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Abstract: The overexploitation of groundwater is a critical global issue, particularly in rapidly
urbanizing regions with increasing water demands. In the federal capital, unplanned urban growth
mirrors challenges faced by other major cities, where indiscriminate drilling of deep tubular wells
often occurs without proper hydrogeological assessments. This study addresses the frequent reliance
on expanding well-based water supply systems. By conducting hydraulic analysis and network
optimization, existing systems can be enhanced to improve flow output. However, data limitations
often impede these analyses. This case study evaluates a well intake system, exploring network
expansion with new wells and optimizing layouts for efficiency. The findings offer valuable insights
for diagnosing and expanding water supply systems in developments under data constraints,
emphasizing cost-effective and timely solutions.

Resumo: A superexploracdo de dguas subterraneas € uma questdo critica global, especialmente em
regides de urbanizacdo rapida com demandas crescentes de dgua. Na capital federal, o crescimento
urbano desordenado reflete desafios enfrentados por outras grandes cidades, onde a perfuragao
indiscriminada de pogos tubulares profundos muitas vezes ocorre sem avaliagdes hidrogeoldgicas
adequadas. Este estudo aborda a frequente dependéncia da expansao de sistemas de abastecimento
com base em pogos. Ao realizar andlises hidraulicas e otimizagao da rede, sistemas existentes podem
ser aprimorados para melhorar a vazao. No entanto, limitagdes de dados frequentemente dificultam
essas analises. Este estudo de caso avalia um sistema de captacdo de pogos, explorando a expansao
da rede com novos pogos e otimizando layouts para eficiéncia. Os resultados oferecem insights
valiosos para o diagnostico e expansdo de sistemas de abastecimento em desenvolvimentos com
limitagdes de dados, enfatizando solugdes econdmicas e oportunas.
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1. INTRODUCTION

The overexploitation of groundwater has become an increasingly concerning topic worldwide
in water resource management, as indicated by declining groundwater levels in various studies
(Bierkens et al., 2021; D6ll et al., 2014a; Jasechko et al., 2024b; Rodell et al., 2018; Uchoa et al.,
2024; Wada et al., 2010a). Recently, an analysis of over 17,000 wells in Brazil (Uchoa et al., 2024)
revealed that the majority (55%) showed water levels below those of nearby rivers and streams,
indicating infiltration and the risk of reduced river flow. The imbalanced infiltration of river water
into the ground can decrease stream flow, impacting human supply and aquatic ecosystems.

The anticipated increase in water demand due to human consumption and the rise in energy and
agricultural production (Uchoa et al., 2024), along with uncertainties about the impacts of climate
change (ANA, 2024; Ballarin et al., 2023), is a concern for organizations and sectors managing water
resources. This has led to a pursuit of effective groundwater management and control mechanisms
(Jasechko et al., 2024b; Scholten et al., 2025; Wada et al., 2010b). In the federal capital, the reality
of unplanned urban growth and pressure on water sources mirrors that of other major cities in the
country. The Planning Company of the Federal District (CODEPLAN) released a study showing that
the region continues to expand, with the urban area growth rate increasing from 12 km?/year to 20
km?/year since 2013 (Chelotti & Sano, 2021). This growth has been accompanied by a significant
decline in the efficiency of government tools since the same year.

Although originally planned for 500,000 inhabitants, the capital has faced typical issues of
unplanned cities since the 1990s, such as irregular urban settlements, slums, and water resource
shortages (Chelotti et al., 2019). The water crisis in the Federal District between 2016 and 2018 (Lima
et al., 2018) highlighted the vulnerability of the capital due to significant population growth,
disorganized urbanization, and high susceptibility to climate conditions (Torres et al., 2012). The
increased water demand in the Federal District is largely linked to the expansion of urban areas,
especially in unestablished regions like Jardim Botanico, Sobradinho, and Planaltina (Torres et al.,
2012). Urbanization is progressing particularly in areas at high risk of aquifer recharge loss,
intensifying the need for water resources, especially during dry periods (Chelotti & Sano, 2021).

