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FOREWORD

The Symposium on Geotechnical Aspects of Waste Management was held at Victoria University of
Wellington, 13 - 14 May 1994, The Symposium was another in the continuing series which the New
Zealand Geomechanics Society arrange on an approximately three year cycle.

1990 Groundwater and Seepage Auckland

1986 Pile Foundations for Engineering Structures Hamilton

1983 Engineering for Dams and Canals Alexandra

1981 Geomechanics in Urban Planning Palmerston North

1977 Tunnelling in New Zealand Hamilton

1974 Stability of Slopes in Natural Ground Nelson

1974 Lateral Earth Pressures and Retaining Wall Design Wellington
(Workshop)

1972 Using Geomechanics in Foundation Engineering ~ Wanganui
1969 N Z Practices in Site Investigation for Building Christchurch
Foundations

The subject of this Symposium was selected by the Management Committee as an area of current
interest and development as a consequence of the requirements of the Resource Management Act
and increasing public awareness of environmental issues. Subsequently authors were invited to
prepare papers in various topic areas.

The Organising Committee would like to take this opportunity to thank all the authors for the papers
prepared for this Symposium.

ORGANISING COMMITTEE

May 1994
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J J M Wiltshire, LL.B

SYNOPSIS

The Resource Management Act 1991 has demanded a re-evalnation of whether previous legal provisions
allowing the operation of landfills are adequate. Landfill owners or operators need to be particularly aware of
the requirements which will apply from 1 October 1994. They also need to be aware of the requirement to obtain
all necessary consents and will need to ensure that the consents held cover all elements of the activities they

propose to carry out or continue.

The requirements for landfill sites relate to proposed, existing and closed sites and can be provided for by district
and regional plans, or by appropriate resource consents. New planning provisions or applications will require
consultation with the tangata whenua and local residents. Stringent penalties and enforcement proceedings are

applicable under the Act.

INTRODUCTION

Earlier this year, Wellington's Dominion
newspaper reported on its front page:

"Wellington City Council has applied for
six  resowrce consents for the
$800,000.00 northern landfili it opened
last August but has not been able to use
as intended because it did not obtain the
consenis at the time,"

This report highlights how critical it is to pay
careful regard to the requirements of the resource
management regime and to get it right the first
time. Landfills are inherently expensive, and
legal fees and time delays may prove costly.

The Resource Management Act 1991 has
demanded a re-evaluation of whether previous
legal provisions allowing the operation of
landfills are now adequate, not only in respect of
proposed landfills but also regarding those which
are existing and even those which are currently
closed. Moreover, Regional Councils have new
found jurisdiction over discharges to land, which
is likely to result in a closer scrutiny of landfill
and tip operations.

Landfill owners or operators, or intending landfill
operators, will need to be particularly aware of
the new requirements for discharge permits. In
particular, section 15 of the Resource
Management Act is a stringent provision relating
to the discharge of contaminants into water or air
and onto land. Section 15(1) provides:

"15 Discharge of contaminants into environment

(1) No person may discharge any -
(@)  Contaminant or water into water; or

(6) Contaminant ontc or into land in
circumstances which may resuit in that
contaminant (or any other contaminant
emanating as a result of natural
processes  from that  contaminant)
entering water; or

{c)  Contaminant from any industrial or
trade premises into air; or

(d)  Comtaminant from any industrial or
trade premises onto or into land -

unless the discharge is expressly allowed by a

rule in a regional plan and in any relevant

proposed regional plan, a resource consent, or

regulations.”



(2) No person may discharge any
confaminant info the air, or info or onto
land, from -

(a)  Any place; or

(b)  Any other source, whether moveable or
not, -

in g manner that contravenes d rule in a

regional plan or proposed regional plan
unless the discharge is expressly allowed

by a resource consent or allowed by
section 20 (certain existing lawful
activities allowed).”

Section 15(1)(c) and (d) refer to “industrial or
trade premises”. Under the definition in section 2
of the Act, which includes the storage, transfer,
treatment and disposal of waste material, this
term would encompass landfills.

Section 418 of the Resource Management Act (as
amended by the RM Amendment Act 1993) is a
transitional provision which states:

"1) For the purposes of this Act, section
15(1)fc) [discharges into air] shall not
apply in respect of - ...

(c)  Any use of premises for the storage,
transfer, treatment, or disposal of waste
materials or other waste-management
purposes, or composting organic
materials, ...

within a region, which was lawfully being
carried out before the lst day of October 1991
and was not subject to any licence or other
authorisation under the Clean Air Act 1972 and
any regulations under that Act repealed by this
Act relating to the emission of air pollutants
(within the meaning of that Act), until the third
anniversary of the date of commencement of this
Act, unless a regional plan sooner provides
otherwise.

(14}  For the purposes of this Act, section
15(1)(c) shall not apply in respect of any
of the activities relating to the discharge
of contaminants specified in subsection
(Iia), (b)), and (d) [crematorium,
process specified or described in Clean
Air Act, factory famm] that would
lawfully have been carried out if they

had commenced before the Ist day of
October 1991 and would not have
required any licence or authorisation
under the Clean Air Act 1972 and any
other regulations under that Act
repealed by this Act; and this shall apply
until the third anniversary of the date of
commencement of this Act, unless a
regional  plan  sooner  provides
otherwise.

(1B} For the purposes of this Act, section
I15¢1)(d) [discharge onto or into land]
shall not apply in respect of any activity
discharging contaminants on to or into
land within a region, which was
lawfully being carried ont before the Ist
day of October 1991 and which did not
require  any  licence or  other
authorisation to discharge contaminants
on to or into land under any of the Acts,
regulations, or bylaws, or parts thereof,
amended, repealed, or revoked by this
Aet, until the third amniversary of the
date of commencement of this Act,
unless a regional plan sooner provides
otherwise, "

Thus owners and operators of existing landfill
sites, have had a respite from the requirements of
section 15(1)(c) and (d) in respect of discharges
into air and onto land, and new landfills have not
required consents for discharges into air.
However the holiday is nearly over. Unless these
factors are clearly provided for in regional plans
or regulations and unless procedures are already
in place to obtain the necessary consents, now is
the time to take a hard look at what may be
necessary in legal terms to operate a landfill after
1 October this year.

In this morning's seminar I will focus briefly on
the legal requirements of first, closed landfill
sites, secondly existing sites and finally new sites.
I will also consider the requirements for resource
consent applications, particularly the need for
consultation and the importance of the
assessment of effects. To conclude I will
mention the enforcement and penalty sections
which give sharp teeth to the provisions of the
Act.



CLOSED LANDFILL SITES

With respect to landfill sites which are now
closed, I simply wish to draw to your attention
the fact that if they continue to discharge
contaminants into or onto land, or methane or
other significant discharges to air, discharge
permits will be required under section 15 after 1
October. Consent to discharge contaminants or
water into water are already required.

Existing use rights cannot be relied on as section
20(1) makes no allowance for discharges under
section 15(1), and section 15(1) is not subject to
section 20, Section 15(2), however is subject to
section 20. Therefore existing use rights may be
relied on in circumstances limited to discharges
into air or into or onto land contrary to a new rule
or proposed rule.

I will later discuss the penalties and enforcement
provisions for carrying out such activities, in the
absence of existing use rights, without consent.

EXISTING LANDFILL SITES
Although the Resource Management Act
provides for the continuation of existing

designations, town planning consents and water
rights, the adequacy, extent and term of these
rights ought to be carefully scrutinised to ensure
that they provide adequately for all current or
proposed activities. Do they cover all activities
carried out or proposed on the site, for example
recycling depots, transfer stations, compost
production, or hazardous substance disposal?

Consideration should also be given when
preparing or changing district plans, to the
question of whether it is appropriate simply to
renew existing designations or to replace them
with site specific planning controls. It may also
be necessary to widen the designation or consent
to encompass existing or future activities on the
site. which may not be adequately covered at
present.

In any event, and although the site may already
be designated or have existing use rights for
waste disposal, all existing landfills still in vse

will requir j
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from 1 October. I will shortly discuss the

requirements for applying for these consents.

NEW LANDFILL SITES

Proposers of new landfill sites will first need to
seek land use authorisation. This may be
achieved by way of designation, resource consent
or plan provision.

Although landfills have traditionally been
operated by local authorities pursuant to a
designation, this course may be unsuitable if
there is a possibility that the landfill will be
privately owned and operated in the future. This
is because designations cannot be transferred to a
private operator, as a private operator does not
currently fall under the section 166 definition of a
"network utility operator".  That definition
provides a number of specified roles which will
be considered network utility operators, including
persons undertaking or proposing to undertake
drainage or sewerage systems. There is no
express provision for landfill operators, and one
may conclude from the other specific inclusions,
that the exclusion of landfill operators is
deliberate.

Unless there is a provision in a district plan
making a landfill a controlled or discretionary
activity, or at least providing appropriate policies
and objectives, there may well be some difficulty
in obtaining gonsent to a non-complying activity
for the purpose because of a potential difficulty in
overcoming either of the disjunctive tests of
section 105(2)(b) of the Resource Management
Act.

An alternative course to obtaining land use
authorisation could be for the local authority to
alter the district plan and aliow the landfill as a
permitted or controlled activity (either generally
{(which is somewhat unlikely), or in a special
zone). This could be achieved by either the local
authority, which itself controls a landfill,
initiating such an alteration to the plan, or by a
private operator lobbying the authority for the
same outcome.,  Alternatively, there is now
provision in the Resource Management Act for a
proponent to specifically apply for a change to a
district plan or a regional plan. The advantage of
implementing a plan provisicn in this way is that
it will be available to future private operators.



All consents, designations, or plan provisions
should be wide enough to cover existing and
proposed activities on the site and must clearly
define all land use activities and interferences
with water and discharges. The consent authority
cannot grant more than has been applied for. Nor
can the operator do more than is permitted by the
plan or consent.

As well as seeking land use authorisation,
proposers of new landfill sites will need to obtain
discharge permits from the Regional Council for
disposal of stormwater and contaminants to land,
air and water; and water permits for damming
and diversion of stormwater and leachate.

JOINT HEARINGS

The above requirements for new landfills mean
that authorisations will need to be sought from
both territorial and regional authorities. Section
102 of the Act provides for joint hearings by two
or more consent authorities. Subsection (1) of
that section states:

1) Where applications for resource
consents in relation to the same
proposal have been made to 2 or more
consent authorities, and those consent
authorities have decided to hear the
applications, the consent authorities
shall jointly hear and consider those
applications unless -

(a}  All the consent authorities agree that the
applications are sufficiently unrelated
that a joint hearing is unnecessary; and

() The applicant agrees that a joint
hearing need not be held "

Moreover the Resource Management Act now
provides for joint hearing of resource consents
along with other consents and/or plan change or
designation hearings. Section 103 provides:

(1) Where 2 or more applications for
resource consents in relation to the same
proposal have been made to a consent
authority, and that consent authority has
decided to hear the applications, the
consent authority shall hear and decide
those applications together unless -

(¢}  The consent authority is of the opinion
that the applications are sufficiently
unrelated so that it is unnecessary to
hear and decide the applications
together; and

(8)  The applicant agrees that a combined
hearing need not be held.

2) This section shall also apply to any
other matter the consent authovity is
empowered to decide or recommend on
under this Act in relation to the same
proposal.”

Therefore the issues of land use authorisation
could be heard together with applications for
discharge permits and water permits.

RESOURCE CONSENT APPLICATIONS

Where an activity on a closed, existing or new
landfill site contravenes section 15 of the Act, a
resource consent - in this case called a "discharge
permit" - will need to be applied for.
Applications for resource consents are governed
by section 88 of the Act. Section 88(4) provides
as follows:

"(4) ... an application for a resource consent
shall be in the prescribed form and shall
include -

fa} A description of the activity for which
consent is sought, and its location; and

(b}  An assessment of any actual or potential
effects that the activity may have on the
environment, and the ways in which any
adverse effects may be mitigated; and

(¢} Any information required to be included
in the application by a plan or
regulations; and

(d) A statement specifying all other resource
consents that the applicant may require
Jrom any consent authority in respect of
the activity to which the application
relates, and whether or not the applicant
has applied for such consents; ..."



This subsection is subject to the qualifications in
subsections (5) and (6) of section 88, which are
discussed below.

Importantly, section 104(3) requires an authority
considering an application to discharge to;

“... have regard to -

{a) The nature of the discharge and the
sensitivity of the proposed receiving
environment to adverse effects and the
applicant’s reasons for making the
proposed choice; and

tb)  Any possible alternative methods of
discharge, including discharge into any
other receiving environment.”

ASSESSMENT OF EFFECTS

Amongst other things, every application for a
resource consent must include an assessment of
effects on the environment. That assessment
shall be in accordance with section 88(5) (if the
consent relates to a controlled or discretionary
activity) -

“The assessment ... shall only address those
matters specified in a plan or proposed
plan over which the local authority has
retained control, or to which the local
authority has restricted the right to
exercise its discretion, as the case may
be.”

The assessment shall also be in accordance with
section 88(6) -

“Any assessment ...

(@)  Shall be in such detail as corresponds
with the scale and significance of the
actual or potential effects that the
activity may have on the environment;
and

&) Shall be prepared in accordance with
the Fourth Schedule.”

The Fourth Schedule sets out matters to be
included in an assessment of effects. It states:

"I. Matters that shonld be included in an assessment

of effects on the environment -

Subject to the provisions of any policy statement or
plan, an assessment of effects on the environment for
the purposes of section 88(6)(b) should include -

{ap A description of the proposal:

(b} Where it is likely that an activity will
result in any significant adverse effect
on the environment, a description of any
possible  alternative  locations  or
methods for undertaking the activity;

{(c) Repealed by section 225 of the RMAA
1993;]

(d)  An assessment of the actual or potential
effect on the environment of the
proposed activity:

(e}  Where the activity includes the use of
hazardous substances and installations,
an assessment of any risks to the
environment which are likely to arise
from such use;

includes  the
contaminant, a

o Where the activity
discharge of any
description of -

() The nature of the discharge and the
sensitivity of the proposed receiving
environment to adverse effects; and

(i) Any possible alternative methods of
discharge, including discharge into any
other receiving environment:

(g A description of the mitigation measures
(safeguards and contingency plans
where relevant) to be undertaken to help
prevent or reduce the actual or potential

effect;

(h)  An identification of those persons
interested in or affected by the proposal,
the consultation undertaken, and any
response to the views of those consulted:

(1) Where the scale or significance of the
activity's effect are such that monitoring
is required, a description of how, once



the proposal Is approved, effects will be
monitored and by whom,

2. Matters that should be considered when

preparing an assessment of effects on the environment
- Subject to the provisions of any policy statement or
plan, any person preparing an assessment of the effects

on the environment should consider the following
matters:

(@) Any effect on those in  the
neighbourhood and, where relevant, the
wider community including any socio-
economic and cultural effects:

{b)  Any physical effect on the locality,
including any landscape and visual
effects:

(c) Any effect on ecosystems, including
effects on plants or animals and any
Physical disturbance of habitats in the
vicinity:

(d) Any effect on natural and physical
resources having aesthetic, recreational,
scientific,  historical,  spiritual, or
cultural, or other special value for
present or future generations;

(e}  Any discharge of contaminants into the
environment, including any
unreasonable emission of noise and
options for the treatment and disposal of
contaminants:

[F/] Any risk to the neighbourhood, the wider
community, or the environment through
natural hazards or the use of hazardous
substances or hazardous installations. "

The assessment of effects is important not only as
a requirement under section 88, but also as a
foundation for evidence before the consent
authority, or at the later Planning Tribunal stage.
Therefore it is essential that the assessment
provides sufficient detail to avoid the possibility
of being refused consent or of more detailed and
onerous conditions being imposed than might
otherwise be the case.

PLAN CHANGES

If a proposal is to be advanced by plan provisions
or a plan change, a rigorous examination is

6

required in terms of Part I of the Act, and there
is a specific duty on the district or regional
council to consider alternatives, assess benefits
and costs etc. under section 32 of the Act.

The timing of a Council’s section 32 duty was
discussed by the High Court in Countdowp
Properties (Northlands) [td and Countdown
Foodmarket NZ Ltd v Dunedin City Council (AP
214/93). Except where a privately initiated plan
change is not “adopted” by the council as its
own, a section 32 analysis must be prepared prior
to public notification of the requested change.
Difficult issues are still to be resolved as to the
nature of the analysis required, and the extent to
which a report is required.

CONSULTATION

Consultation with local residents is strongly
advised. Not only can it alleviate many of their
concerns but it could also potentially minimise
the number of objections.

Moreover, consultation should also be undertaken
by the applicant or a plan making body, with the
appropriate iwi. Although the law in this area
continues to develop, a recent case to which I will
refer, has clarified the position to some extent.
While consultation by the consent authority with
relevant Maori groups is not expressly required in
resource consent applications, I draw your
attention to the Planning Tribunal decision in Gill
v Rotorua District Council (unreported Planning
Tribunal 3/6/93 (W29/93)) where the Tribunal
overturned a resource consent on the basis that
(inter alia} adequate consultation with iwi had not
taken place.

The Tribunal in that case held that the Treaty of
Waitangi principle of active protection extended
to a duty to actively consult. The duty was not
merely incumbent on the applicant (who had in
fact gone to extensive lengths to co-ordinate the
views of the relevant iwi) but was held to be a
duty on the part of the Council to actively consult
with the relevant tangata whenna.

It has been more recently held by the Planning
Trlbunal in LLH@M&M&AM@Q

(DemsmnA 10/94) that the Counczlmmm



anthority does not have a duty to consult
(following the reasoning in Ngatiwai Trust Board

v Whangarei District Council & Ors - Decision A
7/94).

These cases do not however diminish the
requirement of an applicant or proponent to
consult (and that would include the Council itself
when acting as a proponent). Nor do they
derogate from the desirability of an adviser to a
consent authority investigating and reporting on
the extent to which a proposal would affect
natural or physical resources which are the object
of a valued relationship with Maori people.

CONDITIONS AND MANAGEMENT
PELANS

Designations, plan provisions and resource
consents will in the current climate almost
inevitably contain conditions as to the design,
operation and management of the landfill. The
consent authority may also wish to incorporate a
management plan as part of the conditions of
consent. It might therefore be useful to include,
as part of an application, possible conditions
and/or a proposed management plan, as this will
make the authority's task easier and make the
authority aware of the type of conditions and/or
plan that the applicant wants.

Alternatively, it could be made a condition of the
consent that a management plan be prepared and
approved by the consent authority or some form
of peer review panel. This was the case in Wagte
Management New Zealand Limited

(and others) v Auckland Regional Water Board
(Decision W71/92).

The detailed and rather rigorous conditions
resulting from the Waste Management case which
concerned a metropolitan major landfill, will not
necessarily be applicable in a different context,
for example to a small rural landfill, or to other
urban landfills in different areas. A cautionary
note is also expressed in the minute to the parties
appendixed to Magcraes Mining Co Ltd v Waitaki

District C 1 and Q Regional _Council
(C14/94), where Planning Judge Skelton stated

that a council has no authority to approve a
management plan outside of the normal statutory
consent procedures. He held that a resource
consent condition requiring preparation and

approval of a management plan would be ultra
vires. Judge Skelton reaffirmed this approach

more recently in Bird v Timaru District Council
(C27/94).

In considering conditions, regard should also be
given to the recent guidelines prepared by the
Centre for Advanced Engineering, although their
relevance to different contexts may need careful
asgessment by technical advisers.

ENFORCEMENT

Part XII of the Resource Management Act
provides for enforcement orders and abatement
notices.

Both interim and permanent enforcement orders
may be made by the Planning Tribunal. Section
314(1) provides:

“(1) An enforcement order is an order made under

section 319 by the Planning Tribunal that may do any

one or more of the following:

(a)  Require a person to cease, or prohibit a
person from commencing, anything done
or to be done by or on behalf of that
person, that, in the opinion of the
Tribunal, -

(i} Contravenes or is likely to confravene
this Act, any regulations, a rule in a
plan, a rule in a proposed plan, a
requirement for a designation or for a
heritage order, or a resource consent ...

(b)  Require a person to do something that,
in the opinion of the Tribunal, s
necessary in order to -

(i) Ensure compliance by or on behalf of
that person with this Act, any
regulations, a rule in a plan, a rule in a
proposed plan, a requirement for a
designation or for a heritage order, or a
resource consent; o

(i) Avoid, remedy, or mitigate any actual or
likely adverse effect on the environment
caused by or on behalf of that person.”



Such orders will inevitably involve expense,
delay and disruption,

decision the Judge said on page 293 of the
sentencing report:

The Planning Tribunal also has the power to
change or cancel a resource consent if the
information made available to the consent
authority contained inaccuracies relevant to the
enforcement order sought, and those inaccuracies
materially influenced the decision to grant
consent. This function is set out in section
314(1)(e). It again emphasises the importance of

“Breaches of these regulations and laws must be dealt
with in such a fashion as to prevent their repetition and
fo foster the principle of environmentally responsible
corporate citizenship ...

The purpose of sentencing an offender is to protect the
public, to deter and rehabilitate the offenders, to
promote compliance with the law, and to express public

careful preparation of the assessment of effects so
as to avoid such inaccuracies and the possibility
of cancellation of the consent,

Similarly, a local authority can authorise an
"enforcement officer” (as defined in section 2 of
the Act) to serve abatement notices pursuant to
section 322. Under section 322(1)(b) such
notices may require an owner or occupier to
cease to act or to act so as to avoid, remedy or
mitigate the adverse effect identified on the
environment.

Failure te obtain consent for unauthorised
discharges or other activities may not only result
in having the offending activities curtziled at
some expense, it may also result in prosecution.
Section 338 of the Act provides that every person
cominits an offence who contravenes or permits a
contravention of (inter alia) section 9 (which
imposes duties and restrictions in relation to land)
and section 15 which restricts the discharge of
contaminants. It is also an offence to contravene
an enforcement order or any abatement notice.
Under section 339 such offences are punishable
on summary conviction by a maximum of two
years imprisonment or a fine not exceeding
$200,000. If the offence is a contimuing one, a
further $10,000 fine for every day the offence
continues, can be imposed,

In the recent High Court decision of
Machinery Movers Limited v Auckland

i il AP21/93, which was an appeal
against a sentence for contravention of section 15
of the Resource Management Act, the Court cited
and agreed with the approach of the Ontario
Court in R v Bata Industries Ltd (1992) 9 OR
(3d) 329; (1992) 7 CELR (NS) 293, calling the
case the “most comprehensive and instructive
consideration of environmental sentencing
criteria which we have found ...”. In the Bata

disapproval of the act ...

There are unigue sentencing considerations to bear in
mind in public welfare offences, but there can be no
doubt that the protection of the public is the primary
consideration in sentencing in this field, "

This approach confirms that the Resource
Management Act places far greater emphasis on
environmental protection and introduces a more
stringent regime of penalties and punishment than
previously applied.

CONCLUSION

Clearly the Resource Management Act leaves no
room for complacency when it comes to the
operation of landfills, particularly as the 1
October deadline for resource congents for certain
discharges is fast approaching. Careful
consideration needs to be given not only to the
legal requirements in respect of new and existing
landfill operations, but also those which are no
longer operative. I cannot stress enough the
importance of thorough and detailed preparation
in embarking on the consent application or plan
provision process, which in the long run will
ensure the smooth legal operation of landfill sites
and will aveid the potential of Ilong term
penalties, and in the short term may reduce time
delays and unnecessary expense which we have
already seen in Wellington.

Although every effort has been made to ensure
the accuracy of the information and opinions
expressed in this paper, it should not be treated as
the basis for forming a decision.



ASPECTS OF EVIDENCE PRESENTATION AT R.M.A. CONSENT HEARINGS

L D Wesley
University of Auckland
Auckland

SYNOPSIS

The presentation of evidence at legal proceedings is an important part of the work of many engineers. It is important
that such evidence be presented in a manner which makes it comprehensible to non technical people. Comments are
made on evidence preparation and presentation, especially in relation to Resource Management Act consent hearings.

INTRODUCTION

The background to this paper is the writers’ experience
as & witness at legal proceedings and as a member of
tribunals or commissions hearing water right
applications for landfills in the Auckland area. The
purpose of the paper is to comment on the manner in
which evidence is presented, as seen from the tribunal
side, in the hope that this may be of some assistance to
colleagues who are involved in preparing and
presenting such evidence. It is a matter of some
concern to the writer that at the end of some hearings
non-technical members of tribunals may still be
struggling to come to grips with the essential features
of the application. This seems to reflect shortcomings
in the way evidence is presented rather than inability
on the part tribunal members to understand technical
matters.,

GENERAL COMMENTS

The purpose of presenting evidence is clearly to
comununicate certain facts and opinions to the tribunal
members, as well as to any other parties who have an
interest in the application. The presenter is therefore
required to communicate with both technical and non-
technical people, and is successful in as much as he or
she achieves this aim.The witness has not been
successful if only technical people understand the
material being presented.

Evidence is prepared in written form and may be made
available to the tribunal prior to the hearing or be
produced at the hearing itself after it has started. The
way in which it is presented at the hearing is at the
discretion of the applicant {or submitter). Most lawyers
acting for an applicant require the evidence to be read
verbatim, and this is generally desirable as there is no
certainty that all tribunal members will have read all of
the evidence prior to the hearing,

Reading technical evidence verbatim is not a good way
of communicating its essential features to tribunal
members, especially those of a non-techical
background, The heavy concentration of technical

material may well render it incomprehensible to lay
people. Other measures are needed fo get evidence
across, In particular, verbatim reading needs to be
interspersed with breaks where brief "ad lib"
explanations are offered to make clear what is being
said, The use of clear simplified diagrams (as OHPsg)
can often be very beneficial as an aid to the explanation
of technical matters. These take time and skill (not to
mention cost) to prepare but if properly done are well
worth the effort,

ADVOCATES OR EXPERT WITNESSES

Technical witnesses are presumably supposed to present
unbiased independent evidence, especially witnesses
who claim to be professionals. This is not easy to do;
technical experts are engaged to assist their clients in
supporting one side of a case, and their neutrality is
jeopardised as soon as they accept their brief. There
are always strong pressures to tum independent
witnesses into advocates. Some appear to make no
attempt to remain independent, others succumb to the
pressures: acting on them, and others manage to retain
their independence and neutrality very well. Tribunal
members tend to be rather bemused by successions of
technical witnesses standing up and presenting
diametrically opposing viewpoints, in some cases with
great conviction and no reservations at all. The writers’
view is that some “expert’ witnesses do adopt the role
of advocates too enthusiastically, and in doing this they
are unlikely to be serving the best interests of their
client, their profession, or the public. (Some people
may well argue that they do serve the best interests of
the public, for by expounding opposite viewpoints
technical witnesses demonstrate their own fallibility and
discourage the public from putting too much faith in so
called experts).

