the
simulates with a radial extension of 0.32 m of the skin zone.

gins once the influence of well storage becomes negligible.
During this phase, the drawdown in the well is primarily
controlled by the reservoir characteristics. This observation
of two distinct time intervals with different permeabilities
may also indicate reservoir and wellbore damage (Eseimoku-
moh et al., 2021). The permeability values for the Hettan-
gian (ca. 1.6–1.8 D) reservoir in this study are significantly
higher than those reported in previous studies, which range
from 0.4 to 1 D (Hoth, 1997). However, the permeabilities
are consistent with air permeabilities measured on core sam-
ples (0.5–1.8 D) and with geophysical borehole log interpre-
tations (0.8–2.0 D) reported by Norden et al. (2023).

Both PTA and analytical analysis indicate a radially het-
erogeneous permeability distribution, which is most likely
attributable to a drilling-induced skin zone (Guo et al., 2017;
Kærgaard, 1982). Notably, the estimated radius of influence
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varies considerably between methods, ranging from 0.32 m
(numerical simulation) to 20 m (PTA).

– The lack of mud losses observed during drilling of the
Hettangian Formation is indicative of short-radius filter
cake, and thus supports the assumption of a limited in-
vasion zone.

– Lateral resistivity logs acquired during open-hole log-
ging of the sidetrack reveal the presence of a filter cake
with a radial extent of approximately 0.3 to 0.5 m.

– The radius of investigation after Van Poolen (1964) and
Muskat (1934) for an extracted volume of 100 m3 (4
September), based on a reservoir thickness of 18 m, a
permeability of 1.5 D, and a porosity of 0.3, is approxi-
mately 100 m. This result is consistent with the findings
of the PTA.

– An order-of-magnitude estimate suggests that the ex-
tracted water volume of 100 m3, assuming a porosity
of 0.3, corresponds to an influenced pore volume of
333.33 m3. With a reservoir thickness of 18 m, this re-
sults in an affected area of 27.78 m2. Assuming radial
flow, the corresponding radius is approximately 2.43 m.

Therefore, we assume that PTA tends to yield uncertain re-
sults in practice, while numerical analysis can provide a more
accurate representation of the radius of influence. Further-
more, it is remarkable that both the skin and the skin zone
remained unchanged over the two-day interval under compa-
rable flow conditions.

However, PTA struggles to accurately interpret changes in
permeability in the near-wellbore region. These changes are
not well represented in the PTA models and are instead at-
tributed to the skin value. Consequently, the skin values de-
rived using PTA are significantly higher than the analytical
calculated values.

5.2 Undershooting of drawdown at step begin

During the drawdown phases of the step rate test, an initial in-
crease in drawdown values of 0.2 m is observed. These rates
then rise again after approximately 20 min before stabilizing.
This effect is more pronounced at lower pumping rates. Nev-
ertheless, the flow rate briefly increases at the beginning of
each step and also the dynamic productivity index. Thus, the
ratio is not balanced. One explanation for these observations
could be the inertia of the water column. But there could be
an additional effect that contributes to or amplifies this phe-
nomenon. As described by Guo et al. (2017), pressure drop
could indicate increased resistance in the near-wellbore re-
gion. In cases of perforation-dominated friction, caused by
the filter screen, the largest changes in friction losses occur at
high flow rates, whereas in near-wellbore friction dominance,
the most significant changes in friction losses are observed at
low flow rates. In our study, this effect is more pronounced

at lower pumping rates, suggesting increased near-wellbore
friction.

Furthermore, the reduced diameter of 50.8 mm may am-
plify this effect. Although the Reynolds number (Reynolds,
1883) at a flow rate of 14 m3 h−1 in a 50.8 mm pipe is approx-
imately 97 000 (> 6000) indicating highly turbulent flow and
associated pressure losses. In contradiction to this is that the
undershooting of drawdown was observed at low production
rates.

5.3 Potential productivity index of aquifer

Furthermore, at higher flow rates, non-linear pressure losses
became more pronounced, leading to an increase in the skin
effect from 0.76 to 1.82. However, these skin values were
calculated using parameters at the end of each step. Perme-
ability and productivity index slightly decreased from 3 to
4 September, possibly due to fine mobilization temporarily
clogging pore spaces or altering near-wellbore permeability.
Considering the processes described above, which lead to a
reduction in productivity due to near-wellbore skin, it is pos-
sible to estimate the aquifer potential while neglecting non-
linear pressure losses. This results in a potential productivity
index of 1.26 L s−1 bar−1 for all steps with this specific well
design, which has a diameter of only 50.8 mm. Productivity
could be further enhanced by avoiding high flow rates and the
associated non-linear losses, for example, by using a larger
well radius, as planned for the ATES doublet system.

6 Conclusion

In this study, we applied a combination of analytical so-
lutions and numerical simulations to evaluate two step-rate
tests conducted during well development. The combined an-
alytical and numerical analysis of hydraulic testing during
screen development at the Berlin Adlershof site proved to
be an effective approach for the preliminary estimation of
aquifer properties. The analytical evaluation of the hydraulic
tests yielded an aquifer transmissivity of 2.72× 10−11 m3

and a skin zone transmissivity of 2.97× 10−12 m3. The skin
factor was estimated to range from 0.79 to 1.8, indicating
nonlinear pressure losses in the near-wellbore region, likely
caused by residual drilling mud and elevated flow veloc-
ities due to the specific well design. Subsequent numeri-
cal simulations suggest that the low-permeability skin zone
may extend to approximately 0.3 m from the wellbore, a pa-
rameter that should be taken into account in future experi-
ments. While the presented results are preliminary, the find-
ings demonstrate that step-rate test analysis during well de-
velopment can support the design of subsequent tests and in-
form optimization strategies for well cleaning and rehabilita-
tion.
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