In many private residential developments in the Federal District, water supply solutions often
involve the indiscriminate drilling of deep tubular wells without proper hydrogeological assessments
or alternative supply studies. In response, the Regulatory Agency for Water, Energy, and Basic
Sanitation of the Federal District (ADASA) has intensified its control and monitoring of drilling
permits, and is promoting the training and development of various stakeholders and water users
involved (ADASA, 2020). The lack of control and studies in groundwater exploration is linked to
numerous issues, such as aquifer depletion(Doll et al., 2014b; Jasechko et al., 2024a), saltwater
intrusion in coastal areas (Werner et al., 2013), land subsidence (Herrera-Garcia et al., 2021; Shirzaei
etal., 2021), reduction in river levels (M de Graaf et al., 2019; Uchda et al., 2024), and the exhaustion
of wells designed for water supply (Jasechko & Perrone, 2021). Locally, unplanned drilling to meet
rising demand makes communities entirely dependent on well-based supplies in a few areas of the
city. Intensified occupation and soil impermeabilization reduce aquifer recharge and, along with
groundwater overexploitation, can lead to well collapse during periods of high demand and drought.

Frequently, increasing water supply through wells can be avoided by conducting a hydraulic
analysis of the existing system, optimizing the network to enhance final flow output. However,
designers often face data limitations hindering this analysis. This work examines a case study aimed
at evaluating an existing well intake system, exploring network expansion with new wells, while
optimizing layouts for greater efficiency. It provides valuable insights to the technical community on
diagnosing existing water supply systems in these condominiums and analyzing alternatives for water
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supply expansion under data constraints, with an emphasis on delivering a high-quality study within
budgetary, technical, and time limitations.

2. STUDY SITE

The study area is located within the Alto da Boa Vista Condominium (CABYV), situated in the
satellite city of Sobradinho, Brasilia/DF, along the BR-020 highway at kilometer 12.5. The CABV
features a set of six deep tubular wells positioned in the highest, uninhabited part of the condominium.
These wells connect to a water intake network that conveys water to two reservoirs (R1 and R2)
located at the northwest edge of the area. From these reservoirs, water is distributed throughout the
condominium.

The existing wells provide sufficient water supply for most of the year. However, during the
dry season (particularly from July to October), water demand increases, and the current wells are
unable to meet the demand, necessitating rationing measures. To enhance water availability, the
CABYV has drilled three additional wells to integrate into the existing system. Figure 1 illustrates the
location of the six existing wells (P-04 to P-09), the three newly drilled wells (P-03, P-11, and P-10),
the existing water tanks, and the boundary defining the condominium area.

Figure 1 — Study area indicating existing wells with green circular markers, newly drilled wells with red triangular

markers, water tanks with yellow squares, and the condominium boundary outlined in red
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3. METHODOLOGICAL APPROACH

The methodological approach aimed at achieving the following objectives: (a) Conduct a
diagnosis of the existing system; (b) Evaluate alternatives for integrating the newly drilled wells into
the existing water supply system; (c) Specify and develop the project for the optimal solution; (d)
Provide recommendations and suggestions for future improvements to the system.

Figure 2 provides a general summary of the main stages we believe are applicable to any
analysis aimed at evaluating deep tubular well water supply distribution systems similar to those
found in CABV.
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Figure 2 — Main methodological framework considered in the study

Existing System Analysis of Design Recomendations
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In the following subsections, we describe the main methodological steps summarized in Figure
2. We provide an overview encompassing aspects we consider relevant for any study aimed at re-
evaluating water supply systems that rely on deep tubular wells in similar condominiums.
Additionally, we include specific details of the case analyzed in this work, which may be useful for
technicians and designers dealing with similar issues.

3.1 Existing System Diagnosis

The first step before assessing any improvement or expansion of a system is conducting a
diagnosis. The diagnostic stage aims to thoroughly understand the system's operating conditions. This
requires gathering all existing technical data of the system, such as designs, technical specifications,
descriptive reports, graphical documents, operational rules, monitoring data, conversation with
technicians that operate the system and any aspect that might support the system’s understanding.

Commonly, practical cases lack a robust design, or even with a good design, numerous
modifications, expansions, improvements, and adjustments may have been made over time without
detailed documentation or specification of the original design. In such cases, the following are
suggested: (a) Catalog all existing system components; (b) Carry out measurements and monitoring,
considering constraints like budget, available technical staff, and timeline for the study; and (c)
Implement a hydraulic model using available software, aiming to calibrate it as accurately as possible
to represent the existing system.

For the case study, there was a well-designed project; however, a series of modifications and
expansions were carried out, and a cadastral survey of all information materialized in an as-built was
conducted. The types and dimensions of pipelines (material, length, and diameters), connections,
pumps, and equipment were detailed. Given the absence of systematic monitoring of flow rates and
pressures in the network, an expedited flow measurement campaign was proposed for wells equipped
with flow meters, along with some pressure readings in the reservoirs. Based on this data, an estimate
of per capita flow rates and peak day/hour consumption coefficients was made. These findings were
then incorporated into a hydraulic model to represent conditions closest to the system's actual
operation. The following subsections summarize the steps taken for the diagnosis.

