
https://www.civilenghub.com/ASCE/128674689/Effects-of-Urbanization-on-Groundwater-An-Engineering-Case-Based-Approach-for-Sustainable-Development?src=spdf


EFFECTS OF URBANIZATION
ON GROUND WATER

AN ENGINEERING  CASE-BASED  APPROACH
FOR SUSTAINABLE DEVELOPMENT

SPONSORED BY

Urbanization Effect s o n Groundwater Task Committee

Groundwater Hydrology Committee

Groundwater Council

Environmental and Water Resources Institute (EWRI)

of the American Society of Civil Engineers

EDITED BY

Ni-Bin Chang

Published by the American Society of Civil Engineers

ENVIRONMENTAL &

WATER RESOURCES

INSTITUTEASCE
EWRI

ASCE

https://www.civilenghub.com/ASCE/128674689/Effects-of-Urbanization-on-Groundwater-An-Engineering-Case-Based-Approach-for-Sustainable-Development?src=spdf


Library of Congress Cataloging-in-Publication Data

Environmental an d Water Resources Institute (U.S.). Urbanization Effect s o n Groundwater
Task Committee.

Effect s o f urbanization on groundwater :  an engineering case-based approach for
sustainable development / sponsored by Urbanization Effect s o n Groundwater Task
Committee, Groundwater Hydrology Committee, Groundwater Council, Environmental an d
Water Resources Institute (EWRI) of the American Society of Civil Engineers ;  edited by
Ni-Bin Chang,

p. cm.
Includes bibliographical reference s and index.
ISBN 978-0-7844-1078-3

1. Urban runoff-Environmental aspects . 2. Urban runoff-Management-Case studies . 3.
Groundwater—Pollution. 4. Groundwater purification—Cas e studies. 5. Sustainable urban
development. I. Chang, Ni-Bin. II. Title.

TD657.E58 201 0
628.1'14-dc22 201002174 7

American Society of Civil Engineers
1801 Alexander Bell Drive
Reston, Virginia, 20191-4400

www.pubs.asce.org

Any statements expressed i n these materials ar e those o f the individual author s and do not
necessarily represen t th e views o f ASCE, whic h take s n o responsibility fo r any statemen t
made herein . N o referenc e mad e i n thi s publicatio n t o an y specifi c method , product ,
process, o r servic e constitute s o r implie s a n endorsement , recommendation , o r warrant y
thereof b y ASCE . Th e material s ar e fo r genera l informatio n only an d d o not represen t a
standard of ASCE, nor are they intended as a reference in purchase specifications, contracts,
regulations, statutes , o r an y othe r lega l document . ASC E make s n o representatio n o r
warranty o f any kind, whether expres s o r implied, concerning th e accuracy, completeness ,
suitability, o r utilit y o f an y information , apparatus , product , o r proces s discusse d i n thi s
publication, and assumes no liability therefore . This information should not be used without
first securin g competen t advic e wit h respec t t o it s suitabilit y fo r an y genera l o r specifi c
application. Anyon e utilizin g thi s informatio n assume s al l liability arisin g fro m suc h use ,
including but not limited to infringement o f any patent or patents.

ASCE and American Society of Civil Engineers—Registered in U.S. Patent and Trademark
Office .

Photocopies and reprints.
You ca n obtai n instan t permissio n t o photocop y ASC E publication s b y usin g ASCE' s
online permissio n servic e fhttp://pubs.asce.org/permissions/requests/) . Request s fo r 10 0
copies o r mor e shoul d b e submitte d t o th e Reprint s Department , Publication s Division ,
ASCE, (address above); email: permissions@asce.org. A  reprint order for m ca n be foun d at
http://pubs.asce.org/support/reprints/.

Copyright © 2010 by the American Society of Civil Engineers. All Rights Reserved.
ISBN 978-0-7844-1078-3 Manufacture d in the United States of America.

https://www.civilenghub.com/ASCE/128674689/Effects-of-Urbanization-on-Groundwater-An-Engineering-Case-Based-Approach-for-Sustainable-Development?src=spdf
www.pubs.asce.org
http://pubs.asce.org/permissions/requests/
http://pubs.asce.org/support/reprints/


Foreword

For the past 50 years the population of the world has increased fro m 3  billion to 6.5 billion, and

it is likely to rise by 2 billion by 2025 and by 3 billion by 2050. Following the current trends it

is saf e t o sa y that the increasing number o f people will dwell i n cities. Thi s will imply rapid

urbanization, acceleratin g lan d us e change , depletin g groundwate r resources , pollutio n o f

surface stream s an d rivers a t an alarming rate , an d decaying infrastructur e a t the sam e time.

