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Abstract

This thesis set out to establish the validity of soil covers, in
practical engineering terms, as a safe and economic method of
reclaiming chemically contaminated land.

Initially, it looks at the problems and hazards created by contamin-
ated land, and discusses the various reclamation techniques which

are available,

The CRISP computer model is used to design soil covers for the 1990
garden festival sites, at Gateshead.

This model requires data relating to the suction - hydraulic
conductivity relationship of each soil in any proposed soil cover.

Whilst such data can be estimated from a soils particle size
distribution, such estimates can produce erroneous results. And,
since tests showed that the computer model was very sensitive to
the input data, parameters were determined experimentally when ever
possible.

As there would be limited time available in a commercial design

office to conduct such experiments, emphasis was placed on rapid
and simple techniques.

The suction - hydraulic conductivity relationship for each soil
was determined using the filter paper method, the hanging water
column method and the hot air method.

The equipment and experimental proceedure of the latter method was
improved such that accuracy and repeatability were obtained.

As empirical models such as CRISP are inevitably subject to over
simplification, the models accuracy was assessed by comparing results
obtained for contaminant rise against measured values obtained from
80oil column studies.

Despite the uniform packing of these soil columns, problems were
encountered when trying to obtain a representative sample-of soil.
This was due to the large variation of grain size in the soil .
materials, and resulted in variable water content and sulphate
concentrations being recorded in the soil column experiments.

Whilst it is acknowledged that the CRISP computer model over
estimates the value for contaminant rise in the given soil cover
materials, this over estimate is not consisered to be excessive,

as, in & .commercial environment, the amount of data pertaining to
specific soil materials under design drought conditions would be

limited. Thus this in built error adds an extra margin of safety
to the soil cover design. |
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Chapter One: Introduction

1.1 Introduction

Changing technologies and the subsequent decline of the
older "heavy" industries have resulted in many former

industrial sites being left abandoned, derelict and

often contaminated.

Contaminated 1land may be described as:

(1) Land which because of its former uses now

contains substances that give rise to the principal -

hazards likely to affect the proposed form of

development and which

(2) Requires an assessment to decide whether the
chosen development may proceed safely or whether it
requires some form of remedial action, which may

include changing the layout or the form of

development." (ref 1.1)

Such land is generally found in or around urban +and
industrial centres and is typically associated with the
older "heavy" industries such as metal, chemical- and
energy production, however, land may become
contaminated as a result of a variety of activities

(tabie 1.1).



The contamination

multiple

processes,

history.

Table 1.1

land

Activity
Contaminants

Coal mining/
smelting

Metal
extracting -

Coal gas

phenols,
production

Landfill/
possibly
refuse tips

Sewage
Pb, Cd,
works

Docklands
Cu, Pb,

methane

Arsenal
Cu, Pb,

Pesticide
acids,
manufacture
phenols

use of a site

either

Activities

present

on a site

for a variety

at any one time, or,
which give rise

Example Ref.

Welbeck (1.2)

Lower Swansea (1.3)

Valley

Beckton Alps (1.4)
Sulphates

Willowtree (1.5)

LLane

Beaumont (1.6)

Leys

London Docks (1.7)

Thamesmead (1.8)

San Joaquin (1.9)

Valley,

California

Main

of industrial

Cd, As,

Cu,

Cyanides,

Methane,

Zn,

may be compounded by

over a site's

to contaminated

Fes 2’

Ni, Pb

heavy metals

As,

Zn, Cu, Ni,

As, Cr

As, Cd, Cr,

Ni, Hg,

As, Cd, Cr,

Ni, Hg, B
phenoxy

chlorinated



For example, since the early 1700's the site® of the
Woolwich arsenal, Thamesmead, (ref 1.8) "has been used
for the following activities:

Heavy machine shop and forging works

Non ferrous metal foundries

Cadmium and other metal plating

Town gas manufacture

Laboratory testing of paints

Manufacture of acetylene

Testing of weapons and explosives

Destruction' of explosives by burning

Destruction of incendiary devices

Storage of coal stocks

Dumping of waste products from the gas works

Dumping of industrial waste

Each of the above was founded on the waste of the
preceding activity and, during its lifetime, added its
own waste to the layers of those deposited by previous
occupiers. -

This point is further exemplified in figures' 1.2 to 1.6,
which show the development of a site in Bristol (figure
1.1) from 1769 (figure 1.2) to 1905 (figure 1.6). In
1769 a copper refinery existed at the southern end of
the site, however the tithe map of 1840 (figure 1.3)
shows no sign of any industrial development. Ten years

later (figure 1.4) both a copper works and a tar works



had been founded on the southern section of the site.
The first industrial development evident at the northern
end of the site appears in 1880, and consists of a
chemical works and a brick and tile works, (figure 1.5),
and by 1905 (figure 1.6) the majority of the site had
been given over to chemical manufacture and tar

distilling.

