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Water a Chemical Solution

« Students around the world (elementary, secondary
and/or tertiary) measure, collect samples or data, e.g.,
water samples for isotopic composition and pH, send to a
collective database

Experiments Include
e “Water no Dirt no Germs” — filtration / disinfection
* “pH of the Planet” - pH measurements

* ‘“Investigating Salty Waters” — dissolved solids
measurement

« “Solar Still Challenge” — build and operate solar still
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Water is a renewable resource that is
under stress

Introduction — Water Supply and Scarcity

How water is used
— Withdrawal vs Consumption (Energy and Agriculture)
— Sanitation and human health

— Emerging stressors — Biofuel production, nutrient loads,
population/economic concerns

Basic groundwater issues
— Groundwater mining - subsidence
— Seawater intrusion - salinization
— Atrtificial groundwater rise, water logging, soil salinization

List of solutions
— Conservation, water transfers, water treatment, disinfection
— Wastewater - water reuse
— Water Desalination (Thermal and RO)
— Research topics for increasing supply

Chemical

%
L = BAFETY AND SECURITY TRAKING

@)



Water is a renewable - essential

resource
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Less than 0.007% of all
water is directly
accessible for human
use-(renewable water).
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Presenter
Presentation Notes
"...Altogether, (groundwater) aquifers store 97% of the planet's (available) freshwater."4��"...Nearly one third of all humanity relies almost exclusively on groundwater."3��"Water tables are falling from the over-pumping of groundwater in the bread baskets and rice bowls of central and northern China, northwest India, parts of Pakistan, much of the United States, North Africa, the Middle East, and the Arabian Peninsula. Farmers in these regions are pumping groundwater faster than nature is replenishing it."5��"In the late 1990's, India's central pollution control board found that groundwater was unfit for drinking in all 22 major industrial zones it surveyed..."4
FRESH WATER TEXT SOURCES: �1. World Summit on Sustainable Development 2002, "A Framework for Action on Biodiversity and Ecosystem Management", www.johannesburgsummit.org/html/documents/wehab_papers.html �2."Blue Gold", 2001, Maude Barlow, www.canadians.org �3. "The Hidden Fresh Water Crises", World Watch 2000, www.worldwatch.org �4."Deep Trouble: The Hidden Threat of Groundwater Pollution", Payal Sampat, Worldwatch Paper 154, Dec. 2000, worldwatch.org �5."Water and Instability in the Middle East", Natasha Beschorner, cited in "The Threat of Intentional Oil Spills to Desalination Plants in the Middle East: A U.S. Security Threat", James E. Lovell, Maj, USAF, http://research.maxwell.af.mil/papers/student/ay1998/acsc/98-171.pdf �6."The Strategic Importance of Water", Kent Hughes Butts, Parameters, http://carlisle-www.army.mil/usawc/Parameters/97spring/butts.htm �7. UN World Water Development, www.unesco.org/water/wwap/wwdr/index.shtml 

This from http://www.theglobaleducationproject.org/earth/fresh-water.php



Water scarcity is both a physical and
economic phenomenon

B  Littie or no water scarcity
B Physical water scarcity

[0 Aproaching physical water scarcity |
E Economic water scarcity

[ notestimated ‘ Source: International Water
Management Institute
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U.S. freshwater withdrawal

Estimated Freshwater Withdrawals by Sector, 2005

Total Withdrawals : 1.5 Billion m3/day

Public Supply ~ Mndustrial -~ .

12% 5% 1%

Irrigation
31%

Thermoelectric
49%

Source : USGS Fact Sheet 2009-3098
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U.S. freshwater consumption

Estimated Freshwater Consumption by Sector,
2000

Industrial Livestock

Public Supply 6% 3.3%

14%

Thermoelectric
3.3%

Irrigation
81%

Source : Hightower 2007
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Inadequate sanitation is especially severe iIn
developing world

Population with
improved sanitation
in 2004

0 Less than 50%
[150-75%
W 76-90%
B 91-100% .
U No or insufficient data &

-, Source: WHO and UNICEF, 2006

-

1.8 million people die every year from diarrhoeal diseases (including
cholera); 90% are children under 5, mostly in developing countries. - WHO
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Water borne diseases are especially harmful
to children

