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“The capacity of a population to
safeguard sustainable access to
adeguate quantities of acceptable
guality water for sustaining

What is Water 'ﬂ_ livelihoods, human well-being, and
Management'p ¢ socioeconomic development, for

|~ ensuring protection against water-
(UNU 2013) L. borne pollution and water-related

, 4 disasters, and for preserving

¥ ecosystems in a climate of peace

~"~and political stability”







USE Vs. CONSUMPTION

USE CHANGES WATER QUALITY CONSUMPTION CHANGES STATE
FROM LIQUID TO VAPOR
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Volume of water
used to produce a
product, at all
steps of
production chain
at the place of
production

Does not separate
use and
consumption.

When a product is
exported, was the
water traded?




Horses for Courses
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Figure 1. Hierarchy of water requirements
(inspired by Abraham Maslow's (1908-1970) hierarchy of needs)




) GREEN WATER

Quantity:

Blue water - Can be extracted and used
where

BLUE WATER
Green water — to be ‘consumed’ in situ

Water, atored in the soll and used by plants, aguals /oo walen
Runoff and deep drainage, groundwater and feeding streams. equals Ulue waler

rrrg— i Quality:
Freshwater Vs. Grey water and Black wa
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Fig. 1. The Maipo river basin network.
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“Efficiency”
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Consumed fraction
Neutral N .
* Beneficial consumption

terminOIOgy J * Non-beneficial consumption
for all
sectors

o Non-consumed fraction
i « Recoverable
* Non-recoverable



Watershed:
Natural
unit of land
from which

water
drains into
a common

outlet.

Hydrologic Cycle ¢

The Hydeologic Cycle {aiso called the Water Cycie) i3 the continuous
movement of water i the a7, on the surtace of and below the Earth

Transpiration

From Plares & Tress

Infiltration

Percolatio

Soil/Porous
Earth

Ground Water

Precipitation

Human activities that alter the water cycle:
* Atgraon 3 Aamusptam
« Constructen of Usms
 Daforastiion and AYorataton
* Waaler Atetraction from Rvens

Sublimation
From Saow % Vaper
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Subsurface

Flow
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Deposition

Bedrock

Evaporation Percolation

Condensation
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Precipitation

Copyright
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Overlaying
Hydrology
and Water

____________________

|
Environmental : Crop
flow ! transpiration
i Water stored in
' commodities
Storage !
change |

Irrigation
losses

q

Management

Beneficial

Interception

1
Downstream I .
[ evaporation

releases !
, Water

ﬁo"uﬁon
! Soil/water
; evaporation

Non-consumptive Consumptive

Drainage

Non-beneficial




Management Should focus on..

Consumed Non-consumed
fraction fraction




Infrastructure Development
& Hydrology




Design
Storm
Hydrology
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Event-based hydrology

For design of drainage infrastructure - Culverts
Short catchment response times : 1-2 days
Simulate 2, 5, 10, 20, 50, 100-year return periods

Design events (synthetic):

* Peak flow determination - no overtopping in 1-in-100-
year event + freeboard

* Free flow in 1-in-5-year event

Methods Used:

* Rational Method (extended to include time)
* Unit Hydrograph Method (UHM)



FIJI : Nadi

Flood
Alleviation
Project
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(2Retarding Basin A: A=35ha
@rRing Dike: ®Rebuilding of Bridge:  (TRiver Widening: L=13km  Retarding Basin B: A=178ha
L=1.8km L=108m el

(Z)Rebuilding of Bridge: L=96m
@surrounding Dike: L=4,5km
BiShorteuts: L=0.5km

Component

) IRiver Widening
Retarding Basin A, B

srrounding Dike

4) IRing Dike
Shorteut in tributaries

Bl |[Rebuilding of Beidges

* Event based hydrology (response time 1-2 days)
* Simulate 2, 5, 10, 20, 50, 100 year design events
* Include climate change

* Estimate expected annual damages

e Search for combination of interventions which result in
greatest EIRR or optimal B/C ratio




