Evaporation

There's constant exchange of water molecules between liquid and gas phase.

Evaporation is a major part of Hydrologic Cycle and is a ritical part of water budget studies. It has practical applications (power plant designs…etc)

+ve aspect: reduces spread of contaminated wastewater, especially in arid climates.

Principles of evap is used in designing some of cleanup techniques (as air stripping to reduce levels of volatile organic compounds (VOC's).

Evaporation: more water molecules pass to vapor state than joining liquid state.

Evaporation takes place from free-water surfaces (lakes, puddles, reservoirs…etc).

Liquid-to-gas expansion: hydrogen bonds become weaker, molecules become widely separated.

Factors affecting Evaporation:

1. source of water (has to exist)

2. solar radiation (source of energy)

3. saturation deficit

4. wind: disturbs surface, increase molecular diffusion, carries saturated air away from water surface.

5. Weather patterns

Evaporation proceeds until air is saturated with moisture.

Rate of evaporation depends on water T, T and absolute humidity of air just above water, wind.

Latent heat of vaporization: energy required to transfer 1 g of water from liquid to gas phase.

Absolute (actual) Humidity: grams of water/ volume of air (cubic meter).

Saturation Humidity: maximum amount of moisture air can hold at a given T. (Table 2.1). Hs increases with T.

Relative Humidity: percent ratio of absolute humidity to saturation humidity.
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If relative humidity = 100% ( NO evaporation.

When the air mass can no longer hold all its humidity ( condensation

Dew Point T: T at which condensation will begin.

Studies of ET are important in predicting efficiency of water storage projects, and assessing feasibility of irrigation projects.

Evaporation can be computed using the hydrologic equation if all INFLOWS and OUTFLOWS, and CHANGE in STORAGE are known.

----------------------

How to measure Evaporation?

No direct measurement of E from open-water bodies.

1. Indirect method using Water Budget Calculations.  Groundwater flux more difficult to estimate.

Eo = I - O (+/-) S

Eo: Open water evaporation

I: inflow (stream, P, R)

O: spillway discharge, subsurface seepage

S: change in storage

Main source of error: seepage (groundwater flux)

2. Physical measurement using standard evaporation pans:(mass transfer method) extrapolating results of measured evaporation from a standard pan
LAND PANS

Came from comparing evaporation as determined from budget calculation and as determined using pans of several designs.  The best correlation was obtained using what's known as the US National Weather Service class A evaporation pan.

National weather service Class A Land Pan (used worldwide): 4 ft (122 cm) in diameter, 10 in (25.4 cm) deep, unpainted galvanized metal.  

Procedure: 

· Land Pans are placed on supports to allow air to circulate around it.

· A water depth of 7-8 in (18 - 20 cm) is maintained.

· Daily  records are kept of depth of water in the pan, amount of water added to replace evaporated water, and precipitation.

· Evaporation can be computed using water budget calculations.

· Pan evaporation is multiplied by a factor, pan coefficient, to get evaporation from reservoirs (Table 2.2).

3. Empirically constructed nomographs (Fig. 2.1)

using data of solar radiation (Langley = cal/cm2), mean daily T (F), mean daily dew point T (F), and wind movement (miles/d), the graph can be used to estimate daily evaporation from shallow lakes.

-------------------------------

Transpiration

Mass transfer of water from ground to the air through plants.

Water is drawn into rootlets from soil moisture due to osmotic pressure, then moves to the leaves from which it escapes to the atmosphere as water vapor.

Transpiration can exceed evaporation in heavily wooded areas.

Transpiration is only important during growing season (in cultivated areas).

-wilting point: soil moisture is low causing surface tension of soil-water interface to exceed osmotic pressure ( water will not enter roots.

Categories of vegetation based on their ability to transpire water:

· Mesophytes:  
moderate consumption of water
· Xerophytes:

plants in dry, arid habitat (desert plants), use little amount of water
· phreatophytes,
deep-rooted plants, reach deep groundwater
·  hydrophytes

aquatic plants, grow in water
Transpiration is measured in carefully controlled lab conditions.

Phytometer: is a sealed container partially filled w/ soil.  Transpiration is measured as the increase in humidity in the air space around the plant.

There is no direct correlation between the lab conditions and the behavior of plants in natural conditions.

------------------------------------------------------

Evapotranspiration any transfer of moisture to the air.

In arid regions 90% of P goes back to atmosphere.

In field conditions, not possible to separate evaporation from transpiration.

We are interested in how much water leaves the basin (total loss): evapotranspiration.

Potential ET: maximum evapotranspiration if there is infinite supply of water available in the soil for the vegetation.

Actual ET: amount of ET under field conditions.

(Fig 2.2), fig 2.3

-----------------------------

measurement of ET

· theoretical estimation (empirical formulas)
· Thornthwaite's method 

· Blaney and Criddle method 

· Penman Method

· field measurement

· Neutron-Probe method (most accurate method)

Involves a lot of field measurements. Done mainly during growing season

Procedure involves lowering probe into bore holes cased w/ thin-wall aluminum tubing 5 cm in diameter extending to root zone.  Then, using mass balance equation:

Et = P + I - R - DP +/- S

I: irrigation water

R: tail-water runoff

DP: deep percolation beneath root zone.

S: increase or decrease in soil  moisture.

DP is more difficult to estimate, with careful design and monitoring can be kept to zer to minimize affect on error.

· Lysimeter:  
Large watertight caisson buried in ground, filled w/ soil and planted with vegetation.

Weighting lysimeter, nonweighting lysimeter.

· less accurate but DP is known (as D; drainage).

Et = P + I - D +/- S
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