THE USE OF LANGUAGE AND DIAGRAMS

Specialised language is an integra! part of most if not
all specialist disciplines. In some disciplines, the
language used is so obscure as to render the discipline
incomprehensible to anyone outisde it, This may be
because the discipline itself is genuinely obscure or



esoteric, or it may be because those who practice it
wish to portray it as such. In the case of civil
engineering generaily, and geotechnical engineering in
particular, the ideas and concepts involved are not
particularly obscure or esoteric; it can be well argued
that most of them are closely related to the everyday
experiences of ordinary members of the community. As
such it ought to be possible to describe them in
language which makes them comprehensible to non-
technical people. To a considerable extent this is the
case at water right hearings. Much of the evidence is
presented in reasonably clear English without undue
use of technical terms, However, there is always room
for improvement. A few examples may be of value.

The statement "coarse grained highly transmissive
materials will be emplaced up the slopes-—" appeared
at one hearing. The term “highly transmissive”
presumably means the same as "highly permeable”; the
former would sound like jargon to lay people while the
latter would be easily understood. The word "emplace”
is something of a mystery to the writer. Looking for it
in the civil department office dictionary and in my
home dictionary proved in vain;it was not to be found.
The nearest to it was emplacement, which was a
"platform, usually for guns”. The word "emplace” may
be an obscure word, a recent addition to the language,
or the invention of the user. In any case, why use
“emplace” when place is the obvious word to use,

The phrase "zones of elevated hydraulic conductivity”
appeared several times at a recent hearing,. It
presumably has the same meaning as "zones of high
permeability”. The term hydraulic conductivity may
have something to commend it from a technical point
of view but it certainly has nothing to commend it if
those using it wish to be understood by the general
public. Some witnesses have the good sense to always
use the term permeability in preference to hydraulic
conductivity. If witnesses must use complex words in
their evidence, they should at least learn to pronounce
them fluently and correctly prior to hearings; some
witnesses have great difficulty on occasion pronouncing
their own terms (methanogenic comes to mind as a
recent example).

The issue of diagrams is just as important as the
question of language, Drawings prepared for technical
purposes are often rather cluttered with technical
information and may not be very helpful in getting
across the basic concepts which are of most
significance to an application. Conceptual or schematic
drawings prepared specifically for a hearing can greatly
assist non-technical people to grasp the essential
features of a scheme, Fig 1 shows a conceptual
drawing presented at the Mt Wellington hearing to
illustrate simply the concept of a groundwater divide.
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Fig 2 shows a conceptual drawing of the Peach Hill
site, illustrating the essential aspects of ground water
flow.Fig 3 shows a cross section through a proposed
site at Whitford; this is an engineering drawing which
has not been simplified for the purposes of the hearing.
Figs 1 and 2 are clearly much easier to follow than Fig
3.

CONTENT OF EVIDENCE
Accuracy

It hardly needs to be said that evidence should be
reliable, especially evidence of an analytical or
numerical nature. However,in the haste to meet tight
deadlines it is easy for errors and shortcomings to
creep into evidence. Factual mistakes may go
undetected, or a systematic sequence of presentation
may be lost, with the result that the evidence appears
digjointed and uncoordinated. Ideally, evidence needs
to be thoroughly checked by someone not directly
involved in putting the material together in the first
place.

Imaginative or Extravagent Evidence

When no sound technical basis exists by which a
scheme can be opposed there is an obvious temptation
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for technical witnesses acting for opposition parties to
come up with quite unrealistic or totally speculative
suggestions in order to try to discredit an applicants
case. It is possible that the relaxed nature of consent
applications tends to encourage the production of some
highly imaginative and extravagent evidence. In consent
applications evidence is not given under oath and no
cross examination is permitted, so the constraints on
witnesses with fertile imaginations are not great. This
is not intended as a criticism of the present format of
consent hearings; the writer believes that the current
informal atmosphere of hearings is preferable to the
strictly adversarial nature of conventional courtroom
proceedings, Also, the writers’ experience is that
biased and highly speculative evidence is usually seen
for what it is, by both non-technical and technical
members of tribunals,

CONCLUSION

Effective presentation of evidence at legal proceedings
requires considerable care and skill, both in the written
preparation of the evidence and in its presentation.
Expert witnesses should try to put themselves in the
position of those who will hear the evidence, who are
likely to be made up of a range of people from those of
their own background to those with no technical
knowledge at all. Evidence needs to be tailored to
meet the needs of both.



REGIONAL COUNCIL’S EXPERIENCE IN THE MACRAES PROJECT

K J Currie
Wellington Regional Council
Wellington

Synopsis

In 1992, Macraes Mining Company Ltd applied for resource consents in connection with a significant expansion of
This paper reviews aspects of the processing of those

its gold mining venture at Macraes, Eastern Otago.
applications from the perspective of the consent authority.

Introduction

The Macraes Mining Company Ltd operates a gold
mine at Macraes, Eastern Otago. Mining Licences and
Water Rights were issued in 1989 for the project
which commenced mining in 1990. In November
1992 the Company lodged with the Otago Regional
Council and Waitaki District Council applications for
resource consents in connection with a substantial
extension to the project, These applications were
heard by the Councils’ Joint Hearing Committee in
March 1993.

This paper reviews aspects of the consent process from
the point of view of the consent agency, and
concentrates on the consents relating to the extension,

Project description

The initial project which was granted water rights in
1989 was based on an ore resource of 6 million tonnes
and an initial production rate of 500,000 tonnes per
annumn rising to 750,000 to 1,000,000 tonnes per
annum. Two adjacent open pits (25 and 7 hectares)
would be excavated. Gold extraction would be by
carbon-in-pulp leach, with an initial concentration of
ore by floatation for the sulphide ore fraction.
Floatation tailings (5.2 million tonnes) would be
contained in a 95m

high dam in adjacent Maori Tommy Gully,

with concentrate and oxidised ore tailings

(0.9 million tonnes) being contained in a 51

m high dam a little further up the same gully. Some
35 millien tonnes of waste rock would

be used in the dam structures, and placed in

waste rock stacks about the site. Water supply and
storage, and silt control structures were included in the
consented project.

The extension proposal entailed 35 million tonnes of
ore from a series of open cut mines along strike in a
north-west/south-east direction from the original
Round Hill pit. The processing plant, which had in
the interim been increased to process 2.1 million
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tonnes of ore per annum would increase further to 3
million tpa capacity. The significantly increased
volume of tailings would no longer be separated, but
would be mixed and the capacity of the tailings dams
would be increased top accommodate this. The upper
tailings dam would increase to 56 m height, and the
lower tailings dam would increase in height to 120 m.
Additional waste rock stack would be required, as well
as some backfilling of open pits,

In addition to the new consents and variations to
existing consents relating to this extension, the
Company also sought variations to conditions of
existing consents to address operational and
management issues which had arisen since the mine
commenced operations. One key such variation was
sought to change the primary contaminant controls
from receiving-water standards to controls on seepage
characteristics.

Joint consents

Macraes Mining Co sought resource consents and
variations from both the Otago Regional Council and
the Waitaki District Council. It was agreed that the
process would be managed jointly by the two agencies.
A joint team was established involving staff of the two
Councils and their advisors. One legal firm serviced
both Councils and the practice manager of this firm
administered and co-ordinated the joint processing.

The Resource Management Act provides for joint
hearings of consents. In this instance, the joint
processing was initiated in 1991 as soon as the
extension proposal was announced, well before the
applications were lodged in November 1992.

Environmental assessment and aundit process

Following initial discussions between the Macraes
Mining Co and the two consent agencies the
Company, in May 1991, prepared a scoping report



describing what studies and information it proposed to
incorporate in the assessment of environmental effects
to accompany the applications. At this stage, the
consent agencies assernbled an audit team whose role
was to review the scoping report, to review the
assessment of environmental effects, and to provide
advice to the consent agencies.

The audit team comprised a range of relevant
expettise, primarily from Royds Consulting, Davie
Lovell-Smith, Robertson Ryder and Associates, and
the Otago Regional Council. The team and project
administration was co-ordinated for both Councils by
their common legal advisors, Cook Allan Gibson.

Thus the audit team were able to review the scope and
nature of the information to be provided at an early
stage. This was useful in focusing attention on the
key issues, and served to identify areas where further
information was not required.

Over the following 18 months the Company and its
advisors prepared the mining proposals and the
environmental impact information which would
accompany the applications. During this time the
Company significantly modified the proposal on
several occasions. The magnitude of the proposal was
increased; mixed tailings were proposed instead of
separating concentrate and floatation tailings; the
configuration of tailings dams was modified; and an
alternative approach to establishing and monitoring
environmental standards was devised.

Members of the Company team and the consent
agencies audit team liaised extensively during this
period, and a number of technical issues were able to
be addressed as they arose which greatly facilitated the
review of the final information, and the addressing of
issues in negotiations and the hearing. By the time the
applications and accompanying information were
formally lodged in November 1992, it had already
been substantially audited and most issues largely
addressed. This was especially valuable in light of the
limited time frames allowed by the Resource
Management Act for processing applications.

Issue resolution process
The Company consulted with potentially affected
people and organisations before and during the
preparation of the proposal so was able to address
many concerns directly.

Twenty submissions were received when the
applications were publicly notified. Five were in
support. Eight of the submissions in opposition
related solely to the proposal to mine Golden Point,
citing the historical value of the old workings which
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would be affected or removed, and the visual impact
from an adjacent historical reserve,

‘The remaining submissions which opposed applications
generally focused on specific issues. Two however
(Minewatch Aotearoa and Friends of the Earth,
Auckland) included more general opposition to mining
per se. These submissions proved somewhat more
difficult to deal with, particularly as these submittors
did not attend any of the informal discussions, pre-
hearing meetings, or the hearing. As a result the
Company had to approach the hearing on the basis that
all issues were potentially open, so had to justify all
aspects in evidence, despite many having been
resolved with the other parties.

Following the pre-hearing meetings and liaison the
Consent agency team put forward a suite of suggested
conditions which were substantially agreed between
the parties (other than the two referred to above).

The impact of the proposal to mine Golden Point on
visual and historical values was not resolved at the
time of the hearing. The Company proposed a
modified proposition, and withdrew its original
application to mine Golden Point with a view to
submitting a fresh application for a modified proposal.

While the need for a bond was agreed, the nature and
quantum of the bond was not resolved prior to the

hearing, and was the subject of subsequent
negotiations and consideration by the hearing
committee.

Issues

Where to set environmental standards?

In the consents issued in 1989 for the original project,
the primary water quality standards were set in
Deepdell Creek which flows past the site. No surface
discharge of contaminants from the tailings area was
allowed, but any seepage from the gully would find its
way into Deepdell Creek (after a number of years).
Primary water quality standards were set in the creek
downstream of the site.

Further, "trigger" levels were defined at groundwater
monitoring sites in the gully downstream of the major
tailings impoundments. These levels were based on
assumed seepage and groundwater flows and
characteristics and, if exceeded, required the Company
to take appropriate action to ensure that the receiving
water standards were not compromised. Because of
the imprecision of the assumed seepage model,
conservative trigger levels were used, and there was
provision to review the trigger levels in the light of
operational experience.



Receiving water monitoring showed apparent
exceedences of the standards which could not be
explained by seepage of discharges from the minesite.
Probable explanations for these variations inciude:
natural variability in background water quality (which
exceeded initial survey ranges); influence of other
activities in the catchment; difficulties in obtaining a
representative sample; and analytical variations.

Though the standards set were within method detection
limits (using uliraclean techniques), standards for
several species were less than the practical quantitation
level (PQL) for that species.! The PQL’s for some
chemicals as established by the State of New Jersey
Dept of Environment and Energy are set out below in
comparison to the Deepdell Creek Water Right limits,

Constituent PQL (g.m™} W Right
Limit (g.m)

Cyanide 0.04 0.0054

Arsenic 0.008 0.18

Cadmiom 0.002 0.0007

Caopper 0.01 0.0065

Iron 0.10 1.0

Lead 0.01 0.0015

Mercury 0.0005 0.0001

It became clear that the receiving water standards as
established were unlikely to be able to be enforced
unless exceedences were particularly gross, and that
the continued use of standards which do not recognise
PQLs would continue to cause difficulties in
interpretation.

After extensive discussions between the Company and
Councils’ team, the Company included in its proposal
a change from receiving water standards to standards
set on the quality of seepage at a compliance site in
Maori Tommy Gully prior to seepage reaching
Deepdell Creek. A complementary monitoring
programme was established, including monitoring
groundwater seepage further up the gully to detect
seepage contamination sufficiently before it reached
the compliance site to allow remedial measures to be
implemented, The possibility of seepage taking a
preferential flowpath which bypassed the monitoring
bores was precluded by the construction of a grout
curtain across the valley immediately upstream of the
monitoring bores to dissipate groundwater flow,

This approach was endorsed by the Councils’ audit
team, and was incorporated in the final decision.

Post-mining management
Site management must continue well after mining
ceases. This management includes:

* backfilling of some pits and making
all pits safe
covering tailings
re-contouring waste stacks, tailings
dams, site works etc, re-instating
soil profile and re-vegetation

* ensuring long term seepage quality
and quantity is controiled

* maintenance of impoundments,
stormwater diversion channels etc

* monitoring

The consents need to provide for this longer term
management, either at the end of planned mining
operations, or in the event of some earlier cessation of
operations and/or defanlt by the Company.,

Principal elements of the above site management
measures were defined in the proposal. In view of the
evolving nature of the mining project, and
uncertainties over what the communities’ aspirations
for the area might be in 15 - 25 years time, it was
decided to defer details of post-mining management
until nearer the time. Conditions on many consents
require a closure plan (and related consents if
required). Such a condition is:

"Prior to the expiry or surrender of this
consent, the Grantee shall prepare a
management, monitoring and contingency
plan for the future management of diversions
and discharges to the satisfaction of the
Council and shall seek appropriate consents
Jor any ongoing activity identified by the
Resource Management Act 1991 as requiring
a consent.

The objectives to be met at all stages of this
management plan are to ensure the effective
long term containment of the waste and to
protect the Shag River, Deepdell Creek and
its tributaries and uses and values associated
with these waters.

The plan shall make provision for
implementation of the plan.”

Post-operational seepage management is intended to be
a continuation of the monitoring and (if required)

' A PQL is the level at which a parameter can be quantified, irrespective of the laboratory which performs the analysis or, in general, the methods
used for sampling or analysis. Variations between laborateries and errors in sampling and analysis are accounted for by using a PQL,



interception of contaminated seepage by pumping.
This would continue until monitoring indicates that
seepage has attenuated to the point where monitoring
and management systems can be decommissioned,
Alternative seepage treatment and dilution options are
also available,

To ensure that rehabilitation and continued
environmental protection will be effected after mining
or in the event of a default or operational
unavailability of the mining Company, security in the
form of bonds is included in the consents as follows:

Existing Ministry of Commerce bond
$1.5 million - for site rehabilitation at the
main pit area

Resource consent bonds
Bonds for rehabilitation of other areas to be
fixed in relation to annual work programme
, with a minimum of $145,000 specified for
the Roundhill East area

$4.0 million - term of 51 yrs - contingency
for waste nmanagement, tailings
treatment/relocation and related matters

$285,000 p.a - term of 7 years after
rehabilitation - for contaminant and site
monitoring

Flexibility

This project {not un-typically} has been subject to
significant changes. This is the result of further ore
bodies being mined, changes in mining strategies and
techniques, and as a result of operational experience.

Major changes to the mine plan and environmental
management systems occurred while the extension
project was being prepared, and added almost 12
months to the initially projected time for the lodging
of consent applications. These changes included
changes to extent of mining and mining sequences,
technological changes allowing mixing of tailings,
deletion of proposal to deposit tailings in second gully
system, and changes to seepage control and monitoring
systems. The prospect of such changes should be
recognised when establishing project management
systems. Clearly changes which occur late in the
process will incur greater delays and costs than those
which occur prior to significant studies, audits and
negotiations taking place.

Flexibility needs to be also built into the consents to
provide for ongoing mine management, There is a
potential conflict between the desire for certainty and
specificity in the consent conditions on one hand, and
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the desire to allow for modifications to mining
operations and technigues on the other.

In this instance the issue was addressed through
management  plans. The consents prescribe
environmental standards and outcomes to be achieved,
and require that a management plan be prepared to
deal with the more detailed matiers of how the
resources are to be used and managed to achieve the
stated objectives. The management plans are subject
to approval and are regularly reviewed.

Costs

The process is costly. In addition to the cost incurred
by the Company in preparing and advancing its case,
the consent agency incwred significant costs which
were recovered from the Company.

Financial management systems were instituted at the
outset. The consent agencies prepared estimated
budgets, broken down into component parts of the
process. These required periodic revision, especially
following changes which the Company made to the
proposal and the fimetable. Monthly accounts from
the consent authorities and audit team enabled a better
management of cash-flow by the Company and
agencies, and meant there were no (or fewer!)
surprises.

The total consent agency costs, including the audit
team, the hearing, and all the preliminary liaison and
dealings was $319,456.78, of which all but $46,700
had been paid by way of progressive payments made
over the two years which preceded the Councils’
decision.

Conclusions

In my view the process was particularly effective, in
that a complex suite of issues were effectively
resolved in a manner which was technically credible,
and which provided for substantial resolution of points
of view in a timely manner which minimised
confrontation.

The success of the process was substantially due to
close liaison which started early, and particularly to
the use of an audit team which was established as the
Company was commencing the preparation of its
proposal and the assessment of environmental effects.
This enabled the Company’s and Councils’ experts to
resolve issues in the preparation stage which greatly
assisted the audit of the application documentation,
and the negotiation of consent terms. It is important
in projects of this size and complexity to allow
sufficient lead time, and to involve the consent
agencies early.



From the other perspective, consent authorities need to
recognise that these processes involve a large and
sustained workload, and need to arrange and manage
resources appropriate to the job. It is unlikely that
Councils will have all appropriate skills in house.
This needs to be recognised and appropriate skills
engaged so that effective technical liaison can occur
early in the process. The engaging of consultants still
leaves the Councils with a substantial workload in
giving direction, policy and process decisions, and
management of the process, and adequate resources
need to be provided for this.

The risk of this early collaboration is that changes to
the proposal in its formative stages can result in
additional costs by the consent agency team where it
invests time in proposals which do not in fact proceed.
Clearly, these costs are minimised if proposal changes
occur early in the project, and strategic judgements
need to be made as to when the proposal has reached
a degree of definition where the consent agency needs
to be involved. Good communication between the
applicant and the consent agency is important,

The process needs to be well managed. Where more
than one consent agency is involved, they should co-
ordinate their processes from the outset. In this
instance the full range of consents were jointly
managed as a single project, and I recommend this
approach. For a project of this size, financial
management is important and consent agencies should
establish estimated budgets, which are periodically
reviewed, and should establish with the applicants an
agreed invoicing regime.

While the relationship between the Company and
consent agencies was well organised, some actions of
submittors were more difficult to manage. Where
submittors focused on specific issues, meaningful (but
not always successful) negotiations could take place.
By and large, submittors were not able to assess in
detail a lot of the technical information, and relied
heavily on the credibility of the consent agencies’
audit teamn and process to derive a level of comfort in
these matters.

Submission which present an "in principle” opposition
to the proposal are more difficult to deal with by
negotiation and discussion, and this is virtually
impossible in cases such as this where such submittors
donot participate in discussions, pre-hearing meetings,
or even the hearing.
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In summary, the process was successful because:

* Good information was provided
early.
* There was good liaison between the

Company and Councils (including
early involvement of audit team),

* Joint processing went well -
instituted early,

* pre-application liaison &
consultation plus post-application
negotiations largely successful (with
those who participated).

* It was our second time around - we
learned from 88/89 process and
operational experience, and knew
each other better.

* There was a substantial degree of
professionalistn by those involved.

* Non-technical submittors could take
substantial comfort from the

thorough
technical audit.
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LEGISLATION AND MINING PROJECTS

Chris Mitchell
Phillips Fox
WELLINGTON

SYNOPSIS

The key statutes for mining projects are the Resource Management Act 1991 and the Crown Minerals Act
1991. This paper summarises the essential elements of both statutes and looks at the interrelation between
them and questions of process and timing. The paper concludes with a discussion of the main issues raised
by the legislation on significant mining projects and the general responses to those issues by consent

authorities.
INTRODUCTION

The significant changes in environmental law
which came into force in late 1991 were
accompanied by equally significant changes to the
minerals regime. The new environmental law
(The Resource Management Act 1991 and its
major amendment in 1993) built on the
reorganisation of central and local government in
the late 1980s, and replaced the long standing
patchwork of legislation on planning, water and
air. At the same time, the new minerals law
replaced a similarly outdated and insufficient
collection of laws on mining and exploration for
various minerals.

Both new sets of laws are to be implemented
through detailed plans and programmes which will
provide the policies and criteria against which
applications will be assessed. Generally speaking,
‘those detailed plans and programmes will be
issued in 1994/1995, and many of them will not be
in force until 1995/1996. In the meantime, both
laws contain lengthy and complex transitional
provisions, and in some instances previons laws,
policies and plans still apply.

In very general terms, the changes in these laws
have achieved (as designed) a significant shift
towards environmental protection values in the
assessment of applications involving the use of
natural and physical resources. The effect of
these changes on mining, and development
generally has been twofold. A pronounced short
term effect has been created by the "transitional”
phase in which the timing of new controls and the
impact of their application has been so uncertain
as to create a strong incentive to defer new
applications. The second, more permanent effect,
is the imposition of substantially greater costs in
environmental protection programmes,
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compliance/monitoring and impact assessments.
One of the intriguing omissions from these radical
legislative reforms is the absemce of any
mechanism to assess (even in a general way) their
impact on the economy. Given the clear policy of
the legislation to add value to or retain value in
the environment, the absence of some means of
identifying the national impact of these new laws
is a mystery,

There has been no major litigation involving
proposed mining projects under the new
legislation. A number of cases have involved
transitional provisions which necessarily require
reference back to old legislation and transitional
planning coatrols. It is therefore not entirely
helpful to try to illustrate the breadth of the
changes of the law and their likely impact by
reference to recent projects. Good case studies,
unfortunately, will not really become available
until the plans and programmes are in place, and
then, no doubt, only at some significant cost to
the participants.

THE LEGISLATION

In a mining context, our two new principal
statutes address key issues as follows:

* RMA - Environmental effects; costs and
benefits. Policies and controls: resource
consent(s) maybe needed.

* CMA - Ownership of minerals: rights to
explore for and take minerals, Access on
to land.

RMA applies to New Zealand and to the
territorial sea (i.e. the 12 mile limit, but not the
200 mile "exclusive economic zone™). The controls
extend to uses of land, water and air., The



controls rely for their implementation on plans
which are to be prepared by relevant local
authoritics (or those which are deemed to exist as
“transitional plans™) and these in turn are subject
to any national policy statements issued by the
Minister. Essentially, the basic statutory controls
take the form of prohibitions as follows:

* Land may not be used in contravention
of a (proposed) district plan unless the
activity is expressly allowed by resource
consent or is an "existing” use.

* Subdivision of Iand is not allowed unless
it is expressly authorised by a district
plan or a resource consent,

* Use of the "coastal marine area" is not
allowed unless expressly allowed by a
regional coastal plan or a resource
consent.

* Use of beds of lakes and rivers is not
allowed unless expressly allowed by a
regional plan or a resource consent.

* Use of water (including taking, damming
or diversion) is not allowed in
contravention of a regional plan unless
expressly allowed by a resource consent,
and is subject to restrictions even where
a regional plan does not control it

* Discharges of contaminants into the
environment (air, ground or water) are
prohibited unless expressly allowed by a
regional plan or a resource consent,

Responsibility for different resource consents is
divided amongst a hierarchy of consent
authorities. At the top of the hierarchy the
Minister for the Environment can {as will be
noted below) call in any application which in
his/her opinion is of "national significance.” In
those events the Minister is the consent authority.
For consents which are "restricted coastal activities”
(these may include some mining operations) the
Minister of Conservation is the consent authority.
For consents involving water, air and discharges of
contaminants the consent authority will be a
Regional Council. For consents involving land
use and subdivisions the consent authority will be
the district or City Council. Because a typical
mining project will involve more than one consent,
it is quite often necessary for more than one
consent authority to consider the applications, and
in that event RMA provides a mechanism for
them to do it jointly,
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RMA. clearly has a sigmificant impact on any
mining project.  Obviously, the number of
different planning instruments which will be
relevant, and the number of different consents
which will be required will vary according to
location and the type and duration of the
proposed mining activity. As might be expected
from the list of prohibitions set out above, a
typical mining project might well involve a
number of different consents and different
consent authorities. It will invariably also require
extensive (and probably expensive) assessments of
likely effects on the environment and consultation
with interested parties before the applications are
even lodged.

The "front end" cost of resource consent
applications (which, anecdotally at least, is
significantly higher than under older legislation) is
mitigated to some extent by the streamlining of
the process itself, so that the applications will be
determined within a relatively short and
predictable period.

The effect of CMA on a mining project depends
immediately on whether the project involves a
Crown mineral. CMA defines "mineral" as:

"A naturally occuring inorganic
substance beneath or at the
surface of the earth, whether or
not under water; and includes all
metallic minerals, non-metallic
minerals, fuel minerals, precious
stones, industrial rocks and
building stones, and a prescribed
substance within the meaning of
the Atomic Energy Act 1945."