3.1.1 System layout

The diagnosis of the existing network began with a cadastral survey of existing conduits and
identification of reference nodes in the system that are important for the implementation of a hydraulic
model. These nodes were points of change in the pipe diameter, pipe junctions, or exit points from
the deep tubular wells to the network. Main components of the wells and the topography were
identified. An updated layout was created based on previous designs, in-situ inspections, and staff
input. Verification of buried pipelines required inspection trenches. This layout was then used in
hydraulic simulations to evaluate the current state of the system and also for the analysis of
alternatives. Additionally, the types of pumps, well configurations, and structures were surveyed.

Figure 3 shows an overview of the existing network layout. The six wells (P-04, P-05, P-06, P-
07, P-08, and P-09) are connected by a branched conduit system. Each deep tubular well features a
manifold with a flow meter, pressure gauge, air release valves, and check valves for system
protection. Connection points (or nodes) use the well number with an apostrophe, such as P9' for Well
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P09 and P6' for Well P06. Other network points, like junctions or diameter changes, are identified by
letters. The conduit paths and points are mapped approximately.

Figure 3 — System layout
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3.1.2  Flows

According to NBR 12.211/92 (ABNT, 1992; Tsutiya, 2006) , the design of water supply systems
should based on existing measured data, ideally over a five-year period. This allows determination of
the average daily flow and the peak day coefficient, crucial for designing reservoirs and intake
systems. However, the CABV lacks daily consumption flow measurements. While equipment exists
for measuring flow at the main reservoirs' intake and outlet points, the exit meter has been
compromised, and there's no automatic data recording.

To estimate daily system flow, readings from installed well meters could be used, but there's no
systematic historical record. A quick data measurement campaign has been proposed to estimate the
daily flow magnitude. Ideally, flow records at reservoir outlet would be used, but only household
meter readings were available, which are not recommended for daily average estimates according to
NBR 12.211/92. Despite this, these readings provide some insight into annual consumption variation
and total measured use due to their extended temporal range. Spreadsheets with records from January
2022 to June 2024 were used. The per capita consumption from meter readings were estimated using
the following Equation (1) (Tsutiya, 2006):

de (1)

q =
1-1
Where: g per capita water consumption; q, effective per capita water consumption; I loss
index. The effective consumption g, is obtained from the following Equation (2):

Ve )

qe =
NE . ND. %

Where:V, Measured consumption, NE Number of economies, ND Number of days of meter
readings; NH /L Number of inhabitants per connection. For new projects, a loss index of 20% is
recommended as a target. For NH/L, 3.5 inhabitants per connection were considered based on the
urban features. The remaining data was obtained from the measurement spreadsheets provided.
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3.1.3 Hydraulic model, calibration e validation

To perform the hydraulic model, the EPANET software (Rossman, 2000), a widely used tool for
simulating pressurized water supply systems due to its versatility and simplicity. The model focused
on simulating the wells and pipelines transporting water to the supported reservoirs, treating each
well as a fixed-level reservoir. Input data from the diagnostic phase were incorporated, and the
system's components were configured to calculate its operation. Without pressure measurements
along the pipelines, calibration relied on adjusting roughness coefficients using flow measurements,
with a separate dataset used for validation.

Boundary conditions, including water levels at the wells and downstream reservoir conditions,
were defined based on diagnostic data. The water level in the reservoirs was assumed to be 1.5 meters
or more; otherwise, the pipelines operated with free discharge at a set elevation. Calibration was
performed across three scenarios: two with low reservoir levels and one nearly full. Each scenario
employed average pumping flows and reservoir levels, iteratively adjusting roughness coefficients to
minimize discrepancies. The model's performance was evaluated using the root mean square error
(RMSE) was used to assess the performance of the calibration given by Equation (3):

AN ®)
RMSE = ;;(Qci—oooz

Where: n — number of measurements; Q; — calculated flow in pipe i; Q.; — observed flow in
pipe i.

