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ABSTRACT

Efficient water well design plays a critical role in sustainable groundwater extraction, particularly for
irrigation and effluent recovery systems. This study evaluates a water well used for these purposes as a case
study, focusing on optimizing design parameters to achieve a balance between performance, longevity, and
cost-effectiveness. Key aquifer properties, including transmissivity, hydraulic conductivity, and storage
coefficient, were determined through pumping tests using the Cooper and Jacob recovery method. The
well’s design was analyzed to minimize drawdown while maintaining high yield, ensuring compatibility
with irrigation peak demands and drought conditions. A comprehensive assessment of construction
components, including casing, screen, and gravel pack design, was performed to prevent contamination and
structural failure. Theoretical and field data were integrated to analyze well losses, revealing the
importance of proper formation and well loss management to sustain efficiency. Furthermore, pump
installation was optimized to match the well’s capacity and ensure reliable operation. The results
demonstrate that a systematic and conservative approach to well design can significantly reduce the risk of
failure while maintaining groundwater quality and economic viability. This study highlights the essential
principles and methodologies required for sustainable well construction, contributing to effective
groundwater resource management in agriculture.
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1. Introduction

Water wells are essential infrastructures for accessing groundwater, which serves as a vital resource
for various purposes, including irrigation, effluent recovery, and domestic supply (Zohud & Alam,
2022). Beyond extraction, wells can also facilitate subsurface exploration, artificial recharge, and
the disposal of treated wastewater. The construction and design of a well are influenced by its
intended use, the depth of groundwater, geologic conditions, and economic considerations. Careful
attention to these factors ensures the development of efficient, durable, and sustainable wells
capable of meeting their intended purposes (Attard, Winiarski, Rossier, & Eisenlohr, 2016). A well-
designed water well balances two critical objectives: achieving high production efficiency over an
extended lifespan while maintaining reasonable construction and operational costs. This balance is
particularly significant in irrigation systems, where wells must supply adequate water during peak
seasonal demands and under extreme drought conditions (Mizyed, Moghier, & Hamada, 2024).
The success of such systems depends not only on the sophistication of wellhead equipment but also
on the reliability and efficiency of the water source itself. The well serves as the cornerstone of
groundwater-fed irrigation systems, requiring compatibility with the pump and distribution
infrastructure to ensure long-term economic and operational viability(Sultan & Ahmad, 2023). The
permanence of well structures presents unique challenges. Once installed, the design cannot be
easily modified, emphasizing the need for accurate and conservative estimations during the
planning phase. Poorly designed wells may result in excessive drawdown, contamination risks, or
structural failure, which compromise their functionality and economic viability (Boonstra & Soppe,
2016). A key consideration is the protection of groundwater quality, as well designs must
incorporate measures to prevent surface pollutants and subsurface contaminants from entering the
aquifer system. Additionally, material selection is critical; all components must resist corrosion,
maintain structural integrity, and withstand operational stresses over time (Mizyed, Mogheir,
Hamada, & Development, 2024). Water wells are indispensable for sustainable groundwater
extraction, especially in regions with scarce water resources like the Gaza Strip. However,
significant knowledge gaps persist in designing wells tailored to site-specific hydrogeological
conditions. Confined aquifers, which are prevalent in such regions, pose unique challenges due to
their limited storage capacity and vulnerability to over-extraction. Previous studies have often
relied on generalized guidelines or theoretical models, neglecting the integration of comprehensive
field data and laboratory analyses. Moreover, critical issues such as minimizing drawdown,
protecting groundwater quality, and achieving cost-effective operation under high seasonal
demands and drought conditions remain inadequately addressed, further complicating efforts to
ensure sustainable groundwater management. In this study, a water well utilized for effluent
recovery and irrigation is analyzed as a case study. The research employs a systematic approach
that combines theoretical, empirical, and laboratory methods to optimize well design and
performance. Advanced hydraulic testing techniques, including the Cooper and Jacob recovery
method, are integrated with detailed assessments of casing, screen, and gravel pack designs to
ensure sustainability and efficiency. By addressing these challenges, the study contributes to a
broader understanding of sustainable groundwater resource management. Its findings will provide
valuable insights into designing efficient water wells capable of meeting modern agricultural and
environmental demands in arid and semi-arid regions, while ensuring long-term economic viability
and ecological balance.
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2. Methods

