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Introduction 

Understanding how groundwater 

behaves beneath our feet is critical for 
designing safe and effective 

excavation, mining, and infrastructure 

projects.  

One of the most influential factors 

governing groundwater movement 

and pressure response is 
permeability—a measure of how 

easily water can move through soils 

or rocks. But how exactly does 
groundwater behave in high-

permeability sandy gravels versus 

low-permeability silty clays? Why do 
some excavations flood while others 

remain unexpectedly dry? 

In this article, we dive into the 
fascinating dynamics of groundwater 

behavior in high- and low-

permeability soils and rocks. By 

addressing frequently asked 
questions, clarifying misconceptions, 

and highlighting crucial strategies for 

groundwater control, we equip 
engineers, geologists, and 

construction professionals with 

valuable, actionable insights. 

1. What Do ‘Drained’ and 

‘Undrained’ Conditions Mean in 

Soil Mechanics? 

Contrary to their everyday usage, 

“drained” doesn’t mean dry, nor does 

“undrained” mean waterlogged. 
Instead, these terms refer to how pore 

water pressure responds to changes in 

load: 



 

• Drained Conditions: Water can 
move in or out of the soil mass 

quickly in response to loading or 

unloading. As a result, no excess pore 

water pressure builds up. 

• Undrained Conditions: Water 
movement is too slow to respond to 

load changes. Any stress change 

generates excess pore water 
pressures, potentially altering soil 

stability. 

 

2. How Does Groundwater Behave 

in High-Permeability Soils? 

In highly permeable soils (like sandy 
gravels with permeability ≈ 10⁻⁴ m/s), 

groundwater behaves in a drained 

manner. That is: 

• As excavation begins, water seeps 

into the open space almost 

immediately. 

• The pore water pressure does not 

increase significantly due to loading 

changes. 

• However, because total vertical 

stress is reduced from excavation, 

effective stress can drop 

dramatically—potentially to zero. 

• This condition can cause slope 

failures, base instability, or the 
dreaded “quick” or “running sand” 

conditions. 

Solution: Pre-drainage systems such 
as sump pumping, deep wells, or 

wellpoints are often required to 

reduce pore water pressure and 

stabilize the soil mass. 

3. Why Do Some Clays Stay Dry 

Even Below the Water Table? 

In low-permeability soils (e.g., silty 

clays with permeability ≈ 10⁻⁹ m/s), 
excavation can occur under undrained 

conditions. Key points include: 

• Pore water doesn't move fast 

enough to keep up with excavation-

induced unloading. 

• The result is negative excess pore 

water pressure, often referred to as 

soil suction. 

• The absence of water inflow may 

give the false impression that the 

excavation is above the groundwater 

table, even when it’s not. 

Why it matters: Although the 

excavation appears “dry,” the 
surrounding soil is saturated. These 

negative pressures will eventually 

dissipate, possibly leading to future 

instability. 

 

4. What Happens Over Time in 

Intermediate-Permeability Soils? 

Many real-world situations fall 

between these two extremes. Soils 
with permeability in the range of 10⁻⁶ 

to 10⁻⁸ m/s—such as laminated silts 

or clays with sand partings—display 

transitional behavior: 

• Initially, undrained behavior 

dominates, offering short-term 

stability. 



 

• Over time, excess pore pressures 
dissipate, potentially triggering 

delayed failures such as: 

   o Side slope slumping 

   o Base heave 

   o Increased pressure on support 

systems 

Takeaway: Excavation designs must 

anticipate this transition. Assuming 
undrained conditions can be 

misleading if dissipation occurs 

during the construction window. 

 

5. How Should Groundwater Be 

Controlled During Excavation? 

There are two primary strategies: 

A. Groundwater Control by 

Exclusion: 

• Utilizes cut-off walls or 

impermeable barriers to block water 

entry. 

• Pumping is only needed to remove 

trapped water or leaks. 

• Ideal for cohesive soils and 

aquicludes. 

B. Groundwater Control by 

Pumping: 

• Involves actively lowering 

groundwater levels using sumps, deep 

wells, or ejector systems. 

• Effective for high-permeability 

materials like sands, gravels, and 

fractured rocks—aquifers. 

Often, a combination of both 

approaches yields the most secure 

and cost-effective solution. 

 

6. What Role Does Soil 

Permeability Play in Groundwater 

Control Decisions? 

Soil and rock permeability dictates 

the response time and behavior of 
pore water pressures. Here’s a 

summary: 

Permeability (m/s) Groundwater Behavior Recommended Approach 

> 10⁻⁶ Drained Pumping (Dewatering) 

10⁻⁶ to 10⁻⁸ Transitional Combined pumping and 

exclusion 
< 10⁻⁹ Undrained  Minimal control; short-term 

safe 

 

7. What About Long-Term 

Stability in Clay Slopes? 

In projects involving cut slopes 
through clays, failures decades later 

have been traced to gradual 

dissipation of negative pore water 

pressures, causing a transition from 

undrained to drained behavior. As a 

result: 

• Shear strength decreases, and 



 

• Slopes that were stable during 
construction can become unstable 

over time. 

Insight: Always consider long-term 
monitoring and mitigation plans, even 

if initial conditions appear stable. 

 

Conclusion: What You Need to 

Know Before You Dig 

Whether you’re engineering a subway 

tunnel, digging a foundation, or 

managing a mine, understanding how 
groundwater behaves in different 

soils and rocks is crucial. 

Overlooking the influence of soil 
permeability or misinterpreting ‘dry’ 

excavations can lead to costly delays, 

structural failures, and safety hazards. 

By proactively assessing 

permeability, designing for drained or 

undrained conditions, and using 
effective groundwater control 

systems, project teams can prevent 

surprises and ensure long-term 
stability. In the complex world 

beneath our feet, what you don’t see 

can indeed hurt you—unless you’re 

prepared. 

 