The Act re-states the absolute ownership by the
Crown of petroleum, gold, silver and uranium
minerals. In addition to these, the Crown owns
ail minerals situated on its own land, or situated
on any land which it "alienates” after 1 October
1991, and in any case where the mineral was
specifically reserved to the Crown by enactment
or contract. In practice, the Crown retained
mineral rights on any land alienated by it after the
Land Act 1948, but they will undoubtedly also
have reserved rights in many other cases of
alienation from the last century onwards,

If the mining project involves a mineral which is
not owned by the Crown, CMA does not apply.

Where CMA does apply, the project will require
some kind of permit. Permits may be sought
variously for prospecting, exploring and mining.



The policies and criteria against which
applications for soch permits are to be
determined will be found in a relevant minerals
programme, but none have so far been issued.

The Minister of Energy must issue draft minerals
programmes by 1 October 1994, and the process
of preparing these programmes is naturally well
under way. It is anticipated that there will be five
minerals programmes dealing with:

* petroleum;

* coal;

* metallic metals;

* non-metallic metals;

* building stones and aggregates.

In one sense, these programmes are conceptually
similar to the plans which are to be issued under
RMA. There are also some similarities in the
process of notification and adoption which will be
dealt with in the next section.

However, the minerals programmes also highlight
the key difference, purpose and approach between
the two laws (and thus the reason they were
"separated at birth"). Where RMA establishes a
consent regime for activities which make some
use of or have some impact on the natural and
physical environment, CMA is concerned with the
allocation, often in a highly competitive situation,
of the rights to the resources themselves. So
minerals programmes under CMA will typically
be concerned with methods of allocation,
royalties, establishing the size of exploration and
mining areas and generally ensuring the "efficient
allocation of rights" and a "fair financial retum"
(s12).

One of the salient differences between CMA. and
the old minerals regime which it replaced, is that
RMA consents must also be obtained. Whilst the
former Mining Act certainly required regard to
environmental effects,; RMA and CMA now
achieve the separate purposes outlined above.
Questions of efficiency and price on the resource
allocation are dealt with by the Minister (on
behalf of the Crown as owner) under CMA, and
the environmental 'balance sheet" is assessed
under RMA.

In this respect, the key difference between an
exploration/mining resource consent and other
applications under RMA is the non-application of
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the cornerstone principle of “sustainable
management" to minerals. Shortly before the Bilis
were enacted, it was decided that the concept of
sustainability was too fraught with difficulties to
apply to minerals, and so the exception was made.
However, this does not mean that "sustainable
management" is not relevant to exploration/mining
resource consent applications - far from it
Indeed, the contrary arguments may often involve
the sustainability of other natural and physical
resources which will be affected by the mining
operation,

The other important aspect of CMA is the
changes it has made to the miner’s right of access
to private land. The holder of a permit under
CMA may now enter private land (after ten
working days notice) to carry out a "minimum
impact activity". Minimum impact activities
include the following:

* Geological, geochemical and geophysical
surveying.

* Taking samples by hand.

* Aerial surveying.

* Land surveying.

Where access is required for other activities,
CMA sets out a comprchensive procedure, The
first point to note is that, in default of agreement,
there is a wide range of land for which no access
will be obtainable for non-petroleum exploration
or mining. For other kinds of land, and for all
land involving petroleum permits, CMA provides
a step by step process to arbitration over access
and compensation.

PROCESS

RMA and CMA do not specify the order in which
their respective consents are to be obtained, and
as neither a resource nor a mining permit is of
any immediate wse without the other, it follows
that the consents and permits may often be sought
in tandem. However, for reasons which will be
discussed below, it is also often likely that RMA
consents will need to be obtained first,

The RMA processes are often perceived to be
exceedingly time consuming, but the reality is that
delays are still often the result of inadequate
preparation and applications. On any activities
involving significant environmental effects (and
recall the breadth of the definitions of both
"environment" and ‘effect") a consent authority



cannot accept an application unless it is
accompanied by an assessment of effects of the
environment "4EE", This must include not only
all the matters suggested by the AEE’s name, but
also identify the people who might be interested
in or affected by the proposal and detail the
consultation which has been undertaken with
them.

Once sufficient work has been done to lodge the
resource consent applications for the mining
project, the applications will be launched into a
timetable involving public notification,
submissions, formal hearing and decision. It is
possible that relatively low level activities,
particularly in remote areas, may have
non-notified applications - these are more likely
to occur with prospecting or exploration activities.
Of course, it is also entirely conceivable that
“minimum impact activities' will not require
resource consents at ail.

The timetable for the determination of
applications is relatively swift. However, further
delays can arise if (as almost invariably occurs
with contentious applications) the decision of the
consent authority is appealed to the Planning
Tribunal. The Court like procedure of the
Planning Tribunal and the traditional conduct of
proceedings before it (not the least by the parties
themselves) tends to create a waiting list, a
relatively long hearing, and then finally a delay of
some weeks before decision.

There was some anticipation, as yet largely
unrealised, at the time of RMA’s enactment that
its “additional dispute resolution" powers might
offer a less confrontational approack to
environmental disputes. It is certainly an option
which should never be overlooked, particularly in
cases where a mining proponent is dealing
substantially with opposition from affected land
owners which will otherwise inevitably spill over
into the CMA procedures. Unfortunately, these
alternative dispute resolution mechanisms remain
largely unused.

Mining operators will need to be particularly
conscious, both of the raft of new district, regional
and coastal plans which will be appearing during
1994 and 1995 and of the hierarchy established by
RMA, The hicrarchy is somewhat simplified by
the likelthood that mo relevant national policy
statements will be issued in the foreseeable future.
The New Zealand Coastal Policy Statement has
moved a step closer with the recommendation of
a revised NZCPS by the Board of Inquiry
appointed to hear submissions on it. The revised
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NZCPS suggests some policies which will be
relevant to the mining of sands and to petroleum
installations, but otherwise it does not deal in
specific terms with mining operations.

Regional coastal plans (which are required to be
issued by 1 October 1994) arc required to give
effect to the NZCPS. These plans may be of
some local significance to mining operations given
the relatively high importance of sands and rocks
mined from coastal marine areas. However, many
regional and district plans will simply not deal
with mining operations unless they are already
established within the regional district, In the
absence of national policies, there may be very
wide differences among regions and districts
throughout the country in the approach, if any,
taken by their plans to mining operations. As
with resource consent applications, the ultimate
authority for the resolution of amy disputes
regarding the content of plans is the Planning
Tribunal.

The processes under CMA are rather less
complex. Draft minerals programmes will, as
outlined above, be notified during 1994, the draft
programmes will be publicly notified and open to
submission within 40 working days of that
notification. At the end of the submission period
the Secretary of Commerce is required to make a
report on the submissions and recommendations
on the draft programme to the Minister who will
then make recommendations to Cabinet as to the
final form of the minerals programme.

The process of allocating prospecting, exploration
and mining permits will be established by the
various mineral programmes. There does not
need to be a relevant minerals programme for a
permit to be sought, but once the programmes
are in force such applications will be rare.

An application for a permit under CMA is made
either in the relatively simple form provided, or
by tender if the Minister should choose to use
that form of allocation.

TIMING

For present purposes, the critical aspects of
timing are the duration of consents/permits under
RMA and CMA and any provisions relating to the
lapsing of rights which are not exercised.

The position under RMA is naturally more
complex, given the wide range of resource
consents. All resource consents may have fixed
terms which will generally reflect the likely



duration of the activity and/or the ability to
foresee environmental effects. Generally, land use
consents may be unlimited, but other consents
have a maximum duration of 35 years.

Consents under RMA will generally lapse within
two years unless they are given effect to within
that period, but the consent itsclf may stipulate a
shorter or longer lapsing period. The "banking” of
resource consents for a project which will involve
significant planning, design or development phases
can be difficult, and the potential for the lapsing
of consents and the changing of rules during a
lengthy period, needs to be recognised,

Permits under CMA are relatively simpler:

* Prospecting permits last for two years.
* Exploration permits last for five years.
* Mining permits last for 40 years.

though the permit in each case can specify an
earlier expiration date.

Under CMA permits may be extended (unlike
RMA where a new application is always required)
and there is no comparable lapsing provision.

Again, the differences in approach reflect the
differences inherent in controlling environmental
effects and allocating mineral resources on a
commercial basis.

REVIEWABILITY AND REVOCATION

RMA allows a consent authority to build
conditions into consents which allow for the
review of all or any of the other conditions
(except for the condition on the duration of the
consent) to be reviewed at the instigation of either
or both the consent holder and the consent
authority. These powers are now used, more and
more frequently on large applications, particularly
to review the adequacy of mitigation measures
and monitoring requirements.

In addition to these built in review provisions, a
consent authority may review the conditions of the
consent where a regional plan has come into
effect setting rules relating to water or air
qualities, flows or rates of use of water etc, and
the consent authority believes that the conditions
should be changed to meet the new requirements.
The consent authority will always have the ability
to review conditions if the information given to it
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by the applicant contained "inaccuracies which
materially influenced the decision.”

In applications of ‘'national significance” the
Minister for the Environment has a "call-in"
power. By this power the Minister assumes the
role of consent anthority on the application. The
power may be used where the Minister "considers
that a proposal is of national significance.” There
is a lengthy list of factors which the Minister is to
have regard to in any such consideration, and they
will quite conceivably incinde large scale mining
and energy projects.

The only power under RMA to revoke a resource
consent is granted to the Planning Tribunal. The
Planning Tribunal may "change or cancel” a
resource comsent if it is satisfied that the
information given to the consent authority by the
applicant contained significant accuracies which
influenced its decision. Whilst this power will
clearly deal with cases of outright deceptive
conduct, it may also cover cases where relevant
and material expert evidence is shown
subsequently to have been wrong. It is a rarely
used provision which gives an applicant every
encouragement to ensure that the information it
provides on significant environmental effects is
accurate. If, for example, an expert erronecusly
anticipated the absence or successful mitigation of
an environmental effect, the occurrence of that
-effect could jeopardise the consent.

The position under CMA is again simpler. The
Minister may make changes to a permit with a
consent of or on the application of the permit
holder, or where the permit itself provides for
such changes. The changes can cover extensions
to minerals or land covered by the permit and can
extend (within CMA limits) a sitvation of a
permit.

The Minister has power to revoke a permit for
contravention or non-compliance. The permit
holder must first be given 20 working days to
remedy the alleged breach, but if the Minister is
satisfied that the permit should then be revoked
he/she can issue a notice either revoking it or
taking ownership of the permit, which may then
be allocated to another person. Aay notice of
revocation issued by the Minister may be
appealed by the permit holder to the High Court,
and the permit continues in force until that appeal
is determined,



ISSUES

Significant mining projects appear to be invariably
controversial, and the new RMA/CMA regime
has undoubtedly shifted the significant power back
to potential objectors and significant burdens onto
the prospective operator. There are diverse
reasons for the invariable controversies, but
whether they be characterised as political, social,
scientific or economic they can often be expressed
forcefully and relevantly under RMA, Sometimes
the basis for objection lies in a perception of
direct environmental effects - that the proposed
mining activity is incompatible with other uses or
that it will degrade some intrinsically valuable part
of the environment, Sometimes the objection is
less direct - such as the association of a mineral
with an obsolete or wasteful technology which is
of itself environmentally damaging - but it can be
nevertheless powerful,

So the AEE for a mining project should be
prepared with not only a view to the immediate
direct aspects of environmental impact, but also
with an eye on the potential "enemy.” A
significant change introduced by RMA is that any
one at all may make a submission on any resource
consent application which is notified. This
potential underscores not only the importance of
but the potential benefits of adequate
consultation.

Under both RMA and CMA, persons exercising
functions are to have regard to the principles of
the Treaty of Waitangi. What does this mean?
The question has vexed not just decision makers
(including the Planning Tribunal) but applicants
and Maori alike, Does it mean that the consent
authority or the Minister is to have regard to a
relevant claim for the mineral before the Waitangi
Tribunal? Does it mean that resource consents or
access involving sites of importance to Maori
could be limited when that importance was
hitherto unknown? These sorts of questions will
never be definitively answered. However as the
processes of consultation improve and confidence
on both sides increases, the provisions may well
become less daunting than they appear now.

In the context of a mining proposal which involves
clear and unavoidable effects on the environment,
the proponent will have no alternative but to look
for opportunities of mitigating those effects.
Perhaps just as importantly the proponent needs
toidentify counterbalancing environmental effects.
These may include direct benefits to the social
environment, such as the creation of wealth and
employment or indirect benefits to the physical
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environment, such as the consequent closure of an
environmentally inferior mining operation, or the
substitution of a more efficient, or plentiful
resource for another.

Specific problems relating to mining projects vary
enormously in character depending on the mineral
to be mined and the kinds of operation and
process. The range of possible environmental
effects is of course equalled by the range of
possibly affected or interested parties.

Almost all mining involves land clearance and the
consequent destruction of vegetation, the creation
of noise, interference with surface and ground
water and the generation of dust. Almost all
mining involves some kind of visual impact, A
number of mining operations involve the
contamination of the sites they occupy by
chemicals used in the mining processes. In the
same way as these generic environmental effects
are associated with alluvial, or open cast, or
underground mining, or quarrying, so gemeric
remedial measures will be expected. These
remediation measures are now well known in the
mining industry.

A common concern of both consent authorities
and other interested parties is the mining
operators performance of remediation and
restoration work during and after the mining
-activity,. The consent authborities have been
tending, under RMA, to a three faceted insurance
approach. The first is a monetary security, which
will be discussed below. The second is a restraint
on the length of the conmsent. It may be
disconcerting to the holder of a mining permit for
say 20 or 30 years to receive a resource consent
for only half (or even less) of that term. At
expiry of the resource consent the activity will
require a further consent, and its proponent will
need to show not only close compliance with the
terms of the original consent but also the
adoption, where appropriate, of even higher
environmental safeguards. The third and final
mechanism is the review power which was
discussed above. Under an appropriately worded
review condition, a consent authority can
effectively take control of any area of perceived
weakness or problem in terms of environmental
effect. So for example, in a mining operation
where there is some concern over the control of
silting in a stream, a Regional Council could
require frequent monitoring and amendments to
mitigation measures to fine tune the response to
the problem. The industry will no doubt hope
that increasing confidence with the review
mechanism will reduce the need to set short



consent terms which always tend to place a higher
element of uncertainty over the economic liability
of a project.

The interesting feature of both RMA and CMA
is that they both provide for security for
compliance with conditions of resource consents
and permits. The security may either be a
mornetary deposil or a bond, In the case of RMA,
the bond will almost invariably be required for
ongoing and post closure remedial work, and in
default it can be called up and applied towards
such work. A bond under CMA. principally
secures payments to the Crown under the permit,
but it may also be forfeited for non-compliance
with conditions of the permit. However, CMA
does not provide that in the event that the bond
is defaulted to the Crown it can be used towards
restoration.

As noted above it is not realistic or helpful to
look for specific environmental problems which
are generic to all mining categories because these
are such significant differences in scale,
remediability and impact. Nevertheless the most
serious problems alleged to be created by mining
operations will generally be found on all
contentious proposals and will often prove fatal to
the proposal;

* Significant off-site effects.

* Permanent effects/contamination of the
site,

* Permanent damage to ecosystems.

Under RMA the types of resource consent sought
may be quite different but they are ultimately all
assessed against the same unweighed criteria. So
whether the proposal involves quarrying in an
urban environment, or open cast mining in a rural
environment, or sand mining offshore from a
remote beach, the statutory criteria are much the
same. The significant variables are introduced by
the district and regional planning documents and
of course by the community of affected people.
The most consistently effective solution involves a
major commitment of money and resources to the
preparation of the applications and the
consultative processes.

CONCLUSION

The advent of RMA and CMA brought profound
changes to the mining industry which will not be
fully apparent until the plans and programmes
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under which their policies will be implemented
come into force.

With the exception of some minimum impact
activities, it is likely that any mining activity which
is not expressly authorised by a regional or district
plan will need resource consents under RMA.
Whether some of the large scale mining activities
which were approved under the old regime would
receive consents under RMA and still remain
viable is uncertain, What is certain is that any
significant mining project which is litigated before
the Planning Tribunal be finally approved only if
it has been meticulously prepared and
environmentally designed.

The changes to the law on access under CMA are
well known, and in tandem with the new
obligations under RMA underscore the need for
mining propoments to carry out effective
consultation and negotiation with the community
of interested parties.

pemimining syn



CONSENT FOR SLUDGE DISPOSAL, CAREY’S GULLY, WELLINGTON

(A Case Study)

R G Stroud
Beca Carter Hollings and Ferner Ltd
Wellington

SYNOPSIS

Substantial works, especially those which have the potential for producing contaminants, will require resource consents
from Regional and possibly District Councils, unless the Regional andfor District Plans have rules specially permitting
the proposed activity. The resource consent process, as set out in the Resource Management Act, follows formal steps
of application hearing and decision, but requires a consultative approach which can if followed properly avoid
confrontation and accommodate legitimate concerns for environmental issues.

This paper summarises the successfully complete consent process for establishing a sludge treatment plant, and the
disposal of treated sludge in Wellington landfill at Carey's Gully.

BACKGROUND

The Wellington City Council has changed its District
Flan to provide for the establishment of a sewage
treatment plant on a site south of the Miramar Golf
Course near Moa Point. It is proposed that most of
Wellington's sewage be treated in this plant and that the
treated effluent be disposed of through a long outfall to
the sea.

Liquid sludge will be produced as a byproduct of the
treatment of sewage. This sludge is 2 mixture of around
98% water and 2% solids. The solids derive from the
scttlement of milliscreened sewage (primary solids) and
the settlement of the treated effluent (secondary solids).

The liquid sludge contains organic matter and may also
contain pathogens and viruses, and a limited amount of
beavy metals, Although not highly toxic, the sludge can
pose a potential health risk, For this reason safe and
adequately controlled disposal is necessary.

There are no opportunities in the Moa Pt area for the
disposal of sludge. It is proposed therefore to pump the
liguid sludge through an underground pipeline over a
distance of some 7 km to a dewatering plant at Carey’s
Gully. At this dewatering plant a large proportion of the
water will be removed from the sludge so that the
dewatered sludge can be disposed of to the landfill
nearby. It is proposed that the water which is removed
will be discharged back into the sewerage system and
the dewatered sludge will be placed in the landfll along
with ordinary domestic and commercial refuse.
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Resource consents were required for these activities.
Before dealing with this process it is pertinent to
consider the Resource Management Act which governs
this.

RESOURCE MANAGEMENT ACT REQUIREMENTS

Section 5 of the Resource Management Act states that:

(D The purpose of this Act is to promote

) the sustainable management of natural
and physical resources.

(2) In this Act, "sustainable management”

means managing the use, development,
and protection of natural and physical
resources in a way, or at a rate, which
cnables people and communities to
provide for their social, economic, and
cultural wellbeing and for their health
and safety while -

(a) Sustaining the potential of
natural and physical resources
(excluding minerals) to meet
the reasonably foreseeable
needs of future generations;
and

(b) .. Safeguarding the life-
supporting capacity of air,
water, soil, and ecosystems;
and
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() Avoiding, remedying, or
mitigating any adverse effects
of activities on the

environment".

That sets the scene for any action taken under the Act.

Those parts of the Act which are pertinent to this matter
are Section 9 and 15 which impose a restriction on the
use of land and on discharges of contaminants into the

environment.
Section 9 states:

"(1)

2)

3

)
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No person may use any land in a
manner that contravenes a rule in a
district plan or proposed district plan
unless the activity is -

(a) Expressly allowed by a
resource consent granted by
the territorial authority
responsible for the plan; and

(b) An existing use allowed by

{section 10 or section 10A].

No person may contravene [section
176 or section 178 or section 193 or
section 194 (which relate to
designations and heritage orders)]
unless the prior written consent of the
requiring authority concemed is
obtained.

No person may use any land in a
manner that contravenes a rule in a
regional plan or' a proposed regional
plan unless that activity is -

(a) Expressly allowed by a
resource consent granted by
Wellington Regional Council
responsible for the plan; or
1) Allowed by section 20
(certain existing lawful uses
allowed).

In this section, the word "use” is in
relation to any land means -

(a) Any uase, erection,
reconstruction,  placement,
alteration, extension, removal,
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(b)

©

@

Section 13 states that;
ll(l)
(a)

(b)

©)

(@

or demolition of any structure
or part of any structure in,
on, under, or cover the land;
or

Any excavation, drilling,
tunnelling, or other
disturbance of the land; or

Any destruction of, damage
to, or disturbance of, the
habitats of plants or animals
in, on, or under the land; or

Any deposit of any substance
in, on, or under the Iand;",

No person may discharge -

Contaminant or water into
water; or

Contaminant onto or into
land in circumstances which
may result in that
contaminant (or any other
contaminant emanating as a
result of natural processes
from -that contaminant)
entering water; or

Contaminant from any
industrial or trade premises
into air; or

Contaminant from any
industrial or trade premises
onto or into land - unless the
discharge 1is expressly
allowed by a nile [in a
regional plan and in any
relevant proposed regional
plan], a resource consent, or
regulations”,

Where there are no rules, or the activity is contrary to a
rule, then a consent or consents are required, and a

specified process to obtain those consents must be

followed.

The Act sets down procedures to be followed which are:
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. The preparation of an application which
includes an assessment of effects on the
environment and involves public consultation;

. Public notification of the application;
. Receipt of submissions;
. Hearing of the application and submissions, and

issue of decision.

The Act assists in this process by providing a standard
application form in which the activity applied for must
be described, and requires that an Assessment of Effects
on the Environment be attached, The fourth schedule of
the Act details the matters which should be included in
an AEE and the matters which should be considered in
its preparation.

The AEE must describe the proposal, examine
alternative sites, routes and methods, assess actual or
potential effects of the undertaking, describe mitigation
measures, identify persons who may be effected and
detail consultation carried out. It also should include
monitoring measures proposed.

Matters that should be considered are stated as being:

"(a) Any effect on those in the neighbourhood, and
where relevant, the wider community including
any socio-economic and cultural effects:

() Any physical cffect on the locality, including
any landscape and visual effects:

{c) Any effect on ecosystems, including effects on
plants or animals and any physical disturbance
of habitats in the vicinity’

(d) Any effect on natural and physical resources
baving aesthetic; recreational, scientific,
historical, spiritual, or cultural, or other special
value for present or future generations:

(® Any discharge of contaminants into the
environment, including any unreasonable
emission of noise and options for the treatment
and disposal of contaminants:

[43] Any risk to the neighbourhood, the wider
community, or the environment through natural
hazards, or the use of hazardous substances or
hazardous installations.”
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These then are the provisions which effectively drive an
application for a consent to do something which is not
specifically provided for in a District or Regional Plan.

For activitics such as disposal of waste, which
potentially have substantial effects on the environment,
a significant amount of work is required in exploring
alternatives, in undertaking public consultation and in the
examination of means to prevent or at least minimise
detrimental effects on the environment,

THE PROPOSAL

The proposal is for the treatment and disposal of liquid
sludge which will be produced as a by-product from a
sewage treatment plant on a site south of the Miramar
Golf Couwrse. Liquid sludge will be produced as a
by-product of the treatment process at two stages of the
process. Primary sludge accounts for approximately
55% of the sludge volume and will be produced by
settlement of the milliscreened sewage. Secondary
solids account for approximately 45% of the total sludge
volume and are produced by the biological treatment of
sewage and removed from the treated effluent by
secondary settlement. The sludge will be stored in
holding tanks which blend the sludge and provide for
some storage at the treatment plant before being
discharged into two mixing tanks which provide up to
four hours’ storage each,

The liquid sludge will be pumped via an underground
pipeline to a dewatering plant at Carey’s Guily an
operational tip, or as currently described a sanitary
landfill, at the rate of about 1,000 m’ per day. This will
produce up to 80 m® of dewatered sludge per day. The
sludge will arrive at the site as a liquid containing 2%
sclids. It will be dewatered to produce a 25% dry solids
cake. The dewatering plant is proposed to be located on
a site being formed by the removal of a ridge which is
being excavated to supply covering material at the tip
face.

The size of the structure is dependent upon the plant
details, These will be established through the process of
competitive tendering, However, in order to be able to
assess the effects on the environment of the building, a
concept design was developed based on the maximum
sized plant which could be established. The site plan
(Fig 1) shows the maximum extent of the building
footprint and this has a total area of 2,700 m®. An
elevation was produced to show the maximum height
and width of building that could be expected, its general
form and likely appearance,
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The dewatering process consists of deposition of solids
from the liquid and further extraction from the solids by
centrifuge on press. This process is shown in schematic
form in Figure 2.

The liquid sludge is delivered at a relatively constant
rate, but the dewatered sludge is transferred to the
landfill area only during daytime operating hours, There
is therefore a need for built-in holding capacity in the
system, The main holding capacity is provided by two
large tanks.

In the process of dewatering, sludge odours may be
released.

To prevent emission of odour, the building will be
maintained under negative pressure. In addition, the
equipment and tanks will have separate covers. Air
extracted from the building and from beneath the covers
will be removed and passed through a soil filter for
removal of odour prior to discharge to the atmosphere.
The flow rate of foul air to be treated is estimated to be
up to 15 m*/sec and the retention time in the soil filter
will be up to 90 seconds.

The soil filter will comprise a 600 mm layer of active
bark/soil mixture overlying a 100 mm layer of bark.
That in tum will overlic a layer of pea gravel over
rounded river gravel. The total depth of this soil filter
is some 1,000 mm from the diffuser pipes to the ground
surface. Air extracted from odorous areas is discharged
through diffuser pipes into this medium., Odour
producing chemicals are removed by physical, chemical
and biological reactions which occur as the air filters
through to the ground surface.

The filter will be up to 2,200 m® in area at ground level
and the air will discharge to atmosphere over the entire
surface. This is assessed to be of sufficient size and
capacity to ensure that the odour producing chemicals
are removed from the air. It is expected that there will
be no discernable odour from the air discharged,

Drainage from the soifl filter will be directed to the
leachate collection system.