It 1is difficult to estimate the amount of contaminated

land in the U.K. as there has not been a detailed survey

of land in this category. A recent estimate by the

Department of the Environment (DoE) suggests that there

is approximately 12,500 hectares of contaminated 1land in
England, and possibly 7,000 hectares in Scotland, which
is currently available for reclamation (ref 1.10). A
similar survey in Wales identified more than 700
potentially contaminated sites, representing an area 1n
excess of 3,787  hectares (ref 1.11). As land which is
probably contaminated, but still in active use, was

excluded from the survey the above figures are an

underestimate of the total amount of contaminated 1land.
Obviously the problem is more widespread than is

generally recognised.
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Figure 1.6 Site map 1905
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Initial reclamation of derelict, and often contaminated
land, resulted from the introduction of green belts and
the 1ncreasing need to preserve agricultural land. This
meant that new development land was at a premium,

therefore derelict land was redeveloped as a cheaper

alternative. More recently however, the laws protecting
agricultural land from development have, to a large
extent, been repealed, and today, environmental pressure

and increasing public awareness to the problems created

by contaminated land are the main reasons behind

reclamation.

Early reclamations, such as that at Thamesmead, the

former Woolwich Arsenal, (ref 1.8) and Beaumont Leys
Sewage Farm, Leicester, (ref 1.6) encountered a number

of difficulties arising from the presence of toxic
substances which had resulted from the previous land
uses. In both cases large scale residential developments
had been planned. The Local Authorities concerned
approached Central Government for advice on advice on

how to reclaim the sites, since there had been little

experience 1n this field.

In 1976, the Interdepartmental Committee for the
Reclamation of Contaminated Land (ICRCL) was set up to
co-ordinate advice on contaminated land. The Committee

included representatives from the DoE, the Department of

Health and Social Security, the Welsh Office, the Health

11



and Safety Executive and the Ministry of Agriculture,
Fisheries and Food. The Committee had four main work

areas (ref 1.12):

(1) To provide information to Local Authorities and

private developers dealing with contaminated land

(2) To publish information which could guide
developers. As a result a number of guide line

papers were published (refs 1.13 to 1.19)

(3) To initiate research into areas of contaminated

land where little was known or understood. This

research 1included the following:

The behaviour of contaminants under certain types of

remedial treatment 1in relation to metal uptake by

plants (refs 1.20 and 1.21)

Engineering methods of reducing metal levels 1n the

soil (ref 1.22)

Problems of contaminant migration (refs 1.23 and

1.24)

Performance of past reclamations (ref 1.25)

A number of other related topics such as

12



combustibility of fill materials, problems created

by methane and a review of in-situ treatment

options for use on contaminated land were also

studied

(4) To bring the subject of contaminated 1land into

open debate.

Perhaps the most important product of the Committee was

the definition of "trigger <concentrations” for certain

contaminants (table 1.2). These are the maximum

permissable levels below which a site 1is considered safe
to develop. Sites containing  higher levels of
contamination should be investigated further to

determine whether or not remedial action or some form of

reclamation is required, or whether the land's allowable

land use has to be restricted to a relatively non-

sensitive development.

The ICRCL was involved in the organisation of the
Society of Chemical Industry Conference (1979) on the
Reclamation of Contaminated Land (ref 1.27), the first

of such specialist conferences 1in Europe.

In November 1981 NATO/CCMS (Committee on the Challenges

of Modern Society) began a pilot study on contaminated
land. Seven countries were represented on the Committee

(Canada, Denmark, Federal Republic of Germany, France,

13



Table 1.2 Tentative "trigger concentrations” for contaminants

associated with former coal carbonisation sites
(ref 1.14)
Contaminants Planned Uses Trigger
Concentrations
(1)
Coal Tar (2) Domestic gardens, amenity areas 200
Public open space 500
Industrial (no landscaping) 5,000
Phenols Domestic gardens and all other J
uses with mains water services
All other uses 100
Free Cyanide Domestic gardens, amenity areas, 50
open space
Industrial (no landscaping) 500
Complex Any use where plants are to be 50
Cyanides grown
Thiocyanate All uses 50
Sulphur All uses 1,000
Sulphide All uses 250
Sulphate (3) Residential, industrial and 1,000
commercial developments with no
landscaping
All other uses including 200

domestic gardens, open space and
landscaped areas

Notes (1) all wvalues are expressed as mg/kg air-dried
soil

(2) these values do not take 1into account the
possible hazard to skin contact

(3) See also BRE Digest 250:1981 for requirements
for protection of concrete against sulphate attack

