WATER POLLUTION - Chp 16 

Hydrology to Pollution (1/2) PRIVATE 

CLEAN WATER ACT


NPDES



Point Source



Nonpoint Source

SAFE DRINKING WATER ACT


Primary Standards


Secondary Standards

TYPES OF WATER POLLUTION

Biological Oxygen Demand


Chemical Oxygen Demand


Infectious Agents


Organic Chemicals


Nutrients


Sediment


Radioactive Materials


Heat

SOURCES OF POLLUTION


Municipal Sewage


Industrial Waste


Urban Runoff


Agricultural runoff


Transportation


Landfills


LUST/pipelines

TECHNOLOGIES


POINT SOURCES: Waste water treatment technologies

PHYSICAL TREATMENT METHODS


Dilution


Settling/Sedimentation


Filtration


Aeration

CHEMICAL TREATMENT METHODS


Coagulation/Flocculation


Disinfection


Neutralization


Precipitation


NONPOINT SOURCES: Administrative, management and 
engineering controls


Erosion and Sediment Control


Nutrient Management


Resource Management

STREAM FLOW DYNAMICS-
GRADED STREAM


Aggradation


Degradation


Drainage Basin


Hydraulic Ridge


Thalweg


Hydraulic Gradient


Base Load


Hydrograph


Flood Peak

EFFECTS OF DEVELOPMENT


Increased impermeable surfaces result in increase in runoff


volume and velocity


Channelization of Streams and Rivers


Dams


Loss of Wetlands


Increase in sedimentation of waterbodies

Water is amazing stuff…

The states or phases:

Ice -  greatest density at 4 degrees C (39 degrees F)  below that water expands and becomes lighter!

Liquid - latent heat…water may exist as liquid or solid at 0 degrees centigrade except it takes 80 calories of heat to convert ice to liquid…this is called the latent heat because it is stored in the water and is released again whenever ice is formed again. 

Vapor - 540 calories of heat must be added to one gram of boiling water to turn it inot vapor…latent heat of vaporization…when it returns to liquid state it gives up 540 calories know as the latent heat of condensation

Heat properties of water - every gram of water that evaporates must absorb calories from the atmosphere,  evaporation removes heat…

Humidity - the capacity of the air to hold water vapor…is a function of temperature of the air and of the water vapor.  Warmer air has a greater capacity to hold vapor.

Relative humidity - the amount of vapor in the air compared to the amount of vapor the air could hold.

Relative humidity = (actual water vapor in air/max. water vapor capacity of the air)x 100

Air is saturated at 100% humidity

The temperature at which a given mass of air becomes saturate is termed the dew-point temperature (ice tea in summer - air against glass is chilled to below dew point)

Vapor pressure - maximum capacity of the air at a given temperature is the saturation vapor pressure.  
Atmospheric lift
Convectional lift - cool air masses heated when move over land

Orographic lift - mountains…rain shadow

Frontal lift (warm and cold fronts)

Eustatic sea-level changes (eustasy refers to change in sea level) result from changes in the amount of free water (ice caps)

Distribution of water

Hydrosphere - water of earth - brief discussionPRIVATE 

liquid                          

solid                       vapor

underground



frozen


atmosphere

on continents - streams,

ice

rivers, lakes, oceans

snow

living things, plants,

animals, man

why is water so important? - all living things contain water

How much water is in the earth system?  326 million cubic miles 









(1.36 billion cubic kilometers)

73% of earth surface

amount always stays the same    Why?     closed system

Of the water on the surface
97.2%    oceans

 2.15%   glaciers, ice caps

  .306%  shallow ground water

  .306%  deep ground water

  .009%  fresh water lakes

  .008%  salt water lakes

  .0018% soil root zone

  .0001% stream channels - include rivers

water circulates in the earth system process called:

hydrologic cycle
general description:

1) water from oceans, lesser extent continents is evaporated and transpired into atmosphere

2) moisture laden air is transported, often great distances by wind convection

3) cloud formations are set in motion as the result of convectional, orographic, frontal uplifting

4) condensation occurs, then precipitation

5) precipitation that falls on ocean is finished and is ready to start anew

6) precipitation that falls on land, makes its way either back to atmosphere or oceans - rivers

amount of water vapor in the air at any one point in time is a minute fraction of the total amount in the system

the amount that is cycled throughout the year is immense

380,000 cubic kilometers

how do they know?  3/100ths of 1 percent of total amount in system

total amount of water vapor cycled through the hydrologic cycle stays near they same from year to year.