The water that is removed from the sludge will be
directed into the existing sewerage system and conveyed
back to the treatment plant at Moa Point. The semi
solid sludge will be transferred to the fill area and
deposited in landfill,

Around 80 - 100 tonnes of dewatered sludge will be
deposited into the landfill each day. This sludge will
have been mechanically dewatered to provide a solids
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concentration of between 20 and 25% and with lime
added may be up to 26 or 27% dry solids concentration,
This is spadeable consistency and has the appearance of
damp topscil. The addition of a small proportion of
lime temporarily stabilises the dewatered sludge. This
stabilisation subdues microbial reactions that may
otherwise result in the production of odour.
Therefore,with this addition of lime, the potential for
emission of odour from the dewatered sludge is reduced.
Trucks will transport the sludge to the working face of
the landfill at a rate of some 10 return trips per day.

A receiving station has been established at the landfill
and some 75% of private vehicles visiting the tip use
this facility. However, the balance, those with frailers
and small trucks, go directly to the tip face as do
commercial rubbish collectors. In the management of
the landfill operation the current sludge disposal area
and rubbish disposal areas are to be kept separate to
avoid risk of contamination,

When each load of sludge is deposited it will be mixed
with refuse then covered with refuse, with the refuse
acting as a bulking agent. International experience
shows that a bulking ratio of 4:1, that is four tonnes of
dry solids to one tonne of sludge is desired to most
effectively incorporate sludge into landfill. At the end
of the each day the filled area will be covered with a
iayer of soil recovered from the valley sides.

The volume of sludge forms a significant portion of the
total volume of fill material but because it is moist it
softens some components and assists in the compaction
of the other waste material. It is also plastic and fills
voids and will not therefore significantly reduce the
expected life of the landfill.

Covering will ensure that there will be no future odour
production. Any leachate from the sludge which will be
minimal, will percolate through the landfill and be
collected together with other leachate, by the leachate
collection system and directed into the sewerage system
for treatment at Moa Point.

SITE AND ENVIRONS

Carey's Guilly contains Wellington’s major landfill
operation. It is located approximately 5 km south west
of the Wellington Central Business District. The landfill
sitze is approximately 2.5 km north of the coast at
Owhire Bay, See Fig 3.

The landfill is located in the upper section of a gully

system which drains down the valley and occupied by
Landfill Road. The topography of the gully system
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comprises narrow gullies, with slopes of typically 40°
extending up to spurs. The main ridges are typically
200 m above the base of the gully. The landfill is
therefore contained within a steep high sided "basin”
from which run-off is funnelled through the single
narrow valley.

Access to the landfill is provided by Landfill Road
which connects with Happy Valley to the west. Happy
Valley Road passes the suburb of Happy Valley, from
Brooklyn in the north to Qwhiro Bay in the south.

Carey’s Gully Landfill was established 15 years ago and
has a present life expectancy of over 70 years. Daily
average compacted refuse at the landfill is approximately
350 m®. The landfilling operations fill the bottom
portion of the valley. Stage 1 of the landfill, known as
Demolition Gully, has been completed and is in the
valley to the south of the current filling operations. In
the future, as filling continues, the landfill will proceed
up the valley in stages. Stage II, where landfilling is
currently in operation, is the most downstream portion of
the landfill in question. Stage III, immediately upstream
of Stage II, has been prepared for landfilling operations.
Drainage works will be extended as necessary in the
future in order to conduct the stream and ephemeral
streams around the landfilling operations. All activities
associated with the compacting and covering of
compacted refuse are undertaken at the site. A receiving
station has recently been established which minimises
the need for public access to the tip face. -

The leachate from the landfill is collected by a series of
subseil drains installed at the base of the landfill and
discharged to the sewer. In addition, surface run-off
from the hillsides adjacent to the landfill is intercepted
by cut-off drains above the landfill and diverted via
setting ponds to the stream. ’

Evidence given on subsurface hydrology at the hearing
of the application stated that:

“The geological conditions in the area are homogeneous.
They do not included ground types such as limestone,
volcanic deposits, alluvial materials, internally erodible
or collapsible solids or other materials which are either
inherently permeable or may contain voids, tunnels,
solution channels or other features that may provided a
ready passage of groundwater out of the area."

It was also stated that no known:
"Gechydrological assessments or investigations have

been undertaken in tihe landfill area. The nature of the
topography and rock conditions would severely
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complicate carrying out investigations of the regional
groundwater patterns in the bedrock and the results
would be very difficult to interpret. To investigate
geohydrological conditions deep boreholes in hard rock,
costing tens of thousands of dollars each, would be
required. Even with a number of holes there would be
difficulty in reaching other than very generalised
conclusions. Such an exercise must therefore be
considered of academic rather than political value."

And further that:

"Within Carey’s Gully, there are local areas of hard
slightly weathered tightly jointed rock outcrops. These
would be expected to cause any subsurface flow
containing leachate to merge with the surface water in
the stream. Thus monitoring of the stream water lower
down the valley should provide an indication of the level
of contamination in both surface and subsurface flow.”

And finalty:

"A number of lineaments have been observed on aerial
photographs. These could be zones of more highly
shattered rock and thus conceivably provide a
preferential zone of infiltration of the form. However
weathering may have rendered the surface exposures of
these lineaments relatively impermeable. The orientation
of these features north-south would mean that any
infiltration would not discharge into Happy Valley but
be held within the zone of more permeable rock mass.
Discharge into other surface water (apart from eventually
the sea) appears to be unlikely and would only occur
after a very considerable time."

Land to the west of Carey’s Gully is largely rural in
nature. In the immediate vicinity the land is owned by
Wellington City Council, Land on the southern side of
the landfill is undeveloped. To the north the Jandfill can
be viewed from Ashton Fitchett Drive in the Panorama
Heights subdivision. The closest residential dwellings to
the site are in Happy Valley Road, approximately 800 m
west/south-west of the site.

CONSENTS

The site for the proposed dewatering plant and for the
disposal of the dewatered sludge is the main landfil for
Wellington in Carey’s Gully. This is located in a large
deep gully system on the south west edge of Wellington
but topographically isolated from the urban area. The
landfil] operation was established some 15 years ago and
is authorised by a designation over the land. ‘The
designation is for "Refuse Disposal and Associated
Works” and for "WCC Purposes”. It is arguable that
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dewatered sludge is refuse and that a dewatering plant is
an associated work and that therefore these activities are
provided for in the District Plan and do not require
consent. However, the process of dewatering will
preduce contaminants such as air emissions and lquid
effluent, and the depositing of sludge in the landfill may
cause a discharge of contaminants into the air and onto
land which may enter water,

These discharges do require consent from Wellington
Regional Council as there are no rules in a regional plan
at this stage, and the designation does not constitute a
resource consent for this purpose.

Because application for consents were required to be
made for discharges of contaminants, and because of the
uncertainty relating to the designation was decided that
the application package should address all activities, In
this way the Council would avoid criticism of lack of
transparency and ensure that it could not be attacked in
future, for not having the necessary consents.

Therefore the applications that were made addressed the
following:

. Construction, use and operation of sludge
dewatering building and equipment.

. Construction and use of land for a soil filter,
. Use of land for disposal of sludge. -
. Discharge of sludge onto and into land where

it may, through natural processes, enter water.

. Discharge of air from soil filter into air,
. Discharge of contaminated air from sludge in
landfill,

The first three of these applications would be submitted
to Wellington City Council and the last three to
Wellington Regional Council.

ASSESSMENT OF EFFECTS
ENVIRONMENT

ON THE

Applications for resource consents are required, as
described earlier, to be accompanied by an assessment
of effects on the environment. Such an assessment was
prepared describing the activity, assessing the different
effects or potential such as noise, cdour, water
contamination, traffic, cultural, visual, social, heritage
and so forth, The different site options were discussed,
the treatment option and disposal options considered.
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Options such as incineration, electricity production, gas
recovery and composting were all addressed and the
reasons for non adoption explained.

Details on how nuisances or hazards would be avoided
or mitigated were included.

PUBLIC CONSULTATION

An inherent part of the process of project development,
assessment of effects, and formulation of measures to
address any affects, is public consultation.

The choice of disposal site, methods of sludge treatment,
methods of transportation and transport routes were all
examined at earlier stages in the consideration of
Wellington sewerage treatment options. These issues
were all exposed to full public consultation and debate,

In the examination of issues relating specifically to
Carey’s Gully and the activities of sludge dewatering
and disposal proposed thereon, a fresh round of
consultation was undertaken.

The process involved initial contact with parties
considered to have a special interest in the project and
the distribution of a summary hand out which described
the nature of the proposal including location,
construction and operation. In a covering letter the
commercial operators on Landfill Road, interest groups
and organisations were encouraged to respond with any
queries or concermns about the proposal,

Consultation with the residents in the general area
adjacent to the proposed site focused on a public
meeting held in Happy Valley. Prior to the meeting
copies of the summary handout were hand-delivered to
all residential properties in Happy Valley Road with a
covering letter advising of the megting. The meeting
was attended by 45 residents as well as officers from
Wellington City Council and consultants,

The proposal was explained in detail, including how the
sludge was proposed to transported to the landfill area,
how it would be dewatered and deposited in the landfill,
the method proposed to be used for containing odour
and how extracted water and leachate would be collected
and returned to the sewerage reticulation system. This
was followed by a general question and answer session.

Participants were divided into small groups to identify
issues and potential mitigation measures. Responses
covered aspects of the sludge proposal as well as
existing operations at the landfill and the current
sewerage reticulation system. A number of concerns
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were raised including those with the existing
contamination of the Owhiro stream.,

Consultation was also undertaken with the Tangata
‘Whenua.

The Council’s response to concerns was to prioritise the
programme for pollution ¢limination (sewage infiltration
in stormwater} in the Brooklyn area and a given
commitment to commence a sampling programme to
measure water quality in the Owhiro Stream.

PUBLIC NOTIFICATION SUBMISSIONS AND
HEARINGS

The application was made on the and the
Wellington Regional Council and Wellington City
Council duly notified these. A twenty working day
peried is allowed for submissions, and before this period
had expired a total of 11 submissions were received on
the various applications that were made. The
submissions came from several individuals, a number of
resident associations, two special interest groups, the
Public Health Service and Waste Management NZ Ltd.

A number of submissions that were made against the
proposals and were clearly motivated by the desire to
reopen consideration of other site options for sewerage
treatment plant. The Public Health Service submission
was supportive but sought that conditions be applied to
protect public health, -

The concerns of Waste Management Ltd were with the
adequacy of information presented and the terms and
conditions of the consent sought. The motivation was
evidently to ensure that all waste disposal projects,
whether pursued by local authorities or by the private
sector, were all dealt with in the same manner, that is
that in the resource management process there should be
no privileged position for local government.

The hearing of the application and of submissions was
preceded by a prehearing which clarified some issues but
did not effectively resolve any.

A hearing was convened and the Hearings Committee
comprised a Joint Hearing Committee appointed by
Wellington Regional Council and Wellington City
Council, consisting of three councillors of Wellington
Regional Council and a commissioner appointed by the
Wellington City Council,

On completion of the hearing and before making a
decision, Wellington Regional Council requested all
submittors and other parties to submit proposals for
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conditions. Most responded including both Wellington
Regional Council and WCC with vast numbers of
conditions.

THE DECISION

The committee in granted the consents. In doing so
stated that it had "refemred to the definition of
"Sustainable Management" in the Resource Management
Acr 1991 a5 including managing the use of and
protection of natural and physical resources

in a way which enables people and
communities to provide for their
social, economic and cultural
wellbeing and for their health and
safety whilst sustaining the resources,
safeguarding its life supporting
capacity and avoiding or mitigating
adverse effects.

The committee considered that the proposal for the
disposal of sewage and waste came within this
definition.”

It went on to say amongst other things that it had
"considered the submissions on the applications and
believes that all legitimate issues and concems have
been covered by conditions on the consents”.

And further "the committee overall-considered that based
on expert evidence it had heard from the varions
witnesses called on bebalf of the applicant, the consents
sought should be granted, subject to the specified
conditions on the consents.

Most of the conditions simply reinforced particulars of
the application. These included conditions requiring that
the dewatered sludge be not less than 20%, that there by
no offensive odour beyond the boundary, that the refuse
be covered at the end of each day and that a leachate
collection system be provided and maintained.

A number of the conditions were been appealed against
by the Wellington City Council. Most of these were not
of a critical nature but the appeals sought clarity, These
issues have now been resclved by agreement and the
appeals witbdrawn, The project has now all the required
consents,
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GEOTECHNICAL FACTORS ASSOCIATED WITH REFUSE LANDFILL SITE
SUITABILITY - ARE WE ON THE RIGHT TRACK 7

P.L Kelsey

A.H. Nelson

Earthtech Consulting Ltd
Auckland

SYNOPSIS

Current assessments for site suitability for municipal refuse disposal is focused on natural ground conditions
and engineered liners which provide security in terms of potential contamination of surface and groundwaters.
Sites which provide "perfect” geotechnical conditions are very rare.

Current practice with respect to new sites is reviewed in light of site performance from landfills of significantly
lower engineering standards. Impacts from these sites are at a lower level than expected according to cutrent

practice.

INTRODUCTION

Municipal refise disposal methods have undergone
major changes in the past ten years. In many areas
in New Zealand past common practice involved
numerous relatively small scale uncontrolled refuse
tips. These were often located adjacent to or near
harbours or rivers in relatively close contact with
natural surface and groundwaters.

Current refuse disposal practice, particularly for
new sites is focused on containment issues where
engineered landfills are designed to provide a low
risk of contamination of surface and groundwaters.

Geotechnical factors play a major role in providing
site containment in addition to ease of construction,
ease of permitting and cost effectiveness.

This paper addresses current practice regarding
geotechnical issues and the landfill site selection
process, Examples are provided from regional
studies. Performance monitoring from existing
refuse landfills constructed to significantly lower
standards is also discussed with a view to assessing
the appropriateness of the new standards,

GEOTECHNICAL FACTORS

Geotechnical factors taken into consideration during
site selection are:

1) Containment of Leachate and Landfill Gas

° Site containment is probably the major
geotechnical issve in landfill site selection.
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Favourable  hydrogeological  conditions
include soil and rock materials characterised
by low to very low hydraulic conductivity
(107 to 10710 mg1) with corresponding low
groundwater flows (less than 100m3d-1).

Upper Catchment Sites -  Groundwater
Recharge Areas

To assist in the control of surface water,
proposed landfill sites are commonly located
in the upper-most reaches of surface water
catchments. Such areas are normally zones
of groundwater recharge and thus
groundwater protection is required.

A 'closed single catchment groundwater
system is preferred to minimise contingency
options should groundwater contamination
occur. In such a situation extraction bores or
a trench constructed immediately below the
landfill toe would be able to intercept any
contaminant plume. With low groundwater
flows from low hydraulic conductivity
conditions, volumes of groundwater
requiring treatment in a worst case scenario
would be relatively small {say less than
100m3 d -1y,

Hydrogeological security is also provided by
groundwater divides under boundary ridges
associated with the site, Where located in
the upper reaches of the surface water
catchment, the landfill footprint will be
relatively close to groundwater divide
positions.  Groundwater divide continuity
needs to be assessed in terms of variable
geology or rock mass features (such as open



jointing or fault zones) providing moderate
to high hydraulic conditions drawing down
the groundwater table in this area. Landfill
construction (liner and capping) will also
significantly modify catchment hydrology
with a reduced area available for
groundwater recharge. Reduced
groundwater recharge would in turn result in
the lowering of groundwater divide positions
and this would need to be assessed.

If deeply incised catchments are located
adjacent to the site, topographical effects can
cause the drawdown of "cross-catchment"
groundwater. This topographical effect has
been encountered in site evaluations.

Lower Catchment Sites - Groundwater
Discharge Areas

Usually less common than upper catchment
sites due to surface water control and other
constraints, sites located in groundwater
discharge areas can provide favourabie
containment due to upward groundwater
flow.

Groundwater discharge would be collected by
groundwater diversion drains. Liner leakage
would also be intercepted by the diversion
drains. Sites characterised by low hydraulic
conductivity would be favoured in such
conditions due to low groundwater discharge
flows requiring treatment if contaminated.

Attenuation

Attenuation reduces the effect of landfill
contaminant discharge. Natural attenuation
occurs both in  the wunsaturated zone
(including the liner if present) and within
groundwater as contact is made with
saturated soil and rock  materials,
Attenuation involves the following processes;
adsorption, biological uptake, cation and
anion exchange reactions, dilution, filtration
and precipitation reactions (Bagchi, 1983).

Attenuation has been relied upon in the past
to 'treat’ leachate discharge from unlined
sites. Under current practice, attenuation is
usually assessed in terms of mitigating the
effects of very low volume leakages from
lined landfills,
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Landfill Gas

Discharge to the atmosphere of landfill gas
via the working face and through the
intermediate and final capping layers is
becoming a major permitting issue. Of
relevance to groundwater quality is the
leakage of landfill gas into the ground
through the side walls and base of the
landfill.

Landfill gas can also migrate through liner
systems. In situations where natural ground
adjacent to the landfill is unsaturated and
contains open joints or similar features, off-
site gas migration is a real concern in urban
areas.

The initial migration of landfili gas through
the volcanic soils and rocks surrounding the
Greenmount Landfill in Auckland has been
well documented. Control of the gas has
been achieved by installing a perimeter gas
well extraction system. The bulk of the gas
is collected by internal wells and used to
generate electricity.

Of interest is the effect of landfill gas on the
groundwater quality. Careful monitoring of
the leachate and groundwater quality has
identified a small but detectable effect on the
groundwaters due to a phenomenon known
as the "gas transfer effect”. Landfill gas
consists largely of methane and carbon
dioxide with trace levels of other gases and
contaminants. The effect of gas migration is
principally due to the CO,, which lowers the
pH and results in a slightly more acidic and
harder groundwater. Very low levels of
ammonia and VOC's (Volatile Organic
Compounds) have been detected - these are
believed to be a result of gas migration.

Water quality in the volcanic aquifer directly
beneath the Greenmount Landfill meets
drinking water standards and the gas transfer
effect is not considered significant,
However, recognition of the gas transfer
effect has allowed a distinction to be drawn
between the effects of gas migration and the
effects of leachate leakage. Afier 14 years
operation there is no detectable leakage of
leachate through the clay liner at the
Greenmount site.
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Engineered Containment Systems

During the site selection process, a principal
objective is to identify a site with the most
favourable natural containment. Absolute
security usually cannot be relied upon from
natural containment and thus engineered
lining systems are required. The detail of
such systems and their particular
applications are beyond the scope of this
paper. In summary they range from a single
clay liner to systems consisting of double
clay/synthetic composite liners. In general,
where redundancy cannot be provided by
natural site containment, more sophisticated
liner designs are adopted.

Stability issues need to be carefuily addressed
with synthetic liners in particular, as very
low site interface friction angles can occur
between synthetics and soils.

Slope Stability

Where an engineered liner system is to be
used, the stability of natural sidesiopes needs
to be ensured in order to avoid liner rupture.

Small scale slope instability, of the order of
5m in depth can usually be stabilised with
regrading or drainage. An example of a
large landfill site which required extensive
regrading which was visited by the author is
the Bee Canyon Refuse Landfill in Orange
County, California. The 110 million cubic
metre air space (30 year life for 3 million
people) site extended over 150 hectares.
Approximately 20% of the valley area was
covered by landslides up to 20 metres depth.

Large scale landslides which are deep seated
(generally greater than 10 metres depth), and
cover a large portion of the site are generally
considered a fatal flaw in terms of the site
selection process. Large landslides provide
potential problems with short term instability
during construction and overall instability
following completion.  Apart from the
stability issue, ground and groundwater
conditions can be very complex and difficult
to understand and thus permit.

In hilly terrain iarge landslides can provide
what appears to be favourable topography for
landfill development. During a site selection
study in West Auckland, a large scale
landslide was identified from
geomorphological svidence with
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iv)

approximate dimensions of 1 km x 1.2 km.
This site was not taken past the initial desk
study phase of investigation due to this
stability constraint.

Foundation Conditions

Landfill depths can reach 30m to 40m
resulting in floor loads in the vicinity of
400kPa. Any resulting settlement needs to
be within limits which can be tolerated by
the liner and leachate collection system.
Compressible soils wuvsually need to be
removed prior to landfill construction.

Construction Materials

A favourable site is one from which landfill
construction materials can be sourced on-
site. Natural soil liner suitability is primarily
dependent on hydraulic conductivity with 1 x
10 ms! being adopted as the recommended
minimum value in New Zealand (CAE,
1992). Suvitable liner materials generally
have a fines content (clay and silt) greater
than 30%, Pl greater than 10% and rock
fragments no larger than 50mm (Daniel,
1990).

Values higher than 1 x 10? ms! may be
considered if used in conjunction with a
synthetic liner or if the design has
redundancy  eisewhere, Clay liner
thicknesses generally range between 600mm
and 900mm. Site specific liner trials should
be undertaken prior to full scale construction
to demonstrate that the design criteria can be
achieved under field conditions.

Erosion and dispersion behaviour of liner
materials also needs to be checked.

The primary requirement for intermediate
cover is for trafficability. Intermediate cover
may need to be supplemented with low grade
aggregates for winter conditions.

Final capping layers generally consist of at
least:

° 100mm topsoil
° 500mm clay rich soil
° 200mm intermediate cover to final lift

In a number of New Zealand landfills there
is a trend favouring the development of "wet"
lardfills via leachate recirculation and other
means. This removes the need for a highly



impermeable cap as some ingress of moisture
is desirable. This approach is very different
from the USA "dry tomb" philosophy where
major efforts are made to exclude as much
moisture as possible from the iandfill.

V) Seismic Hazards

Potential disruption of a liner system from
active faulting is considered to be a fatal flaw
for site selection purposes, Particularly in
seismically active areas potential fault
rupture needs to be specifically addressed.
Liquefaction can also preclude a site for
landfill development due to loss of
foundation support affecting liner and
leachate collection systems, The surcharge
effects of a landfill can mitigate potential
liquefaction in certain situations.

SCOPE OF NEW LANDFILL INVESTIGATIONS

Geotechnical investigations are staged. At each
major decision making point, care should be taken
so that all sites are to the same level of
understanding, to ensure the process is technically
unbiased, The stages are generally as follows:

i} Constraints Map Preparation

Desk study review and an initial assessment
of geology from most favourable to least
favourable conditions.  Areas of "poor"
geology defined on constraints map.

1) Site Rating Asgsessment

Sites selected on topographical suitability are
inspected from the air and public vantage
points. Inspection of roadside exposures are
undertaken. Usually between 50 and 100
sites are rated for a major new landfill.

iii)  Preliminary Field Investigations

Preliminary field investigations of generally
three sites involving mapping, hand-auger
bores, test pits and drilling if reguired.
Development of site design concepts.

iv)  Detailed Field Investigations

Comprehensive site investigations for
Assessment of Environmental Effects for
permit applications of the preferred site.
Detailed mapping, borehole investigations,
geophysical and CPT investigations if
required.
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For the above staged approach geotechnical factors
are incorporated with other social, cultural and
planning issues as part of the overall site selection
process.

REGIONAL STUDIES

Farthtech Consulting 1td has been involved in
landfill site selection studies in the Auckland, Bay
of Plenty and Manawatu Districts. An outline of the
favourable areas in each of the Districts in terms of
geotechnical factors is summarised as follows:

i) Auckland Region

Large areas of Auckland are underlain by
Tertiary soft rocks of the Waitemata Group
and Northiand Allocthon. ILarge currently
operating landfills are located in this geology
are at Rosedale, Redvale and Whitford,

Waitemata Group materials are generally
characterised by clay-rich residual soils
which  provide reasonable landfili
construction materials. Waitemata bedrock
overall is characterised by low hydraulic
conductivity (10° to 10% mg! ) with
corresponding low groundwater flows.

Sites with this geology are however rare due
to urbanisation extending over
topographically favourable terrain. Large
scale instability can also be a potential
constraint with Waitemata Group materials.
Prebble (1992) defined the Southern
Landslide Zone, an extensive area of deep
seated land movement in the South Auckland
area. The Manukau Landfill site proposed in
1991 was located within this zone and
required very extensive investigations to
ensure stability.  This site is presently
unpermitted,

A number of landfills in the Auckland area
have been located on the Auckland
Volcanics, Such sites provide a lesser degree
of hydrological security compared to
Waitemata Group sites due to moderate
hydraulic conductivity conditions. Landfill
construction materials are also very limited
and would normally have to be imported as
is the case for the currently operating
Greenmount Landfill.

i) Bay of Plenty Region

Geology in the region is dominated by
ignimbrites and tephra derived soils from the
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Taupo Velcanic Zone. These materials
provide serious constraints to landfill
development in terms of, highly erodible and
dispersive soils, difficult workability of
allophanic soils, lack of suitable materials for
liner and capping construction and poor
hydrogeological security with complex
ground and groundwater conditions which
can be characterised by high hydraulic
conductivity.

Suitable sites in the Bay of Plenty Region are
restricted to isolated areas of basement
greywacke, Pleistocene soft rocks and
Pliocene volcanics.

Basement greywacke is generally limited to
the eastern margins of the Bay of Plenty.
Sites in such areas are not however common
primarily due to unfavourable topography.
Suitable landfill construction materials,
particularly for a clay liner are limited due to
a poorly developed and fines deficient
residual soil profile. Weathered greywacke
can also provide moderate hydraulic
conductivity conditions.

Within the eastern Bay of Plenty area
Pleistocene soft rocks have been targeted for
landfill sites.  Preliminary drilling has
indicated that these sites have potentially
favourable natural containment and on-site
construction materials.