Water demand in urban regions would rise correspondingly or even more.

To make matters worse, there is the specter of climate change hanging ove r our heads. During

the last one hundred years the temperature has arisen by nearly 0.6 degree C, and it is expected

to rise by 2 degree C during the next 100 years. This would translate into the intensification of

hydrologic cycle , rising se a levels, mor e variabl e patterns  o f rainfal l (mor e intense rainfall ,

more extremes) , mor e variabl e pattern s o f runof f (mor e frequentl y occurrin g flood s an d

droughts), shorte r snowfal l season , sprin g snowmel t seaso n startin g earlier , increasin g

evaporation, deterioratio n i n wate r quality , changin g o f ecosystems , migratio n o f species ,

changes i n the wa y plant s grow , tree s reacting t o downpours , dryin g u p o f biomass durin g

droughts, and quicker growing and then wilting of crops.

The impac t o n wate r managemen t woul d entai l seriou s ramifications . Large r flood s woul d

overwhelm existin g contro l structures , reservoir s woul d no t hav e enoug h wate r t o stor e fo r

people and plants during droughts, global warming would melt glaciers and cause snow to fal l

as rain , regime s o f sno w an d ice , which ar e natura l regulators-storing wate r i n winter an d

releasing i n summer, would undergo change, and there would be more swings between flood s

and droughts. It is likely that dams, after three decades of lull, might witness a come back.

Current pattern s o f use an d abus e o f water resource s resul t i n the amoun t being withdraw n

dangerously close to the limit and even beyond; an alarming number of rivers no longer reach

the sea : The Indus, the Rio Grande, the Colorado, the Murray-Darling, th e Yellow River-the

arteries of main grain growing areas in many parts of the world; freshwater fis h populations are

in precipitous decline : Fish stocks have falle n b y 30% (WWF for Nature), larger than fal l i n

populations o f animal s i n an y ecosystem ; 50 % o f world' s wetland s hav e bee n drained ,

damaged or destroyed in the 20 th century; in addition to fal l i n volume of freshwater i n rivers,

invasion of saltwater in delta, and changing in balance between freshwater and salt water.

As compare d t o th e globa l wate r resource s situation , loca l wate r shortage s ar e eve n

multiplying; Australi a ha s suffere d a  decade long drought ; Brazi l an d South America whic h

depend o n hydroelectric powe r have suffere d repeate d brownouts-not enoug h wate r t o driv e

turbines; excess pumping of water fro m rivers feeding led to an almost collapse of Aral Sea in

Central Asia in 1980; global water crisis impinges on the supplies of food and other goods.

Water resources situation in the U.S. is facing the same trend with decaying infrastructure built

50 to 100 years ago, i.e., where 17% of treated water is lost due to leaky pipes. In Texas, there

is ongoing drought; ranchers have already lost nearly 1  billion; worst hit are Central Texas and

the Hil l Country ; Decembe r 2008-February 200 9 has been the dries t o n record; 60 % of the

state's beef cows are in counties with severe to exceptional drought; in 2006, drought related
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crop and livestock losses were the worst for a single year, totaling 4.1 billions; effect s ar e long-

term.

The book "Effects o f Urbanization o n Groundwater: An Engineering Case-Base d Approach to

Sustainable Development," edite d by Ni-Bin Chan g i s timely an d addresses a  number o f key

questions gravitatin g aroun d th e interaction s amongs t energy , environment , ecology , an d

socio-economic paradigms . Th e subjec t matte r o f th e boo k wil l hel p promot e sustainabl e

management, wit h du e consideration t o linkage s betwee n regiona l economi c development ,

population growth, and terrestrial hydrologic systems. It states challenges o f and opportunities

for science, technology and policy related to sustainable management of water.

