Hydrologic Cycle
· Saline water in oceans accounts for 97.2% of total water on earth.

· Land areas hold 2.8% of which ice caps and glaciers hold  76.4% (2.14% of total water)

· Groundwater to a depth 4000 m: 0.61%

· Soil moisture .005%

· Fresh-water lakes .009%

· Rivers 0.0001%.

· >98% of available fresh water is groundwater.

· Hydrologic CYCLE has no beginning and no end (it is convenient to start describing it from the ocean; it contains most of the water). 

· Water evaporates from surface of the ocean

· Amount of evaporated water varies, greatest near the equator.
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Evaporated water is pure (salts are left behind).

· When atmospheric conditions are suitable, water vapor condenses and forms droplets.  These droplets may fall to the sea, or unto land (precipitation) or may revaporise while still aloft.

·  Precipitation falling on land surface enters into a number of different pathways of the hydrologic cycle:

· some temporarily stored on land surface as ice and snow or water puddles (known as depression storage)

· some will drain across land to a stream channel (overland flow).

· If surface soil is porous, some water will seep into the ground by a process called infiltration (ultimate source of recharge o groundwater).

· Below land surface soil pores contain both air and water: region is called vadose zone or zone of aeration.
· Water stored in vadose zone is called soil moisture.
· Soil moisture is drawn into rootlets of growing plants.

· As plants use water, it is transpired as vapor to the atmosphere.

· Under certain conditions, water can flow laterally in the vadose zone (interflow).

· Water vapor in vadose zone can also migrate to land surface, then evaporate.

· Excess soil moisture is pulled downward by gravity (gravity drainage).

· At some depth, pores of rock are saturated with water marking the top of the saturated zone.

· Top of saturated zone is called the water table.
· Water stored in the saturated zone is known as ground water (groundwater).

· Groundwater moves as ground-water flow through rock and soil layers until it discharges as springs, or seeps into ponds, lakes, stream, rivers, ocean.

· Groundwater contribution to a stream is called baseflow
· Total flow in a stream is runoff.
· Water stored on the surface of the earth in ponds, lakes, rivers is called surface water.
· Precipitation intercepted by plant leaves can evaporate to atmosphere.

_______________________________

Groundwater component in the hydrologic cycle:

Vadose zone = unsaturated zone

Phreatic zone = saturated zone

Intermediate zone separates phreatic zone from soil water.

Water table marks bottom of capillary water and beginning of saturated zone.

Saturated and unsaturated?

Given a unit volume of soil or rock material, VT.

Total volume consists of solids (Vs) and voids (Vv)

Only the voids are capable of containing a fluid (water or air).

Degree of saturation is defined as the ratio of the water volume to the void volume, Vw/Vv (as percentage).  For a fully saturated volume, the ratio is one (100%).  If saturation is less than 100%, air occupies some of the voids.

Another term in common use: moisture content: volume of water divided by total volume, Vw/VT.

At the contact between the lower part of a dry porous material and a saturated material, water rises to a certain height above the top of the saturated part.  Area of soil engulfing all capillary rises is called capillary water zone.  The rise is due to surface tension (ST), a force acting parallel to the surface of the water in all directions  due to an unbalanced molecular attraction of the water at the boundary.

Capillarity is the result of ST and wetability (ability of certain liquids to wet surfaces with which they come in contact.

Wetability causes a curvature of liquid surface> contact angle between liquid and solid surface different from 90.

___________________________________________________________

Hydrologic equation

Hydrologic cycle is a network of inflows and outflows, expressed as

Input - Output = Change in Storage





(1)

This is a conservation statement, assuring that ALL water is accounted for, i.e., we can neither gain nor lose water.

On a global scale, atmosphere gains moisture from oceans and land areas E and releases it back in the form of precipitation P.  Precipitation is disposed of  by evaporation to the atmosphere E, overland flow to the channel network of streams Qo, and infiltration through the soil F.  Water in the soil is subject to transpiration T, outflow to the channel network Qo, and recharge to the groundwater RN.

The groundwater reservoir may receive water Qi and release water Qo to the channel network of streams and atmosphere.  Streams receiving water from groundwater aquifers by base flow are termed effluent or gaining streams.  Streams losing water to groundwater are called influent or losing streams.  

A basin-scale hydrologic subsystem has to be connected to the global scale through precipitation, and total runoff Ro to the global scale. Equation (1) may be reformulated as 

P - E - T -Ro = S 





(2)

Where S is the lumped change in all subsurface water.  All terms have the unit of discharge, or volume per unit time.

Equation (2) may be expanded or abbreviated  depending on what part of the cycle we are interested in.  For example, for groundwater component, equation (2) may be written as

RN + Qi - T -Qo = S 





(3)
Over long periods of time, provided basin is in its natural state and no groundwater pumping taking place, RN and Qi are balanced by T and Qo, so change in storage is zero.  This gives:

RN + Qi = T + Qo 





(4)

=> groundwater is hydrologically in a steady state.

If pumping included, equation (4) becomes

RN + Qi - T -Qo  - Qp = S 




(5)

Qp= added withdrawal.

As pumping is a new output from the system, wl will decline in the basin.  Stream will eventually be converted to a totally effluent, transpiration will decline and approach zero.  Potential recharge (which was formerly rejected due to a wt at or near gl, drop in water level will permit RN to increase over its steady value.  Therefore, at some time after pumping starts, equation (5) becomes:

RN + Qi - Qo  - Qp = S 




(6)

A new steady state can be achieved if pumping does not exceed RN and Qi.  If pumping exceeds these values, water is continually removed from storage and wl will continue to fall over time.  Here, the steady state has been replaced by a transient or unsteady state.

In addition to groundwater being depleted from storage, surface flow has been lost from the stream. 
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