Chapter 30: Classification of Infiltration
Capacities

Introduction

Infiltration is the process by which water on the ground surface enters the soil. It is
a key component of the hydrologic cycle and significantly affects surface runoff,
groundwater recharge, and soil moisture dynamics. The infiltration capacity of soil
refers to the maximum rate at which water can enter the soil under specific
conditions. Understanding the classification of infiltration capacities is essential in
designing efficient drainage systems, irrigation strategies, flood control systems,
and watershed management plans.

This chapter delves into the classification of infiltration capacities, the factors
influencing them, and their application in hydrological studies.

30.1 Infiltration: Definition and Importance

Infiltration is defined as the movement of water through the soil surface into the
ground. The rate at which infiltration occurs is termed as the infiltration rate,
while the infiltration capacity is the maximum rate at which a given soil can
absorb water under given conditions.

Significance in Hydrology:

e Influences surface runoff and flood hazards.

e Governs groundwater recharge and aquifer replenishment.

e Affects soil erosion and agricultural water management.

e Determines the design of hydraulic structures like stormwater drains.

30.2 Factors Affecting Infiltration Capacity

Several factors influence infiltration capacity, both natural and anthropogenic.
These include:



30.2.1 Soil Texture and Structure
e Sandy soils have higher infiltration capacities than clayey soils.
e Well-aggregated soil structure promotes higher infiltration.
30.2.2 Soil Moisture Content
e Dry soils absorb water faster initially.
e Asthe soil becomes saturated, infiltration capacity reduces.
30.2.3 Vegetative Cover
e Dense vegetation slows down surface flow and enhances infiltration.
e Roots create macropores that help water movement.
30.2.4 Land Use and Land Cover
e Urbanization leads to impermeable surfaces, reducing infiltration.
e Agricultural practices like ploughing can improve infiltration temporarily.
30.2.5 Precipitation Characteristics

e Intensity, duration, and frequency of rainfall impact infiltration rates.

30.2.6 Soil Temperature

* Frozen soils have significantly reduced infiltration capacities.

30.3 Classification of Infiltration Capacities
Infiltration capacities can be classified based on various criteria:

30.3.1 Based on Soil Type

e High Infiltration Capacity Soils: Sandy loam, loamy sand.

e Medium Infiltration Capacity Soils: Loam, silty loam.

e Low Infiltration Capacity Soils: Clay loam, silty clay, clay.
30.3.2 Based on Vegetative Cover and Surface Conditions

e Natural Forest Soils: High infiltration due to litter and root systems.
e Cultivated Lands: Medium infiltration depending on tillage.
e Urban Areas: Very low infiltration due to paving and compaction.

30.3.3 Based on Temporal Variation

Infiltration capacity decreases with time during a rainfall event:



e Initial Infiltration Capacity (f,): Very high at the beginning.
* Final or Steady-State Infiltration Capacity (fi): Reached after a certain
duration of rainfall.

30.3.4 Based on Hydrological Soil Groups (NRCS Classification)
The Natural Resources Conservation Service (NRCS) classifies soils into four
groups:

e Group A: High infiltration rates - sand, loamy sand.
e Group B: Moderate infiltration - silt loam.

e Group C: Slow infiltration - sandy clay loam.

e Group D: Very slow infiltration - clay soils.

30.4 Infiltration Capacity Curves

The variation of infiltration capacity with time is typically shown using an
infiltration capacity curve, which can be described using empirical models such
as:

30.4.1 Horton’s Equation

f(t):fc+(f0 - fc)eikt
Where:

f(t) = infiltration capacity at time t
fo = initial infiltration capacity

f. = final infiltration capacity

k = decay constant

30.4.2 Philip's Equation

flO)=5St""+A

Where:

e S =sorptivity
e A =steady infiltration rate



30.4.3 Green-Ampt Equation

Where:

e K = hydraulic conductivity

e ¢y = wetting front suction head

e A0 =change in moisture content
e F(t) = cumulative infiltration

30.5 Measurement of Infiltration Capacity
30.5.1 Infiltrometers

e Double Ring Infiltrometer: Common method to reduce lateral flow and
measure vertical infiltration.

¢ Single Ring Infiltrometer: Less accurate, affected by lateral flow.

30.5.2 Rainfall Simulation Methods

e Artificial rainfall is applied and runoff is measured to estimate infiltration.

30.5.3 Soil Moisture Observation

e Using tensiometers and time domain reflectometry (TDR) to monitor water
movement through soil profiles.

30.6 Applications in Water Resource Engineering

e Flood Forecasting and Drainage Design: Accurate estimation of infiltration
helps in runoff modeling.

e Groundwater Recharge Planning: Identifying high infiltration zones for
artificial recharge structures.

e Agricultural Planning: Optimizing irrigation based on infiltration capacity
of the sail.

e Urban Stormwater Management: Designing permeable pavements and
rain gardens.




30.7 Challenges in Estimating Infiltration Capacity
e Spatial Variability: Heterogeneous soil properties lead to non-uniform
infiltration.
e Temporal Changes: Seasonal moisture fluctuations and land use changes
impact infiltration.
e Measurement Errors: Field measurements are often influenced by human
error and equipment limitations.
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