-is true, then average annual precipitation over the earth must be equal to the amount of water evaporated.

however for all the continents taken together, the amount of precipitation received exceeds the amount evaporated

however forced the continents taken together, the amount of precipitation received exceeds the amount evaporated

conversely over the oceans, the amount of evaporation exceeds precipitation

since the level of the oceans is not dropping then runoff from land areas must balance the deficit of precipitation over oceans - rivers

do today is examine the major storage basins for water

oceans - cover 71% of Earths surface



really is one large body of water

3 principal oceans 

 Pacific - 64 million sq. miles - 14,000 foot avg depth

 Atlantic - 32 million sq. miles - 13,000 foot avg depth

 Indian - 28 million sq. miles

contrast N. America - 9 million square miles, in fact the total land area overall is less than area of Pacific Ocean

inward extension of ocean - seas

Mediterranean, Baltic, Bering, Caribbean, East China, North, Black, Yellow, Red Seas

Composition 

H20 water +

chlorine  sodium  magnesium  sulfur  calcium  potassium  bromine

18.98     10.56     1.27       .88     .40       .38       .065

P.P.T     P.P.T    P.P.T.     P.P.T.  P.P.T     P.P.T.    P.P.T.


carbon  strontium  boron   and every other element found on land

.028      .013     .005

P.P.T.   P.P.T.    P.P.T.

estimate cubic mile of ocean water - 40 pounds of gold

primarily solid component sodium chloride - salt

concentration of salt in water - salinity

average salinity worldwide 3.5%  varies 3.3% to 3.7%

the greater the salinity the more dense water is - fresh water has a density of 39( - 62.4 lbs per cubic foot    ocean water at 39( - 64 lbs per cubic foot

What affects salinity

1)
 precipitation - fresh water dilutes seawater

2)
flow of rivers - extension of precipitation

3)
evaporation - salt doesn't get evaporated


different densities in water just like different density in air -


circulation of water related to density - will talk more about these

Variations on the surface - both salinity and temperature

salinity highest around 30(N and 30(S

Why? - low precipitation, scant stream flow, high evaporation

lower near equator - more rain, more stream flow, - more fresh water high evaporation - lot more rain

salinity - coast of Brazil - equator 2% - Amazon River, abundant rainfall

lowest salinity - polar regions - low evaporation, stored freshwater - snow, ice continuous supply of freshwater warmer months

highest salinity - enclosed seas, in dry, hot regions

  
high evaporation, low stream flow

Red Sea - 4%  Dead Sea - 23.8%  Great Salt Lake - 22%

2)
Glaciers

thick ice mass that originates on land from accumulation, compaction, and recrystallization of snow


both in high latitudes - continental glaciers

tops of mountains - alpine glaciers
combined area represents 10% of earth's land surface

two massive continental glaciers - Greenland, Antarctica

Greenland ice sheet - 1.7 million square kilometers, averages 1500 meters thick

alpine glaciers worldwide - total volume


210,000 cubic kilometers - comparable to the combined volume of worlds largest saline and fresh water lakes

These two together make up 20% of all glaciers

the other 80% - 4 times this amount is in the Antarctica ice sheet

If Antarctica ice sheet melted - sea levels would rise 60 to 70 meters - oceans would inundate many coastal areas

Antarctica's ice sheet were melted at a suitable rate it could feed:


Mississippi River for 50,000 years  


all the rivers in the U.S. for 17,000 years


Amazon River for 5,000 years


all the rivers in the world for 750 years        

 OVERHEAD

last point about glaciers is that they move - can move anywhere from 1 inch to 100 feet per day

3)
Ground water

only about 6/10ths of 1 percent of all water


U.S. Geologic Survey estimates that the quantity of water in the upper 800 meters (2600 feet) of the continental coast is about 3000 times greater that the volume of water in all rivers at any one time, and 20 times the amount of water contained in all lakes and rivers

subsurface water worldwide is an important source

U.S. subsurface water supplies about 20% of our country's fresh water requirements

how much is this -


U.S. 1980 each day about 88.5 billion gallons of ground water were drawn for us each day


irrigation - 68%     industry - 14%   municipal water supply - 13%

   rural, domestic and livestock water - 5%

Underground water
rain falls - some evaporates, some runs off streams, rivers, rest goes into ground

what determines the quantity of water that takes each path?  Steepness of slope, nature of surface material, intensity of rainfall, type and amount of vegetation

of water that soaks into ground:

