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Abstract
Tailings storage facilities, water storages, evaporation ponds, infiltration systems, and other engineered
water-retaining structures can significantly alter local groundwater regimes by creating artificial
hydraulic mounds. These mounds modify groundwater gradients, redirect flow pathways, increase
hydraulic connectivity, and influence seepage migration over large distances. Despite the widespread
recognition of seepage risks, groundwater mound development remains poorly understood and is often
simplified within environmental assessments.

This study presents a hydrogeological framework for understanding groundwater mounding beneath
elevated water-storage systems. Using numerical groundwater simulations, groundwater budgets,
particle tracking, and conceptual hydrogeological analysis, the study examines how elevated hydraulic
heads influence seepage divergence, groundwater migration pathways, travel times, and receptor
connectivity. Particular attention is given to the interaction between pond geometry, hydraulic gradients,
seepage-control measures, and groundwater-system response.

Results demonstrate that artificial groundwater mounds can become the dominant control on local
groundwater movement. Groundwater flow diverges outward from elevated hydraulic heads, modifying
natural groundwater-flow patterns and potentially extending seepage impacts well beyond the storage
footprint. Engineering controls such as liners, cutoff curtains, and pond-configuration changes alter the
shape, extent, and magnitude of induced groundwater mounds. The study provides a transferable
framework for evaluating seepage behaviour and groundwater risk associated with engineered water-
storage systems.

1. Introduction
Groundwater systems are strongly influenced by hydraulic gradients. Where artificial storages create
water levels substantially above ambient groundwater conditions, groundwater-flow systems may be
significantly modified through the development of groundwater mounds (Bear, 1979; Freeze & Cherry,
1979).

Groundwater mounding occurs when infiltration exceeds the ability of surrounding materials to dissipate
hydraulic pressures. The resulting increase in groundwater head may alter groundwater-flow directions,
induce seepage pathways, accelerate groundwater migration, and establish hydraulic connectivity
between engineered structures and environmental receptors (Anderson et al., 2015; Fetter, 2018).

Examples include:

tailings storage facilities;

water dams;

evaporation ponds;

wastewater infiltration systems;
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managed aquifer recharge schemes;

stormwater basins; and

artificial recharge operations.

In each case, elevated hydraulic heads create artificial groundwater-flow systems superimposed on the
natural groundwater regime.

Although seepage assessments frequently quantify seepage rates and groundwater levels,
comparatively less attention is given to groundwater mound development itself. Yet groundwater
mounding often controls:

groundwater migration pathways;

travel times;

seepage locations;

receptor connectivity;

environmental risk.

A clearer understanding of groundwater-mound behaviour is therefore essential for environmental
assessment, groundwater management, and engineering design.

1.1 Study Objectives
The objectives of this study are to:

examine groundwater mound formation beneath elevated water storages;

evaluate the influence of groundwater mounds on seepage pathways;

investigate the relationship between hydraulic gradients and groundwater migration;

assess how engineering controls modify mound behaviour; and

develop a transferable conceptual framework for evaluating groundwater mounding and seepage
risk.

The novelty of this paper lies in focusing on groundwater mounds themselves rather than seepage rates
alone, highlighting groundwater mounding as a primary driver of environmental risk and hydrogeological
change.

2. Conceptual Basis of Groundwater Mounding
Groundwater mounds develop when recharge or seepage increases groundwater heads above
surrounding equilibrium conditions. Groundwater-mound development has been widely documented
beneath recharge basins, infiltration systems, irrigation schemes, wastewater reuse projects, and
engineered water-storage facilities (Hantush, 1967; Philips & Kitching, 1995; Yihdego, 2017).
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Under natural conditions, groundwater generally flows according to regional hydraulic gradients.
However, when a water-storage structure imposes a sustained hydraulic head above surrounding
groundwater levels, groundwater movement becomes strongly influenced by the resulting mound.

The conceptual process is illustrated in Fig. 1.

Groundwater mounds may persist for years or decades depending on:

seepage rates;

hydraulic conductivity;

aquifer storage;

recharge conditions;

engineering controls.

3. Hydrogeological Controls on Groundwater Mounds
Several factors influence groundwater mound behaviour.

3.1 Hydraulic Head Difference
The magnitude of groundwater mounding is fundamentally controlled by the difference between pond
water levels and surrounding groundwater heads.

Greater hydraulic-head differences produce:

steeper groundwater gradients;

larger seepage fluxes;

longer migration pathways.

The relationship between hydraulic-head difference and groundwater-mound development is well
established in both analytical and numerical groundwater studies (Bear, 1979; Domenico & Schwartz,
1998).