2.1. Well Design Process

Designing a well involves a systematic approach to ensure its efficiency, sustainability, and
compliance with both technical and environmental standards. The process begins with determining
the required water demand to establish the yield necessary to meet supply needs build on study
(Mizyed, Mogheir, Hamada, & Management, 2025) . This is followed by identifying suitable
geological formations capable of supporting the required yield, which includes assessing the
aquifer type to optimize the well’s design and performance. Key aquifer parameters, such as
hydraulic conductivity (K), transmissivity (T), and storage coefficient (S), are evaluated using
methods like the Cooper and Jacob recovery approach (Pongmanda & Suprapti, 2020). Based on
these assessments, the optimal borehole depth is determined, ensuring access to the water source
while taking into account geological and hydrological data. Figure 1 show the sketch of studied
well. Additionally, the well diameter is calculated to accommodate the necessary pumping
equipment and ensure adequate flow, while pump discharge analysis is performed to evaluate the
maximum sustainable discharge rate and corresponding drawdown (ISO, 2003). Proper dimensions
of the pump chamber are defined to enhance operational efficiency, and the screen and filter
characteristics are carefully designed to maximize water inflow from permeable formations while
preventing the entry of fines. Pump specifications, including the number of stages and pumping
rate, are also tailored to align with the well’s operational needs. Emphasis is placed on selecting
materials resistant to corrosion, structurally robust against collapse, and compliant with safety
standards to maintain water quality and minimize contamination risks. These considerations ensure
the well’s long-term functionality, cost-effectiveness, and alignment with performance
expectations.
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Figure 1. An illustrative diagram of the well.
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2.2. Data Source

The data utilized in this study were obtained from a combination of field investigations and
secondary sources (PWA, 2021). Field investigations included pumping tests to measure aquifer
properties, with data collected on parameters such as drawdown, discharge rates, and recovery
times. Geological surveys provided insights into subsurface formations and aquifer characteristics,
while hydrogeological maps and previous studies of the area supplemented the analysis (WEQA,
2022a). The Cooper and Jacob recovery method was applied to interpret field test results and
determine key aquifer properties such as transmissivity and storage coefficient. This
comprehensive dataset formed the foundation for the well design process, ensuring accuracy and
reliability in achieving the desired outcomes. Well location is in North Gaza-Gaza Strip.

2.3. Laboratory Tests and Method of Analysis

Soil classification tests were performed. The executed laboratory tests included Sieve analysis;
Atterberg Limits; and moisture content tests. Samples of soil were selected by the client in a way
representative to the soil strata within the borehole, then delivered to the laboratory. An identity
number, sample location, and depth within the borehole identified each sample. The tests were
performed according to the international standards ASTM and BS. The soil layers were classified
according to the USCS classification system (CCQC,2017). In the laboratory tests, a series of
analyses were conducted to characterize the soil samples based on international standards. The
visual-manual procedure was performed in accordance with ASTM D 2488-2009a to describe and
identify the soil properties. For particle size analysis (ASTM D 422-63, Reapproved 2007), a
mechanical sieve shaker was employed to separate soil particles, while hydrometer tests were
conducted to analyze fine-grained particles. The Unified Soil Classification System (ASTM D
2487-2011) was used to classify the soils for engineering purposes. The moisture content of the
soil was determined using an electronic oven, adhering to ASTM D 2216-2010, to measure weight
changes before and after drying. Liquid limit, plastic limit, and plasticity index were evaluated
using the Casagrande apparatus and ASTM D 4318-10e1 standards, alongside manual testing based
on BS 1377-1990. Additionally, for data analysis and classification, specialized geotechnical
software such as GeoStudio or equivalent spreadsheet tools was utilized to ensure precision and
compliance with engineering standards. These tests and tools collectively provided an accurate
understanding of the soil's physical and mechanical properties, forming a critical foundation for
the well design process.

3. Results and discussion

3.1. Aquifer Characteristics

Understanding aquifer properties is fundamental to designing an efficient water well. From
pumping test data, the semi-logarithmic plot of time (t) versus drawdown (S) was analyzed to
compute these values as shown in Figure 2. A straight line is fitted through the points to compute
T and S by cooper and Jacob method and determine As.