Faisalabad
and Gojra

Motorway,
Pakistan

58.2 KM motorway
239 culverts
Runoff will be altered

Potential for inundation is high
* Increase in infiltration and bare soil evaporation
* General gradient follows the direction of the Motorway




Continuous
hydrology
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Simulation/Analysis duration : 10 — 100 years
Rainfall based on long-term gauged records

Groundwater, soil moisture and
evapotranspiration important processes

Statistical analysis of simulated flow

Examples include;
* Yield analysis for reservoirs
» Stormwater inflow into wastewater system

For design of drainage infrastructure (volumes)
* rainwater harvesting
e stormwater retention basin



Tina River Hydro Project

Table 5-2 Monthly flow at damsite (15 J une 2010 to 21 September 2013)

Average monthly | Minimum recorded | Maximum recorded
flow at dam site (méjs) (mek)
15 MW Plant T
‘ 13.87 5.97
* 53-meter-high dam, at 122 masl|

6.55 233.54
141.84

* Increased evaporation losses:

201.50

* The reservoir will have a surface .

area of about 0.28km?2
‘ | =5 |
. . . September 2 g 220.06
* The duration and magnitude of high . -

pulse will be reduced and postponed
e Mean flow: 11.5 m3/s
e Range: 18m3/s and 2.4m3/s.



¢ Sediment Removal
* |ncrease infiltration

* Restoration of Embankment Slope
* Reduce seepage

* New Drainage Channels

REStoration * Increase in recoverable fraction

WOka for * Improvement of inspection road
Ca nal * Reduce infiltration

* |ncrease run-off

Embankments

Indonesia R PTG

FI Max. Tm
oW

Concrete Sheet Pile, where necessary

"




Upgraded
Balloki
Barrage
Complex
Pakistan

Safe capacity increased from 1 in 20 years to 1 in 100
years flood.

The new head regulator of Balloki—Suleimanki link diverts
264 m3/s.

The LBDC

* the maximum operational discharge was at 244
m3/s.

upgraded to take full sanctioned discharge of 278
m3/s in 201 km.

BALLOKI BARRAGE PRE-REHABILITATION DESIGN

provines of Pakistan

Salient Features /

(Pre-Rehabilitation) Divide

Pylon RS

/e 32N Wall \ L ——




Infrastructure Development
& Groundwater Hydrology




Groundwater
Processes

OUTFLOW

4

RAINFALL GROUNDWATER SIDE-SLOPE

IRRIGATION FUMFING RUNCFF

BEDROCHK

INFLOW

<



Impact of Climate Change and Development on Groundwater Processes

No Development Scenario

Unit=GL Rain+Flood] River |ThroughFlow ET Pumping | Storage Change
DRY 32.41 11.45 3.81 48.04 0 -0.37
MEDIUM 38.44 12.52 4.03 55.13 0 -0.14
WET 44.69 13.08 4.29 62.15 0 -0.09
Current Development Scenario

Unit=GL Rain+Flood JRiver Through Flow |ET Pumping |Storage Change
DRY 323 27.92 0.01 33.44 27.87 -1.08

MEDIUM 38.39 30.58 0.23 39.92 28.29 0.99

WET 44.63 30.82 0.77 46.57 28.33 1.32
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Water Productivity vs. Yield

[ ¢ Wheat ® Rice Maize —Logrﬂ.iau_zg}_]
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* Reduced water utilization for agriculture by 38%

* Increased yields up to 36%

* Yield can’t go up without an increase in consumption

SyStem Of RICE * Non-Consumed Fraction has reduced
IntenSIflcatlon » Possible reduction in recoverable fraction
Indonesia
Yield/ha and per M3
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Legend
| — Irrigation canal

— IHE/ADB Study in India
. 25| mm Waterbody
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On-Farm Interventions in Lower Bari Doab Canal Improvement

Raised Beds: Reduces
Non-beneficial evaporation

Laser
receiver

Clli .
! e

Laser Levelling: Reduces detention storage and non-
beneficial evaporation




Thank you.




