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Introduction to Hydrology

I. Introduction

A. Hydrology - study of water

1. Spatial and temporal variations of water mass
a. mass displacement / water circulation
b. spatial distribution

(1) global
(2) regional
(3) local watershed

c. Temporal distribution
(1) hours, days, weeks, years, millions of years

2. Physical and chemical processes that affect spatial and temporal variations

3. Physical Systems Analysis
a. Mass and Energy
b. Mass-Energy Flux (mobilization of mass and energy)

B. Hydrologic System

1. Water storage compartments ("Mass storage")
a. Atmosphere

(1) water vapor
(a) gas phase ("humidity")

(2) water condensate
(a) clouds / precipitation
(b) "weather" systems

b. Oceans
c. Continental Areas

(1) Lakes
(2) Rivers
(3) Glaciers
(4) Groundwater

2. Water Transfer Functions (Energy-Mass Interaction)
a. Evaporation (surface water to atmosphere transfer)

(1) triggering mechanism = heat gain
(2) energy source = solar

b. Precipitation (atmosphere to surface transfer)
(1) triggering mechanism = heat loss
(2) energy source = solar / gravity

c. runoff (channelized flow / overland flow)
(1) energy source = gravity
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d. infiltration (surface to groundwater transfer)
(1) energy source = gravity

e. transpiration (surface - vegetation exchange)
(1) energy source = solar / photosynthesis

C. Temporal and Spatial Scales in Hydrology

1. Temporal
a. Thunderstorms ~minutes to hours
b. Floods ~ days to weeks
c. Runoff Cycle ~ decades to centuries
d. Shallow groundwater circulation ~1000's to 10,000's years
e. Development of Major River Basins ~ 100,000's to millions of years

2. Spatial
a. thunderstorms ~ 1 km
b. groundwater / aquifer systems ~ 10's of km
c. major river basins ~1000's to 10,000's km

D. Variability of Hydrologic Processes

1. Highly variable over space and time
a. e.g. Oregon climate transect from Coast to Coast Range to Interior

2. Deterministic vs. Stochastic Processes
a. Deterministic - predictable hydrologic patterns

(1) e.g. weather forecasts
(a) deterministic on short term
(b) seasonal predictions / probability

b. Stochastic - random hydrologic patterns

3. Statistical Approaches to Hydrologic Data Collection and Analysis

a. Data limited in space and time
(1) e.g. discreet sampling stations at discreet times

b. Interpolation between time / space data points
(1) statistical analysis and probability

II. Significance of Water

A. Essential for animal and plant life to exist, forms  the medium in which biochemistry can
take place.  
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B. Water solutions transport nutrients and elements  to organic tissues, nourishing them. 
Carries  waste products out of tissues.

1. Mass of living organisms comprised of water ranges from 65-95%

C. Surface water covers more than 70% of the Earth's surface ("The Blue Planet")

D. Hydrologic Cycle

1. The Earth as an Isolated System
a. water mass is constant on the Earth
b. energy may be transferred into / out of the system

(1) e.g. solar energy / heating of atmosphere

2. Water mass and energy may be transferred from one storage compartment to
another.

III. THE HYDROLOGIC CYCLE

A. General Statement: 99% of all earth's water is held in storage in form of oceans, lakes,
glacial ice or groundwater.

1. The remaining 1% is involved in the continuous sequence of movement and change
in the form of atmospheric moisture, precipitation, and subsequent runoff and
drainage, perhaps temporarily stored en route.

B. The Hydrologic Cycle: a circuit of water movement, with storage areas interconnected by
various transfer processes... water moves not only geographically, but through physical
states as well.

1. Basic Model: Ocean Water----sun's energy----  evaporation -----atmospheric
moisture-----  condensation/precipitation------land/continental 
waters-----downgradient flow due to gravity------  back to ocean------and cycling
through.

2. Surface to Air: Evaporation prime mechanism for  transfer to atmospheric moisture.

a. Ocean Evaporation- heat and wind operate on   oceans and result in
evaporation of water   from liquid to vapor form (especially   effective in lower
latitudes, areas with most   direct heating from sun's rays)

b. Land Evapotranspiration- water is not only   release to the atmosphere on
land through   evaporation, but also through transpiration   of water vapor
from plants/trees to the   atmosphere.

c. Water Vapor Movement:
(1) Convection- vertical movement of moisturelaiden air masses through

heat transferprocess
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(2)  Advection - horizontal transport of airmasses by wind currents.

3. Air to Surface: atmospheric water vapor is  eventually condensed into liquid or
sublimated  into ice to form cloud particles = precipitation

4. Surface and Ground Waters: precipitation on land can  run several possible
courses:
a. accumulation/ponding on the continental   surfaces (will subsequently be

subject to   high rates of evaporation).
b. surface runoff: in form of streams and rivers,   eventually being subject to

partial   evaporation and final emptying back to sea.
c. Infiltration into the ground and uppermost   strata comprising the lithosphere;

forming   "ground water"
d. Vegetative interception: the interception of   precipitation by the vegetative

canopy of the   biosphere, may be subject to evaporation or   eventually fall to
ground.

5. Duration of Cycle: water may become temporarily stored and removed from the
cycle from hours to days, to years to 100's of thousands of years...depending on the
geohydrologic circumstance.

