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Preface

You have just opened the new, updated edition of the book “In Situ So1l and
Growmdwater Remediation: Theory and Practice’. Congratulatioms. If 15 gemunely
worth readmg. In this tme where almost everyone uses the mternet and Wikipedia,
publishing a standard text book on m situ soil and groundwater remediation fills me
with pnde.

About 30 years ago Jolm Vijgen first head of the Soil and groumdwater remediation
department at TAUW and a visionary man recnuted me for the task of developing
mnovative techmaues as an altemative for remediation by excavaton. Whale
cooperating with Frank Spun) and Charles Pyjls, authors of the first edition of this
book, this 15 how I started my professional career.

Since then 25 years have passed and the proneenne days are over. Learming by tnal
and erTor, young enginesrs became experts and in situ remediation became a mature
workmg field. In thas bock, the knowledge and expenence they accuured 15 presented
n a very accessible way. This dnve for knowledge transfer 15 charactenstc for the
people m this field.

I am proud of what has been achieved in more than 25 years and grateful that we have
contmued to have chients grving us the trust to keep mnovating and teshng new
technologies at their sites. Chents who dared to mwvest, shck out their necks and share
mn the publication of the results. We treasure our long-term relationship wath them

Another crucial factor for the success of n situ remediation was the open mindset of
the authorities who dared fo accept innovative, umproven technologies and were able
to make the transihon towards nsk-based stratemes. It was the interaction between
problem owners, competent authonties, and TAUW that made this book possible.

But above all I am proud of the authors of this book. Dedicated people who wrote this
book in their own fime. They are members of the TAUW fanuly who wrote lustory by
their dedication to m situ remediation and who are intemationally recognised experts
mn their field A big thank you1s m place. They represent the tie nature and value of
TAUW.

Annenmeke Nyhof, former CEO of TAUW Group
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Introduction

Some 4.6 billion years ago Earth was created by agglomeration of matter from owr
solar system. Owr planet could not sustain hfe dunng 1ts early stages because of its
hot, constantly (and violently) reshaped surface. As Earth slowly started to cool down,
a crust of solid rock was formed on 1ts surface. Water on owr planet onginated from
erther ice travelmg via mcoming comets and asteroids or from mienal nuineral
hydrate sources; water remained at the surface, which played a key role m the
development of life. Water affected the top layer of the surface and redistnbuted it.
On the sk of the earth hife developed in the water and later on in the top few meters
of the newly shaped soul. Life soon spread throughout the whole planet. In modem
times, nimankind developed and quickly mhabited the surface, and m the process
changed the face of the earth.

Soil and (grovmdwater played a vital role in the development of bife on earth. It 15 the
basis of our own existence and of all life that has developed on land At the begmming
of hnuman development, civilisations came and went due to their use and misuse of
land The management of land was crucial to survival. Peoples that were able to
manage land by imgation and who had become acquamted with agneulture,
developed more quuckly than others. Those who were not able to manage land
because of local conditions, depended on seasonal weather fluctuations and sustamed
life in close connection with nature, with all 1ts benefits and drawbacks. Owver the last
250 years, the predonunantly western, agneultural civilisabion has developed mfo an
mdusinahized one, durmg which land resources have increasingly been exploited.
Accessible natural resources such as coal and ron and later o1l formed the basis of the
mdusinahsation process. The nuning and use of petroleum hydrocarbons as well as
salt electrolyhically converted mto chlonne, formed the basis of modem chenmeal
mdusiry. The chenueal industry and the energy sector produce chenmeals that are
distnbuted all over the world as a result of thewr widespread demand. In some parts of
the world exhaustive use of resources has severely distupted ecosystem development.

The mdustnal development has been beneficial to many m the developed world and
has improved the quality of life. With the mdustriahsation and the mtensive use of
soil, the appreciation of soil m developed societies also changed And as cralisations
grew, bullding space and the emvironment became a valuable commodity.
Environmental awareness developed m the last decades of the 20th century when 1t
became all too clear that ar and water were to be seen as vital elements of our
ecosystem. That what 15 beneath us — the soil —was of lesser interest We have
travelled more than 7 bilhon km mto space with the Voyager missions, but we have
remarkably hitle knowledge of the soil beneath us.

