pability in Civil Engineering

V. Water



Water sustainability
considerations

. Amount of water used relative to sustainable
supply (esp. in dry areas)

X Management of flooding (in low-lying areas)

» Water pollution with drugs, nitrate, salt, etc.

* Aquatic ecosystems and fisheries (tend to be
In trouble worldwide; hurt by traditional
hydraulic engineering)



The water cycle

Groundwaterflow

_* Driven by solar exergy

» 1 m/y evaporates from the earth’s surface, using
- 80 W m= (most of the sunlight that reaches surface),
and then rains or snows back

e Keeps much of land moist even though it's elevated

* \WWater stocks: ocean (97%), glaciers (2%),
groundwater (0.3%), lakes (0.15%), rivers (0.003%),
soll (0.002%), atmosphere (0.002%)
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1 wet regions, more water falls that can
w%c resulting in high runoff

y regions, almost all available water is
rated so runoff Is very low
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Residential water use

L per person per day:
— Drinking: 2

- Food prep / cooking: 4

- Washing: 50 (7-min shower, low-flow head) +
10 (front-load washer, one load / week) +
misc.

— Flush toilets: 40 (low-flow, 6 L/ flush)
— Other: gardens, lawns, swimming, car wash ...

NYC water supply: 400 (US avg..600; UK:150)
Space Station: 12
Total US freshwater withdrawal: 5000



Agriculture and water

. Growiﬁﬁﬂ'_’g "b'l'ants transpire water at close to the
potential rate — about 1 m / year in warm areas
(1 ton per m?)

* Plants grow up to 2 kg biomass per m? per year
(rainforest, irrigated desert)

* Considering that not all crop biomass is edible
and that not all applied water reaches plants,
1000 L (kg) water / 1 kg plant food Is a
reasonable rule of thumb; for grain-fed livestock,
more like 10000 L water / 1 kg meat

* US water withdrawal for agriculture (irrigation):
1700 L / person*d



Water-energy nexus

s Serving as the heat sink in thermal
power plants Is the largest use of
freshwater in the US, 1900 L / person*d
(mostly heated, not evaporated; some
saltwater also used)

- New EPA, state requlations
* Hydroelectricity is 7% of total generation
* Pumping and purifying (and heating)

water takes a lot of energy (of order 10%
of commercial energy worldwide)



Water footprints

. About equally split between watering and heat-
engine cooling requirements

* E.9. (Water Footprint Network Product Gallery,
- doesn't Include cooling water):

- 1300 L / kg wheat (40 L / bread slice)

- 4000 L / kg grain-fed chicken (200 L / egg)
— 2000 L / kg wood (10 L / paper sheet)

— 10000 L / kg cotton (3000 L / T-shirt)

— 80 L / $ industrial activity (global mean)

* Many urban or dry regions/countries are importing
food that they don’t have the water to grow locally
(virtual water trade)




Geographic variation

~ .. The global water
footprint of wheat
production.
Source: Mekonnen
~and Hoekstra

- (2010).

tual water balances and Not et vtr
ater flows related to -
eat products in the
5-2005. Only the largest
Gm?/yr) are shown.
onnen and Hoekstra
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Irrigated land

278.8 Mio ha are equipped for irigation at the
global scale. (About 68% of the total irigoted area
is locaked in Asit, 17% in America, % in Europe,
5% in Africo and 1% in Coeania.) The largest
contiguous areas of high imigation density are
found in Morth India and Pakiskan aleng the rivers
Ganges and Indus (A), in the Hai He, Huang He and
Yangtze basing in China (B), along the Nile river in
Egyptand Sudlan (C), inthe Mississippi-hMissour river
basin (0, in parts of California (E), in the Po river
plain in northerm faly (A and along the lower
Danube (G). Smaller imgation areas are spread
across almostall populated parts of the world.