3.2 Aquifer Hydraulic Conductivity
Hydraulic conductivity controls the rate at which groundwater pressures dissipate.

Low-permeability systems tend to:

retain elevated pressures;

create larger groundwater mounds;

increase groundwater residence times.
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High-permeability systems:

dissipate hydraulic pressures rapidly;

produce broader but lower groundwater mounds.

3.3 Storage Characteristics
Specific yield and specific storage control the capacity of the groundwater system to absorb hydraulic
loading.

Systems with low storage capacity typically exhibit:

greater groundwater-level rise;

more pronounced mounding;

stronger transient behaviour.

4. Groundwater Mounds and Seepage Pathways
Groundwater mounds represent one of the most important hydrogeological consequences of elevated
water storage systems. As hydraulic heads increase beneath a storage area, groundwater flow is
redirected away from the mound and follows multiple pathways governed by hydraulic gradients,
geological structure, and aquifer properties.

Unlike simplified seepage concepts that assume predominantly vertical flow beneath a storage footprint,
groundwater mounds commonly generate divergent groundwater movement. Groundwater may migrate
simultaneously toward several downgradient locations, creating multiple potential receptor pathways
and increasing the complexity of groundwater-system behaviour.

The conceptual relationship between groundwater mounding, pathway divergence, and receptor
connectivity is illustrated in Fig. 2.

The figure demonstrates that groundwater originating beneath a single storage area does not
necessarily migrate toward a single receptor. Instead, groundwater flow may diverge into multiple
pathways, each with different travel times, groundwater-flow velocities, attenuation potential, and
environmental consequences.

4.1 Pathway Divergence
Pathway divergence occurs when groundwater movement is redistributed by hydraulic gradients
generated beneath the groundwater mound.

Several factors influence this process:
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hydraulic conductivity contrasts;

geological heterogeneity;

structural controls such as faults and fractures;

groundwater storage properties;

boundary conditions.

Consequently, groundwater pathways may evolve through time and differ substantially from those
expected from local seepage observations alone.

Similar groundwater-mound behaviour has been reported for recharge systems, managed aquifer
recharge projects, and wastewater infiltration facilities where elevated hydraulic heads became the
dominant control on groundwater movement (Philips & Kitching, 1995; Yihdego, 2017).

4.2 Multiple Receptors and Connectivity
One of the most significant implications of groundwater mound development is the creation of hydraulic
connectivity with multiple receptors.

These receptors may include:

groundwater-dependent ecosystems;

surface-water bodies;

groundwater users;

engineered infrastructure;

wetlands;

environmental receptors located at considerable distances from the source.

As shown in Fig. 2, groundwater originating from a single storage system may ultimately influence
several receptors simultaneously. This observation highlights the importance of evaluating the complete
groundwater-flow system rather than focusing solely on seepage immediately beneath the storage
facility.

4.3 Implications for Environmental Assessment
Traditional seepage assessments frequently focus on seepage magnitude while placing less emphasis
on groundwater migration pathways. However, environmental consequences often depend more on
where groundwater travels than on the seepage rate itself.

The groundwater-mound framework presented in Fig. 2 demonstrates that environmental assessments
should evaluate:

groundwater-flow directions;

pathway divergence;
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travel times;

groundwater connectivity;

receptor sensitivity.

Failure to assess these factors may underestimate the extent of groundwater influence and
environmental exposure.

5. Influence of Engineering Controls
The groundwater-flow divergence shown in Fig. 2 demonstrates why control measures must be
assessed at the groundwater-system scale. Reducing seepage beneath one part of a storage facility may
alter the distribution of pathways and redirect groundwater toward alternative receptors rather than
eliminating groundwater movement altogether.

5.1 Liners
Liners are typically designed to reduce vertical seepage.

However, liners do not necessarily eliminate groundwater mounds.

In some situations, liners:

reduce vertical seepage;

increase hydraulic pressures;

redistribute flow laterally.

Consequently, groundwater mounding may still occur despite reduced leakage.

5.2 Cutoff Curtains
Cutoff curtains provide hydraulic resistance to groundwater movement. Comparable hydraulic-gradient
redistribution effects have been reported for engineered barriers, cutoff walls, and groundwater-control
structures used in both environmental and geotechnical applications (Yihdego, 2016).

Their principal effects include:

reduction of lateral seepage;

redistribution of groundwater gradients;

modification of mound geometry.

Different seepage-control measures influence groundwater systems in different ways. Some controls
primarily reduce vertical seepage, while others modify lateral migration or groundwater mounding
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behaviour. The principal hydrogeological effects of commonly used seepage-control measures are
summarised in Table 1.

