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Introduction

1. Water: a miracle of nature, the mirror of science, and the blood of life.

2. Four properties: physical, hydraulic, chemical, and biological.

4-1 Physical properties

1. Three states of water: solid, liquid, and gaseous

(1) States change depends on temperature and pressure (fig. 4.1)

(2) Density, specific heat, and thermal conductivity (Table 4.1, 4.2)

2. Latent heat of water

(1) Latent heat of vaporization: Lv = 597 – 0.564 (T)
(2) Latent heat of fusion: Lf = 80 + 0.564 (T)

(3) Sublimation: vaporization + fusion = Lv + Lf = 677 cal/g.

3. Saturation vapor pressure
(1) Vapor pressure: a partial pressure in the air.

(2) Vapor pressure vs. temperature (fig. 4.2)

(3) Absolute humidity: vapor density (g/m3)

4. Vapor diffusion: water vapor diffuses in the air in response to a gradient in density or partial pressure of water molecules.

5. Heat capacity
(1) Heat: a form of energy, quantity, and a measure of the total kinetic energy of all molecules of a subject.

(2) Temperature: an indicator and scale of the mean kinetic energy.

(3) Heat Capacity HC = (c)(T)(v)(ρ)

6. Thermal conductivity
(1) Thermal conductivity (k): increases with increasing temperature

(2) H = -k (ΔT/ΔZ) (fig. 4.3)
4-2 Hydraulic properties
1. Density: mass per unit of volume, ρ = m/v
2. Pressure: weight per unit area, P = hρg
3. Buoyancy: a solid object of volume v submerged in water displaces an equal volume of water, consequently causing the water level to rise to accommodate the displaced volume.
4. Surface tension and capillary rise

(1) Adhesion: force to bind two different substances in contact together

(2) Cohesion: force to hold molecules of the same substance, surface tension
(3) Water, alcohol, and mercury (Table 4.3)
5. Viscosity: all fluids exhibit a property of resistance to changes in shape (or to flow) under the action of external force.
(1) Dynamic or absolute viscosity μ dyn-sec/cm2
(2) Kinematic viscosity ν cm2/sec
6. The Reynolds number: to access laminar or turbulent flow
7. Shear stress: water movement

8. Stream power: erosive capacity of streams

4-3 Chemical properties
1. The water molecule

(1) Water molecule: one electronegative oxygen (O-) atom and two much smaller electropositive hydrogen (H+) atoms.

(2) V shape of 1050
(3) Hydrogen bonds are intermolecular bonds, electrostatic attraction
2. Formation of water

(1) Hydrogen is burned in air
(2) Respiration

(3) Neutralization

(4) Combustion of hydrogen-containing materials

3. Chemical reactions: hydrolysis, oxidation, hydration

4-4 Biological properties
1. Temperature (T)
(1) Centigrade (0C)

(2) Fahrenheit (0F)

(3) Absolute (0K)

(4) Rankine (0R)

2. Dissolved oxygen (DO)
(1) DO: amount of oxygen dissolved in water and is expressed in ppm or mg/liter

(2) Solubility of oxygen in water vs. temperature (fig. 4.6)

(3) BOD: biochemical oxygen demand: chemical oxidation of dissolved, suspended, or deposited organic materials in the streams and the decomposition of these materials by aquatic microorganisms.

3. pH
(1) Water (HOH)(neutral): dissociated into hydrogen ions (H+)(acidic) and hydroxyl ions (OH-)(basic)
(2) pH: a measure of hydrogen-ion concentration in moles (molecular weights in grams) per liter.
4. Conductivity

(1) Electric conductivity (EC): ability of a substance to conduct an electric current

(2) Unit: 1μS cm-1 = 1μmho cm-1
(3) EC is dependent upon the concentration of dissolved ions and water temperature.

(4) EC as a parameter: suitability of water for food preparation, agricultural irrigation, water supply, …
5. Sediment

(1) Movement: suspension (no contact with streambed); saltation (bouncing along streambed); bed-load (rolling along streambed)

(2) Expressed in ppm, mg/L, or in turbidity (optical measure), JTU, NTU
(3) Sediment vs. aquatic ecosystems
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