For the western Bay of Plenty area a site
underlain by Pliocene andesitic volcanics is
currently under detailed investigation
following a regional site selection study. The
site is weathered to 25m depth providing low
hydraulic conductivity conditions.
Reasonable landfill construction materials
are present on-site although depending upon
liner option adopted, some materials may
need to be imported,

Seismicity is particularly an issue in the
eastern Bay of Plenty area with the presence
of the Taupo Volcanic Zone. Potential fault
rupture was specifically addressed for all
short-listed sites in this region,

Manawatu Region

Large areas of the Manawatu District are
underfain by Holocene alluvium which is
characterised by moderate to high hydraulic
conductivity offering  poor natural
containment.
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Also on the extensive lowlands are
Pleistocene terraces capped by 2m to 10m of
loess with low hydraulic conductivity. The
loess could provide suitable natural
containment and liner materials and
investigations are currently in process in
such areas.

The remaining geological units in the district
are the basement greywacke and the Pliocens
soft rocks. Sites of this geology are not
common due to unfavourable fopography. Of
the two units the Pliocene soft rocks

generally provide more favourable
geotechnical conditions due to potentially
good containment and  construction
materials.

) Summa
For site selection studies undertaken,
geotechnically "perfect" sites are rare

Unlined sites are generally not an option due
to hydrogeological uncertainties. Site
suitability is considerably more restricted for
lined sites due to the demands made by the
engineered containment systems.

Many older landfills are present in the
regions studied. A number of these are
located in areas considered to be of
unfavourable geology. Due to the limited
number of favourable sites available and
high cost of investigations of new sites,
performance monitoring of old sites should
be evaluated in terms of current site selection
criteria.

EXISTING SITE PERFORMANCE - ARE OUR
SITE SELECTION CRITERIA VALID?

Table 1 provides a wvery basic comparative
evaluation of a number of existing sites in the North
Island. Leachate containment, gas controls and
monitoring systems have been rated on a scale of 1
to 3 where 1 meets the CAE guidelines and 3
indicates no system at all. None of these sites
achieves a total score of 4, which would indicate full
compliance with the CAE puidelines. The older
sites had no engineered controls and contaminants
were simply discharged inte the natural
environment. While there is no doubt that these
older sites degraded the receiving environment, 10
or so years after closure there is little evidence of a
"toxic time-bomb" threatening to engulf suburbia as
we know it.



A good example of this is Craigs Quarry, where
relatively low levels of contaminants were identified
only after specific attempts were made to place a
borehole into the landfill itself,

In some instances, contamination downstream of a
landfill site has been attributed to road run-off and
general atmosphere contamination, with no direct
evidence of a landfill related source,

The current trend towards total management of the
waste stream from source to final disposal should
effectively reduce the levels of difficult, controlied
and hazardous wastes entering the landfills, A
significant reduction in ieachate strength in terms of
hazardous elements should come about as a result of
the widespread use of the "pretreatment" option to
comply with leachability criteria.

In essence, the new landfills will receive a less toxic
mix and will be better managed with full
containment systems and effective treatment or
disposal methods for leachate and gas. Is this
standard of engineering an overeaction to poor
management practices in the past? Can we justify
and afford the level of investigation, containment
and monitoring currently being imposed under the
Resource Management Act and reinforced by the
CAE guidelines? Shouid we not perhaps be looking
more closely at the effects of the existing andfills
and perhaps extending the life of these Iandfills
with tighter controls over the nuisance factors?

Are we simply adopting hazardous waste
containment technology from overseas and applying
this to municipal solid waste in New Zealand which
contains a very small fraction of industrial waste?

As more monitoring data becomes available, we will
be able to define more accurately the real effects of
landfills. These effects on the immediate site
environment should be the driving force for the
consent process, not “guideline" standards
promulgated by the USEPA, CAE and others.

FUTURE TRENDS
What will the landfills of the future be like?

o Landfills will still be a necessary commodity
but there will be fierce competition for fandfills
to be sited in urban areas to clean up old
landscape scars and provide a desirable
recreational area on completion.

¢  Nuisance factors will no longer be on issue as a
result of effective screening, dust and odour
controls and new management practices,
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s Old sites will be reworked and compacted,
using the degraded refuse as cover, thus
increasing the air space of closed sites.

¢ New sites will be biodegraded quickly and
efficiently and the degraded refuse reworked
again before final closure.

e Research into clogging, diffusion and gas
transfer effects will have redefined containment
practices. The new sites will incorporate an
attenuation layer, self clogging liner and a
diffusion barrier.

¢ Monitoring will be limited to nuisances (dust,
noise, odour) and key contaminants only,

CONCLUSIONS

Complying with all aspects of the CAE guidelines is
proving to be cumbersome. A limited amount of
high quality monitoring data from existing sites
does not support the common belief of major
contamination and leakage from these sites, A
rational approach based on an evaluation of site
specific effects from existing sites in a region may
show that full compliance is not necessary and that
effects can still be well managed without a "Rolls-
Royce" system.
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REDVALE LANDFILL - GENERAL DESIGN AND CONSTRUCTION CONSIDERATIONS

A. P. Kortegast
Director

Tonkin and Taylor Ltd
Auckland

SYNOPSIS

The Redvale Landfill is the first privately developed landfill in New Zealand to meet accepted USEPA design standards
for operation as a Municipal Solid Waste Landfill. At the time the design was undertaken USEPA Subtitle D criteria were
being developed in the USA and the landfill design concept was based on expected Subtitle D performance criteria. The
final design meets the Subtitle D criteria promulgated in October 1991. The design maximises the advantage of a site
geology of low permeability mudstones and limestones by utilising these materials to achieve a very low liner permeability.
However, these highly sheared Lower Tertiary age rocks demonstrate poor strength characteristics and require careful
engineering and materials control in developing the site. The landfill represents "state-of-the-art" in New Zealand and
the design basis forms an appropriate yardstick for assessing future landfill proposals.

1.  BACEKGROUND

in June 1990 when Waste Management N.Z. Ltd
(WMNZ) advanced consent applications for the Redvale
Landfill, it was the first privately owned company in
New Zealand to seek water right and planning
permission for a landfill. In approaching the project
WMNZ looked to the experience of parent company
Waste Management Internatiopal (WMI), in order to
develop an appropriate design given the absence of a
clear regulatory direction or set of design standards in
New Zealand.

Tonkin & Taylor Ltd was engaged to provide local
design expertise and consent process suppert and in
particular, specialist geotechmical and environmental
advice. This paper summarises the key design and
construction issues associated with development of the
Redvale Landfill and focuses in particular on the issue of
appropriate design standards for Municipal Solid Waste
Landfills (MSWL's), resulting from experience with the
Redvale project.

2. SETTING

The site location is shown on Figure 1. The Redvale site
had been considered as potentially suitable for a landfill
for a number of years, with earlier investigation of the
site by the then ARA, in 1984. WMNZ purchased the
property in 1988 and following assessment of overall
design concepts by WMI, further land was purchased
(the East Property), to result in an overall site area of

some 85 ha. Inclusion of the East Property was
necessary in order to be able to develop a suitable final
landfill form and to provide the total airspace required to
ensure economic viability. General site features as
shown on Figure 2.

1t was recognised from the outset that the site had a
number of positive atiributes with regard to its
development as a Iandfill site, namely:

* relative isolation from housing, but reasonable
proximity to the waste source

* a geology which consists almost entirely of low
permeability mudstones and muddy (marly)
limestones of the Northland Allochthon (Lower

Tertiary age)

* minimal groundwater circulation and no local
groundwater utilisation

¢ an inward gradient to any excavation as a result
of low soil and rock permeabilities and high
groundwater levels

* good access directly off State Highway 1

° a history of quarrying and heavy vehicle
operations on the site

‘On the negative side, the geotechnical properties of the
Northland Allochthon materials were known to be poor,
with shear strengths characterised by low friction angles,
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and poor slaking resistance being typical.  The
Pleistocene clays and regolith soils overlying the
mudstones were also known t0 be highly plastic and
generally well wet of optimum water content.

As with siting for all such locally undesirable land uses
(LULU’s), the proposal met opposition from local
residents. This was eventually resolved through the
consent process, and is not discussed further in this

paper.

The site geology is complex and its tectonic history has
resulted in significant transportation resulting in severe
stresses and a great amount of deformation in the
Tertiary age rocks. In short, overturning movements
have resulted in emplacement of a pod of highly
disturbed Northland AHochthon rocks amongst and over
younger Waitemata Group Sandstones and Siltstones.
The eroded Northland Allochthon surface was later
blanketed by Pleistocene and Quatermary alluviuo.
General site geology is shown on Figures 3 and 4. Itis
notable how the eroded nappe structure results in a ‘pod’
of low permeability, Lower Tertiary age rocks
surrounding the landfill cell and at least 100 m deep in
most places.

3. DESIGN BASIS
3.1 Regulatory Background

At the time design was commenced there was no
regutatory basis or accepted standard for landfill design
in New Zealand.

That situation still exists as the now much referenced
CAE guidelines stop well short of forming a definitive
engineering design basis.

Critical factors assessed by the Redvale design team in
terms of the design basis for the facility were:

¢ the waste types the facility was to be designed to
accept

e overseas precedents and in  particolar the
regulatory framework which had been developing
in the USA and Europe during the Iate 1980’s

e the issue of engineering the site in a cost-effective
way, taking advantage of the low permeability
materials present to form a disposal "cell”.

At the time the design was developed, hazardous waste
facility engineering requirements had become explicitly
defined in the USA under the RCRA laws (Subtitle C),
which were promulgated in 1984. These regulations
provide the basis for design of Hazardous Waste landfills
and by experience of current practice, facilities accepting

significant quantities of hazardous waste (i.e. the newer
co-disposal sites). In the late 1980’s/early 1990’s a
further set of regulations known as Subtitle D was being
developed in the USA for MSWL’s. Subsequent trends
in Europe have also generally followed the Subtitle D
path, which essentially set out to:

e define separate (and less rigorous) standards for
MSWL’s as against hazardous waste facilities
using a performance-based, rather than necessarily
prescriptive approach

* promote the discontinuation of co-disposal as a
waste management practice

s provide for a combination of engineering and site
management standards to control the full range of
potential environmental impacts which can arise
from landfill activities

The Subtitle D regulations grew out of the perceived
success of the more stringent Subtitle C regulations.
Part of the difficulty faced in the USA was the sheer
pumber of landfills dealing predominantly with
Municipal Solid Waste and their wide variability in terms
of engineering design standards and environmental
controls. Subtitle D was thus intended to ‘bridge-the-
gap’ between regulators and owners, with requirements
for progressive improvement of existing facilities and
performance criteria for new ones. This resulted in
inclusion of a timetable for effective dates of
compliance, shown as Figuzre 5.

The regulations had a lead time of 24 months as can be
seen from Fig. 5, with full power originally to be given
to the legislation after October 9, 1993. A further
interesting feature of the regulations is that States can
seek to "customise” the regulations to meet the local
situations. This could, for example, result in a blanket
ban on the performance assessment approach and simply
require the double liner for all landfills in areas where
groundwater usage from shallow aquifers is high.

The Subtitle D Regulations have now been passed into
law in the USA. These regulations are also appropriate
to New Zealand. In the opinion of the author they, or
something similar, should be adopied for use in a
regulatory way in this country to ensure a consistency of
design approach.

The Subtitle D regulations are summarised as follows
(after Carson; 1993):

Subpart A - General Provisions
The intention of the regufation:

"... is to establish minimum national criteria for
municipal solid waste landfills (MSWL's), including
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MSWLF's used for sludge disposal and disposal of non-
hazardous {municipal solid waste] combustion (MWC)
ash (whether the ash is co-disposed or disposed of in an
ash mongfill). Part 258 sets forth minimum national
criteria for the location, design, operation, cleanup, and
closure of MSWLF units. (Federal Register, 1991)."

Subpart B - Location Restrictions
Location restrictions are as summarised below:

* new, expanding and existing landfills must be >
10,000 feet (3,000 m) from airport runways that are
utilised by jet aircraft, or > 5,000 feet (1,500 m)
from airport runways used by piston/propeller aircraft
uniess it can be proven that a hazard from birds does
not exist. {Any new MSWLF or expansion within 5
miles (8 km) from any airport must notify Federal
Aviation Administration (FAA).)

+ new, expanding and existing MSWLEF’s must not be
located in 100 year floodplains, nor can they interfere
with the 100 year flood event or pose a threat to
human health and the environment,

e new units and expansions must not be placed in
wetlands unless proven (acceptable} via demonstration
(to the state), )

¢ new units and expansions must not be sited within 200
feet (60 m) of a fault that has experienced
displacement within the Holocene Epoch, unless it can
be demonstrated (acceptable) (to the state).

¢ new units and expansions must not be placed in
seismic impact zones which are defined as lithified
areas having > 10% possibility of a maximum
horizontal acceleration of 0.10g [where g refers to the
natural gravitational acceleration of the earth] in 250
years, unless otherwise demonsirated (acceptable) (to
the state).

¢ new, expanding and existing units must not be placed
in unstable areas, which are defined as areas of
potential landslide. AIl components of the facility
must remain intact and be protective of human health
and the environment.

Subpart C - Operating Criteria

Existing, new MSWLFs and expansions must:

¢ exclude the receipt of regulated hazardous waste

¢ provide daily cover soil or equivalent

* controi potential on-site disease vectors

e control explosive gases such as methane

* ecliminate open burning of waste (with some
exceptions)

* contro} public access to the site

» provide run-on and run-off controls

= control discharges of surface waters

* cease disposal of liquid wastes with some exceptions
* demonstrate compliance through record keeping
Subpart D - Design Criteria

Design criteria are applicable only to new MSWLF's and
expansions. There are two basic design options and the
design is a function of (the state’s) approval status:

1)  (in approved states), a site-specific design
standard utilising a point-of-compliance poliutant
criteria, or

2)  (inunapproved states), a uniform design must be
used

The options are indicated graphically in Figure 6. In
site-specific designs (in approved states), the liner and
leachate collection system must ensure that a list of 24
organic and inorganic constituents, as described in the
Federal Register (1991) in the uppermost aquifer do not
exceed maximum contaminant levels (MCLs) as
designated in The Safe Drinking Water Act at a
designated point of compliance that is to be located 0-
492 feet (0-150 m) from the facility boundary.

In unapproved states, a standardised composite landfill
liner consisting of a geomembrane and compacted clay
soil of at least 2 feet, overlain by a leachate collection
system.

Subpart E - Groundwater Monitoring and Corrective
Action

Monitoring systems must be designed to obtain samples
from the uppermost aquifer to characterise background
and must be outside the point of compliance. Sampling
and analysis standards are included in the rule.

Subpart F - Closure and Post-Closure Care

Closure plans were to be in place by the effective date of
the regulation, October 9, 1993, The plans must contain
methods to achieve specific closure and post-closure
maintenance objectives. Basic landfill closure includes



a cover with hydraulic conductivity of no greater than
that of the bottom liner, or, no less than 1 x 10 cm/sec,
overlain by topsoil to sustain vegetative plant growth
where appropriate. Post-closure monitoring time is 30
years, but this can be altered in approved states.

Subpart G - Financial Assurance Criteria

Owner/operators must demonstrate financial
responsibility for closure, post-closure care, and
potential corrective action, based on a worst-case
scenario. Potential methods to assure financial
responsibility are surety bonds, trust funds, guaranteed
petformance and other credit instruments.

Effective Dates

The USEPA recognised the difficulty in preparing state
solid waste plans and delayed the effective date for
existing smaller facilities (less than 100 tonnes per day),
to April 9, 1994, The effective date for facilities
receieving over 100 tonnes per day is now 9 october
1994, For some groundwater monitoring and minimum
separation issues, the effective date has not yet been set.

3.3 Redvale Design Basis

Although the Subtitle D regulations were not finalised at
the time the Redvale landfill was designed, it was
considered that the principles of Subtitle D would be
unlikely to change and that fandamentally their logic was
sound and applicable to the New Zealand situation. It
was therefore decided to design the landfill based on (the
likely) Subtitle D regulations and to operate it as

MSWL. That is, it would be engineered with a clay
liner on a performance basis (given the lack of any local
aquifers), and it would not accept ‘hazardous waste’.

Out of this background the following design basis was

developed for Redvale:

® 2 liner design based on likely Subtitle D criteria
and formed from natural materials

* 1o nett loss of wetland areas from. the site
s application of daily cover
* no burning of wastes at the site

* control of birds and other disease vectors (by
minimiging open area, applying daily cover etc)

¢ 1o public access

¢ use of effective silt control measures

46

e acceptance only of MSW and approved special
wastes (no hazardous wastes)

e incorporation of a leachate collection and
treatment system

e incorporation of & gas control system

o application of final cover along with cover
drainage, maintepance and re-vegetation

This design basis has, by a process of attrition/adhesion,
now become more accepted (and expected) in New
Zealand and is the sort of basis on which most
environmental engineering consultants would now
approach such a design assignment. However, the
requirement for this level of engineering is certainly not
comsistent across all regulatory bodies in New Zealand as
yet.

4.0 SPECIFIC DESIGN ELEMENTS

4.1 Site Configuration
The Redvale landfill is designed for a nett airspace of
approximately 14,5 Mm?,

The design configuration was aimed at developing an
overall earthworks balance along with target basegrade
slopes of 2% and sideslope liner slopes of 1 vertical : 3
horizontal.

The site is designed to follow a pre-determined phasing
plan, developed based on waste input or other (e.g.
geotechnical factors).

Final slope designs were carefully assessed by landscape
architects during the design phase to ensure a final form
which marries with the surrounding landscape. Final
cap design was assessed using water balance models,
along with experience gained elsewhere and top slopes
of from 1:10 to 1:5 were selected, with some areas as
flat as 1:20. An ‘average’ top slope of about 1:6 was
targeted.

The final grade and basegrade plans for the site are
shown as Figures 7 and 8.

4.2 Liner Design

The liner design is based on testing of site materials
including:

o laboratory testing of cores

o laboratory testing of re-moulded Northland
Allochthon and Waitemata Group materials



¢ in-situ testing in boreholes
e in-situ testing in large diameter shafts

The results of the permeability testing programme are
shown on Figure 9. From this work and following
review by the then Auckland Regional Water Board and
the consent process itself, the following liner
specification was developed:

@@ A liner constructed of re-compacted clay (or
mudstone) with a hydraulic conductivity of
< 1 x 10° m/s and a minimmum thickness of 900
mm to be placed in all areas where materials
other than Nerthland Allochthon are exposed in
the basegrade.

In all other areas the Northland Allochthon is to
be inspected following excavation. Any suspect
areas (i.e. where surface defects exist or the
material is loose) are to be sub-excavated to 900
mm depth and replaced as for (i) above.

(ii)

(iti) In all other basegrade areas the upper 200 mm -
300 mm of material is to be scarified, and
replaced with compaction in a minimum of 2 lifts
to achieve the permeability standard set out in (3).
(iv) Inall areas the permeability of the upper 900 mm
of the basegrade/liner shall be < 1 x 10° m/s.

The Phase 2 cell sideslope showing general liner
construction is shown on Figure 10. As can be seen
from Fig. 10, maximum benefit is taken from the low
permeability of the Northland Allochthon materials, with
the liner meeting USEPA Subtitle D criteria on a
performance basis.

4.3  Final Cover Layer
The design objectives of the final cover are to:

e exclude excess rainwater from the landfill (i.e.
minimise fong term leachate generation)

o provide a stable base for a revegetation layer,
hence minimising erosion

* control landfill gas migration

At Redvale the final cap configuration will be determined
following initial trials, but will generally be of minimum
permeability (approx. 1 x 10? m/s), and at least 900 mm
thick,

In the limited areas where tree planting will take place
over the final landfili surface, cap thickness will be
increased to around 3 m.
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4.4 Environmental Controls

A full leachate extraction system is incorporated in the
design along with landfill gas control. However, this
paper focuses on geotechnical aspects and these design
components are not discussed further. For illustrative
purposes a simplified cross-section through the landfiil
showing the relationship of the main leachate
components is shown on Figure 11.

5.0 GEOTECHNICAL CONSIDERATIONS

5.1 Engineering Geology

5.1.1 General

in engineering geology terms the site materials can be
divided into the principal units given in Table 5.1.

The following brief summary is based on observations
from the excavation, exposure and usage of all material
types in the works to date, focusing on the principal
areas of work, namely the Phase 1 and 2 cells and the
Phase 10 area bund.

5.1.2 Phase 1 Cell Excavation

The dominant material in the early phase excavations,
which comprises the bulk of the ternporary highwall and
the sidewalls, is Northland Allochthon siltstone and
mudstone. Along the southern (permanent) highwall and
the eastern highwall softer, wet Pleistocene sediments
are present, up to about 10 m thick. These softer
sediments vary in thickness and generally thin to the
north, As a result of the poor strength characteristics of
these materials a mudstone buttress was first placed
along the southern highwall.

A significant amount of information (in terms of material
bebaviour) was able to be gathered during excavation of
the Phase 1 cell, the lower 10-20 m or so of which is in
Northiand Allochthon materials. In very general terms
three lithotypes are exposed in the Phase 1 excavation.
In the southeast corner of the Phase 1 excavation grey,
weakly cemented siltstone with continuous wide spaced
defects is exposed. While this siltstone has a very
blocky nature, it has behaved well in the highwall.

Grey soft weak mudstone outcrops in the middle section
of the Phase 1 excavation and is separated from a green
mudstone by a prominent fault with a NE to SW trend.
This mudstone is finely sheared and crushed giving it a
powder-like appearance. The crushing has been so
intense that there are now no continuous defects within
the rock mass. Hence, it has a massive, homogeneous
appearance with soil-like properties. However, the
mudstone contains appreciable amounts of smectite,

which swells when in contact with water or when stress



TABLE 5.1

PRINCIPAL MATERIAL TYPES AND CHARACTERISTICS

Unit Description Defeets Hydraulic
Characteristics

LIMESTONE: MARLY LIMESTONE Highly shattered. Jeinls Low inter-grapular
(Main Type) Greenisk or | close, tight smooth and porosity aod penmeahility
cpeam-grey-green muddy | generally slickensided, due to fine grained 3nd
limestone typicatly wich Foints infilled with clay cemeanted pature,

63 to 1% Calcium or calcile Secondary porosity from

Carbonate shattering restricied by
+hy and calcile coatings

SANDY LEMESTONE: Highty shanered. foinis on joinly a3 well a1 joint

Light ysilow-grey-green 2rc clesc and tght, but tightoess

medium-fine griined frequeally rowgh,

glauconitic limestane

CalQ, conent 54%-70%

MUDSTONE: Cream-green to dark Highly shatiered and Low inter-grapular
grey-green, occasionally sheared. Joints and shear | perosity and penmeability
calcarcows. Oflen surfaces tight and clay due to fine grained xnd
swelled dusing drilling filled, Slickensides compacted mature. Law
{amectite clays) common, secondary porosity duc to

lightyaess and ¢lay coating
oo joints.

PLEISTOCENE: | Very soft-to-fimn cliys, o joinus. Plastic to poo: | Low inter-granular
ik, silly clays, sasdy plastic in refauicn to clay porosily and permeability
3ilts and peats, with pum and 3il conienta, dut o fine mature and
and wood fragmentt, Ppoar zorting,

Bedding subharizontal
wavy and frequendy
indistinel,

RECENT Quaternary age clays and | Neo joinis. Very plasic Gepenally fow

SEDIMENTS sils comprising o noo-plastic. permeabiliy.
slopewash colluvium and
rganic soils,

WAITEMATA Trick basal conglomerte | Widely to closely apaced Low inter-grzoutar

GROUP: comprising limestene joints, Joint opeancas porcsity and permeabitity
clasts with mudstene s URnamissivity vary, due 1o fine controtling
frayments in a calcareows | but joints are generally grainsizes prosent,
mudsione matrix, tight. Defecus corzrel
Conwins beds of permeability.
sandstones,

relieved. In the present highwall the grey mudstone

performs reasonably well and, where it is on its own,
slopes gradually regress by fretting to slope angles of 20°
to 25°, apparently without the development of major
areas of deep seated instability,

Experience with these mudstone types at Redvale and
with similar materials in the Waikato Coal mines has
now led to development of an excavation methodology
whereby the mudstones exposed in the temporary
highwall (now up to 20m high) have an overall face
angle of about 40°. Other than some localised slope
failuzes, this approach appears to be working well by
limiting the depth of softening resulting from stress
relief.

5.1.3 Phase 10 Bund

The Bund 10 footprint is located along the northern
boundary of the West Property (refer Fig. 2), and
extends from a ridge formed by Waitemata Group
conglomerates in the west through a low area to a ridge
of mudstone at the eastern end. Residual soils derived
from the underlying basement are developed at either
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end of the bund footprint with soft Recent sediments and
Pleistocene materials. The thickness of these largely
"unconsolidated” sediments ranges from 5 to 7 m.

Foundation strength characteristics vary widely along the
footprint, with the softer materials occurring between the
western and central sections. Stripping of these softer
materials was necessary to form a toe key and otherwise
prepare the foundation. Investigation indicated that deep
excavation was required to remove organic clays from
the central section, with a substantial toe key necessary
to provide adequate lateral stability for ultimate land§ll
development, as shown on Figure 14.

Supplementary test pit investigations in the central (Stage
2) area indicated that significant parts of this area were
underlain by pervasively sheared mudstones., Clear
evidence of lateral displacement of the soil profile was
observed in the pits, with the movement appearing to
have occurred on a very thin, but relatively continuous
shear zone near the mudstone interface with the
overlying Recent sediments. It is noteworthy that these
shear zones are difficult to detect and may only be a few
millimetres thick, yet can represent areas of quite
exclusive instability. A sample of gouge material
retrieved from this shear zone was tested in a ring shear
apparatus. ‘The results indicated a very low peak and
residual friction angle of 9° and effectively zero
cohesion. The presence of such a weak residual failure
feature was adopted as a controlling factor in the design
of the central and western bund areas.

At the eastern end of the footprint, stiff to firm silts and
clays form a thin mantle over the mudstone basement
and generally only minor stripping was required to
prepare the foundation.

5.2 Geotechnical Engineering Properties

The strength properties of the site materials vary widely
and are extremely sensitive to water content, drying and
re-wetting cycles, and handling methods. The mantle of
Pleistocene and residual soils is generally of more
variable water content and plasticity than the less
weathered, Northland Allochthon materials.

