
Chapter 35: Specific Yield

Introduction
In groundwater hydrology, understanding how much water can be extracted from 
an aquifer is crucial for effective water resource management. One of the key 
parameters that quantifies the usable water stored in an unconfined aquifer is the 
specific yield. It plays a vital role in groundwater modeling, aquifer tests, and 
planning sustainable extraction systems. This chapter explores the concept of 
specific yield in detail, including its definition, significance, influencing factors, 
methods of determination, and applications in hydrological engineering.

35.1 Definition of Specific Yield
Specific Yield (Sy) is defined as the ratio of the volume of water that drains from 
the saturated soil or rock due to gravity to the total volume of the soil or rock 
mass.

Specific Yield (Sy)=Volume of water drained by gravity
Total volume of the soil/rock

It is expressed as a decimal or a percentage. For example, a specific yield of 0.20 
(or 20%) indicates that 20% of the aquifer volume can yield water through gravity 
drainage.

35.2 Difference Between Porosity, Specific Yield, and 
Specific Retention
Understanding the difference between these interrelated terms is essential:

 Porosity (n): Total void (pore) space in a rock or soil, expressed as a 
percentage of total volume.

 Specific Yield (Sy): Part of the porosity that yields water under the influence 
of gravity.

 Specific Retention (Sr): The portion of water retained in the pores against 
gravity, mainly due to capillary and adhesive forces.



These parameters are related as:

n=S y+Sr

Where:

 n = Porosity
 S y = Specific Yield
 Sr = Specific Retention

35.3 Factors Affecting Specific Yield
The specific yield depends on several factors:

35.3.1 Grain Size and Distribution
 Coarser materials like gravel and coarse sand have higher specific yields.
 Finer materials like clay have high porosity but low specific yield due to 

strong capillary retention.

35.3.2 Soil Texture and Structure
 Well-sorted and loosely packed soils have higher specific yield.
 Compacted and poorly sorted soils exhibit lower specific yield.

35.3.3 Depth of Saturation
 Water held in micropores at shallow depths is less likely to drain under 

gravity.
 Deeper zones allow greater gravitational drainage, increasing yield.

35.3.4 Temperature and Viscosity
 Higher temperatures reduce water viscosity, making it easier to drain, hence 

increasing specific yield.

35.3.5 Organic Matter and Cementing Agents
 Organic content and mineral cements may clog pores, reducing effective 

drainage.



35.4 Typical Values of Specific Yield for Different Materials
Material Type Specific Yield (%)
Gravel 15–30
Coarse Sand 20–30
Medium Sand 15–25
Fine Sand 10–20
Silt 5–15
Clay 1–10
Sandstone (Fractured) 5–15
Limestone (Karst) 5–20

35.5 Methods of Determining Specific Yield
35.5.1 Laboratory Methods

 Gravimetric Method: Involves saturating a soil sample, allowing gravity 
drainage, and measuring water loss.

 Centrifuge Method: Simulates gravity force using a centrifuge to extract 
water from samples.

35.5.2 Field Methods
 Pumping Test: A well is pumped and the drawdown is observed in 

surrounding piezometers; specific yield is inferred from recovery curves and 
storage calculations.

 Tracer Tests: Involves using tracers to monitor flow and determine how 
much water can be extracted from the aquifer.

35.6 Specific Yield in Unconfined Aquifers
In unconfined aquifers, water is stored and released mainly through gravity 
drainage, making specific yield the principal parameter controlling available 
groundwater. During pumping, the water table declines and the volume of water 
released equals:

ΔV=S y ⋅ A ⋅ Δh

Where:



 ΔV  = volume of water released
 A = area of the water table
 Δ h = decline in water table elevation
 S y = specific yield

35.7 Specific Yield vs Storativity
 In confined aquifers, water is released due to elastic expansion and 

compressibility; the relevant parameter is storativity (S), which is much 
smaller than Sy.

 In unconfined aquifers, Sy  S≈ , since water is released mainly from the 
pore space.

35.8 Applications of Specific Yield
 Groundwater Modeling: Used in MODFLOW and other models for 

unconfined flow simulations.
 Aquifer Recharge and Storage Estimation: Helps determine the quantity 

of water that can be stored or withdrawn.
 Well Design and Management: Guides sustainable yield and pumping rate 

calculations.
 Water Budget Analysis: Helps estimate groundwater contributions to 

streamflow or evapotranspiration.

35.9 Limitations and Challenges
 Heterogeneity of Aquifers: Real aquifers often have variable Sy in different 

zones.
 Time-Dependent Drainage: Water may continue to drain slowly after 

pumping, leading to underestimation.
 Capillary Fringe Confusion: Misidentification of drained vs retained water 

zones.
 Measurement Accuracy: Field and lab values often vary due to sample 

disturbance or test method limitations.



35.10 Improving Estimation of Specific Yield
 Use multiple methods (lab + field) for better accuracy.
 Incorporate remote sensing and GIS for large-scale estimation.
 Employ numerical modeling to simulate and calibrate Sy using observed 

data.
 Conduct long-term monitoring to observe seasonal variability.


	Chapter 35: Specific Yield
	Introduction
	35.1 Definition of Specific Yield
	35.2 Difference Between Porosity, Specific Yield, and Specific Retention
	35.3 Factors Affecting Specific Yield
	35.3.1 Grain Size and Distribution
	35.3.2 Soil Texture and Structure
	35.3.3 Depth of Saturation
	35.3.4 Temperature and Viscosity
	35.3.5 Organic Matter and Cementing Agents

	35.4 Typical Values of Specific Yield for Different Materials
	35.5 Methods of Determining Specific Yield
	35.5.1 Laboratory Methods
	35.5.2 Field Methods

	35.6 Specific Yield in Unconfined Aquifers
	35.7 Specific Yield vs Storativity
	35.8 Applications of Specific Yield
	35.9 Limitations and Challenges
	35.10 Improving Estimation of Specific Yield


