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Functions: (1) PRODUCTION (2) RECYCLE (3) TRANSFORMATION




Balanced systems should be composed of the optimized structure of
umers, decomposers, and supporters in the systems.
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GHG, CFCs, SO, CO, CO,,NOx, H,S, VOCs, HC, ae
rosols, mist, smog, Ozone, fly dust, fall dust,

halogen, etc.
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Condensation is a gas changing into a liquid.

Liquids evaporate into gases.
Freezing turns a liquid into a solid.
T ————

‘—

Solids melt to become liquids.

Sublimation is a solid changing into gas.

- —

.

A gas becomes solid thought frost formation.

NN http://www.uni.edu/~iowawet/H,OProperties.htmi



covalent

Figure 7. Water Molecule

NN http://www.uni.edu/~iowawet/H,OProperties.html




Hydrogen bonding

21996 Encyclopaedia Britannica, Inc.

TE'R http://www.uni.edu/~iowawet/H,OProperties.html



The Anomalous Properties of Water
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[he Anomalous Properties of Water
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Surface Tension and Wetting

surface tension

surface attractive forces

Liquid on a non-wettable surface, When attractive forces to surface
surface tension dominating exceed surface tension, the liquid
attractive forces on surface. wets the surface.
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Color

Odor

Temperature

Electrical conductivity (EC)
Total solids (TS)

Total Dissolved solids (TDS)
Settleable solids

Turbidity

Transparency

ngx O : DO, BOD, COD,
TOC

ﬂi;jiu N : Organic N,
Ammonium, Nitrite, Nitrate
mju P : Orthophosphate
ﬂ@:N Nutrient: K, Ca, Mg, S,
Cl, Fe, Zn, Cu, Mn, B, Mo

ﬂ@:N Heavy metalsL Pb,

Hg, As, Ni, Cr

=
PINN

Total Coliform Bacteria
Faecal Coliform Bacteria
a A d Y .
9auN38n0)3n: E. coli,
Staphylococcus aureus,

Samonella spp., Vibrio spp.,
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Resources in the systems

WilalirerSan ctiuarny. \ NatienalfRPark
Mineral Orchard
Crop Human Resettlement
Fisheries Paddy Field

S

L ncduserizl Water Resources

Community Pollution
A _

Sustainable Yield



H%d wvater:

@xidation
pond

Oxidation

Systems = Ecosystems = Watershed Ecosystems = Watershed




Integrated Management Model of Natural Resources in
Given Watershed Systems with Control Unit

Maximum level
of satisfactory

Human Settlement

: F .
Inpuis orest Acceptability

Industry Space
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5. Socio-Economic Conflicts



Soil Detachment
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Pitting
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Very few contaminants
in spaces between water

molecules but under
standards

Water
molecules

frees oxygen in spaces between water molecules



Very less free
oxygen

Water
molecules

Contaminants : organic matter, debris, suspended, solid particles,

solids, toxic chemicals, sulfate, nitrate, dissolves organic matter,
carbonate, phosphate, gases, microorganisms
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1. Inorganic Salts 8. Color

2. Acid and Alkali 9. Toxic Chemicals
3. Organic Matter 10. Microorganisms

4. Suspended Solids 11. Foam

5. Floating Solids 12. Producing Matters
6. Grease and Oils 13. Particulate Matters
7.

Heated Water
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SSmainieninEs
1. Mechanical Treatment Technologies
1) basic concepts :
(1) man-made technologies
(2) using essentially natural processes within an
artificial environment
(3) application backgrounds on combination
processes:
(1.1) physical processes
(1.2) biological processes

(1.3) chemical processes
(1.4) physical-chemical processes
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1. Mechanical Treatment Technologies (continue.)

2) Series of Tank Using...along with pumps, blowers,
screens, grinders, etc.

3) Treatment Systems: sequencing batch (SBR),
oxidation ditches, and extended aeration systems are
all variations of activated-sludge process (EA-AS),
(which is a suspended-growth system), trickling filter
solids contact process (TF-SCP) (which is an
attached-growth, in contrast with EA-AS)
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2. Aquatic (lagoon) Treatment Technologies

1) basic concepts: the water layer near the surface is
aerobic while the bottom layer, which includes sludge
deposits, Is anaerobic. The intermediate layer is aerobic near
the top and anaerobic near the bottom, and constitutes the
facultative zone.

2) stabilization ponds as the origin of facultative lagoons

3) aeration devices or diffused air systems can be added
to eliminate the odors (if septic condition)
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2. Aquatic (lagoon) Treatment Technologies (continue.)