1)
some does not travel far - molecular attraction holds it as a film on surface of soil particles - eventually evaporates into atmosphere

2)
What stays is used by plants as a source of moisture between rains belt of soil moisture (soil root zone)

3)
water that is not held in this belt of soil moisture penetrates downward until it reaches a zone where all of the open spaces in sediment and rock are completely filled with water.

water in this saturated zone - ground water

upper limit of this zone is called - water table

above water table is the capillary fringe

ground water is lifted against ground water by capillary action

lifting of water against gravity is surface tension in tiny thread like passages between grains of soil or sediment

similar to placing a paper towel on liquid and watching the water move upward

source of ground water - precipitation

how does ground water come to the surface?

1)
spring
when the water table intersects the earths surface - natural outflow of ground water results

2)
well

opening bored below the level of the water table

3)
artisan well
occurs when ground water rises under pressure above the level of the aquifer - bored opening

impermeable layer - hinders water movement -aquiclude
permeable rock strata that transmits ground water freely - aquifer
also have artesian springs - in which ground water reaches the surface by rising through a natural fracture rather than an artificially produced hole.

hot spring?

temperatures increase with increasing depth below surface 1(F for every 100 feet

if ground water circulates at great depths, becomes heated, rises to the surface - emerges as a hot spring

Geysers - intermittent hot spring - Why are they intermittent?

4) lakes, ponds - water that is left over in excess of that which is evaporated or infiltrates the ground 

all lakes in world 55% volume fresh water / 45% saline lakes

5) stream channels - include rivers, streams, "cricks"


channels for runoff of the continents, melting ice and snow, ground water


flow in response to earth's gravity


flow is variable

STREAM FLOW DYNAMICS   (Hyrdrology to Pollution 2/2)

Overhead: Evolution of a Stream and its Valley


Drainage Basin


Hydraulic Ridge


Point of Interest

GRADED STREAM CONCEPT

Overhead: Stream flow within a channel

Overhead: Schematic Diagram of Longitudinal section


Stream Gradient- the rate of fall downstream

Longitudinal Profile- the gradient of a channel decreases in 


steepness in the downstream direction

Thalweg- a line connecting the deepest parts of a channel,it




 migrates back and forth across the bottom of the 



channel

Hydrograph


Lag Time- the time elapsed between a rainfall and the 


increase in discharge

Base Flow- the flow supplied by ground water seepage

Overland Flow- 

Stream Load-  the solid matter carried by a stream



Dissolved matter



Suspended Load



Bed load


Stream Capacity- maximum load that can be carried by a stream, capacity increase rapidly with velocity, when stream velocity is doubled in flood its capacity to move bed load increase from 8 to 16 times.


Floodplain


Flood Crest- the maximum height of the flood


Meander


Braided Stream


Oxbow

A purely hydraulic system could operate without a gradient because accumulated surplus water can generate its own surface slope and is capable of flow on a horizontal surface.

The transport of bed load requires a gradient, and it is in response to this requirement that a stream channel system has adjusted its gradient and has achieved an average steady state of operation year in and year out...this is referred to as a graded stream.

In nature the balance between load and a stream's capacity exists only as an average condition.  In terms of the moment a stream is rarely in equilibrium but is in a constant dynamic change toward equilibrium

We think of a river in flood changing largely because of the increase in height which causes channel overflow into the flood plain, but in alluvial stream beds more significant changes occur in the bottom of the river.

Alternate deepening by scour and shallowing by deposition are responses to changes in the stream's ability to transport is load. This process is known as degradation.  


DEGRADATION:



lowered gradient



lateral meandering



little sediment load



bed cutting

In circumstances where there is diminished bedload, that is there is capacity for more bedload, rivers will scour and deepen.  Where there is to much bedload stream gradient increases, velocity increases, channels widen.   This process is known as aggradation.


