
Groundwater & Wetlands
Interactions between wetlands and groundwater:
Discharge, seep, recharge, perched, isolated

V/t = Pn + Si + Gi – ET – So – Go  T

Fetter 1988



Groundwater Flow
Flow rate through geologic material controlled by:

• porosity (sediment or rock type)
• grain sorting
• hyraulic gradient (slope)
• hydraulic conductivity (porosity and viscosity (temperature))

(k values typically for pure water at 15.6 C (60 F))

V/t = Pn + Si + Gi – ET – So – Go  T

Fetter 1988



Groundwater Flow
Hydraulic conductivity (k) values

Material
Hydraulic conductivity

(cm/sec)
Clay 10-9 – 10-6

Silt, sandy & clayey silts 10-6 – 10-4

Silty sand, fine sand 10-5 – 10-3

Well-sorted sand 10-3 – 10-1

Well-sorted gravel 10-2 - 1
Rock:
Sedimentary (sandstone, etc), crystalline (igneous, metamorphic, 
chemically-preciptated rock (limestone, dolomite, etc.))

V/t = Pn + Si + Gi – ET – So – Go  T

organic soils 2 x 10-7

8 x 10-3
(k values typically for pure water 
at 15.6 C (60 F))



Groundwater Flow in Rock

Fetter 1988



Iron Range Geology

Fetter 1988



Groundwater Flow

Darcy’s law:
G = kAxs

G = groundwater flow rate (cm3/s)
k = hydraulic conductivity (cm/s)
Ax = cross sect area (cm2)
s = hydraulic gradient (slope)

organic soils

Material
Hydraulic conductivity

(cm/sec)
Clay 10-9 – 10-6

Silt, sandy & clayey silts 10-6 – 10-4

Silty sand, fine sand 10-5 – 10-3

Well-sorted sand 10-3 – 10-1

Well-sorted gravel 10-2 - 1

V/t = Pn + Si + Gi – ET – So – Go  T

2 x 10-7

8 x 10-3





Human alteration of groundwater flow



Evapotranspiration
Dalton’s law: evaporation is controlled by water vapor pressure 
differences between evaporative surfaces and air. 

Transpiration is under more direct control of plants (stomates, 
photosynthetic pathway). 

V/t = Pn + Si + Gi – ET – So – Go  T

Fetter 1988



Jawitz, University of Florida, 2008



•Direct measurement:
• pan evaporation
• water vapor in chambers

Evapotranspiration
•Inferred: 

• diurnal water level fluctuations 
• Empirical equations:

• evaporation nomograph

x

Fetter 1988



• Empirical equations:
• Penman: requires a lot of solar radiation information
• Scheffe: also relies on solar radiation measurements
• Thornthwaite: based only on monthly mean air temperatures

• ignore influence of plant type, density, maturity, etc.
• best for annual averages

Evapotranspiration



Evapotranspiration
Thornthwaite

Eti = 16(10Ti/I)a

PET correction factors

I =  (Ti/5)1.514 heat index
Ti = monthly avg temp

a = (0.675I3 - 77.1I2 + 17,920I + 492,390) x 10-6

Corr Eti = Eti x corr factor



Wetland/veg type
Evapotranspiration

(% of evap)
Bog < winter, > summer
Bog 88 – 121
Pothole 90
Depression 180
Cypress dome pond 60 – 80
Cypress pond <

Vegetation: increase or decrease water loss?



Doss 1995

ET effects on wetland water table



Forest management effects on hydrology



V/t = Pn + Si + Gi – ET – So – Go  T