Area under irrigation as percentage of land area
0 0.1-1 5-10 20-35 5075

<0.1 1-5 10-20 [ 3s-50 [ 75- 100

1 .'.'-

. ngh yields under warm climate, good soll
. ~1000 L / person*day In irrigation for the world!
-'-'5,'_-.Unsustainable If demand exceeds renewable supply



,_ - Aquifer depletion
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GROUNDWATER ELEVATION (ft. amsl)
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e Ridgecrest news
s Tlered rate structure (more expensive over 500

Lpd)
* Building expensive new treatment plant for
groundwater As

e Constructing new water storage tanks

* Hired a Conservation Specialist, banned front-yard
lawns, wasting water, summer midday watering,
restricted lawn area to 50% of new developments,
conducted education on desert-adapted plants

* City will buy out farms’ water usage

» Solar thermal?
* Imports, groundwater desalination also proposed



MARATHWADA, VIDARBHA

WORST HIT
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Maharashtra: does

Kharif crop area

144.3

lakh hectares

Total villages
39,453

neclared drought-hi

23,811

> 60 villages repors

hlt the scandend crap y eld It is a very difficult situation. » Sualen
.......................................... Farmers in the state are raligf wor
. Crogs atected facing severe agrarian distress » Aid v
% incluce collon, KH Govinda Raj | STATE RELEF AND CIore 50U
sayibean, aacddy  RENABILITATION SECRETARY Centie v
RELIEFONTRACKS MAHARASHTRA |

As the state approaches the railways, we look at how
much water one train can canry
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. DNAIndia, 2016

sugar make sense?

Rural India Online, 2015

Deccan Chronicle, 2016

The severe drought plaguing Maharashtra,
particularly the Marathwada region, has

trained the spotlight on the region’s MARATHWADA’S ;

water-guzzling sugar industry. L, 3 .
3¥ Jik WATERSHED
&‘: -

L Moo

ne

[ BOON & BANE of the 202 cooperative and
[ te sugar mills in the state ;| @ Mah h 5
Drought h b { W Maharashtra govern
25% al:'g:gy hit are in Marathwada i ment is making urgent

i watershed management
i plans to tide over the
i drought. They include:

| M Law to make use of

| recycled water mandato-
i ry in industries being

| brought.

i M Studies to check fea-
: sibility of raising height
i of dams

Desilting 4 s
deepen-

B Maharashtra
Government has decided

R TR T (o ban new sugar mills
T a2 eI ® Government to make

drip irrigation, a costlier
PRODUCE JUST 1 KG alternative to save water,

compulsory for all sugar
mills

e mﬂ Maharashtra
ﬁcﬁn:nts for &k B As of now only 20 % of
=@s much of the country's ugar mills in Maharashtra use drip

sygar production irrigation

sugarcane production
and there will only
be enough
sugarcane for 25 %
existing mills in

1 Marathwada to

-2\ operate
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DC DAMS AND MAKING RECYCLED WATER MANDATORY FOR INDUSTRIES BY /
DING THE MIDC ACT, 1961 — SUBHASH DESAI, Maharashtra Industries minister
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» It's possible to switch to
Groundwater supply and :
curtent explofation less water-demanding
Fi . 2015 - .
(Fishman etal. 20159 crops (pulse, oilseed) in
area that are drier

: Other Cereals

Oilseeds

* Nationally, the same
Proposed change in amount of food can still

production (Devineni

and Perveen, 2012) be prOduced
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reservoirs

 Damage to river and
wetland life and
fisheries

* Flooding of farmland

e Reservoirs fill with
sediment

* Loss of sediment In
deltas (cf. Louisiana)

 Dam failure Is
catastrophic
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Living in deserts
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oston, Los Angeles, San Francisco) or
groundwater (Chicago, Miami)

* Treatment and distribution are complex
and expensive

Pricing typically covers operating, not
capital costs
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Catskill/Delaware & ] ,
Watersheds S SahoAME "