AGGRADATION:



depositional process



stream gradient increases



wide shallow cross section



braided stream

Most stream do not have straight channels for any significant distance.  Even when stream are straight for a distance , they display the same characteristics of meandering streams.

Straight stretches often contain ALTERNATE BARS, that are material deposited on the channel bed, positioned on the sides alternating down the channel.  RIFFLES  and POOLS which are formed with the pools opposite of the alternate bars and the riffles midway between.

ENERGY GRADE Line is a graphic representation of the potential energy (head) possessed by the river along its longitudinal profile.  The loss in head with distance reflects the amount of energy consumed by resisting elements in the system.  Head loss is greater over riffles than through pools,  the construction of pools and riffles by a river is probably independent of the channel pattern.  One effect of meandering is to increase resistance and with it energy dissipation at the pools, making the grade line more uniform; meandering serves to approximate a condition of equilibrium.
Erosion and Sediment Control

OVERHEAD: Soil Particle Size and How the Undisturbed Landscape Resists Erosion

Causes of erosion (disturbances caused by agriculture, 

construction and development) 



Concentrations of surface flow, 



increased velocity of surface flow, 



removal of protective vegetation, 



reduction of soil structure.


Sedimentation


Examples of erosion and sediment controls


Better Design (minimized concentrated flow)


Channel Design (Slope, size and lining)


Slope design


Site Stabilization

CLEAN WATER ACT
Passed in 1972 as the Federal water Pollution Control Act, renamed in 1977 with amendments as the Clean Water Act.  The FWPCA as passed in conjunction with the Marine Protection, Research and Sanctuaries Act to focus primarily on ocean dumping, the 1977 amendments changed the focus to control of toxic water pollutants.

GOALS of the CWA were to achieve a quality of water that provided for the protection and propagation of fish, shellfish and wildlife and for recreation in and on water by July 1, 1983 and to eliminate the discharge of pollutants into US waters by 1985.

Mechanisms for achieving GOALS:

1. A 2 stage system of technology based effluent limits establishing minimum treatment and pretreatment requirements by industry and Publicly Owned Treatment Works (POTWs).

2. A Program to impose more stringent requirements where it was necessary to achieve water quality standards.

3. A permit program (the National |Pollution Discharge Elimination System - NPDES) requiring dischargers to disclose the nature and quantity of their discharges and giving the EPA the authority to specify limits.  The NPDES also provided for citizen enforcement actions.


Natural Resources Defense Council suit against Ruckelhouse to require nonpoint source regulations 1988.  Phase I NPS started in 1992, Phase II due in 2000.

OVERHEAD: NPDES,NPDES PHASE II
POINT SOURCE & NONPOINT SOURCE POLLUTION

OVERHEAD: Point and Nonpoint Sources of Water Pollution
SAFE DRINKING WATER ACT (SDWA)
enacted in 1974 and amended in 1986.  Federalized the regulation of drinking water systems, required the EPA to set national standards for levels of contaminants in drinking water.

DRINKING WATER STANDARDS


Maximum Contaminant Levels Goals


National Primary Drinking Water Standards 



Maximum Contaminant Levels of specific chemicals and contaminants, 


enforceable standards


National Secondary Drinking Water Standards



Advisory standards, not enforceable by EPA, for chloride, color, copper, corrosivity, fluoride, foaming agents, iron, manganese,odor, pH, sulfate, total dissolved solids and zinc.


Protection of Sole Source Aquifers - provides for special protection if an area has an aquifer that is the sole or principal source of drinking water.

WELL HEAD PROTECTION

SOURCES OF WATER POLLUTION 

Sources   Overhead: Sources of Pollution in Estuaries
1. Municipal Sewage 

2. Industrial Waste both point source & injection wells

3. Urban Runoff   Overhead: Point and Nonpoint Sources of water Pollution
4. Agricultural Runoff

5. TRANSPORTATION both shipping industry, on land spills,deicing salt used on roads

and waste oils used on dirt roads to keep dust down

6. landfills

7. leaking underground storage tanks or pipelines  Overhead: Sources of Groundwater Pollution
Overhead: Sources of Nutrients Pollution to the Bay

Overhead:Effects of Pollutants in the Bay
TYPES OF WATER POLLUTION

1.
Oxygen Demand  



Biological Oxygen Demand- the rate at which dissolved oxygen is used.  A low rate indicates clean water or that the available organisms are not consuming oxygen (dead or dying or septic)  A good toxic dose that kills all oxygen breathing organisms will result in a low BOD but not necessarily clean water...