Testing of the re-compacted materials was undertaken to
assess their best utilisation in the landfill (all excavated
materials have to be utilised and in this case, given the
often poor material properties, the question was how best
to achieve this).

As all excavated materials are to be used as fill the
problem was approached in terms of performance criteria
and various fill categories were defined, based on target



strength or permeability criteria. Broadly, the wetter,
plastic surface clays and silts were utilised for low
strength embankment and buttress fills or were
stockpiled for later re-working, drying and use as final
cover.

The highly sheared mudstone from the Phase I and I
areas is suitable for use as high strength structural filf,
with re-working resulting in breaking down of the
sheared faces and generally resulting in a very high
strength, and low permeability fill.

- The marly Iimestone is also used for fill, much like a
weak ‘rotten rock’ material. It is used for semi-granular
fill around culverts and as road subbase, but cannot be
compacted under field conditions to a permeability as
low as that achieved by the mudstone fills.

5.3  Geotechnical Design Considerations

Aside from material utilisation the principal design
consideration was the excavation and bund founding
details necessary to ensure adequate short and long term
stability. Some areas are less critical in stability terms
{e.g. stockpiles, temporary highways), while others are
very critical (permanent sidewalls and basegrade zones,
Phase 10 bund).

Stability design requirements are given in Table 5.4,

Table 5.3

Compaction Test Results -
Phase I Cell Ugper Seils

H : Sample Natural Optimum: Shear Strength
Of particular note is the range (and low range at that) .of Depth Water Water at Optimum
strength properties exhibited by many of the site (m) Content (%) { Content (%) (kPa)
materials. In pa.mu‘:ular, the presence of pervasively 03-26 25 7 " 170 +
sheared zones within some of the mudstones, ?ftcn 38.48 56.9 10 157
containing layers of shear ‘gouge’ at close to residual
strength was a key issue for design. An assessment bad
to be made of the true residuai strength and the
continuity of pre-sheared surfaces as a basis for stability
assessments of weak highwalis and embankment
structures founded on these materials. Typical strength
values for the mudstones are given in Table 5.2 and
make interesting reading. Table 5.4
Table 5.2
‘ Design Requirements
Measured Mudstone Strength Parameters
Test Type Description Results Case Strength Required
CUP Residual mudstone | ¢ = 11 kPa, @' = 17° Parameters FOS
(CLAY) . .
End-of-Construction Effective > 1.30
cur Residual mudstone ¢ = 11kPa, &' = 15° (with &, = 0.55)
(CLAY)
a i i > 1.
Ring Shear Shear zone within ¢ =08,=9 Long-Term (static) Effective 1.50
mudstone (gouge) Long-Term Undrained > 1.0
Direct Shear Subhorizontal shear | ¢’ = 28 kPa, @' = 14° peak {seismic)
zone {caicarcous , ¢ = 10 kPa,
mudstone} taken @' = 12° residual
intact from shafts
Back Analysis Basal shear zone, ¢ =0, =12
Stage 1 foundations
movement zong
Ring Shear ¢ =0 &, =8¥F
Ring Shear ¢, =0, =81
Ring Shear ¢ =0, =17 As an example, the soil strength parameters adopted for
assessment of Stages 2 and 3 of the Phase 10 bund are

Table 5.3 presents compaction data for the

upper

Pleistocene soils in the Phase 1 cell area
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surnmarised in Table 5.5. These parameters are based
on the results of laboratory and field testing and
demonstrate the high degree of material variability in this
critical construction area.




Table 5.5
Summary of Soil Streogth Parameters
- Phase 10 Buad Design

L.ocation Unit T Cu c [~}
(N/m?) (kPa) (da) ¥]
Fill Type LA 20 150 5 3s
Type 3 (or 4) 18 60 5 25
Existing 18 75 0 25
Foundation Unit A 18 40 14 15
Unit B 13 40 10 20
Unit C I8 40 5 30
Contact zoos* 18 - 0 12
Mudstone 20 200 25 20
hd For Stage 2, &' for the contact zone was reduced to 9° as a result of ring shear

test results on gouge material taken from 2 continuous shear zone observed in
TP43, The in-situi undrained shear strength of this material was notable to be

determined.

Stability Analyses

A 1ange of saturation conditions was assumed for the
stability analyses. For the end of construction case, an
r, value of 0.55 was assumed o allow for construction
pore water pressures. This condition was assumed both
in the fill and in the foundation materials. For the long
term case, a groundwater level in the upper part of the
slope was estimated, governed largely by the final
geometry of the landfill pit excavation. Within the bund,
the groundwater level was assessed to follow the existing
ground surface.

For the seismic stability assessment of the bund
undrained shear strength parameters were adopted. This
is a conservative approach as it does not take account of
the strength gains typically associated with long term
confining pressure effects within the soils. This
approach was adopted as specialist testing to better
define these design parameters was not considered to be
warranted given the relatively low risk of seismicity for
the site, For the purposes of the seismic analyses a
conservative shear strength value of 10 kPa was adopted
for the low strength gouge material (present at the failure
surface in parts of the Phase 10 bund foundation).

6. CONCLUSION

The main purpose of this paper was to summarise the
design basis for the Redvale Landfill, New Zealand's
first "state-of-the-art” Municipal Solid Waste disposal
facility. A pro-active approach was taken to design by
adopting a regulatory and management framework based
on overseas experieoce and ahead of general New
Zealand practice at the time,

The scope of the upderlying USEPA Subtitle D
regulations is discussed and advocated (possibly in
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slightly modified form), as a general design basis for
New Zealand conditions.

The latter part of the paper reviews the challenging soil
and rock conditions at the Redvale site and summarises
principal aspects of the design approach. The designers
bave had to cope with marked changes in materials over
short distances and with complex structural geology and
material properties. Thus, while not an easy site to
develop initially, the Redvale site’s inherent advantage of
predominantly low permeability saturated material types,
and the excellent liner properties these soils offer, make
it ideally suited to use for a Municipal Solid Waste
Landfill facility.

7.  ACKNOWLEDGEMENTS

Concept design of the landfill was carried out by Waste
Management International Inc, with input from a large
New Zealand-based design support team. Final design
was carried out by Tonkin & Taylor Ltd. Permission to
pubiish this paper by the site owner, Waste Management
N.Z. Ltd is gratefully acknowledged,

REFERENCES:

Carson D.A., A Brief Summary of U.S.E.P.A. Subtitle
D Municipal Waste Regulations Geotechnical News Vol
1L, No. 3 Sept 1993 pp 36-38.

Landroth R.E., Landfill Containment Systems
Regulations in Waste Containment Systems
Construction Regulation and Performance, ASCE Special
Publication No. 26., 1990 pp 1 - 13.

Bagehi A.,Design, Construction, and Monitoring of
Sanitary Landfill, John Wiley & Sons, 1990,

Waste Management N.Z.Ltd.,Redvale
Management plans, December 1991

Landfiil

Waste Management NZ Ltd.,Redvale Sanitary Landfill,
Volume 4, Water Right Applications, June 1990

Tonkin & Taylor Ltd, Waste Management N7 Ltd
Redvale Sanitary Landfill Geotechnical Report - Phase 1
Excavation & Phase 10 Bund Foundation, September
1992

Tonkin & Taylor Ltd, Waste Management NZ Ltd
Redvale Sanitary Landfill Geotechnical Report, August
1991

Tonkin & Taylor Ltd, Waste Management NZ Ltd
Redvale Sanitary Landfill Report on Liner-Material
Testing



Ta Haups | 5[ Maoruors isfand
Isiand

b

OV

7
]

ht 4
A NS
i Bl Hadfialds Baech

’ M~ N Whangaparaoa
% 3 Orewe Bay
X T ".: ngr
;ns?‘ja:!\o.,mwa R
55:.3..-\;‘ Rud Baach
(éﬁ ‘pﬁw%
A\ TR T

i
l.h
y alefi,
SANITARY | (w5l A =5

L LN L

e i _,é_‘_f 7 7,
S r(»“g)l stuﬁu\ &
. _'"j H

Rakavanangn
Point

N
T~ +
PN,

-~
Ve pr s P e
L * .
ot 4;;7/“
ST A/

RG]
i 0

. Mairangi Bay

2 ‘-,}:lﬂlpkl"! Hay

Rangitatd
Island MI

o Castor bay

Beach
Oaiz 1

B sl

Taitome. I < L
N SN f

“CROWN COPYRIGHT RESERVED" g

Ykt

Approved for internal reproduction :
by T 8T, in terms of @;
‘Licence N° Ak 1990/708200/2

i 0
‘ SCALE . 1 ¢

ABPupongs Pt

Figure 1
Site Location



Sodnjesj o711
o 2INngrg

+

KO0 XTL
o +
1 oN
GNOd NOUVLNIWIO3S
HLO0C YL
WOOT Y TL +
TUIRNLS
NYIHIHON
i
N
WXCTrEL +-<
0T +
. o
E 2
.
i :

RNOLYAYDX3
¥l 35¥Hd

ay¥oy 55300¥
Y2LINNZ

NIYEQ RIYK

puod syt 30 Auo
5 9] ¥y
QYOH 55330% NIV

JUOOZ'eRL

TINNYHD
HiLYm 15430

FHJAD01S

NUIHLNOS

ok

VIR LOVEINOY 90 LI < s+
VIHY MU0M SHOLIYRINGD AWYEOAAL o
$XYYL/ROVEY BRUSIA ===
TGNYY 0 11w —_—
3NN ALH3d0Ud —
vayy + SIS HMT [#s99%] .._l
JOVHINCO J0 LiNN .
SIVMGRCED AR} N ¥
FELE g
avoy INvH
)
kf/f/
///......
?
% //
/ //
4,‘ ~
]
I ~~
i+ +
i ~
! SO
r
-’ @. / \\
AlHIdOUd 1S3aM 4
S .
a I I
L 71
!
T i ! +
o Buai 4 #° Tl Fvi5) awna g
lllllllllll - -
4L %\“ﬁ\ Y3E¥ D1l 3S¥Hd i
= _ f -
= A
| z zovis) anng] 1 oW
i ¥3uY 0L 35VHd | . g
=
: ey “ ey
jujod siy3 jo | Y N e
o}is 0} 562330 m.z.l“.__ i == \\\ﬂ\w\\‘wo
L5 ) | el
t gy T T _ Z + +
PPt s | e ot
- ——T== B e o
\\\ ||||||||
G¥oH S5330Y
HALIKIEID
¥'ON ONOd
NOULYLNINQZS:

0L
4000707

U009 LR

Juot'Las

IO02'297

—

Juod' el




AJdojoon opean oseg
& aJdnaorg

INOLSANA

3INOLSINIT/ INCLSONK
TYNOILISNY YL

INOLSIAN

3NOZ ¥Y3HS 3INOLSANW
B JLYYINOTINOD

LAES SO

IVIRIALY A
Q31LVAIOSNOJNN

ER

LA R A A Y

o

0
Q.:

<2

3

e

-
<

3
.
>

.,

KmomoE N R R EEOE R NN NS NN ETEEEEE R WWKAHAAEEE s oo N

Wd—




AFojoon 97Ig
b 9JNILd

SN ANOLSANW
INOLSINIT

JLVHINOTIONCD

WVIYILVIN 3LVAITOSNOONN

A

......
------------------

.....

--------------------
--------------------
--------------------
--------------------
..............

g0 xoiady

------------------------
---------

\§§.§ ..n...--u-unu- ........-.... A R e T K N Kk F R K s s xR R R AN E KN
77407 CAREEER TR TIIEE NP v o o7 S~ e v v, W e e e Wt e liolie
.................... EEEMKKT AR EREIIERE R R AR N E R KN N L IR ke

................. S DR N R N I N N I I R
------------ 1 KX X2 IR N EKNEY 5 R e
-------------- \

--------
------------ —

---------

.l!.!\‘“.\n.\.u\\ ay . 2R
LS¥3 i ~— LS3m
3avE93ISYE TIHaNY

FINv4 0353 4NI




TODAY

24 MONTHS

30 MONTHS 3YEARS 4YEARS 5SYEARS

Location Restrictions

&

-

Operating Criteria

&Design criteria(New Units and Lateral Exponsion&

A

Ground—Water Mdnitoring

ind Correfctive Actlon:

iz

New Units

Existing Units or Lateral Expansions Less

than 1 Mile from Drinking Water Inicke
|

[
Existing Units or Loteral Expansions Less

than 2 Miles from Drlnklng Water Intoke

A Final Cover Requirement

Ex1st|ng Units or Loterci Expcnsmns Greater b
than 2 Miles from Drmksng Woter Entoke

Closure ond Pos‘{ Closure Ccre

-
| |

Financial Assurance

-

N\

Figure 5 Subtitie D
Effective Dates of Compliance(Federal Register,1991)

COMPOSITE LINER AND LEACHATE
COLLECTION SYSTEM DESIGN

i eachate
Collection

Flexible —] LCompocted Sail
Membrane (permecblllty
Liner t x 107tm/sec)

DESIGN CRITERIA

New MSWLF units ond lateral expaonsions must have one
of the following designs:

DESIGN THAT MEETS PERFORMANCE
STANDARD AND APPROVED BY
AN APPROVED STATE

Relevant Point
of Compliance

Approved -
Design

Less than Allowable Constituent
Concentration

Uppermost Aquifer

Figure 6 Subtitle D
| Effective Dates of Compliance(Federal Register,1991)

>ﬁ

|
|




O AL0K TID YR WS TIASGS MASva0)

uvjJ SUuIselyd puer opedr) o5pg
: 4 eJandry

== ‘.ir T eI . a
S . -N-
4 @

SO TYHd

H 3408 I3 YIIY 3 POLLOS Q2LIYM0T
arey 35va

3008 BN LHOR SV

TS SHHOIHON W3] VAT
T 30 1

A ALWEE08d

LA BuRG

STHTING SLLSTG
SAMIE OvY S3u2
FAYA FVHTed BRLLSTT
i ssg

301D BHLLSTX
SIYREOOD (R

aN3na




—

|3
.-—-i!i} § -{‘r-

i
|§h 2 g%f
|2 I
JMEEEER
iz

g EDE:
‘“T!mlz];

Final Development Plan




ere AQIjiqestuiisd
6 SJNILd

{aeos oJuyy|Jebor)

R

Agqeauliad Buisealoul

(s/w) | +O0L 20 Ol ,0L  oOb GO0l LO0L gOF L,O0L 0 0 0L O

A

] (oAl D

' s PUTS UCO0 NS |

| :
L pues 3__mJ
R S500| )IS

r 1} _m_umuw1

Aejo aujiew
R 1 |eSEq 9|qeaWl)o d DR Ivm._wﬁmm_scnl

P mw___wcm oo

2|1dwDs PIQUNISIPUN  wziza

2/dWDS PopINOWS)Y Y-

SINVA XITIGYINI3d A0LvH08V | _
303 GN3OJ1 | :

siaul} Aejo |ejoynde oy abued asueunojlad |ensq

siaul Aejo 1oy uousiio sosuewdoplad puw saddn yd4d3sn
8[RAPSOY WOJ) auoysawl Allew

ajeapay woly auo}spnul

:Joj sanjea Aj{jlgeouwriad Aldojelogeq

ajeAapay wolj suoispnw pajoedwossl pue

nijis-ul 10} abuel Ajjjigeswlad pajoaedxy




LHIATND CHHDY A SSYID 'VId S22

[relo( Jourly [eordA]
O] 24nsryg

QvOd SS300V H3L3WIMId "TIVM 17130 40 d313IWIYId HONOYHL NOILOIS—SS08D IVOIdAL

'S4 ¢

J0 WNWINIA ¥V NI 03LOVdWDOD T1d INOESGNW VI 3dAL
WWOoE ¥2A0 (2 3LON H343) NOILOILOHd MOOH3WIT dod
Q3LIVANOD WWIODST HLIM 030VId3Y 'NOILYAVYOX3—-48ns
40 WWOSE ISHAW0D OL SI Y3INM 30vy03sSvE

"YIANIONI JHL A8 GINHIHNOD SV GNY "Q3IENNOINI
ANOLSANW NLIS—NI LN3IEIdWOD Q3YIHLYIMNN IH3IHM

* . SIIYVA

(M4 21 AdAL)(NONDTHIC S,¥33NISN3 OL)
INOLSONAW Q3LDYINODTH WNNININ WWDOs

(¢ 310N ¥343d) sy3ILiva
OL MJ0YINIT dO¥ gILOVIWOD
40 WAV NOILOFLONd wwgg| 134

= 3Gvyd9 3svE
30N ¥343d) NOILDILO¥d
MOOHIRM dOY GIALIVIWOD Wwnsy

Y3AL1v¥E Y¥3TD OL ON3 E3%005

3avyd NIN ZL g
= Javes g
TViSS080 %8 Z “ 3V
Sl 1V4SS040
| 52 |
S3lVA 13A3T LuIAND S T4 VZ 3dAL Sloud uonoADIXa opIuY
NIV¥Q 33A 318¥L HM3ILYM _ 40 H3AVT NOILO3LOYd wwQp!
ovou mmwmn_un_u_.ﬂ Wm.rui_mu& 10001{ 0007 oot _ (ainscdxe jo sweam ¢ uyim 93adwao
? NIvdQ ag o} Jsul| pup co_.#a.rcuxo fou) )
3 20sd UCIIDADIXS B}OIPALLIB}L)

INIRMGLI0CE 1UJANYT




[Ter9( furioourduy [eordA]
J] oJdnsry

LH3ANE JANS m
AJ0LS LVT4
F'd'0H MOIHL wuwiQg
VId00Ss / NOILO3IS dILVdOdd3dd INOT 0061
4

g % % \...\ ¥ANM QIL0VAW0D3Y

.............................................

3dld NOILO3 110D ll\ ‘\
JLVHOVIT 3 SSVIO OAd
A3LVd04¥3d ¥id 0S FNLXAL039
3avyo 3SvE Adid "IJ'GH VI 0GH
NS
RIS :
SRS
mmmmm A

8V1S "ONOD MOIHL wwQg)

MOLdVAY 3ONVS
3ONVI4 aNINg
(Wwool X z) 1S0d ayvno

AvOY SS3I00V ¥ILIWII

43IA0T AYTIO J3L0VJWOD

1105401




Aydersnens 23Is

cl

DINSI]

iUeRTULIDg - JiSSEINf

SU[[3I8 pUB FUOSPUES axoRMADIC)

Vdvdivm

S BERI0
suazog NP QUOISIIS AsiF-ong - suolsawry BURINYEW LLINY 2L
EIROS
UOUIYOTIY 2u2s0d N spues

PUETUON
(uaurmoeduy
UOYIYROTTY PUBNYLION)

U013 pue suoIsW] SNoAEEE AID-U92I0)

JUIDOTIN T

U0 INUTeA

U0OT T

+W oLy

+1 0Ot
+ 05

S9UOIIU] [oYs plre souoIspn

‘S3U0ISPUES SEPDRI ‘So1BIowoBucy ‘spaq [eseq
$124B] SNOIIBUOQIED UTY)

‘S9UGISPRU DUE $2UOCISIIS ‘SPUOISPURS Pappaqiau] °
$124e] snogsRUOQIED

UTL) ‘SUOISI[IS PUR $SYUOISPURS Pappaqlaiul Siun *

SAISTUIUL 2UBS]0A $2UGISPUES S1UD Sojerawolduon -

Asupoy odep

VIVAELIVM

AURDOIY] - UR0I[J

woLT-¢

‘) serdoroyiy 23e paxqui) seyrumuadios ‘sauojsatun
SNOYE[IBIB ‘SPUOSTIS snoaresfed Souoiskep
SNOYITNS ‘SAUOISPNIU 3JB[OSOUD PUR U293 palesyS *

TBISUQ

U0 - SUSOCLIRT

+W 0t-g

o wwum‘_oﬁ_ommcoo PU® $4B[2 vmh.noHom.ﬂrm_.mwm:.w.mmmW:

PRIEDIOSUOD SWI0S "WNIAGITY pajenualaipun *

VONVANVL

30V

SSENMDTHL

SHI2OTOHIIT

NOLLYIH 04

dNoYo




. 0 5
-
Eal=a EEU
¢ 0.2 no 9
283 -23¢
=37% <afw
@ 0 un ]
cc g >4
cEd gr=2
G,2 £O0%
ToE ftya
:q;_._, ey 5]
£ c rn‘ngﬂ.
eqg g3,
20 g
€0, E8Sg5 4
T~ “c 3%
o E @553
c zwuu.,o,,
-5 = [t
= - h o
ow O h o
= b 2o n E
© X =
L »bo R
o 2o T¥%6T o
OmZ COoVT o

"GREEN" MUDSTONE

"GREY" MUDSTONE

Engineering Geology

AU

« \Figure 13 — Phase 1 Cell Excavation

L‘

(“‘-.-._/‘\

A ﬁdi'
[ \‘- ‘ - -g
L Gl \‘\\\\ ‘“\‘

] )1&]\\\\\@ @ L




[9POJy SIsA[euy Aq171qels [eordA[— pung (] oseyd
F] 9dnsryd

, . (Jwsog/87@)
ISYO WY3L 9NOT

30¥NIVYA 7
wg'gy W d . ‘

B LINA NOLYAHNGCI-

(FJWG0c/820®)
ISYO NOWONHISNOD 40 (N3

wo09 "y P A

g LINN NOLLYANNOS S




LINER CONSTRUCTION AT REDVALE LANDFILL

B. M. Horide, BE, MIPENZ.

Waste Management NZ Ltd, Redvale Landfill Engineer.

0.0 SYNOPSIS

Redvale Landfill opened in 1993. The lining system includes a low permeability liner of compacted mudstone.
Quality control testing during the first phase included Clegg strength tests, field air voids tests, field permeability
tests and laboratory permeability tests on core-cutier samples. A correlation between air voids and permeability was

established. Effective compaction equipment was identified.

1.0 INTRODUCTION

Redvale Landfill is 30 km north of Auckland, New
Zealand, 1t is owned and operated by Waste
Management NZ Ltd. The materials underlying the
site include sheared mudstone. The mudstone has low
hydrautic conductivity ("permeability").

The first phase of development was completed before
opening in August 1993. This development involved
excavation to form a containment basin of 15 to 20 m
depth below the original ground level. Phase 1 is
expected {o be filled with 120,000 m3 of refuse within
approximately 1 year after opening. The ground
adjacent to Phase 1 will be excavated to a similar
depth in preparation for Phases 2 to 10.

A low permeability liner of 2 minimum of 300 mm
thickness was formed using compacted mudstone.
While quality control was similar to that of typical
large earthworks projects, quality control at this site
included laboratory and field tests specifically for
permeability.

2.0 GEOLOGY AND MATERIALS

The main material underlying the site is sheared
mudstone of the Northland Allocthon (Tertiary
geologic age). To a minor extent, limerock and
inter-bedded mudstone and sandstone of the
Waitemata Formation are expected to be exposed in
the basegrade in Phases 7 to 10 (in 15 to 30 years'
time).

The in situ sheared mudstone and limerock have low
permeability, in the order of 1x10E-9 m/s. The natural
water content of the mudstone is typically 15 to 20 %.
The ground water level is about 2 to 4 metres below
the ground surface,
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The mudstone has been selected as liner material
because its compacted permeability is below the target
of 1x10E-9 m/s. Also, there is an adequate supply
already on site and its natural water content is close to
optimum for compaction,

3.0 LINING SYSTEM

The design of the lining system recognises several key
features of the lining environment:

. leachate is pumped from primary collection
sumps at the base of the refuse:

. the ground water level is close to the surface
- this means that this is an inward-gradient
site, i.e. ground water flows into the iandfill
excavation, reversing any tendency for
leachate to seep away;

. the natural ground has low permeability -
this means that the ground water seepage flow
rate into the site would be small; it also means
that if leachate seeps away, it would take a
long time to go a significant distance.

The lining system profile comprises (from the top):

150 mm thickness of limerock as a
protective layer (except at primary leachate
collection drains);

. 300 mm thickness of compacted mudstone;
. subgrade.

The compacted mudstone thickness is increased to 900
mm over any subgrade which may have a high
permeability (as identified during excavation), and 900
mm over the sloping side walls (3 horizontal ; 1
vertical),



4.0 CLAY LINER SPECIFICATION

The key element of the ongoing fill contro! is to
provide a low-permeability earth-fill liner. However,
the permeability can not be measured sufficiently
quickly in an earthworks situation. Therefore the
specification provides for the control of air voids (for
which a test result can be obtained on the day of the
test), and reference to prior correlation tests between
air voids and permeability.

Before construction, an initial correlation between air
voids and permeability was developed by laboratory
testing.  During construction, the correlation is
regularly being confirmed by laboratory permeability
testing of samples taken from the field-compacted liner
fill. The field samples are obtained by 105 mm
diameter core-cutters described for in situ density

testing in NZS 4402:1986 Test 5.1.3. The laboratory
permeability test is an in-house method at an
independent  soil testing laboratory, involving
pre-consolidation, pre-saturation and constant head
during testing.

The compaction specification also provides for the
control of strength measured with a Clegg Impact
Hammer. The minimum allowable Clegg Impact
Value (CIV) is 10. To relate that to indicative shear
strength, Table 2 shows the corrclation which was
developed for the recompacted mudstone material at
this site,

The field and laboratory test frequencies during Phase
1 are shown on Table 1.

TABLE 1: FILL CONTROL TEST FREQUENCY

IAIr Voids

1 set (two tests) per 500 m3

Clegg Impact Test

1 test per 50 m3

Permeability (laboratory)

1 test per 500 m3

{Permeability (field)

I test per 2 hectares

TABLE 2: CLEGG IMPACT VALUE / UNDRAINED SHEAR STRENGTH
CLEGG IMPACT VALUE (CIV) UNDRAINED SHEAR STRENGTH (kPa)
12 200
10 150
8 100
6 60
5.0 LINER TEST RESULTS

Figure 1 presents the results (to August 1993) of
permeability testing plotted against air voids.
Superimposed on Figure 1 are the results from testing
of a low-permeability zone on an earth fill structure in
another part of the site using the same material and
compaction standard (the "Phase 10 Bund"). The
graph demonstrates that the permeability is less than
(i.e. satisfies) the target maximum value of 1x10E-9
m/s in the range of 0% to 7% air voids. Therefore the
air voids measured in the field in the compacted liner
fill are required to be less than 7%.