3.2 Analysis of Alternatives

After calibrating and validating the hydraulic model, an analysis of alternatives was performed to
determine the most efficient connection layout for new wells to the existing system. Efficiency was
evaluated based on energy consumption, increased flow, and cost reduction. Three alternatives were
developed, each with a variant for a near-term scenario, adding 50 m*h to the system. These
alternatives were compared in terms of implementation costs, energy consumption, systemic flow,
head losses, and versatility. The same calibrated roughness coefficients were used when connecting
new wells, considering a maximum increase of up to 50 m*/h. Iterative simulations were performed
using EPANET to calculate flows, head losses, and pressures in the system. Pressure classes for the
pipes were defined based on the analyses, taking into account maximum pressures, including transient
pressure computed with . For cost analysis, CABV provided construction budget for the alternatives.
The following briefly describes each alternative.

3.2.1 Alternative 1.1 (current scenario)

Alternative 1.1 aimed to preserve the existing system as much as possible and connects wells P11
and P10 near the P04 area. This alternative involved replacing approximately 700 meters of existing
pipeline that connects well P04, between nodes P04’ and D (near well P08), with a 150 mm diameter
PVC DEFoFo pipeline (PN = 1.25 MPa).

3.2.2 Alternative 1.2 (future scenario)

Alternative 1.2 shared the same characteristics as Alternative 1.1, with the difference of
considering the addition of wells in the future, near the P10 and P11 area. For modeling purposes, the
additional flow was represented by a single representative well with a maximum of 50 m*h and
connected to the system through a new pipeline section.
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3.2.3 Alternative 2.1 (current scenario)

Alternative 2.1 aimed to configure an independent complementary system by connecting wells
P10 and P11 directly to the storage center. It included a connection between wells P10 and P11 using
a 75 mm diameter PVC pipeline over approximately 300 meters. From well P10 to the reservoir, a
new pipeline was planned along the condominium boundaries, made of 150 mm diameter PVC
DEFoFo, with a length of about 1,600 meters.

3.2.4 Alternative 2.2 (future scenario)

Alternative 2.2, similar to how 1.2 relates to 1.1, maintained the main features of Alternative 2.1
but considered the potential addition of new wells near the P10 and P11 area. The model represented
the additional flow with two representative wells, each with a maximum flow of 50 m3/h.

3.2.5 Alternative 3.1 (current scenario)

In Alternative 3.1, an adaptation of Alternative 1.1 was considered by creating a new independent
pipeline while maintaining the current path. The 75mm pipeline between P04 and P08, which was to
be replaced with a 150mm line, could not be used between the new wells and P04 due to pressure
class incompatibility. However, it could be used to create a parallel pipeline beyond P08, where lower
pressures exist. Thus, Alternative 3.1 involves connecting wells P10 and P11 immediately
downstream of P04 and creating a fully independent pipeline to the reservoir. This new pipeline
would make use of the existing 150mm pipe connecting P08 to point C and extend with a new 150mm
line approximately 150m long from point C to the reservoir. Well PO8 would reconnect to the current
system using part of the existing 75mm pipe that would be replaced.

3.2.6 Alternative 3.2 (future scenario)

Similar to the other alternatives, Alternative 3.2 incorporates future incremental flow into the
pipeline system, maintaining the same design as Alternative 3.1. The model represents the additional
flow with two representative wells, each with a maximum of 50 m3/h.

3.3 Design Development

After analyzing the alternatives, the most energy-efficient option with the highest system flow at
the lowest cost is determined. For this alternative, the engineering technical project is detailed,
including technical specifications and detailed design. It's important to note that the chosen solution
may not be the optimal one in terms of energy consumption, flow, and cost due to constraints such as
licensing and property issues. Therefore, the next best option that fits these constraints may be
selected.

3.4 Recommendations and Conclusions

At this stage, after detailing the selected alternative's project, recommendations should highlight
any limitations encountered during the project's completion. Additionally, aspects related to potential
future increases in flow rates to meet system’s demand should be considered, including the possibility
of adding new wells or accessing water from other resources.

4. RESULTS AND DISCUSSIONS

RMSE results for calibration (2.08, 0.99, and 1.45), and validation (1.62) were deemed
satisfactory. However, it should be noted that there are several errors involved in data measurement
and the variables used. Direct measurement of head loss was not possible, and this should be taken
into account when comparing observed values with model responses. Figure 4 illustrates a
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comparison between observed and calculated values, while Figure 5 displays the model's pressure
and flow results for the validation data.

Figure 4 — Comparison between computed and observed discharges
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Since the calibration was done by adjusting only the roughness coefficient, all errors,
uncertainties, and potential issues in the supply system were transferred to this parameter. Therefore,
it cannot be stated that the current pipe roughness matches the previously informed values. However,
it is clear that the system is not operating as expected. The theoretical roughness coefficients for new
PVC pipes are around 130 to 140. For old material, values near 100 are acceptable. To match
measured flow rates, the section should have a friction loss equivalent to a roughness coefficient of
30, an unreasonable value for unobstructed pipes.