Chemical Oxygen Demand  a faster test than the BOD (BOD takes five days to run).  Chemicals are used to oxidize nearly all organic, therefor COD is always a higher number than BOD.  The amount of the oxidizing chemical used to oxidize all organisms is measured.  COD may provide a better measure of oxygen demand in cases where wastes are involved since all organic are oxidized,  in BOD test wastes slow to degrade, such as wood pulping wastes are very slow to decompose and may yield misleading results.

2. Infectious agents such as bacteria.  Most common is coliform bacteria.

3.
Organic Chemicals. such as acids from coal mine drainage or iron manufacturing

4.
Nutrients, increase plant and algae growth, increase turbidity

5.
Sediments from erosion: increase turbidity reduce light in water bodies needed by plants, cover bottom and smother benthic life

6.
Radioactive materials

7.
Heat - waste water, runoff warm surface water 

Technologies 
These range from wastewater treatment system design and assessment to water pollution control, wetlands assessment and preservation, as well as water conservation. 

1. Point Sources: Wastewater treatment Technologies

Sanitary 


Industrial


PHYSICAL TREATMENT METHODS
Overhead: Flow Diagram of Waste Water Treatment Plant Processes
1.
Dilution

2.
Settling/Sedimentation

3.
Filtration

4.
Aeration
Methods known as Primary Treatment Methods - they are physical processes also include bar screen, grit chambers, etc.  

Methods listed above are secondary treatment methods.


CHEMICAL TREATMENT METHODS



Overhead: Block Diagram of a Complete Waste Water Treatment Plant
Tertiary treatment methods are used based on specific requirements of discharge.

1.
Coagulation and Flocculation

2.
Disinfection

3.
Neutralization

4.
Precipitation

DRINKING WATER TREATMENT

Overhead: Movement of water through a typical water treatment plant
2.
Nonpoint Sources - Controls


Erosion and Sediment Control



Nutrient Management



Resource Management (wetland protection, well head 




protection, etc.)

Nutrient Management


Agricultural Runoff


Urban Runoff


Construction Runoff


Mining Runoff


Septic Systems


Landfills/Spills


Silviculture Runoff
OVERHEAD: CHESAPEAKE BAY ATTITUDES SURVEY

OVERHEAD: Maryland Tributary Watersheds

OVERHEAD: Chesapeake Bay Watershed


WELL HEAD PROTECTION: Kutztown Pa Case Study 


Nutrient Management Programs

Resource Management


EFFECTS OF DEVELOPMENT

Overhead : Effects of Development



Impermeable Surfaces



Loss of storage capacity



Runoff water quality



Increase in Flood Peak

Overhead:Effects of development on hydrograph peak and flood frequency


DAMMING RIVERS



Loss of habitat



Change in hydraulics



Dynamic Change


CHANNELIZATION

Overhead: Effects of Channelization



Increase in velocity



Change in flood characteristics



Loss of habitat



Flood storage capacity


WETLAND DESTRUCTION


Loss of habitat


Loss of "cleansing" capacity



Loss of flood storage/buffer



Loss of recharge area

lower 48 states had 99 million acres of wetlands in mid-1970's, add'l 200 million estimated in Alaska, Hawaii has less than 100,000 acres.  

Estimated that over 200 million acres of wetlands existed in the lower 48 states at one time.  From 1950 to mid 1970 it estimated more than 11 million acres destroyed.  About 87 % of the loss is attributed to agriculture.  Urban and other development accounted for 8 and 5 percent respectively.

HUMAN IMPACTS ON WETLANDS


Drainage


Dredging and Channelization


Deposition of fill material


Diking and Damming


Tilling for crops


grazing


discharge of pollutants


mining


alteration of hydrology

NATURAL THREATS


Erosion


Subsidence


Sea level rise


Droughts


Storms


overgrazing by wildlife
Wetland Values


Flood Control


Erosion Control


Filtration, Water Quality


Habitat for fish, animals and birds


Recharge/Discharge


Recreation


Aesthetics

Natural resources, Products