Transmissivity (T): Calculated using the equation T=2.3Q/4nAsT where Q=4800 m®/day and
As=1.55m, yielding T=567 m?/day.

Storage Coefficient (S): Determined using S=2.25Tto/r?, with t=0.00083 day and r=140m,
yielding S=5.4x107°

Hydraulic Conductivity (K): Computed as K=T/b , with b=28 mb = 28, resulting in
K=20.25 m/day
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Figure 2. Plot of time (t) versus drawdown (S) for well.

To Calculate (T) by recovery test Value of t/t* are computed as shown in Table 1, and plot versus
s* on semi logarithmic paper then a straight line is fitted through the points to determine As as
illustrated in Figure 3.

Table 1. Recovery test Value of t/t*

time interv_als _ _ Pumping
aﬂ;; rsnganéng w:_:letggit:\gtgle tlmet:*mln Sth‘ t3 ggvgn . =
(min)

2 49.21 2 382 191 1.21
2 49.16 4 384 96 1.16
2 49.13 6 386 64.33333 1.13
2 49.12 8 388 485 1.12
2 49.1 10 390 39 11
5 49.09 15 385 25.66667 1.09
5 49.09 20 400 20 1.09
5 49.09 25 405 16.2 1.09
5 49.09 30 410 13.66667 1.09
10 49.09 40 420 105 1.09
10 49.08 50 430 8.6 1.08
10 49.08 60 440 7.333333 1.08
20 49.08 80 460 5.75 1.08
20 49.07 100 480 4.8 1.07
20 49.07 120 500 4.166667 1.07
20 49.07 140 520 3.714286 1.07
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Figure 3. Plot versus s* on semi logarithmic paper to determine As

AS =1.155-1.085=0.07
T=23Q/A4nAs 2.3 *3600/(4*3.14 * 0.07) =9417 mzlday

The results from the aquifer analysis demonstrate a robust understanding of the hydraulic properties
essential for efficient well design. The transmissivity (T) of 567 m?/day indicates favorable aquifer
conditions capable of sustaining the required discharge rates. Hydraulic conductivity (K),
calculated at 20.25 m/day, suggests a medium to high permeability, which aligns well with the
requirements of irrigation and effluent recovery systems. The storage coefficient (S=5.4x107°)
signifies a confined aquifer with limited storage capacity, necessitating careful monitoring to avoid
over-extraction. These findings underscore the importance of understanding site-specific
hydrogeological conditions. The relatively high transmissivity supports the well’s capability to
maintain peak seasonal water demands, while the confined nature of the aquifer necessitates
conservative operational strategies to prevent drawdown and aquifer depletion.

3.2. Well Design Analysis

3.2.1. Well Losses and Formation Losses

The relationship between well losses and formation losses was investigated by plotting Sw/Q
versus Q. The formation loss coefficient (B) and well loss coefticient (C) were derived, showing
that the design complies with Walton’s criteria, indicating optimal development. To calculate the
well losses and formation losses coefticient, plot values of Sw/Q versus Q then straight line can
fitted through the point as shown in Figure 4.
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Figure 4. Values of Sw/Q versus well discharge (Q)

From chart, B=0.001 days/m2 and the well loss coefficient is C= 7*10-8 day2/ m5. It is note that
this coefficient indicates < 0.5 which is properly design and developed according to Walton criteria.
Theoretical drawdown curves demonstrated that well losses became significant at discharge rates
exceeding 1350 m3/day, emphasizing the importance of proper design to minimize inefficiencies.

3.2.2. Step-Drawdown Analysis

Step-drawdown pumping tests confirmed well performance, with clear delineation of drawdown
contributions from formation and well losses. This analysis supports the well’s capacity to sustain
peak irrigation demands. Using the coefficient computed above, we can calculate the drawdown
due to well loss for any discharge as in appendix Table 2. The theoretical drawdown curves relating
the formation and well losses to the well discharge as shown in Figure 5.
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Figure 5. Theoretical drawdown curves relating the formation and well losses to the well discharge.
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The well loses become more significant as the well discharge increase and even larger than the
formation losses beyond approximately Q < 1350 m3/day. Step draw down pumping test analysis
to evaluate well losses as in Table 3 and remarked in Figure 6.