Table 1
Typical hydrogeological responses associated with common seepage-management

measures.
Engineering Control Primary Effect Influence on Groundwater Mound

Liner Reduces vertical seepage May increase local head

Cutoff Curtain Restricts lateral flow Reduces mound extent

Drainage System Removes groundwater Reduces mound height

Pond Relocation Changes hydraulic geometry Alters flow divergence

As shown in Table 1, many seepage-control measures influence groundwater-mound behaviour as much
as they influence seepage magnitude.

5.3 Pond Configuration
Storage geometry can be just as important as physical barriers.

Central pond placement generally:

reduces edge gradients;

shortens seepage pathways;

improves hydraulic efficiency.

Changes to pond geometry may alter hydraulic gradients more effectively than some engineered
barriers. By reducing local hydraulic loading and modifying the shape of groundwater mounds, pond
relocation can significantly influence seepage pathways and groundwater connectivity. These
interactions reinforce the importance of considering groundwater-mound behaviour alongside seepage
fluxes and engineering controls.

6. Environmental Implications
Groundwater mounds may influence:

groundwater quality;

surface-water interaction;

groundwater-dependent ecosystems;

infrastructure performance;

environmental receptors.
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Groundwater mounds influence a range of environmental receptors beyond the storage footprint. The
environmental consequences of groundwater mounding depend on how groundwater pathways,
hydraulic gradients, and connectivity interact with local receptors. Typical groundwater-mound impacts
are summarised in Table 2.

Table 2
Examples of environmental and hydrogeological impacts associated with

groundwater-mound development.
Impact Category Potential Effect

Groundwater Elevated heads and modified flow paths

Surface Water Increased baseflow or seepage expression

Ecosystems Changed groundwater availability

Infrastructure Increased seepage risk

Environmental Receptors Enhanced hydraulic connectivity

Table 2 highlights that groundwater mounding should be considered an environmental process rather
than simply a hydrological response because it may influence receptors, ecosystems, and infrastructure
over large spatial scales.

An important implication is that seepage may remain environmentally relevant even where
concentrations are low if groundwater connectivity increases substantially.

7. Discussion
The results demonstrate that groundwater mounds frequently become the dominant controls on
groundwater migration. As shown conceptually in Fig. 2, seepage originating beneath a storage area may
split into multiple groundwater pathways and connect with several receptors simultaneously.
Consequently, seepage assessment should focus not only on seepage quantities but also on the
distribution of groundwater pathways and receptor connectivity.

Traditional seepage assessments often focus on:

seepage rate;

groundwater-level impact;

compliance monitoring.

However, groundwater mounds control many of the processes ultimately responsible for:

receptor connectivity;

travel times;
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seepage migration;

environmental risk.

The study also demonstrates that engineering controls frequently redistribute seepage rather than
eliminate it.

Consequently, groundwater-mound assessment provides a more complete framework for evaluating
groundwater-system response than seepage-flux assessment alone.

Similar groundwater-mounding and hydraulic-redistribution mechanisms have been documented for
irrigation systems, managed aquifer recharge projects, infiltration basins, hydraulic barriers, and
engineered groundwater-containment systems (Hantush, 1967; Yihdego, 2016; Yihdego, 2017).

8. Conclusions
Groundwater mounds represent a critical but frequently underappreciated component of seepage
assessment and groundwater management.

This study demonstrates that:

elevated water-storage systems generate artificial groundwater mounds;

groundwater mounds modify natural groundwater-flow systems;

seepage pathways commonly diverge outward from the mound rather than moving vertically
downward alone;

multiple groundwater pathways may create hydraulic connectivity with several receptors
simultaneously;

engineering controls frequently redistribute groundwater movement rather than eliminate it.

The pathway-divergence framework illustrated in Fig. 2 highlights an important hydrogeological principle:
groundwater mounds frequently control both groundwater connectivity and environmental consequence.
Understanding seepage behaviour therefore requires consideration of pathway evolution, receptor
interaction, and groundwater-system response in addition to seepage magnitude.

The principal contribution of this paper is the recognition that groundwater mound behaviour provides a
more complete explanation of seepage risk than seepage flux alone. By integrating groundwater
mounding, flow-path divergence, hydraulic connectivity, and receptor interaction, the proposed
framework offers a transferable methodology for evaluating seepage processes across a broad range of
environmental and hydrogeological applications.

Ultimately, effective groundwater assessment requires moving beyond the question of “how much water
leaks?” and focusing instead on “where does the water go, what does it connect to, and why does it
matter?”.
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Figures

Figure 1

Conceptual evolution of groundwater mounding beneath an elevated water storage. Elevated hydraulic
heads induce divergent groundwater flow, increased seepage, and extension of groundwater connectivity
beyond the storage footprint.
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Figure 2

Conceptual groundwater-flow divergence from an engineered groundwater mound showing multiple
seepage pathways extending outward from the storage footprint toward different receptors.
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