In order to search for a pattern of changing
permeability with increasing voids, a plot of
permeability against total voids (porosity) is found to
be similar to Figure 1, i.e. there is no obvious trend of
changing permeability with increasing voids in the
range of results obtained.
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The Clegg test results showed no consistent correlation
with either water content or air voids in the range of
results accepted. It was considered that the strength
test results are sensitive to and vary with the nature of
the fill material. The mudstone particles were found to
vary in hardness and ability to be compacted to a dense
mass.
6.0 COMPACTORS

During Phase 1 construction, there was an apparent
difficulty of achieving the fill control standards with
material from a part of the excavation. Inspection of
the fill revealed that gravel-sized pieces or shards of
mudstone had not broken down to form a clayey mass
as elsewhere, i.e. a portion of the material tended to
behave like a granular fraction. In this material, it was
difficult to achieve the desired low permeability fill.



However, it is considered that the majority of the fill
material (derived from extremely weak mudstone) can
provide a low permeability fill, provided that suitable

compaction equipment is used. During construction,
three compactors were tried. Details of the compactors
are presented on Table 3

IE:ABLE 3: COMPACTOR DETAILS
Compactor Self-propelled Self-propelled Towed
Three-wheel Four-wheel Single-wheel
38 20 8
3 4 1
19 1.5 1.9
6 (front) 4 8
4 (rear)
150 250 100 (dia)
100 100
100 100 250
Clean-out depth (mm) 220 110 130
Clean-out blade width & gap width 80/100 80/100 15/100
(mm/mm)
round contact pressure (t/m2) 96 45 90
n 30 degree arc |

The towed roller is considered unsuitable due mainly
to its poor clean-outs between pads, which have the
ill-effect of making the roller tend to behave like a
smooth drum roller with relatively low ground contact
pressure. The self-propelled compactor is considered
unsuitable due to its low ground contact pressure
despite good clean-outs. Also, there may be doubt
whether the broader, flatter pads knead the soil and
adequately break up mudstone particles. Such working
of the fill material during compaction is considered
important for consistently achieving a
low-permeability fill, These conclusions relate
specifically to the materials encountered at the Redvale
Landfill site.

The most successful compactor has the highest ground
contact pressure and the most effective clean-outs
between rows of pads. These features have been
written into the specification for ongoing work.
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7.0 CONCLUSION

The compaction standard of a low-permeability fill can
be controlled partly by air voids measurement in the
compacted fill using a nuclear densometer. The
quality control process includes the prior establishment
of correlations between air voids and permeability and
ongoing confirmations of this correlation.

In order to achieve a low-permeability fill, suitable
compaction equipment would have sufficiently high
ground contact pressure and adequate clean-outs
between rows of pads.

Bruce Horide,
10 December 1993
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“OUR WASTE: OUR RESPONSIBILITY”
CENTRE FOR ADVANCED ENGINEERING’S WASTE MANAGEMENT PROJECT

John Lumsden, Projects Director
Centre for Advanced Engineering
University of Canterbury
Christchurch

SYNOPSIS

This paper describes CAE's second major project, Our Waste: Our Responsibility, completed in 1992. This project
considered four aspects of waste management relevant to New Zealand; waste minimisation, hazardous waste
management, landfill guidelines, and the impact of waste management practices on water supplies. An over-riding
philosophy arising from the project is the increasing relevance of reduction of waste at source and the importance of
this, not only in the minimisation of wastes produced, but also in the efficient use of resources including energy.

INTRODUCTION

The Centre for Advanced Engineering was established in
1987 to mark the centenary of the School of
Engineering at the University of Canterbury. An appeal
fund was launched at this time and to date $2.4 miilion
has been raised. The earnings from this capital sum are
used to run the Centre and fund its activities,

The Centre’s objective is to enhance engineering
knowledge within New Zealand in areas judged to be of
national importance and to engage in technology transfer
of the latest research information available from
overseas.

The Centre's primary activity is in the form of an
annual major project. The Centre also undertakes minor
projects and arranges seminars and lectures on
engineering subjects of current concern,

The Centre's objective is achieved for each major project

by bringing together a selected group of practising and

research engineers and experts in the particular field from

both New Zealand and overseas to:

= consolidate existing knowledge;

+ study advanced techniques;

* develop approaches to particular problems in
engineering and technology;

* promote excellence in engineering; and

* disseminate findings through documentation and
public seminars.

A unique forum for co-operation among industry, the
engineering profession and university research engineers
is thus provided.

CAE is currently completing its fourth major project,
“Towards an Energy Efficient Future for New Zealand”.
The third project, “Reliability of Electricity Supply™,
was published earlier this year and the first two projects,
“Lifelines in Earthquakes — A Wellington Case Study™
and “Our Waste: Our Responsibility — Towards
Sustainable Waste Management in New Zealand”, were
completed in 1991 and 1992,
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BACKGROUND

The Centre chose waste management as the theme of its
second major project in recognition of increasing
environmental awareness in New Zealand. The purpose
of this project was to contribute to better management
of wastes in New Zealand.

Better waste management not only means appropriate
management of the wastes already produced, but more
importantly, aims to avoid or reduce future wastes at
their source. Better waste management in this sense
means Jess wasting of resources and minimising the risk
of pollution from wastes. The word "better” is used
because there needs to be increased progress towards the
goal of sustainable management of wastes.

Waste management must serve a wide range of social,
legal and environmental interests. The importance of
these concerns needs to be recognised, and for this
reascn contributors were sought to provide insights to
these issues. Part I of the project report discusses Maori
concerns, risk assessment, legislative framework and
public participation as they relate to waste management.

Four topics considered to be of national importance in
the field of waste management were chosen and task
groups as follows were set up. Parts 2 to 5 of the
project report present the findings of each of these task
2roups.

* Waste minimisation practices — This topic
brings together case studies of waste minimisation
practices from different sectors of the economy: the
domestic, community, commercial, industrial and
primary sectors.

* Hazardous wastes: appropriate
technolegies for New Zealand — This topic
assesses technologies for managing hazardous wastes
considered appropriate for New Zealand.

* Landfill engineering guidelines — There are
no recognised guidelines currently available for the
siting, design, operation and aftercare of landfills in



New Zeaiand. Such guidelines are presented in this
section of the project report.

* Waste management in relation to water
supplies -— The potential in New Zealand for a
link between these two subjects is examined. Waste
management practices that minimise the risk of
polluting water supplies are recommended.

The four topics reflect features in the life cycle of
materials and illustrate the integrated nature of waste
management.

WASTE MINIMISATION — THE FIRST
STEP

In the pursuit of sustainable management of wastes, one
view is that the ultimate goal should be total waste
prevention. That goal may be unattainable, but
prevenltive options should always be the first priority.

Wastes are considered in the work on waste
minimisation as "misplaced resources” — materials that
are currently discarded. This definition differs from that
used by the other task groups as waste minimisation
emphasises preventative solutions to waste
management.

Because the long-term storage of wastes is becoming
more expensive and problematic with increasingly more
stringent treatment requirements, the common sense
advantages of waste minimisation are obvious.

The emphasis of this project is on the reduction of
waste at source, especially during production. It is
important to realise that this approach to waste
management not only makes good environmental sense,
but makes sound economic sense as well.

TREATMENT OF WASTES AND DISPOSAL
OF RESIDUES

While recognising that the quantity of waste produced
can be minimised, there will always be an ongoing need
to dispose of some waste. The intent and effort must
then be to treat wastes and dispose of residues in such
ways that any risks to the environment are acceptable
and minimal.

Two of the Waste Management Project's topics focus on
treatment and disposal of residues: "Hazardous Waste —
Appropriate Technologies for New Zealand”, and
"Landfill Engineering Guidelines".

These topics are closely related because landfills are
inescapably physical, chemical and biological reactors
that can provide ongoing treatment of wastes. If
properly designed and operated, they can also play a
useful role in the treatment of suitable hazardous wastes.
{.andfills need to be viewed, therefore, as both treatment
facilities and disposal sites.
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"Disposal” is a term that must be used with care.
Placing wastes in storage, including containment
landfills, where segregation of wastes and exclusion of
water are intended to prevent any chemical or biclogical
action occurring is not disposal — it is simply storage,
In the future someone will have to decide what to do
with wastes so stored, as the containment will not last
forever.

Disposal inevitably means the ultimate return of
substances to the environment. What we can and shouid
do is convert substances that can harm the environment
into ones that will not.

In some cases this may merely mean returning
substances to the environment at rates that enable
nature's assimilation processes to work without adverse
effects. The substances that are finally disposed of after
treatment can, for convenience, be called "residues”.

THE RETURN OF RESIDUES TO THE
ENVIRONMENT

Returning residues originating from treated wastes to the
environment will involve all media: water, air and land.
These residues will have arisen from chemical and
biochemical reactions that change wastes into forms
compatible with their return to the environment for
ultimate disposal.

Residues may arise from activities that include chemical
treatment plants, anaerobic bioreactions in landfills,
aerobic composting, incineration, and the biological
treatment of liquid wastes, including those from farm
and other agricultural sources.

Other residues may enter water, either directly or
indirectly via run-off from land. Soils are capable of
retaining and breaking down some residues thereby
providing residue disposal as well, but the principle of
not overioading natural scil ecosystems maust be
respected.

The topic of Waste Management in Relation to Water
Supplies considers an important aspect of the return of
residues to the environment, namely, the protection of
drinking water supplies and hence human health,

COMMON THEMES IN WASTE
MANAGEMENT

Although the Waste Management Project has
concentrated on some key technical aspects, links with
the wider community have also been recognised. The
information provided by the coniributing authors is
found in Part 1 of the Project Report and is briefly
mentioned here.

MAORI INTERESTS

An important aspect of any waste management project
is to take into account the concerns and ideas of Maori
people, the tangata whenua. The imperative for doing so



stems primarily from Article 2 of the Treaty of
Waitangi, but also from the requirements of Section 8
and Section 6(e) of the Resource Management Act 1991,
There is a clear duty stated in the Resource Management
Act 1991 to consult with Maori and to consider Maori
interests in such matters, and it is important that those
working in the waste management field accept Maori
values as a valid system of guiding principles in the
management of wastes. The importance of early
consultation is emphasised.

RISK ASSESSMENT

A risk is the chance of some undesired event arising
from a source of hazard, and the effect of that event and
the possible extent of its consequences for people and
the environment. In other words, risk has two major
components: a probability of occurrence, and a
consequence, which has magnitude of loss (or perhaps
gain).

Risk assessment has two main components:

* Risk Estimation — the identification and estimation
of the probability and magnitude of the consequences
of a hazardous event.

* Risk Evaluation — the determination of the
significance or value of the estimated risks to those
people concerned with or affected by a decision.

Risk assessment should always be followed by risk
management. The risk management stage consists of
decision-making with the aim of reducing, eliminating
or controlling the risk.

The use of risk assessment techniques in waste
management, as in some other disciplines, is relatively
new. Sometimes the best that can be done is to identify
the hazards and seek means of reducing or mitigating
them. A precautionary approach in the face of
uncertainty is clearly wise, and single lines of defence
against hazards should not be relied upon.

Whatever the approach to assessing risks, three issues
are always present:

+  Who estimates the risk?

»  Who evaluates what it means to society? and

» What is an acceptabie level of risk? (and to whom?)

LEGISLATIVE FRAMEWORK

In New Zealand there is no one piece of legislation that
provides a comprehensive framework for waste
management.

The Local Government Act 1974 has provisions that
enable (but do not require) local authorities to establish
and operate water supplies, sewage collection, treatment
and disposal facilities, and to collect and dispose of
refuse.

Under the Health Act 1956 it is the duty of every local
authority to promote and conserve the public health
within its district. This includes the provision of
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waterworks, sanitary works, and the provision of works
for the collection of refuse, control of offensive trades
and control of nuisance.

The Rescource Management Act 1991, although not
providing specifically for waste management planning,
does have a number of mechanisms that encourage this
activity. Regional Councils are required to prepare a
regional policy statement to provide an overview of the
region's resource management issues. Waste
management should, of course, be one of these issues.

There are many other Acts that are relevant to waste
management issues. For example, hazardous substances
are managed by eight different agencies through more
than 15 separate pieces of legislation.

PUBLIC PARTICIPATION

Planning for waste management facilities usually
requires that an assessment of environmental effects be
submitted with an application for a resource consent.

Consultation is the first stage in any planning process
to assess the environmental effects of a waste
management facility. An initial consultation with all
the stakeholders should assist in the early identification
of the significant issues likely to be of concern.

The Resource Management Act 1991 does not require an
applicant for a resource consent to undertake
consuitation, but it does raise the issue in the Fourth
Schedule as a matter that should be included in an
assessment of effects on the environment.

CONCLUSIONS AND
RECOMMENDATIONS

Waste Minimisation Practices
+ New Zealand is a wasteful society, therefore waste
minimisation is a desirable social objective.

* Society acknowledges wastefulness and desires to
change.

» There can be significant economic benefits in
adopting waste reduction practices.

» Reduce, reuse and recycle.,

* New Zealand produces predominantly organic wastes,
which usually have less harmful impacts than the
industrial wastes of heavily industrialised countries.
A latent complacency exists, however, in assessing
the effects of non-organic wastes on the
environment.

* Industry in New Zealand is mostly small-scale and
generates relatively small amounts of hazardous
wastes that, in general, have not been adequately
disposed of. Incentives are needed to encourage waste



prevention and the recycling or treatment of
accumuiated wastes,

* Commercial and domestic wastes are challenging to
reduce because they are diffuse in origin and potential
end-use. Therefore, emphasis should be on
prevention and reduction.

* The project indicates philosophy and action for
future direction, but there is also a need for
quantitative surveys, information and education.

Hazardous Waste: Appropriate Technologies

for New Zealand

= The highest achievable goal in the management of
potentially hazardous wastes is the elimination of
the production of such wastes in the first place or a
reduction in the quantity or hazardous characteristics
of those that are unavoidable.

* The OECD system of waste classification is
appropriate for adoption and use in this country,
with minor modification,

* Progress in the management of hazardous wastes
requires consistent definitions and an established
system for waste tracking and recording,

¢ A range of established treatment and disposal options
are appropriate for the management of hazardous
wastes arising locally.

* The potential for major incidents involving these
wastes, and the effects from any such incidents, can
be minimised by good management, anticipation and
forward planning.

Landfill Engineering Guidelines

* Landfills are, and will continue to be, an essential
component of an integrated waste management plan,
All wastes directed to landfills for disposal should be
subjected to waste minimisation, reuse, recycling
and resource recovery practices first,

* The guidelines developed are applicable to all
landfiils, from small rural landfills to large
metropolitan landfills.

* The siting of a landfill requires careful examination
of many parameters to establish all potential impacts
that such a facility could have on the surrounding
physical and sociai environment. Site selection may
well ultimately be determined by the expectations
and resources of the affected community.

* The design of a landfill should ensure that it operates
as a controlled reactor in which biological,
biochemical and physical-chemical interactions are
optimised to facilitate the degradation and
stabilisation of wastes.
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* The operation and management of a landfill requires
a substantial commitment of resources to attain the
required standard.

* The minimum time period for aftercare of a landfill
site is 30 years,

Waste Management in Relation to Water

Supplies

* The major risks to the integrity of New Zealand's
water supply sources arise from either toxic
substances or pathogenic organisms.

* There are many examples of waste management
practices with the potential to discharge large
quantities of nitrates predominantly into groundwater
aquifers. Current technologies are adequate to
minimise the effects of nitrate contamination from
point source discharges. However, because of our
diverse rural economy, current agronomic practices
present a greater risk to groundwater supplies from
nitrate contamination,

+ Other toxic substances which may arise through the
use or abuse of hazardous chemicals also present a
risk to water supplies.

* There is little understanding of the fate of many
pathogenic organisms contained within wastes once
discharged into the environment.

* Current technology relies on the use of indicator
organisms, which signal that a water supply may be
unfit for human consumption. The use of such
indicator organisms may not, in fact, offer the degree
of protection the public have come to expect.

+ There is also little available technology in relation
to cross-species infections from various organisms.
This has been identified as an area in need of future
research,

FUTURE DIRECTIONS IN WASTE
MANAGEMENT

A unique and important feature of the Waste
Management project has been the extensive involvement
of engineers, scientists and others in key positions with
local authorities and service companies. The reports
produced by the four task groups thus represent the best
information cuirently available in New Zealand.

This work has been further enhanced by significant
input from four Visiting Fellows and overseas review
by several other recognised authorities.

Societies world wide are demanding more and more that
producers of waste take responsibility for those wastes
and New Zealand is no exception to this trend. The
Centre believes it is important to emphasise what is
arguably the most important outcome from this project
~— the realisation of the increasing tendency among the
more enlightened countries to move away from



pollution control or so-called "end-of-pipe solutions”
that merely treat the problem, towards pollution
prevention or waste reduction at source.

The argument for this approach is so compelling that it
seems obvious, and yet it is still not widely advocated
in this country. More importantly, it is extremely
relevant to New Zealand's Resource Management Act
1991, which sets new standards in the efforts to achieve
a sustainable future.

Embracing the principles of waste minimisation within
a wider concept is the ultimate ideal of clean production,
and the road towards this goal is "Cleaner Production”,
Formulated under the auspices of UNEP in May, 1989,
"cleaner production” has been defined as:

“The conceptual and procedural approach to production
that demands that all phases of the life-cycle of a product
or of a process should be addressed with the objective of
prevention or minimisation of short and long-term risks
to humans and to the environment.”

The Waste Management Project highlighted the need to
establish a Centre or Foundation to promote waste
minimisation through Cleaner Production in the wider
context of more efficient management of resources,
including raw materials and energy.

The Ministry for the Environment has set up a number
of cleaner production demonstration projects and are
publishing guidelines for cleaner production in industry.
Similar projects overseas have demonstrated how there
can be significant reductions in waste, as well as cost
savings, for the companies involved.
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DESIGN AND CONSTRUCTION OF AN EFFLUENT STORAGE POND

David N Jennings
Works Consultancy Services Ltd
Hamilton

SYNOPSIS

Twin ponds were constructed to provide 40,000m’ of storage

for effluent as part of the forest irrigation system on the

Rotorua Effluent Purification Project. This paper describes aspects of the pond design and construction. Design of an
effective lining system was a critical element in providing a safe facility in the highly variable volcanic soils of the site.

INTRODUCTION

The Rotorua Effluent Purification Project (REPP) was
designed to reduce the impact of sewage disposal from
Rotorua City on Lake Rotorua. Effluent is processed in
a Bardenpho treatment plant to remove 80% of the
nitrogen and phosphorus before being pumped into the
Whakarewarewa forest immediately to the south east of
Rotorua where it is spray irrigated on a rotational basis
over 14 blocks (Figure 1) and there are two additional
blocks to accommodate forest harvesting disruption of
the rotational blocks.

The land treatment system is designed for a population
of 75,000 and an average effluent flow of 27,000m*/day.
Efftuent is trrigated over a forested area of some 300 ha
at a maximum loading of 80mm/week.

The Katore Road ponds provide storage in the forest
which enables the daily flow of effluent to be managed
within the capacity of the forest irrigation system, Two
20,000m? ponds have the capacity to accommodate some
1.5 days of effluent production which provides flexibility
for periods when irrigation may be restricted because of
wet weather.

-
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Figure 1 : Pond Location Plan 7



‘While the volcanic soils are suited to land based effluent
disposal the highly variable recent tephra deposits at the
site provided particular challenges for the design and
construction of the storage ponds.

PROJECT DESCRIPTION

Twin ponds, each of 20,000m® capacity, are located
adjacent 0 Katore Road in the Whakarewarewa forest.
The ponds have dimensions of 85m x 75m x 7.3m deep
and are separated by a 10m wide berm (Figure 2).

Features include:

. Rising main inlets to each pond

° Independent outlets for each pond

. Controlled pond interconnection

. Spillway structure

. Primary HDPE lining system

. Segmented underdrain leakage detection system

A plan showing the general arrangement of the scheme
and the location of the ponds is shown in Figure 1.

SITE GEOLOGY

The Whakarewarewa Forest lies along the northeast end
of the Ngakuru Graben along the margin of the Taupo
Volcanic Zone. The Horohoro fault (Figure 1) along the
northern margin of the Ngakuru Graben forms the
southern scarp of the Pohaturoa ridge (the ridge feature
between Rotorua (the Rotorua Caldera) and the
Whakarewarewa Forest). The Pohaturca ridge is a fauit
bounded remnant of the oldest rocks exposed in the
region. Because of the history of subsidence the
Ngakuru Graben has often been occupied by large lakes
in which finer grained sediments have been deposited.

The entire forest effluent disposal area (EDA) is mantled
with tephras with variable thickness and composition.
Laid down at intervals of a few thousand years the
tephras originated from the Taupo and Okataina
Volcanic Centers (Table 1). Over much of the region
the most conspicuous tephra is the Rotorua Ash (lapilli)
erupted from the rhyolite dome east of Lake Tikitapu
{Blue Lake) about 13,500 years ago (Naim 1987).
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Figure 2 : Pond General Arrangement
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Tephra Age Lithology
{yrs BP) (in EDA)
Mamaku 7500 ash
Rotoma 9000 ash
Waiohau 11000 ash
Rotorua 13000 ash and pumice
Rerewhakaaitu 15000 ash
Okareka 170007 ash
Te Rere 190007 ash
Kawakawa 20000 ash

Table 1 : Main tephra deposits which mantle the
geology

SITE SELECTION

The location of the storage ponds was constrained by:

(@) position between treatment plant and irrigation
blocks
» elevation in relation to the irrigation blocks

These constraints dictated a site located in the afforested
area along Katore Road.

Two possible sites on Katore Road were considered.
Criteria for site selection included:

storage volume 40,000m3
minimum water level RL 380m
ferrain characteristics

site materials

Site investigation and laboratory testing indicated that
there was liftle difference between the two sites and site
2 was selected primarily on the basis of the more gentle
contour. The typical soil profile indicated by the
investigations was:

Typical Depth Soil

0-1m Brown silty SAND with
organic material [Topsoil and
reworked (Mamaku) ash]
1-2m Brown silty SAND (Rotoma
and Rotorua Ash)

Yellow brown coarse SANDS
and GRAVELS, pumiceous,
size increases with depth
{Rotorua lapilli)

2-5m

5-6m Yellow brown silty SAND
{Rerewhakaaitu Ash and

Loess)
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Soil
Yellow brown SAND,
pumiceous {alluvial sands).

Typical Depth
6m -

Tree roots from the mature forest had extensively
penetrated the upper soils.

SOIL FROPERTIES

Field investigations involved a programme of cone
penetration tests (to establish the uniformity of the site
and soil properties), plate bearing tests (to measure local
compressibility) and excavated test pits (to inspect and
sample the soils). The test pits were particularly
valuable in evalvating tree root penetration of the soils.

Testing of the undisturbed soil samples indicated
permeabilities of:

. Rotoma Ash 1% 10° m/s
. Rotorua Ash 1 x 107 mfs
. Rerewhakaaitn Ash 5% 107 m/fs

Because of the distribution of soils at the site testing for
compaction propertics was based on composite layer
samples.

Typically the volcanic ash soils were found to be near to
or wet (up to 10%) of optimum water content.
Maximum dry densitiecs when compacted NZS 4402
standard compaction were typically low {1.06-1.19 v/m?),
Compacted at OWC a 50/50 mixture of Rotoma/Rotorua
ashes indicated permeability of less than 1 x 107 m/s,

Pinhole dispersion tests on the combined
Rotoma/Rotorua ash soils were ND1 (non-dispersive)
with no indication of erosion.

DESIGN CONSIDERATIONS

At an early stage in the project it was concluded that the
selection and design of an appropriate pond lining
system would be essential for the effective performance
of the storage ponds. Aspects considered in the design
process included:

. storage capacity

. lining systems

. earth works

. material compatibility/erodibility

* variability of the site materials

. site settlement

. leakage

. pond management and maintenance

seismic stability
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Figure 3 : Pond Lining Arrangement

installed on top of the secondary lining with the general
arrangement subdividing the total pond area into 30
subcatchments (Figure 4). The system was designed to
enable leakage sources to be traced to a subcatchment of
the pond, thus reducing the difficulty in tracing defects.
With the primary pond liner permanently exposed and
the number of concrete structure penetrations through the
primary Hner, the assurance provided through early
detection of lining damage and leakage was considered
essential.

Drain outlets are located adjacent the pond perimeter
road which enables easy visual observation during
routine site operational visits.

CONSTRUCTION ASPECTS

The construction of the Katore Road ponds involved
several important aspecis of earthworks operations as
listed:

1 Site stripping

2 Preparation of areas for filling

3 Selection and compaction of bulk fill in
accordance with the specification

4 Construction of inlet and outlet structures
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Selection and compaction of brown ash
secondary lining materials

Application of PMB membrane

Placement of drainage layers

Fusther placement of bulk fill

HDPE lining construction

Access road construction

Construction aspects of particular interest included:

Bulk fill comprising a mixture of approximately
2.5 parts pumice gravels (Rotorua Lapilli) and
1 part silty sand (Rotoma/Rotorua ash)was
found to provide a very good fill provided it
was not over compacted. Excessive
compaction led to the breakdown of the pumice
gravels releasing the water contained in the
pumice voids.

The construction contract extended from July
1989 through to February 1920. Wet weather
significantly constrained earthworks activity in
the highly weathered ash soils.

Careful attention was paid to quality assurance
for the HDPE liner both in terms of physical
damage and weld integrity. Vacuum box




testing was found to be difficult and of suspect
effectiveness.  Ultrasonic testing and weld
strength tests were the main quality control
tests utilised.