Table 3. Step draw down pumping test analysis to evaluate well losses

Step Q duration
1 51 60
2 102 60
3 153 60
4 197 200
1 10 100 1000
0 1 1 J
1
2 \k_
3

;‘ -
6 —

7

Figure 6. Step draw down pumping test analysis to evaluate well losses

The separation of formation losses (B=0.001 days/m2 and well losses (C=0.1451 min2/m5)
highlight the efficiency of the well’s design and development. According to Walton's criteria, the
ratio of these coefficients (<0.5) suggests minimal head loss during operation, indicating a well-
constructed system. However, the data shows that as the discharge increases beyond 1350 m3/day,
well losses become disproportionately significant. This suggests a need for careful regulation of
discharge rates to maintain efficiency and avoid structural damage. The step-drawdown analysis
confirms these findings, providing clear evidence that the well is optimized for medium to high
discharge rates, with minimal additional losses under typical operating conditions.

3.3. Well Construction Components

3.3.1. Casing and Screen Design

The well casing was designed to prevent contamination and ensure structural integrity. A 14-inch
internal diameter casing was used, grouted with cement to protect against surface water infiltration.
The screen design emphasized:

a-Adequate slot spacing for uniform inflow.

b-High corrosion resistance.

c-A screen length of 17 m, ensuring efficient water entry and minimizing head loss.
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A screen that is too short seriously affects the efficiency of the well, whereas a well screen that is
too long causes problems such as cascading water, entrained air, and accelerated corrosion and/or
incrustation. So, the screen length:
Q=86400 Ve L min Ao where :
Q= discharge rate of the well in m3/day.
Ve = screen entrance velocity in m/sec.

L min, minimum screen length in m.

Ao, effective open area per meter screen in m2/m.
we can assume Ve =0.015 m/sec.

The effective open area per meter screen can be calculated as
Ao= 1 * D *% of clogging * % of open area

Where, D = Diameter screen pipe in m =0.35 m, % of clogging = 50%.

% of open area = 30%. So,
Ao =1*0.35*0.5*0.3=0.1648 m?/m
So the minimum screen length can be calculated:
2700 = 86400 *0.015 * L min * 0.1648

SO0 L min12.6 m>>Wecanuse L= 17 m

3.3.2. Gravel Pack Design

A gravel pack was designed based on sieve analysis of aquifer samples, ensuring optimal retention
of formation particles and efficient water flow. Gravel sizes ranged between 3.78 mm and 5.04 mm,
complying with the recommended uniformity coefficient (Uc =3.032). See Figure (7A,7B).
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Figure 7A. Components of gravel-packed well.
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Figure 7B. Sieve analysis of aquifer sample.

3.3.3. Pump Installation and Performance Evaluation

The pump was positioned at 63 m, calculated using 2.5Sw+static water level 2.5 Sw + static water
level. Vertical turbine pumps were selected for their high efficiency and adaptability to irrigation
systems, capable of delivering flows up to 720 L/s. Test pumping revealed that the well meets the
required yield with minimal drawdown, supporting its role in sustainable irrigation and effluent
recovery. Periodic maintenance is recommended to address potential issues such as screen
encrustation or gravel pack clogging. Test pumping revealed that the well meets its design
objectives, providing sufficient yield with minimal drawdown. The use of vertical turbine pumps
ensures adaptability to varying discharge rates, enhancing the overall reliability of the system.
Despite these strengths, periodic redevelopment and maintenance remain critical to mitigating
potential issues such as screen encrustation or gravel pack clogging, which could impair
performance over time. Theoretical and empirical analyses emphasize the need to balance
operational efficiency with environmental sustainability. Over-extraction or excessive discharge
rates could lead to increased well losses, aquifer depletion, and long-term ecological impacts.