4) treatment systems:
(1) stabilization ponds (oxidation ponds, aeration ponds)
(2) facultative lagoon
(3) constructed wetlands
(4) natural wetland application
(5) aquacultural operations
(6) sand filters (or land filters)
(7) hydrograph controlled release (HCR)



SSmainieninEs
3. Terrestrial Treatment Technologies
1) basic concepts :
(1) very simple methods by only draining the effluent
into filtrated areas with zero discharge
(2) wastewater is applied intermittently across the top
soil surface
(3) wastewater is treated as it passes through the soil
by infiltration, adsorption, ion exchange, precipitation,
microbial action, and plant uptake (vegetation is a critical

component of the processes and serves to extract
nutrients, reduce erosion, and maintain soil permeability
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3. Terrestrial Treatment Technologies (continue.)

2) low maintenance costs

3) benefits: these systems may yield additional benefits
by providing water for groundwater recharge,
reforestation, agriculture, and/or livestock pasture

4) treatment systems: (usually called as low-cost
technologies)

(1) slow-rate overland flow

(2) slow-rate subsurface infiltration

(3) rapid infiltration methods o
(4) h”ybrid aquatic-terrestrial treatment system (mmzn”ﬂﬁuﬁ
AavinFaiag)

(5) hydroponic culture
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Integrated Waste Management

v
AUNIASUMS

— aula | 91msaoIUNeILIa :
/ ?,’ = Y v
Aa HIUAEYSNOIUNADVDNITN
WS/ NY S
| MGHNGNGRN AR

UNIVESANT D

HasYeS PN

\

:’ = t 4 a
HUagHIRNINUY

:’ = 4 L
HUAYTIOININN

ShenenulIanan

‘ __ | szyuiihva

o
HUARNNS

v
o

v

l T GRUAT AR Bl R

v

= t %4 U
‘/mmﬂmwmﬂ
o A Y

Wuaerie I ¥sIley 1a9







Solution Supernate

Ik

Suspension Precipitate

Waler Trealment Application

precipitation coagulation

Geomembrane
Geotextile

>80cm

10cmy
Tk
>20cm'

filtration



Inlet pipes
(from septic tank)

Sand or other
filter mecdia

Coarse
gravel

Underdrain {to soil

absorption field) absorption

Micropoliutants

adiortent

adsorption



NO, 2I0RS

blowing

sucking



Purified water out

Fig. 1. Design of the electromagnetic hydro-
Slime out cycl | and experimental sefu C
magnetic  hydrocyclone;

— P —T =
Initial tank — 30 L —

Electromagnetic precipitator

Solid-liquid separation

Burning







Chemical Methods: :;"‘"k ‘r‘ﬂ;‘g F‘”"*[T%”

stabilization/neutralization

oxidation-reduction Oxidation

Compound A
loses electrons

Oxidized

Reduction
Compound B
gains electrons

Oxidizing Reduced
agent




Chemical Methods:

chemical coagulation cosguiant

cagulant forms
precipitate,

Increasing-decreasing pH wrapping impurites

¢ 9

X
impurities “

£

Solution Supernate

precipitation

Suspension Precipitate

precipitate and
trapped impurities
settle to bottom







Physical-Chemical Methods:

How Activated Carbon Works

carbon adsorption gErrpEses

organc moecues small dissolved

Or genic molecules

............
™

ionization




Physical-Chemical Methods:

(ultrafiltration)

(microfiltration)

macromolecules divalent

VIFUSes

bacteria
particles

reversed osmosis

(nanofiltration) (reverse osmosis)

ons monovalent ions

."‘a'd W neg
Calcium and M sium

Waste water containing

Calcium and Magnesium

_) lon Exchange Resin

[ Magnesium ions

Softened water
containing Sodium

ion exchange






Social Methods:

city planning, land use planning,
construction obligations,
environmental education etc.






Upflow Anaerobic Sludge Blanket (UASB)

Upward-flow Anaerobic Sludge Blanket

weir biogas

\ . effluent > 3 phase
separator




Rotatlng Drum
L .

"“4§x.. m




Activated Sludge

Raw Water

Aeration Tank

Treated
Watear

Clarnfier-Settlar

Recycle Sludge

)
To Sludge Treatment




Oxidation Ditch

Clarifiers

Oxidation Ditch

Influent Effluent

Rotor Effluent Weir
Return Activated Sludge

WAS
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Nature - by — Nature Process

Flsh Thermo — Siphon Photosynthesis Thermo - Osmosis
Catching Processes Processes Processes

Fishes/sq.m |

t Microorganisms / Bacteria in wastewater
Algae/
Phytoplankton

Inorganic ‘

Matters/Plant
Nutrients _" Digesting Processes




Evaporation (583 gm-cal/gm-water)

Alr Flow f
]

Oxygen

The cooler'water;




Aquatic Plant photosynthesis jn
pond Technology

6CO, + 6H,0 —> C.H,,0; + 60,

Wind Air.