Introducing sustainable development i n urban regions i n Chapter 1 , the subjec t matte r o f the

book i s organize d int o fou r part s encompassin g th e remainin g 1 3 chapters , eac h par t

corresponding t o a  specifi c theme . Th e them e o f Par t I  i s wate r suppl y an d pollutio n

prevention. Stor m wate r management with regional infiltratio n technologies i s the them e o f

Part II. Wastewater treatment an d disposal with nutrient removal is the theme of Part III, and

low impact development with landscape architecture technologies i s covered in Part IV. These

thematic area s cove r th e aspect s fro m th e fundamenta l theor y t o physical , chemical , an d

biological processe s to the coupled human and natural environment, an d to the representation

of simulated evolutionary pathways. The linkage between these themes is thus becoming ever

more important . Model s o f differin g complexit y hav e bee n use d t o stud y a  wealth o f wel l

formulated engineering and management issues with risk assessment implications. Various real

world application s i n eac h chapte r explor e differen t impact s wit h varyin g degree s o f

sophistication.

The book wil l help improv e ou r understanding o f the sensitivity o f key wate r quantity an d

quality management targets to urban development. Th e book is therefore timely an d makes a

strong case for sustainable development an d management. Th e book is well written an d well

organized. Dr . Chang deserve s a  lo t o f applaus e t o assembl e a n excellent arra y o f chapter s

written by established professionals known for their technical contributions.

Professor Vijay P. Singh, Ph.D., D.Sc., Ph.D. (Hon.), P.E., P.H., D. WRE

Caroline and William N. Lehrer Distinguished Chair in Water Engineering

Professor of Civil and Environmental Engineering

Professor of Biological and Agricultural Engineering

Academician, GFA; President, FARA

President, G. B. S. Board

Editor-in-Chief, WSTL

Editor-in-Chief, ASCE Journal of Hydrologic Engineering

Department of Biological and Agricultural Engineering

Departmen6t of Civil and Environmental Engineering

Texas A and M University

ScoatesHall,2117TAM U

College Station, Texas 77843-2117, U.S.A.
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Preface

During th e las t fe w decades , fas t urbanizatio n ha s altere d such hydrologic cycl e an d related

watershed processes that affec t water resources and a range of potential consequences o f urban

development. Thi s urbanizatio n combine d wit h economi c growt h an d improvin g livin g

standards in cities le d to a n addition to the quantity an d complexity o f generated wastewate r

effluents an d stormwate r runoff , whic h interrup t th e hydrologi c cycl e an d endange r th e

structure, function, an d services provided by aquatic ecosystems. The negative feedback s thus

actuate an acute need to enhance fundamental understanding of the complex interactions within

and amon g natura l an d huma n system s du e t o fas t urbanizatio n an d it s relevan t

countermeasures. These countermeasures that may lead to significant impacts on regional-scale

hydrologic processes are basically linked with several disciplinary area s from water supply, to

stormwater management, to wastewater treatment, and to groundwater conservation.

It is recognized that sustainable management i s necessary a t all phases of impact fro m th e

interactions amon g energy , environment , ecolog y an d socioeconomic paradigm s i n huma n

society. T o promote the concept o f sustainable management, thi s unique publication ma y be

capable o f presenting an d applying sustainable system s engineering technologies t o improv e

the overal l understandin g o f th e sensitivit y o f ke y wate r quantit y an d quality managemen t

targets to the types of human perturbations due to urban development. Hence, this book aims to

address the following research topics in the context of the urbanization effect s o n groundwater:

• Wha t ar e th e potentia l impact s o f wate r suppl y o n groundwate r aquife r an d

groundwater recharg e rates , an d how wil l thes e change s affec t groundwate r quality

and/or quantity in both inland and coastal areas?

• Wha t ar e th e regiona l difference s i n stormwate r an d wastewate r managemen t

technologies to urbanization?

• Ho w ca n wetland exten t an d functio n b e incorporate d a s a n integra l par t o f urba n

infrastructure systems, including effect s o n groundwater level?

• Ho w will green infrastructure design philosophy influence the availability o f suitable

stormwater reuse and recharge for groundwater recovery?

• Ho w can process-level model s be improved to better represen t the sensitivity o f key

water quality or quantity management targets to urbanization?

• Ho w will changes i n the lo w impact developmen t strategie s impac t th e hydrologi c

cycle i n term s o f bot h wate r quantit y an d qualit y i n th e nexu s o f stormwate r

management and groundwater conservation?

While focusin g o n th e regiona l an d urba n watershe d issue s necessar y fo r dealin g wit h

groundwater usage and quality endpoints, this book tries to answer al l of the above questions

as much as possible that capture important linkages between regional economic development,

population growth, and terrestrial hydrologic systems.

Ni-Bin Chang, Editor

Orlando, Florida, March 25, 2009
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