Distribution of causes of death among children
under five years and within neonatal period

| HIVVAIDS BB Water linked diseases

: : Postneonatal diseases
I Non communicable diseases .

| Measles

P Injuries

P Malaria

I Other infectous and parasitic diseases
N Diarrhoeal diseases
_ Acute respiratory infections

Neonatal deaths |

Prematurity, Birth asphyxia Neonatal Other
low birth weight  and birth trauma infections

Other non-infectious
Diarrhieal diseases
Neonatal tetanus
Congenital anomalies

0 5 10 15 20 25 30 35 40
Percentage
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Emerging stressors on water resources

Biofuel production — increased
Irrigation

Nutrient load — hypoxic zones

Increased population — exceeds
treatment capacity

Climate change — loss of freshwater
storage
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What are some solutions ?

Conservation
Improved agriculture / irrigation
Improved recovery / storage
Improved sanitation
Septic systems
Wastewater treatment
Water transfers
Requires energy- water is heavy and expensive to pump
Water reuse
Wastewater for secondary uses
Water desalination- requires energy
Thermal for distillation
Electric for reverse osmosis

Chemical
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Surface water overdraft leads to drying
of Aral Sea

Source : NASA
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http://upload.wikimedia.org/wikipedia/commons/9/95/Aral_Sea_1989-2008.jpg�

Groundwater overdraft is the major water
source in the Middle East and North Africa

Groundwater depletion leads to:

B Groundwater Dropping water table
Depletion - 91%
mDesalination - 5% *Soil salinization
OWater Reuse - 4% More energy for pumping
eSeawater intrusion
. . 3 -
(23 billion m*) *Subsidence
Source: World Water Forum (MENA) T 200l _
L T Center pivot
R ,,,eiﬁ'_ ':qs,,. irrigation
.:H ‘\ .: ..:.
'." ‘. ‘{- B ....E.‘.!: .
e, % Al Khufrah Oasis
P 980990 )
bl southeastern
o i

Source: NASA
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Presenter
Presentation Notes
Beijing, Mexico City, Bangkok, Jakarta and many other cities are threatened by groundwater depletion and subsidence.


http://eoimages.gsfc.nasa.gov/images/imagerecords/4000/4998/ISS010-E-5266_lrg.jpg�

Pumping groundwater may cause
seawater intrusion

Land surface _—— Pumping well

- Water table

Freshwater

Source: USGS

AFETY AND SECURITY TRAMING




Irrigation causes U.S. Central Plains
Aquifer to decline

SOATTH DAKOTA E
3

Groundwater levels have
declined dramatically because
of agricultural pumping.

*Especially severe in the south
sIncreases pump lift requirement
*Decreases well yield

[ 1E0MEES

T T
1] 10 REOMETERS

Source: http://pubs.usgs.gov/circ/circ1186/html/gw_dev.html#aquifer
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Presentation Notes
http://pubs.usgs.gov/circ/circ1186/html/gw_dev.html#aquifer


Soil salinity is another result of poor
agricultural practices

Deep s

roots

Groundwaler
Iy

Dryland salinity- removal of deep
rooted plants reduces evapo-
transpiration that leads to rising
water table

Grauncwater
high

Source: http://www.clw.csiro.au/publications/general2002/effectiveness/salinity.html
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Drinking water can be produced from
a variety of sources

Fresh
Groundwater

Fresh Surface — Sedimentation — Filtration
water \

: : Disinfection —
Sedimentation, — [ET - _—

*
Waste water™ =, tivated Sludge

Groundwater Filter
Seawater  — Pretreat- — Desalination (MSFMEDRO)
Filter

* TDS < 1000 ppm

,ﬁ\ Chemical

17 B2 S AFETY AND SECURITY TREMING



Presenter
Presentation Notes
RO = Reverse Osmosis
ED = Electrodialysis
MSF = Multistage Flash
MED = Multieffect Distillation


Water reuse (recycling) can
meet many needs

eUrban

e|ndustrial

*Agricultural

*Environmental and recreational
Groundwater recharge
eSeawater intrusion abatement
«Augmentation of potable supplies

Rapid infiltration basins. (Photograph courtesy
of Water Conserv Il facility, Orlando, Florida.)