* Originally local supply

* Croton River: 1842
(Roman-inspired);
1905

Jeeon e Catskill Aqueduct:
1924

* Delaware Aqueduct:
1945

* Mostly gravity flow

Environmental
Protection
i

New York City's
Water Supply System

[ catskill f Delaware Watershed Area
[ Croten Watershed Area
I Rivers and Reservoirs
Catskill Aqueduct and Tunnels
Croton Aqueduct
—- Delaware Aqueduct and Tunnels

* Maintaining water
guality remains a
challenge (turbidity)

County Borders
State Borders

{ www.ny ovide :I-
L W.Nyc.g fdep

Mresskiym




inwater management

* Problems: sewer
overflow, flooding,
g — ik water pollution

Clethrs ainifoliz
[sweet pepperbush)

v * Direct excess water

to plants, which will

evaporate it, or

enhance percolation

e to groundwater —

g o permeable
B e st s pavement, rain
gardens and

wetlands, green

roofs

Qs rounds
Monards didyree  Chelone glabes regqaliz ) 7
{(bee balm) [white turtleheadl  (roval fern) -"E". s




Infiltration
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of natural hydrology

Increased Stormwater Runoff Due to Development
(Increased Imperviousness)

Precipitation

P —— S—
Interception l

PRE-DEVELOPMENT -
Evapotranspirationge

POST-DEVELOPMENT

Transpiration

Throughfall

\f

o o

s Inrr ntact forests and perennial grassland, water is
§ orbed by vegetation and mulch, and there Is
. At a ely little surface runoff. ThIS mitigates

Stormwater

Base flow

Groundwater



b

EMERGENCY

CONNECTION TO

CITY WATER
SUPPLY

|RE SUPPRESSION
STORAGE

APPEAL
Loes
CONSULT
STATE
DEPT.BF HEALTH

5660 5640

CONSULT
STaTE
DEFT. OF HEALTH

MECHANICAL
COOLING

POTABLE WATER
SINK/SHOWER

E

APPEAL
LozaL

TREATED
WATER STORAGE

S0-a00840

»
WASHING
MACHINES

“—

wH

APPEAL
Lol
CONSULT
STATE
DEPT. OF HEALTH

POTABLE WATER
DISHWASHER

IRRIGATION

\f_
L

BYPASS SEWER

"o
BYPASS SEWEF
CONNECTION

CONNECTION TO

nnnjeng CITY SEWER

connECTION
CONSULT black CONSULT
HbL o 3
e B T £ R O (PP
) oreass sewi
CONSULT 03 COMSULT
STATE u 8 STATE
by oEy
LIVING !IIACHINE EMERGENCY

Achieving Water Independence In Buildings ,\ OREGON r
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CONSULT PERMIT PERMIT THEATMENT, S S
STATE STATE STATE
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DESTINATION e

i APPEAL LEVEL OF DIFFICULTY
g BUILDING DRAIN {

LANDSCAPING {decorative)
AGRICULTURAL {non-human food)

ROADMAP

* Rainwater
harvesting for
flushing, watering
plants Is
Increasingly
encouraged, thoug
legal obstacles
persist

Generally requires
treatment for
drinking



Iity-friendly building
example

Sewage treatment system
YYYVYTYYY
roaftap garden | | toilet fushing waterless urinals |
roof caphure of rairwaler (500 kK in an awarage year|
WEsIE Waler
Syfonic collection
sysiem
| underground sewage
| collection Enk
primary digester 5
b-filtration E
Treated to E
spacification on
+p— BODS and clorfier ]
suspanded
salids g
w
reclaimed waler
vistar-=fficient fittngs storage tank
T Y vV VY VVEV VY i castading tanks and reed bad 1o
! rEMOVE nuirents
showers sinks basing kfchen | | =
¥

excess water disposal to sewer

W asbwabr b5enageandPechrabnplnk

ilding (2002),FAustraIian Conservation Foundation, Melbourne




Example (continued)

Waterreclamation process
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