(ref 1.26)
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Netherlands, U.K. and U.S.A.). Each was assigned one or
more study areas. The aim was to draw on each country's
knowledge and experience of the problems created by
contaminated land and the different reclamation
techniques wused by each country. The following fields

were examined:

In-situ treatment of contaminated sites

On-site processing of contaminated solls
Covering and barrier systems

Control and treatment of ground water
Rapid on-site methods of chemical analysis

Long term effectiveness of remedial measures

Toxic and flammable gasses

Exchange of information between study groups was

co-ordinated by the U.K. as the host nation. The

Committee's findings and recommendations were published

in 1985 (ref 1.28).

1.2 The Hazards of Contaminated Land

A number of immediate or potential hazards can arise
from the re-use of chemically contaminated land. In a
series of guideline papers (refs 1.13 to 1.19) the ICRCL

has identified the following:

15



(i) The effect on vegetation

As plants take up moisture from the soil they also
absorb nutrients which are 1in solution. On

contaminated land the nutrients in the soil water
may be in excess of the levels required for healthy
plant growth. In such cases some substances

(especially heavy metals) are toxic to plants or may

retard plant growth, cause foliage to become
discoloured, and ultimately cause the plant to die.

A recent example of this occurred at a site 1in
Tyneside, (ref 1.29) where the presence of
sulphates, phenols and 1n some cases free cyanides

at the soil surface caused large patches of the

grass cover over a former gasworks site to die off

completely.

Whilst such effects are undesirable and unsightly
they are more of a nuisance than a hazard 1in the
true sense of the word. More dangerous are those
cases where plant species which are able to tolerate
elevated levels of absorbed contamination in theilr
foliage and fruit. Lettuce, amongst the normal
domestic crops, 1is especially able to do this (ref
1.30). Obviously when such vegetation is consumed by
man or animals a direct hazard is introduced to the
food chain. An example of this situation occurred at
Beaumont Leys sewage farm, Leicester. Sewage sludge

from the farm was applied to parts of the

16



surrounding agricultural land, however, -this was

later found to contain high levels of metals,
especially lead, cadmium,; nickel, zinc and copper
which had been adsorbed by the soil. The discovery

of these high levels of metals led to a complete:

re-castt of the local authorities development plans -
for the area (ref 1.31)

Originally the authority had planned to build houses
with private gardens, and to incorporate- .
recreational, shopping and industrial areas. Upon
investigation- it was found that the 'areas ' used for

sludge ' spreading (more than 80 ha.) were so-

contaminated with cadmium and lead that: domestic
housing was out of the question. The area was
therefore zoned for lower-risk activities  i.e.-
industrial areas, parks. and a shopping -centre. On
the remainder of the site contaminant Ilevels: were
found to be more acceptable. Research on the site
showed that there was no risk of -cadmium or lead
poisoning even if the .area were used for domestic
housing with private gardens, though it was agreed
that all top soil with -a cadmium concentration
greater than 7mg/kg would be removed and the
remainder mixed with fresh top soil - to reduce: -
concentrations to acceptable -levels (ref 1.6),
‘eventually it was found that- this approach was
unnecessary -as the contamination was only present

in ‘the .surface - layer of the soil. This -was therefore

17



removed and the site declared safe to develop.

(ii) The direct effects on people.

Obviously direct ingestion of contaminants is
hazardous. Whilst this 1is not generally a problem
with most people, there 1is a group (especially young

children)  who do suffer from pica (ingesting

non-food materials) and are therefore at risk even

when only quite small amounts of contaminated soils

are ingested.
More widespread are the risks associated with

handling or inhaling contaminants. Acid contaminants
(eg. phenols) can severely burn and blister the

skin, whilst prolonged exposure times can result in
digestive disorders, affect the central nervous
system and may be carcinogenic. Inhalation of tars
or asbestos c¢an cause cancer, especially where
exposure times are prolonged. The inhalation of some
gases 1i.e. hydrogen ' sulphide, carbon monoxide, or

hydrogen cyanide can be fatal.

(iii) Chemical attack on building materials.
A range of contaminants are known to attack building

materials, For example, sulphates attack and weaken
concrete foundations and structures (ref -1.26), oils
and - tars corrode metals and attack a range of

Polymeric materials and phenols migrate through the

walls of uPVvC pipes and may therefore contaminate

18



water supplies.

As such attacks would normally; occur below ground

they are difficult to detect until some failure |has

occurred, this could prove disastrous, (i.e. if the
collapse of a block of flats resulted in substantial
loss of life). A particular - difficulty in such cases

is that contaminant attack on building materials 1s
a relatively slow process, thus adverse effects may

not become apparent for tens of years after

completion of the development.