The calibration results have indicated severe performance issues in the system, likely due to
factors like air pockets, leaks, and blockages. Proper identification and improvement would require a
comprehensive testing campaign, including installation of additional measuring equipment and
system modifications according to technical standards. Such investigation were beyond the initial
scope and impractical in this study context, and was considered as recommendations. As an
emergency measure, it was suggested to install a triple-function air valve at the highest point of the
pipeline near the reservoir to address these issues.

During the study of alternatives, Alternative 2 was deemed the best option to accommodate
current and future water flows. Table 2 presents the results for the three alternatives, evaluating total
system discharge, energy consumption, cost, and the incremental cost to transition from the current
to future scenarios. The final column summarizes the cost/benefit metric used to compare these
alternatives. This metric considers the cost per m*h and kWh, calculated by dividing the incremental
cost by the product of the average discharge and energy for both current and future scenarios. The
alternative with the lowest value in this metric is considered the optimal choice.

The selected option (Alternative 2) was defined with a maximum flow potential of 136 m?/h,
and an operational flow of 102 m?/h (assuming well operation of 18/24 hours) for the current scenario
(Alternative 2.1). It allows for a maximum increase of 50 m*/h for a future scenario.

Although the proposed methodology was successfully applied to define the best alternative for
this case, to enhance the system's efficiency, it is recommended to implement a monitoring system
using strategically placed hydrometers and piezometers within the water collection network.
Conducting systematic monitoring over a suitable period is crucial for accurate diagnosis and
optimization of the network. Additionally, installing an air valve where the pipeline reaches the
reservoirs will improve performance. Developing a hydrogeological model for the area of the existing
deep wells can help evaluate aquifer behavior and assess the potential for new well installations.
Future flow projections should be estimated, considering full occupancy of the condominium, which
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includes both residential and commercial units. It's important to examine the anticipated demands of
these units. Furthermore, a study should be conducted to explore the expansion of the system's storage
capacity.

Figure 5 — Pressures computed in the EPANET model under steady state for validation.

Table 2 — Results for roughness coefficient after calibration

Alternative Discharge Energy Cost Incremental Cost Cost/Benefit
(m®/h) (kWh) (R$) (R$) [R$/ (m3/h KWh)]

1.1 134.8 34,950.40 | 94,815.89

105,863.40 0.024
1.2 121.9+50 | 35,126.10 | 200,679.29
21 136 33,766.60 | 181,377.13

39,091.80 0.009
2.2 136+50 | 33,766.60 | 220,468.93
3.1 139.8 35,170.00 | 158,138.54

90,570.30 0.019
3.2 134.4+50 | 35,618.00 | 248,708.84

5. CONCLUSIONS

This study demonstrates valuable guidance for diagnosing and expanding water supply systems
for condominiums needing to increment their water supply systems based on deep wells. Through a
case study at Alto da Boa Vista Condominium in Sobradinho/DF, the proposed steps for expanding
the water network were applied. This network, initially consisting of six deep tubular wells, was
evaluated for the integration of three additional wells.

A hydraulic model was calibrated and validated using data from the existing network's
diagnostic phase. This model evaluated expansion alternatives integrating three new wells. Among
the three options, Alternative 2 was chosen for its cost-benefit efficiency, offering a maximum flow
potential of 136 m?*/h and an operational flow of 102 m?*h for the current scenario, with a future
increase of up to 50 m*/h.

The study highlighted the need for a robust monitoring system to optimize system performance,
focusing on measuring flow and pressure at strategic network points. The existing system operates
under non-ideal conditions, potentially limiting flow capacity despite available wells. Model tests
suggested potential flow gains of up to 20 m*/h through optimization, though data limitations pose
challenges. Implementing systematic monitoring can improve both management and system
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operation, ensuring accurate future demand analyses. Accurate flow measurements throughout the
year are essential to assess the need for increased storage.

The exploration of aquifer dynamics by the condominium administration is crucial. Successive
deep well drilling without proper hydrogeological assessment brings risks to the system collapse,
particularly if the dynamic depletion zones of wells overlap excessively. Although no technical data
currently confirms this risk, a hydrogeological study is recommended before adding new wells,
potentially supporting sustainable aquifer use and guiding future extraction limits. Such a study could
help determine if supplemental water from the local water supply company (CAESB) is necessary,
aligning operational strategies with sustainable water management objectives.
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