C. Moisture Inventory:
1. Oceans: contain 97% of Earth's water

a. >70% of Earth's Surface Covered in Water
2. Glaciers: 2% of all moisture, comprising 75% of  worlds fresh water 

a. Continental Ice Sheets
(1) Antarctica
(2) Greenland

b. Ocean Ice
(1) Antarctic Shelf
(2) Arctic Sea

c. Glaciers = Savings Account of Fresh Water
d. Ice-Sea Water Budget

(1) Glacial Climates
(a) < Ocean Volume
(b) > Ice Volume

(2) Interglacial Climates
(a) > Ocean Volume
(b) < Ice Volume

3. Ground water: 0.5% of total 
a. Surface Transfer

(1) Springs
(2) Anthropogenic Transfer

4. Fresh Surface Water: 0.2% 
a. Lakes, Rivers

5. Soil Moisture: 0.1% 
6. Atmospheric Moisture: 0.0001% 
7. Biological Water: negligible
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f. Molality = amount of solute in moles / mass of solvent (in kilograms)

(1) molality differs from molarity in that it is based on mass of solvent,
rather than volume, eliminates temperature variation effects on
volume of liquids

Conversion Factor: 1 liter of water = 1 kg mass of water

question: what is the mass of 4.2 liters of water in kg?

question: what is the molality of a solution with 236 grams of NaCl dissolved in 4.2
liters of water?

II. Physical and Chemical Properties of Water

A. Can exist in all three physical states: liquid,  solid (ice), and gas (water vapor)
B. Transformation Processes related to energy input and  entropy of water: heating of

water, > atomic  activity of the water molecules, i.e. >  vibrational energy of water
atoms.

1.  ICE ----------HEAT----- WATER-------HEAT -------WATER VAPOR 
(<32 degrees)   (32-212) (>212 degrees F)

C. Water is one of few earth substances that remains in a liquid state at the operating
surface  temperatures of the earth.

1.  The liquidity of water makes it a dominant and  pervasive component of all earth
processes

D. Water has High Heat Capacity- it has a capacity to absorb and hold energy with only a
small amount of temperature rise.

1. important for water-based organisms to regulate temperature
2. produces the moderating effects of oceans on climate

a. oceans = warm residual heat in winter (warms air temp.)
b. oceans = slow rate of heating in summer (cools air temp.)

E. Water expands in volume when it freezes/ becomes colder, in contrast to majority of
substances  (which contract when colder)

1. Result Density of ice < Density of water: thus  ice floats on water
2. The crystal structure of ice is a hexagonal arrangement of water molecules

a. creates increased volume and decrease in density
3. importance: lakes and oceans freeze from top down, life would not be possible if

ice was more dense than water (i.e. freezing from bottom to top).

taylors
Rectangle
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F. Water strongly influenced by the force of gravity,  constantly driven downward, and can
possess great  erosive/ landscape carving force

G.  Water has property of high surface tension, ability  to have strong molecular attractive
forces (sticks  to itself and electrostatically attracts ionic  forms of elements)

1. surface tension - dipolar molecules and hydrogen bonds result in surface
tension on top of water mass

a. surface tension = intermolecular force
b. water surface may support masses of materials

2. Capillarity- phenomena of water moving upward   against the force of gravity,
due to strong   electrostatic adhesive forces, most notable   in narrow, restricted
pore spaces where  surface to surface contact in high.

H. Water acts as a "universal solvent" and can dissolve  most any substance over time. 
Water + carbon  dioxide forms a mild carbonic acid solution  naturally in hydrosphere,
as an acid can result in  cationic exchange with positive ionic species, and  result in
chemical breakdown of substances.

1. Bipolar Water Molecule H  O2

2. Covalent bonds between hydrogen and oxygen (strong bond, via sharing of
electrons)
a. Hydrogen: 1 valence electron (atomic no. of 1)
b. Oxygen: 6 valence electrons (atomic no. of 8)

3. Hydrogen bonds- given a mass of water molecules, the opposite ends will attract
molecularly, forming weak hydrogen bonds

a. hydrogen bond between molecules is weaker than covalent within
molecules
(1) water mass is fluid, but molecules are difficult to dissociate
(2) the weak hydrogen bonds between molecules allow water flow
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b. Frozen state - water mass is defined by solid, rigid crystalline structure

(1) molecular vibrational energy decreases to the point where the
hydrogen bonds lock the molecules into a crystalline structure

(2) hexagonal crystal lattice with increased volume
(3) freezing point at 32 F (0C) for pure water, but supercooling of

water is possible in impurities are present (dissolved salt,
suspended solids)

c. Evaporation - molecular vibrational energy increases, breaks hydrogen
bonds between molecules, individual molecules are liberated from water
mass
(1) evaporation at air-sea interface is at temp. < boiling point

__________________________________________________________________________
Overview of Physical Properties of Water

A. Temperature-Density-Viscosity Relations

Temp. Density Viscosity
(C) (gm/cm3) (centipoises)

5 0.999965 1.5188
10 0.997000 1.3097
15 0.999099 1.1447
20 0.998203 1.0087
25 0.997044 0.8949
30 0.995646 0.8004
35 0.99403 0.7208
100 0.95865

Note: viscosity is the measure of a fluid's resistance to flow.  The higher the viscosity (e.g.
molasses), the more sticky and resistant to flow the fluid is.

B. Weight Density of Water

at 40 F, weight density = 62.4 lb/ft  (1 ft   = 7.48 gallons)3 3

at 200 F, weight density = 60.135 lb/ft3

C. Boiling Points of Water vs. Elevation (atmospheric pressure)

Elevation (ft) Boiling Point (F)

-1000 213.8
0 121
5000 202.9
10,000 193.7
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Degrees of Intergranular Porosity

Water Cycle 2

Water Cycle 1



Confined (Artesian) Aquifer

Unconfined Aquifer



Areas of Extensive Groundwater
Withdrawal in Western U.S.

Well Dynamics in Unconfined Aquifer