Chenucal production processes and the ammdant use and spillage of chenmcals have
caused substantial damage to the soil. Dumpmg chenucal waste m scil was an
accepted method of disposal. Nobody thought of the difficulties of reversing thus
process, nor of the fimdamentally different approach that 1s requured for soil clean up
compared to contaminated air and water treatment.

When 1t became apparent that cur housing environment was threatened by soil
contamination. concemns arose about the heritage that our modem industrialized
soclety was going to leave belind The well-known Lekkerkerk case of 1980 m The
Netherlands — so1l and groumdwater umdemeath some 300 houses m the small town of
Lekkerkerk were strongly contanunated and the entire area was excavated at huge
costs — nggered confaminated soil and groumdwater policy development throughout
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Westemn Europe, mcluding the question of hability. The “polluter pays, unless ...
prnciple was mireduced and policies were developed to enable a quuck and complete
cleamup of confamination. The Dutch ABC values became a worldwide reference for
assessing soll and groundwater contamination and remediation. The first soil
remediation techmgques, usually consisting of excavation of mpacted soil, sheet pile
1solation and pump & treat, were based on principles of el and construction
engineering. Although these are fairly reliable and robust technologies, they are in
many cases mmpracticable andpm]:lihmw‘rj expensive.

The scandals that ensued, tnggered assessment activities, which established that most
histonic and cumrent mdusmal activities both pose a nsk to, and have caused soul
contamunation. Soil contamination at a discemable scale 15 at least as old as the
F.omans, who left us with copper contanmination in the soul as a result of their urban
and military activities: copper was used as a base metal in bronze for the production
of weaponry, kettles and coms. It became clear quuckly that the full recovery of all
soil contammation using traditional civil technologies would be impractical. As an
alternative, m sifu treatment technologies were developed. These technologies are

based on chemical, physical and biclogical principles that are able to remove, degrade
or immwohbilise contaminants. By changing the emvironmental condiions and
miroducmg air, energy of specific chemucals mnto the soil, m situ practiboners can
influence the behaviour of contaminants and bactena.

In sifu technologies have been applied m so1l remediation for more than 25 years now.
Some of them have developed mto state-of-the art techmques. However, because of
the slow rate of biological and diffusion processes mn soul, the houited accessibility and
heterogeneity of the subsurface, and the mpossibility to mutate soil processes on a
large scale m the laboratory, the leaming process is slow compared to other fields of
science. Knowledge transfer 15 therefore a vital element n accelerating the
development and acceptance of new strategies and technologies: conferences and
publications enable the transfer of new msights and expenences.

The objecoive of this book 15 to supply the interested reader, scholar and stodent with
an overview of the theorefical backgroumds, the current state of the art and the
pracoical application of n s1fu so1l and groundwater remediation technologmes. It
provides consultants with a reference to assess the feasibility of technologies and
applicable strategies, pracifioners with an maight mto relevant processes, and
authonties with examples of applications and points of attenbon for design,
mmplementaion and operation.

We belbeve it 15 of nimost mpoertance to understand the processes that govern
contanunant fate and transport m so1l and groundwater. Chapters 2 to 5 of this book
therefore start with a theoretical desciption of the processes that determine the
dismbution of contanunants over the vanous soil compartments and their physico-
chenucal and biclogical behaviour in seil. In Chapter 6 an overview of technologies 1s
presented while in Chapters 7 to 9 the individual m sifn technologies are descnbed m
more detail. State-of-the-art technologmes and relatively new developments are
described based on ther removal charactenistics. In Chapter 10 the practical
applicaion of the technologes and ther combimation mto complete remediation
strategies 15 described. Chapter 11 presents real-life cases to demonsirate the
effectiveness and limitations of m sifu technologies. Finally Chapter 12 presents a
high level overview of lessons leamed m more than 25 years remediation practice.