3.4. Implications for Aquifer Sustainability

The findings of this study have significant implications for aquifer sustainability, particularly under
the challenging conditions of drought and peak seasonal demand. The high transmissivity value
(567 m?/day) indicates favorable aquifer conditions capable of supporting substantial water
extraction rates. However, the confined nature of the aquifer, as evidenced by the storage
coefficient (5.4x107°), underscores its limited capacity for water storage, making it vulnerable to
over-extraction during prolonged dry periods. To ensure sustainable operation, the results suggest
maintaining discharge rates below the threshold of 1350 m3/day to minimize well and formation
losses, as drawdown increases disproportionately at higher rates. This operational limit is critical
for preserving the hydraulic head and preventing long-term aquifer depletion. Moreover, the
confined aquifer's reliance on limited recharge requires careful management, including the
promotion of artificial recharge techniques and periodic reassessment of pumping rates.

10
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These findings also have broader environmental implications, such as reducing the risk of land
subsidence and preventing saltwater intrusion, which are common issues in over-exploited
aquifers. For policymakers, the study highlights the importance of implementing groundwater
management plans that incorporate sustainable extraction limits, continuous monitoring of aquifer
health, and public awareness campaigns on water conservation. By addressing these critical factors,
the research contributes to the development of resilient groundwater systems capable of supporting
agricultural and environmental needs in arid and semi-arid regions.

4. Conclusions

This study highlights the critical factors involved in designing and evaluating a water well for
irrigation and effluent recovery. By integrating hydrogeological analysis with careful structural
design, the well demonstrates robust performance characterized by:

1.High transmissivity and hydraulic conductivity, supporting efficient water extraction.
2.0ptimized casing, screen, and gravel pack designs that enhance structural integrity and hydraulic
performance.

3.Minimal well and formation losses within the recommended discharge range.

The findings underline the importance of tailoring well design to specific aquifer conditions to
achieve long-term sustainability and cost-effectiveness. Additionally, the study emphasizes the role
of periodic maintenance in preserving well efficiency and extending operational life.

Future work should focus on long-term monitoring of the well’s performance, particularly under
peak seasonal demands and drought conditions. This will ensure continued alignment with
sustainable groundwater management practices and inform the design of future wells in similar
hydrogeological settings.

Table 2

. Pumping Time Draw Pumping
(-:-T']me) rate interval De':;glgf(r\rl]\’)ater down rate Sw/Q BQ CQ2 SW BQ/ sw