Organic

Carbon dioxide merged plant
suibstances



Thermo - Osmosis Processes

(under the condition of atmospheric oxygen pressure)

Leaf
Stem

& Radiation I;Ioral P.art # Surface Area
opulation

# Daylength T s Density # Stomatal Density
# Air Temperature & Porosity

Volatilization

# Rainfall L4 Physiceil Property

Age

5 R o N 2 Zosp her i
_Water Condi RS e # Root Surface Area

# Turbidity # Root Density
Light Transmission — @ Physical Property
# Microorganism g
O, Consumption & Microorganism
# Water Temperature # Organic Matter » e SEe
# Water Depth = Elrlggécrcg}c;hemlcal # Phytoplancton

# Chemical Property & Topography ..... &Iggé)tte()rsignthetii
e O




d Releasing Mechanism
y Typha in Wetland

Transporting an
Of Oxygen b

Radial Oxygen Loss (ROL) : 100-400 mg O,/m?/h

Oxidized Zone Soil Particles
98254

3 RTINS Root
F e o Biological Pump "



AQUATIC PLANT PHOTOSYNTHESIS
IN LAGOON TREATMENT

6CO, + 6H,0 — C;H,,0; + 60,

IZRIND-SIPrION PROUCSESS




4 Technologies of
Wastewater Treatmen

W

1. Pond Technology 2. Grass Filtratio 3. Constructed Wetland 4. Mangrove Forest
System Filtration System




Pond Technology




Pond technology serves as a wastewater treatment
system of the 60 % municipality areas of Phetchaburi.

Effluent

Oxidation
Pond 1

It is a facultative type
designed with treatment B\ stabilization
capacity 10,000 m3/day. '

Oxidation
Pond 2

Oxidation

* 25 - 35 days of hydraulic retention times Pond 3

* The efficiency of system > 85 %
Sedimentation
ond
* The system occupies an area of 155,000 m? i Influent

Inlet



& Facultative Pond Processes

2

/,‘-\Igae

’ aerobic

0,
\A

pacteria facultative

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

anaerobic

lid



d for Wastewatgy
ystem

ERE Characteristic of Pon
Treatment S

(1) Rectangular shape
(2) 45-degree lean
(3) Volume

D=d+h
d = depth of water

h = depth between water
surface and top level of pond



Characteristics Of Water Draining DirECtion in
pond Technology

Polishing

Pond Effluent

Influent

Sedimentation Oxidation Polishing
L Pond |4 Pond | ) Pond |

Influent
- =
Drainage Way Between Pond Effluent H

Natural Water
Resources







=) 5 days of hydraulic retention times
=) The water level storage at 30 centimeters

=) The efficiency of system >90 percents




Setting pond W XxLxD=0.7x5x0.3m.) Ovaifilon
Cell (W x LxD=5x 100 x 1.20 m.) spillway

Outlet

Inlet

Setting pond Berm width 50 cm. PVC perforated pipe
Water operation level Overflow spillway

Compacted ground Compact coarse Mixed soil and sand (3: 1)
and slope 1: 1,000 sand 20 cm. 50 cm.



& Grass Filtration Wastewater Treatment System

Substrate, Inlet, and Outlet Structures Operation

Coarse sand
Coarse sand  |gyar 10 cm.

layar 30 cm. | si Gravel size
Gravel size 15 -1 inch.

2-3inch.

SIIIIIiIiiIiIniiiniiiiiiiiiiiiiiiiiniiiniiiiiiiiiiiiiiiiiniiiiiioininiiiiiiiiiziiiicd :=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:5II
fiiniiiniifaiiininiinfaisaistiintiionniciiiaiiiadeiaintainiainiainiaiatntatniatniainiatnn it Rafetatettntainiata it taninty

Outlet structure



Constructed
Wetland




=) One-day hydraulic retention time for continuous flow,
efficiency > 85 %,

=) Daily wastewater adding at 30-cm level for zero discharge,
efficiency 100%



Setting pond (W x LxD=0.7x5x 0.3m.) Overilom

Cell ( WxLxD=5x25x1.20m.) spillway

Inlet
Setting pond Berm width 50 cm. PVC perforated pipe
--1 Water operation level Overflow spillway
T

Compacted ground Compact coarse Mixed soil and sand (3: 1)
and slope 1: 1,000 sand 20 cm. 50 cm.



Mangrove Forest
Filtration System




System

(o]}

Mangrove Forest Filtrat

f

f

jolp

ly be provided the proport

iciency can on

The eff
between wastewater and Marine water with the ratio o

{0)

50 by volume for the research results.



100 m.

Effluent Effluent

ot .

Natural Natural
Mangrove Mangrove

Natural
Mangrove

Influent

Effluent« N

Rhizophora spp. Rhizophora spp.

New
Plantation

=
o
=
=
=
=
o
=
)
=
=
=
=
@
>
<)
e
(=)
=
S
=
s
=
=
(3
=

Ceriops spp. Ceriops spp.

Influent Influent

Layout of Natural and Planted Mangrove
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Orders of Pipe:
1 = first order

2 = second order
3 = third order
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