Perhaps the earliest recorded case of chemical
- attack on building materials occurred on a housing
development at Lekkerkerk, Holland-: -(ref 1.32). -~ The
housing development had been constructed over a
series of drainage ditches which had been infilled
using domestic and industrial refuse.” The housing
- programme was completed 1in 1975, . however, by 1978 - -
abnormally high numbers of burst pipes -had been
recorded. Upon investigation - it became ‘'obvious that
- not only had buried pipes been weakened by racid
attack, but also, the water supply had been:
contaminated by unacceptable levels - of phenolic
-substances. and, more importantly, liquids and gases
(eg. toluene and xylene) had collected: in ‘the creep
spaces beneath-: housing units and presented explosion
- risks. ‘ op e
The cost of repairing the damage and removing the

source of the problem (the fill material) was in
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excess of $65 million.

Long term research to identify the nature of
contaminants and the rate of contaminant attack on
widely used building materials has been commissioned by

the Construction Industry Research and Information

Association (ref 1.33)

1.2.2 Summary

Contaminated land has only been recognised for

relatively  few years and the research so far has been
limited. ¥ Thus whilst we know that some particular

contaminants are hazardous and have trigger levels
(table 1.2) defined for these by the ICRCL, (ref 1.14)

it has to be openly admitted that the hazard ratings for
a whole range of chemical substances 1is as yet not
clearly understood. This is especially understandable
when one considers that the direct hazards to people
posed by particular contaminants cannot be proved by
experimentation on human subjects, and that the problem
of long term exposure to very low (in a chemical

analysis sense) concentrations of chemicals may well
take scores of years to quantify.

Thus chemically contaminated 1land has to be accepted as
potentially  hazardous, a fact recognised by the latest

DoE/Welsh Office joint «circular (ref 1.34) on the
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subject. This circular indeed emphasises the problem by

including the following phrases:

That the hazards . "may be a direct threat - to health

and safety"

and that "a balance has to be struck between the

risks and liabilities and the need to bring the land

into beneficial use"

This emphasises that whilst the re-use of old .industrial

derelict sites is a national policy and priority, care

has to be taken to ensure that such re-use does not

entail hazards to future generations.

The obvious conclusion 1is that all methods of reclaiming
such land have to be .rigorously evaluated to

(a) Ensure that they include definable saféty

measures

and (b) remain. safe for -the likely period of the

site's re-use.

1.3 Avaiiable Reclamation Methods

1.3.1 Introduction

There are a variety. of - reclamation methods available to

developers. - Essentially they involve excavation, or

21



treatment, or encapsulation or a combination of any of
these. In the U.K. one variety of the encapsulation

method, the soil cover, is the most favoured technique

because of its relative cheapness and ease of

installation. However it does leave the contamination
in-situ, albeit beneath a "clean" soil material. The

Dutch authorities prefer treatment methods which either
destroy contaminants or fix them in the ground in a
harmless state. Such treatment methods can however be
time consuming and expensive and may be declining 1n
popularity in Holland because of national economic

factors (1.35).

To a large extent the type of reclamation method chosen
will depend on :

(i) The contaminants present

(ii) The scale of contamination

(iii) Availability of funds

(iv) The proposed end use of the site

(v) The local conditions

1.3.2 Excavation

Perhaps the most obvious solution to contaminated land
is to excavate the offensive materials and deposit them
in a more suitable place, such:'as the hazardous waste

tip at Pitsea, Kent. The practicalities of this method

however often preclude its use. Where near surface
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ground water tables exist a site would have to be

drained prior to excavation. A similar situation existed
at Redheugh gas works site, Gateshead (Ref 1.36), where

the river gravels (figure 1.7) contain ground water

under such "a high artesian pressure head that removal of
the contaminated industrial fill (and the load it
imposes) would allow the artesian water to break through

the thinner zones of the clay stratum and flood fhe

site. Thus excavation was not a feasible option in this

case.

Frequently there is no sharp edge to the contamination,

it is therefore difficult to assess where exca\;;ai:ion
should be terminated. This problem may be compounded if
mobile contaminants have moved off site to adjacent land
or beneath existing buildings.

Assuming that it is practical to excavate a site it 1s ’
then necessary to find a suitable - disposal site, and a
cheap fill material to bring the site back to the
required level. The cost of moving the excavated

material and the new fill material may be prohibitively
high, for example, infilling a 16 ha. site to a depth of
one meter would require 160,000 cubic meters of material
and 20,000 to 25,000 vehicle movements between the
source of fill and the site (ref 1.8) Assuming the same
amount of material had to be removed from the site then
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