: (m3/hr) (min.) (m) (m3/day)
2 51.6 2 50.39 1.35 1238.4 0.00109 1.2384 0.107354419 1.345754 | 0.920227
4 51.6 2 50.42 1.38 1238.4 0.001114 1.2384 0.107354419 1.345754 | 0.920227
6 51.6 2 50.42 1.38 1238.4 0.001114 1.2384 0.107354419 1.345754 | 0.920227
8 51.6 2 50.43 1.39 1238.4 0.001122 1.2384 0.107354419 1.345754 | 0.920227
10 51.6 2 50.43 1.39 1238.4 0.001122 1.2384 0.107354419 1.345754 | 0.920227
15 51 5 50.43 1.39 1224 0.001136 1.224 0.10487232 1.328872 | 0.921082
20 51 5 50.39 1.35 1224 0.001103 1.224 0.10487232 1.328872 | 0.921082
25 51 5 50.39 1.35 1224 0.001103 1.224 0.10487232 1.328872 | 0.921082
30 51 5 50.39 1.35 1224 0.001103 1.224 0.10487232 1.328872 | 0.921082
40 51 10 50.39 1.35 1224 0.001103 1.224 0.10487232 1.328872 | 0.921082
50 51 10 50.39 1.35 1224 0.001103 1.224 0.10487232 1.328872 | 0.921082
60 51 10 50.39 1.35 1224 0.001103 1.224 0.10487232 1.328872 | 0.921082
62 102 2 51.39 2.35 2448 0.00096 2.448 0.41948928 2.867489 | 0.853709
64 102 2 51.7 2.66 2448 0.001087 2.448 0.41948928 2.867489 | 0.853709
66 102 2 51.72 2.68 2448 0.001095 2.448 0.41948928 2.867489 | 0.853709
68 102 2 51.86 2.82 2448 0.001152 2.448 0.41948928 2.867489 | 0.853709
70 102 2 51.86 2.82 2448 0.001152 2.448 0.41948928 2.867489 | 0.853709
75 102 5 51.86 2.82 2448 0.001152 2.448 0.41948928 2.867489 | 0.853709
80 102 5 51.84 2.8 2448 0.001144 2.448 0.41948928 2.867489 | 0.853709
85 102 5 51.84 2.8 2448 0.001144 2.448 0.41948928 2.867489 | 0.853709
90 102 5 51.84 2.8 2448 0.001144 2.448 0.41948928 2.867489 | 0.853709
100 102 10 51.84 2.8 2448 0.001144 2.448 0.41948928 2.867489 | 0.853709
110 102 10 51.84 2.8 2448 0.001144 2.448 0.41948928 2.867489 | 0.853709
120 102 10 51.84 2.8 2448 0.001144 2.448 0.41948928 2.867489 | 0.853709
122 156 2 53.49 4.45 3744 0.001189 3.744 0.98122752 4.725228 | 0.792343
124 156 2 53.54 4.5 3744 0.001202 3.744 0.98122752 4.725228 | 0.792343
126 156 2 53.54 4.5 3744 0.001202 3.744 0.98122752 4.725228 | 0.792343
128 156 2 53.55 4.51 3744 0.001205 3.744 0.98122752 4.725228 | 0.792343
130 156 2 53.56 4.52 3744 0.001207 3.744 0.98122752 4.725228 | 0.792343
135 156 5 53.56 4.52 3744 0.001207 3.744 0.98122752 4.725228 | 0.792343
140 153 5 53.53 4.49 3672 0.001223 3.672 0.94385088 4.615851 | 0.79552
145 153 5 53.53 4.49 3672 0.001223 3.672 0.94385088 4.615851 | 0.79552
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150 153 5 53.563 4.49 3672 0.001223 3.672 0.94385088 4.615851 0.79552
160 153 10 53.563 4.49 3672 0.001223 3.672 0.94385088 4.615851 0.79552
170 153 10 53.53 4.49 3672 0.001223 3.672 0.94385088 4.615851 0.79552
180 153 10 53.563 4.49 3672 0.001223 3.672 0.94385088 4.615851 0.79552
182 192.6 2 54.93 5.89 4622.4 0.001274 4.6224 1.495660723 6.118061 | 0.755534
184 192.6 2 54.98 5.94 4622.4 0.001285 4.6224 1.495660723 6.118061 | 0.755534
186 192.6 2 54.99 5.95 4622.4 0.001287 4.6224 1.495660723 6.118061 | 0.755534
188 192.6 2 55.17 6.13 4622.4 0.001326 4.6224 1.495660723 6.118061 | 0.755534
190 192.6 2 55.17 6.13 4622.4 0.001326 4.6224 1.495660723 6.118061 | 0.755534
195 192.6 5 55.17 6.13 4622.4 0.001326 4.6224 1.495660723 6.118061 | 0.755534
200 192.6 5 55.18 6.14 4622.4 0.001328 4.6224 1.495660723 6.118061 | 0.755534
205 191.4 5 55.18 6.14 4593.6 0.001337 4.5936 1.477081267 6.070681 | 0.756686
210 194.4 5 55.22 6.18 4665.6 0.001325 4.6656 1523747635 6.189348 | 0.753811
220 196.2 10 55.22 6.18 4708.8 0.001312 4.7088 1.552095821 6.260896 | 0.752097
230 192 10 55.26 6.22 4608 0.00135 4.608 1.48635648 6.094356 | 0.756109
240 1914 10 55.26 6.22 4593.6 0.001354 4.5936 1.477081267 6.070681 | 0.756686
260 192.3 20 55.28 6.24 4615.2 0.001352 4.6152 1.491004973 6.106205 | 0.755821
280 194 20 55.33 6.29 4656 0.001351 4.656 151748352 6.173484 | 0.754193
300 194 20 55.33 6.29 4656 0.001351 4.656 1.51748352 6.173484 | 0.754193
320 195 20 55.36 6.32 4680 0.00135 4.68 1.533168 6.213168 | 0.753239
340 197.4 20 55.36 6.32 4737.6 0.001334 4.7376 1571139763 6.30874 0.750958
360 195.4 20 55.36 6.32 4689.6 0.001348 4.6896 1.539464371 6.229064 | 0.752858
380 196.05 20 55.36 6.32 4705.2 0.001343 4.7052 1.549723493 6.254923 | 0.752239
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