Wastewater reclamation
and reuse requires filtration,
treatment and disinfection

Chemical r-h
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Presenter
Presentation Notes
Water Reuse can also be considered water recycling.  Wastewater is purified for successive use.

http://upload.wikimedia.org/wikipedia/commons/7/77/Ferrybridge_power_station.jpg�

Salinity ultimately determines
value of water

0.1
1 High value
Industrial,
19 medical
104 \
2 1 consumption ! &% =
~ 100 3 reuse >
:g Recygle, g
< - Livestock desalinate ®)
3 ' c
v 1000 ] agriculture 8
- LL]
- Saline
10000 3 (brackish,
] seawater,
] brine)
100000 =

Cost of recycling < economic value of the water?
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Presentation Notes
PPM  of salinity actually means parts per million of total dissolved solids (TDS) 


Desalination: thermal processes require

phase change
Multi-Stage Flash (MSF) and Multiple Effect Distillation (MED)

Flash evaporation

< saline feed
steam in ——» ‘_'D
\\H ' vapor
v — > fresh water
condensate v )
concentrate disposal
Energy required to boil (or freeze) water: .
C,=4kJkg'deg* .

AH,,, = 2500 kJ kgL

AH,, .= 323 kJ kg .

Multistage Flash Plant

large amount of energy necessary for phase
change

heat recovery essential

typical energy use ~250 kJ kg* (conc.
independent)

distillation only makes sense if energy is cheap
(Middle East) and salt conc. is high (seawater)
freezing processes have slight advantage

Note: theoretical minimum energy required to extract fresh water = 3 kJ/kg!

= Chemical
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Presenter
Presentation Notes
Theoretical minimum is for the seawater case (35,000 mg/L TDS)


Thermal desalination overview

*High energy required for phase change (mostly thermal)
*Multiple stages (or effects) to increase efficiency

*\Waste heat from power plants provides incentive
sAntiscalants are very important

*High top brine temperatures increase scaling
*Pretreatment not as rigorous as RO

«Corrosion is important

*\Water must be “remineralized” to make it less agressive
*Copper from heat exchangers may harm sea ecosystem

21
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Desalination : membrane process is
reverse osmosis

saline feed |y post-
— | pre- ‘ " treatment
treatment l

high pressure pump  ¢gncentrate disposal

Thin film composite membrane

Reverse Osmosis Plant

A~ dense polyamide membrane . N 1
™~ porous polymer energy use (pump) ~ 10 - 50 kJ kg

<—— mechanical support e concentration dependent
* energy recovery essential for seawater

9 RO
N polyamide « membranes susceptible to fouling; pre-
O - treatment required

» polyamide membranes degraded by Cl,

e Chemical
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Membrane desalination overview

sLower energy required than thermal (but all electric)
*Pretreatment is very extensive

*Biofouling is very serious

RO Membranes do not tolerate disinfectants (Cl,)

*Not effective for high TDS Seawater (>50,000 TDS). Energy
requirement proportional to salinity.

*Energy recovery devices are the norm (turbines, work
exchangers)

*Brackish water recovery limited by mineral scaling

sAntiscalants are used to increase recovery of brackish water.

Chemical
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General trends In desalination

*Desalination requires more energy than other water treatment

*Energy of desalination is proportional to salinity (RO)

«Salinity limits recovery in seawater desalination (35%)

*Divalent minerals limit recovery in brackish water desalination (60-90%)
sDesalination produces large amount of liquid waste

«Seawater discharge of brine is environmentally important

Inland concentrate disposal is environmentally sensitive

Chemical
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Research and development can
contribute to improving water supply

* Low energy desalination

 Membrane research

e Biomimetic systems

« Corrosion science

» Applied nanoscience

* Novel disinfection technologies

o Computational fluid dynamics

» Sensor development / process control

*Nutrient recovery and reuse
*\Water reuse / desalination nexus
*Technology for resource poor environments

% Chemical
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