. The sprayed 2mm polymer modificd bitumen,
with a 2% residual polymer, membrane was
found to provide a uniform consistent
membrane.,

. Installation of the leakage detection pond water
drainage system was labour intensive but the
contractor achieved a good end result,

POND PERFORMANCE

The ponds were commissioned in mid 1990. A staged
filling programme was adopted which involved filling
the ponds to RL 386, 388, 390 through to RL 391.0m
progressively. Hold periods of 48 hours (minimum) to
enable observations and monitoring were included at
each stage. A full set of commissioning procedures was
prepared for the project. Alarm criteria defining
acceptable discharge limits were included for
commissioning defining acceptable discharge limits.

Typical drain discharge measurements are presented in
Figure 5.

Generally drains exhibited small flows during pond
filling (eg 2B, 11 Int) which was interpreted to be
related to fil compression/consolidation. Larger flows
were experienced in some drains and these were
considered indicative of effluent leakage. Because of
the range of flow results experienced leakage was
confirmed through water quality testing.

Generally ammonia-nitrogen levels were low and did not
indicate effivent leakage. It was recognised that the
concentrations may have been influenced by the soils.
Increasing conductivity and chloride results were
considered to be more reliable indicators of effluent
leakage because they were less likely to be influenced
by the soils.

The ponds were dewatered for inspection. Detailed
visual inspection revealed only one minor fault in the
HDPE liner. It was concluded that the lining integrity
was satisfactory. Long term leakage Ilimits were
established for pond operation of:
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While it was observed that the site soils were highly
variable, potentially ercdible and permeable, (ie not the
most suitable on which to construct a pond}, construction
of a pond was feasible provided a synthetic lining
system was incorporated. Because of the potential for
erosion instability, as a result of leakage, it was
considered a double lining system was essential to
enable leakage detection and hence early lining damage
identification and maintenance.

Related design issues included:

. potential use of pond for fire fighting
. potential pond lining damage {(vandalism,
monsoon buckets, etc)

Pond leakage was not considered to be a significant
issue (cf irrigation concept for project) provided soil
erosion and site stability could be assured.

The two key factors of the pond design were:

. storage capacity
. lining system

Early design options focused on twin ponds with a
double HDPE lining system and a physical armour layer.
A two pond arrangement was adopted to facilitate
inspection and maintenance activities to be undertaken
without disrupting the pond serviceability and effluent
irrigation operations (ie one pond operating with one out
for maintenance)} (Figure 2). A physical ammour layer
was proposed to protect against:

. physical impact (eg, monsoon buckets, wind
blown debris, etc.)

. fire

. uplift ballast

. vandalism

. wind/wave movements

. lining UV protection

The design concept involved:

(concrete slabs)
(1.5mm HDPE)

Protection layer
Primary lining
Drainage medium and
monitoring drains
Secondary lining

(Geomesh/drainage gravel)
{1.5mm HDPE)

This system was considered to provide a high degree of
reliability for the pond in soil conditions that were less
than ideal albeit at a significant cost. Following a
detailed assessment of costs, the client indicated that a
lower cost/higher risk option should be considered
further. Risks associate with the ponds, pump station
and the irrigation system were reviewed. Areas of
modification were to:

. delete protection layer (ie accept risk of damage
and premature UV degradation)

. adopt 2.0mm HDPE lining

. adopt composite sprayed membrane/soil
secondary liner

. incorporate compatibility layer.

The revised design concept involved:

Protection layer (none)

Primary lining (2.0mm HDPE)

Bulk fill {ash/pumice)

Drainage medium {selected granular aggregate)

Secondary lining (2mm PMB over selected ash
k=2x 107 m/s)

Compatibility layer {geotextile)

The general pond lining arrangement is shown on
Figures 3a and 3b.

Selected ash involving combined Rotoma/Rotorua ash
soils. Testing indicated the combined Rotoma/Rotorua
ash soils would provide the required permeability. With
a secondary lining permeability of k=2x 107 m/s it was
assessed that detection of any leakage exceeding 0.1
lire/sec would be achieved. In addition the pond
elevations were established to ensure continuity of the
low permeability Rerewhakaaitu Ash across the whole
site (ie, effectively a tertiary interception layer).

Bulk fill under the primary HDPE liner was selected on
the basis of relative permeability and
earthworks/compaction properties and the cohesiveness
of the stability against wave action under the primary
liner.

Embankment slopes of 3(H): 1{V) were adopted and the
overall pond geometry is shown in Figures 2 and 3.
Seismic stability was not 4 major issue. Calculated
pross embankment stability critical acceleration was
=0.5g indicating low risk of seismic induced
displacement.

A primary design concem related to the long term
performance of the "brittle" volcanic ash secondary
lining which would be susceptible to cracking
particularly with any seismic settlement or displacement.
To reduce the risk of secondary liner failure a flexible
2mm sprayed polymer modified bitumen (2% PMB)
membrane was applied over the brown ash surface.

Compatibility of the various matertals was considered on
the basis of conventional filter criteria. The primary
objective was to protect against internal erosion should
there be any leakage.

Leakage detection was incorporated into the design with
a pond water drainage system. A series of drains was
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Figure 5 : Leakage Discharge Results

. Individual drain 200 ml/min
. Total all drains 2000 ml/min
SUMMARY

This paper has described some of the features of the
twin effluent storage ponds which form an integral
component of the Rotorua Effluent Purification Project.
The ponds have been constructed in difficult volcanic
derived soils some of which are highly permeable.

An integral feature of the successful design and
subsequent operation of the pond is the double lining
construction and leakage detection system. The ability
to monitor leakage provides a high degree of confidence
in the performance of the ponds.

The REPP was officially opened on 17 May 1991,
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SYNOPSIS

There has been a growing awareness in the last decade of the need to identify and clean-up sites which have been
contaminated by products from industrial and mining activities. Many countries have followed the lead set by the USA
and developed environmenital regulations and policies towards soil and groundwater contamination. Within the general
population and industry the expectation that the environmental contro] of potential contaminants is a desirable long term

goal is widely held.
INTRODUCTION

There has been a growing awareness in the last decade
of the need to identify and clean-up sites which have
been contaminated by products from industrial and
mining activities. Many countries have followed the
lead set by the USA and developed environmental
regulations and policies towards scil and groundwater
contamination. Within the general population and
industry the expectation that the environmental control
of potential contaminants is a desirable long term goal
is widely held.

From both a social and a legislative perspective, it is no
longer acceptable to allow uncontrolled discharge of
waste products to the environment. As governments
regulate to minimize and eliminate environmental abuse,
industry is realising that it will incur significant
liabilities if contamination of air, soil and water is
allowed to occur or continue,

This paper outlines an approach to the investigation of
contaminated soil and groundwater. The paper does not
purport to be a manual for conducting environmental
investigations but provides an outline of the approaches
and discusses some associated critical issues.

INVESTIGATION STRATEGY

It is extremely difficult and uneconcmical to complete
the investigation of contaminated land in a single stage.
To attempt to do so would require a large effort such
that investigation costs might bear little relationship to
the significance of any contamination. Furthermore it is
not possible to determine the best approach to remedial
treatment of land without having some understanding of
the nature and distribution of contamination. It is for
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these reasons that contaminated land assessments are
generally undertaken in stages.

The philosophy of implementing a staged approach to
subsurface contamination investigations will be familiar
to those experienced in conventional geotechnical,
geological and hydrogeological investigations. In the
particular case of contaminated ground the investigation
strategy will typically comprise the following stages:

Stage 1 Preliminary Site Assessment (PSA) - The
objectives of a preliminary site assessment are
to evaluate the potential for site contamination
based on the known site history and determine
the need for a Stage 2 Site Investigation. A
limited programme of sampling and analysis
may be required.

Stage 2 Site Investigation - In the event that the
Preliminary Site Assessment shows that there
is potential for contamination on the site, a site
investigation is usually undertaken to verify
whether contamination actually exists and if so
to identify the principal contaminants and
obtain an indication of their concentration and
extent.

Stage 3 Systematic Site Assessment - A systematic site

assessment may be required if the Stage 2 Site

Investigation has positively revealed

unacceptable levels of contaminants. The

objectives of the systematic assessment will
vary depending on the findings of previous
stages and the expected end use of the site,

The data acquired is used to evaluate the need

for site remediation or management, prepare a

cost/benefit assessment of remediation work



and to provide design inputs for these

objectives.
Stage 4 Remediation and Monitoring - At the final
stage remedial measures may be required in
order to comply with regulatory requirements
or other specifications related to the futore use
of the site. Once remedial design commences
a need for further sitc assessment may be

apparent.

DISTINCTION FROM CONVENTIONAL
INVESTIGATIONS

While the staged approach of a contaminated site
assessment will be comfortably familiar to professionals
involved with conventional investigations it is important
to appreciate that there are some important distinctions
between conventional and contaminated site assessments.
A failure to recognise the significance of these
distinctions may result in inaccurate data, leading to poor
decisions regarding possible remediation measures.

In particular, contamination assessmenis require careful
consideration of the quality of the samples collected with
respect to maintenance of chemical characteristics and
the inherent problems associated with the handling of
contaminated materials. An understanding of the
mechanisms and consequences of errors in sampling and
analysis is imperative since experience or engineering
"gut-feel" cannot readily provide a check of data quality.

To cnsurc that data from a contaminated site
investigation reliably represents the actual in-situ
conditions requires stringent sampling and analytical
protocols to be adopted from the outset. Decisions on
where to sample and how many samples are required for
adequate assessmeni become even more complex than
for conventional site assessments,

The following sections outline some of the specific
requirements of contaminated site investigations.

IDENTIFICATION OF A POTENTIALLY
CONTAMINATED SITE

Contamination assessments can be initiated for a variety
of reasons. ANZECC (1992) lists the following possible
reasons for initiating a contamination assessient:

- routing surveillance of industrial premises and
those generating industrial waste (environmental
audits);

- during statutory and regulatory appraisal of
industrial sites;

- appraisal following notification to a regulatory
authority of accidents or spiils at a site;

- appraisal of land which is to be redeveloped;
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- appraisal of land where localised environmental
effects are noted or suspected;

- environmental assessment on change of ownership;

- health or safety of employees, contractors or
general public are exposed to, or potentially
exposed to, hazards.

INITIAL EVALUATION

The first step in planning of any contamination
assessment is to collect relevant information about the
site and waste characteristics, ~Without this basic
information it is not possible to predict where
contamination might be found, how contaminants should
be sampled and analysed, or what effect contamination
may have on personnel conducting the investigation.

In the USA, the Association of Engineering Firms
Practising in the Geosciences (ASFE, 1991) surveyed its
members to assess the "state of the practice” with
respect to contaminated land assessments. From the
survey they concluded that the best description for these
types of assessments or audits was Preliminary Site
Assessment (PSA), They considered that this term could
be used to describe two levels of investigation which
might involve either one or the other of the following
activities:

. Level 1: Historical, ownership and regulatory
review and site visit. This stage involves
collection of “background data" including
historical information such as property titles,
records maintained by state and local government
agencies, operating information including raw
materials, products and wastes, published
documents, reports, anecdotal information from
existing or former employees of a site and
published geological and hydrogeological
information.

. Level 2: Level 1 plus geophysical or nominal
intrusive exploration and sampling;, soil,
groundwater or surface water analyses. The
objectives of this stage of work would be to detect
contamination (if present) rather than to define its
extent,

In conventional application a PSA is conducted 10
determine the likelihood of a site being affected by
substances considered “contaminants” based on
applicable authorities’ definitions of contaminants,
hazardous materials, pollutants, etc. There is no clearly
defined scope of work required for a PSA although
ASFE (1991) suggest four main components:

()
(b)
()

initial interview with owner/client;
review of public and other historical records;
site reconnaissance and interviews;



{(d) environmental evaluation report.

Specific requirements for each of these tasks are listed
in Table 1. This table is based on the ASFE scope of
work but has been modified to suit more general
applications rather than reflect specific UJS conditions.

The level of detail ultimately required during conduct of
a PSA will depend on a number of factors, including;

- the history and use of the site and risk to the
environment

- the expected future use of the site

- the physical characteristics of the site, including
sub-surface conditions

- the purpose of the assessment

- the risk to the assessor {i.e. what qualifications the
assessor can include with his report)

The decision to conduct a Level 2 rather than a Level 1
assessment will be dependent on the likely risk of
contamination associated with the site and the level of
confidence in conclusions required by the organisation
requesting the PSA, ‘There are some sites where
contamination of soil or groundwater might be
considered extremely unlikely. Nevertheless, there are
cases where significant contamination has resulted from
inappropriate dumping of wastes or from farming
activities, even though the current use would suggest that
the site is likely to be clean, residual contamination may
stifl be present.

In most cases in New Zealand, at least some limited
sub-surface investigation will be required as part of the
PSA. Where contamination is considered likely or is
expected to exist then sub-surface investigation should
be performed during the PSA.

DESIGN OF INVESTIGATION PROGRAMME

There are many techniques for investigating sub-surface
conditions where contaminated soil and groundwater is
anticipated. Many of these are familiar to geotechnical
engineers and geologists, including test pits, borings and
geophysical methods -such as resistivity, seismic
refraction, ground penetrating radar, clectromagnetic
induction and borehole geophysics, all of which are
readily available in New Zealand.

In all sub-surface contamination assessments there is a
need for the collection of samples for chemical analysis.
The most common methods of investigation are:

- sampling of soil and rock from boreholes

- sampling of groundwater from monitoring wells

- sampling of volatile constituents from boreholes or
probes.
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A fundamental requirement in the design of a sampling
programme for contaminated soil and groundwater is the
need to ensure that samples are representative of the
chemical conditions in the ground. In particular, it is
necessary to ensure that contaminants are not introduced
to the sample from adjacent parts of the borehole, from
other boreholes on the site, or from sources off the site.
Consideration must be given in the design of a sampling
programme to provide for quality assurance procedures
during drilling, sampling, handling and transport to the
laboratory. It is common practice to document the
quality assurance procedures in the form of a work plan.
ANZECC (1992) contains a useful discnssion of issues
that may be important in the development of a work
plan.

Given the potential hazards associated with some of the
materials that must be investigated, it is necessary to
consider the health and safety of field personnel
involved in the contamination assessment, Health and
safety plans should be prepared for all assessments
where significant contamination is expected. All field
personnel should be trained to cope with unforeseen
circumstances that may result in deleterious effects on
health. These should include description of the possible
hazards, protection methods available, emergency
response plans, action levels and responsibilities.

Critical to the design of contamination assessment
programmes is the need to have a clear understanding of
the nature of the contamination and its likely behaviour
in the ground. Without this understanding there is the
risk that sampling locations will be in the wrong place
or the laboratory analyses will be inappropriate to detect
the contaminants of concern, It is for this reason that a
staged programme and results of the PSA are important
aspects of any major contamination assessment and
remedial treatment programme.

Problems in Investigation Programme Design

Althoungh it is beyond the scope of this paper to discuss
the migration and behaviour of contaminants in the soil,
rock and groundwater, it is worth considering the
following problems which illustrate some of the complex
issues that need to be considered in planning
contaminated land assessments.

The first problem is that the concentration of
contaminants ir the ground may change over time due
to chemical degradation, sorption or evaporation. The
rate of such changes is dependant on the level of
microbial activity and the physical and chemical
characteristics of each site.

For example trichloroethylene (TCE) may degrade to
form dichloroethylene (DCE) which in turn degrades to
form vinyl chloride (VC). The consequence of this type



of reaction on a monitoring programme is illustrated in
the following simple examples.

(@ TCE release is suspected from a site. Analysis of
groundwater indicates reducing concentration of
TCE down gradient of the site. This may be a
consequence of degradation of TCE rather than
definition of the edge of the plume.

(b} TCE release is suspected from a site but a VC
plume is detecied separate to the main TCE
plume. The VC may be contamination from an
alternative source or from the TCE souwrce if
degradation has occurred.

A second problem is that the distribution of
contaminants in the soil may be very complex depending
on their density, water solubility, volatility, chemical
reactivity etc. An example of this is ground
contamination by a dense non-aqueous phase liquid
(DNAPL), such as one of the polychlorinated biphenyls
(PCB). These chemicals, as the name implies, are
heavier than water and will therefore sink through the
groundwater, They also have very low solubility in
waler.

It is very difficuit to define the extent, concentration and
rate of migration of all vapour, liquid, dissolved and
sorbed DNAPL’s especially at sites where there are
significant lateral and/or vertical changes in the physical
properties of the soil. Even a very carefully designed
investigation programmes might not accurately define
the distribution of the contaminant in the ground.

DRILLING FOR CONTAMINATION ASSESSMENT

In designing a investigation programme it is necessary
to consider how boreholes, test pits or hand auger holes
can best be drilled so that contaminanis from external
sources are not introduced into the bore or excavation,
For shallow investigations, hand augers and test pits are
commonly used for investigation and sampling purposes.
If disturbance of the ground and large excavations are
not of concern, backhoe pits may be appropriate
although it is sometimes difficult to obtain discrete
samples without entering the pit, which is often
inappropriate for sampling in contaminated ground.

The favoured method for drilling bores in soil for
contaminant studies, though rarely employed in New
Zealand, is by use of hollow stem augers since these do
not introduce fluids to the bore and thus reduce the
volume of potentially contaminated material for disposal
(i.e. no fluid return). Samples can be recovered through
the annulus of the augers.

In many cases, drilling with augers is not possible or
inappropriate and wash boring must be considered.
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Careful planning to collect and dispose of cuttings may
be required where contamination is significant.

Although rock is not very often sampled for
contamination assessment {do you sample the rock
matrix or the defects?), drilling in rock is common for
instalting groundwater bores. In contaminated ground,
the most appropriate method for rock drilling is by cable
tool which requires no introduction of fluids and
minimises the volume of cuttings brought to the surface.
However, because this method is slow, alternatives such
as down-the-hole hammers or rotary drilling are often
considered.

1t is important to ensure that the drilling rig and all
drilling equipment are clean prior to site mobilization
and prior to setting up at each new bore location. This
can generally be achieved by use of portable steam
cleaning equipment. If all equipment is not thoroughly
cleaned there is a risk of introducing contaminants to the
site or transporting contaminanis between bores which
may result in difficulties in detecting the edge of a
contaminant plume or may completely invalidate results
when detection of low concentrations of contaminants is
required.

Extreme care must be exercised during design and
driiling of a bore to ensure that the drilling process does
not drag contaminated soil from near the surface down
to the groundwater, or provide a pathway for migration
of contaminants from a contaminated aquifer to a clean
aquifer.  These problems may be overcome by
appropriate design and installation of multistage casing
to isolate contaminated zones prior 1o the continuation of
drilling and sampling to greater depths,

Groundwater bores require documentation of design and
installation details to provide an assurance that the
materials and methods used to construct the monitoring
bore cause misleading analytical results. Material
selection for bores is usually influenced by the
possibility of physical or chemical interaction with
contaminants, the analytical accuracy required, material
cost and the design life of the sampling or monitoring
installation.

In most circumstances unleaded PVC is considered to be
sufficiently inert, although the use of PVC glue may be
inappropriate and threaded casing is commonly used. In
extreme cases stainless steel or teflon casing may be
required. Mild steel pipe is generally not favoured for
use as casing for contaminant monitoring. Casing
should generally be steam cleaned before use and
prepackaged clean sand, gravel and bentonite should be
used for packing of bores. Monitoring bores should be
developed after installation to remove sediment and
improve flow,



SAMFPLING

Soil: Care must be exercised in the sampling of soil and
groundwater to ensure that samples are representative of
m-situ conditions and that the sampling procedure itself
does not lead to contamination of the material recovered.
The Standard Penetration Test sampling spoon is a
useful technique for recovering soil samples from
boreholes. The major advantages of this sampling
technique are that samples can be removed quickly from
the device and the equipment can be easily cleaned.
However, there are also many "push-in" type devices for
recovery of samples with minimum chemical
disturbance, particularly for sampling where volatile
chemicals are involved.

Groundwater: In addition to development of a bore
after installation, it is generally advisable to purge water
from the bore prior to sampling so that formation water
is sampled rather than water that has been standing in
the bore. Typically three to five bore volumes of water
should be removed prior to sampling. A groundwater
property such as pH or conductivity may be monitored
to assess the effect of purging.

A variety of methods are available for sampling or
purging water from a monitoring bore, including bailing,
air Lifting and pumping. If the introduction of oxygen to
the bore or reduction in pressure is likely to change the
nature of the contaminants in the groundwater when air
lifting and some methods of pumping may not be
appropriate,

All equipment used for sampling of soil and
groundwater and for purging should be thoroughly
cleaned before being inserted into the bore, For some
sampling programmes this might require washing with
acid and/or phosphate free detergents and several rinses
with deionised water. As a minimum requirement, all
equipment should be rinsed with deionised water prior
to use in a bore.

Blanks; Field blanks should be prepared to check the
adequacy of cleaning and handling procedures. These
are prepared by pouring deionised water over the
sampling equipment and collecting the water for
analysis. Duplicate or spiked samples shounld also be
prepared to assess laboratory handling and testing
procedures.

HANDLING OF SAMPLES

Once a soil or groundwater sample has been removed
from a bore, care must be exercised to ensure that the
constituents do not degrade or become altered prior to it
reaching the analytical laboratory. Advice from the
analytical laboratory shonld be obtained prior to
sampling to ensure that samples are handled and
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transported in an appropriate manner, Most analytical
laboratories will supply suitable clean sample vessels
with preservatives already added, if necessary,

Degradation of some chemicals is temperature dependent
and it is good practice to store samples in a cool
environment, e¢.g. packed in ice or stored in a
refrigerator. It is also good practice to deliver samples
to the Iaboratory as quickly as possible after sampling.
Groundwater samples recovered for metals analysis
should generally be filtered in the field.

All samples should be maintained under "chain-of-
custody" documentation which enables the wacking of
parties responsible for the samples at any given time.
This may be required for legal identification of samples
and to be able to demonstrate that the samples analysed
were in fact the ones collected in the field,

VOLATILE CONSTITUENTS

Particular care must be exercised when sampling soil or
groundwater contaminated with volatile chemicals. If
correct sampling and handling procedures are not
adopted then the concentration of volatile materials can
be grossly under-estimated or even go undetected.

Because of the problem of loss of volatile constituents
after sampling, it is common practice to perform field
assessment in addition to the laboratory analysis. A
range of field equipment is available for the detection
and quantification of volatile constituents. These include:

. Flammable gas detectors - commonly calibrated
for methane.

. Photo-ionisation detectors (PID) which can be
used for a range of organic volalile species.
Lamps with differing ionisation potential can be
used to expand the range of species that can be
detected.

. Flame ionisation detectors which are capable of
detecting a wider range of organics than the PID.

. Portable gas chromatographs which can be used
for identification and quantification of
concentrations of volatile organics in the same
way that laboratory GC’s are used.

. Colorimetric tubes, e.g. Draeger tubes. These
simple devices are available for detection and
quantification of a wide range of organic and
inorganic gases.

These devices can be used as part of site health and
safety monitoring or can be used for detection and
quantification of concentrations of volatile constituents.
Laboratory analysis is normally required to confirm field
monitoring resulits,

Field monitoring devices for volatile constituents are
typically used for:



- atmospheric monitoring

- monitoring at the collar of a borchole or well
- monitoring in tubes driven into the ground

- field head space testing

SAMPLING FREQUENCY

The determination of how many and where to sample is
a common problem for all assessors of contaminated
land, Given the inevitability of budget constraints, it is
always necessary to carefully plan an investigation to
gain maximum information for reasonable cost. It is
obvious that all of the soil or groundwater on a site
cannot be sampled and therefore design of a programme
must consider the number of samples that are required
to be statistically meaningful.

There are no universally recognised techniques for
determining sample frequency, and it is generally up to
the asssssor to determine the acceptable number of
samples. In doing so the assessor must consider:

. Previous site nse. Sampling may target specific
arcas where contamination is suspected (e.g.
adjacent to an underground storage tank) or,
alternatively, grid sampling may be adopted where
either a uniform distribution of contamination is
suspected or where little is known about the site,

. The intended use of the site. For example, if the
site is to be used for residential purposes then the
sampling frequency should reflect the block size,
possibly requiring that each and every block is
sampled. Alternatively, if the site is to be used
for industrial purposes then a lesser number of
samples may be appropriate. In addition the local
authority will have to be satisfied before it issues
a building consent if a development of some kind

is planned.
. The type of investigation. The sampling
frequency and layout for a preliminary

investigation will be very different to the
frequency and layout for a validation programme
after cleanup.

. The mobility of the contaminants. The mobility
of the contaminants will be dependent on both the
physical characteristics of the site (e.g.
permeability and depth to watertable) and the
characteristics of the contaminants {e.g. ability to
sorb to the soil or solubility in water).

. The liability or risk to be assumed by the assessor
or auditor. Alfthough this is not a technical
consideration, it is nevertheless a critical aspect of
the design of the assessment or audit programme,
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LABORATORY ANALYSIS

It is important to understand that analytical procedures
are chemical specific and the laboratory will only
analyse for the chemicals which are requested. For
organic chemicals, techniques are available for
identifying and quantifying a very wide range of
chemicals (gas chromatography/mass spectrometry).
Bowever, this testing can be very expensive and may be
inappropriate for many investigations. If chemical
specific identification and quantification is not required,
screening techniques are available to identify classes of
compounds present.

Fortunately there is a limited number of chemicals that
are considered to be hazardous and can be expected to
occur in the environment. In the USA for example, the
EPA has published lists of hazardous chemicals for the
various regulatory programmes, These lists include no
more than a few hundred compounds. For example, for
groundwater assessment there is a list of 133 chemicals
which are generally considered in any analytical
programme ("Priority Pollutants"), Where there is no
regulatory list of contaminants, some professional
judgement is required in the design of an analytical
programme.

It is critical in the design of any analytical programme
to have a sound understanding of the nature of chemicals
used on a site through an appropriate background study.
By completion of such a study it is often possible to
place a reasonable limit on the number of analytes.

‘When specifying a laboratory analysis programme it is
important to consider the detection limits for each
analyte which depend on a number of factors, including
the analytical method used, extraction methods, sample
matrix, etc. There is little point analysing for a
particular chemical constituent if the critical limit for
that constituent is lower than the detection limit of the
analytical method specified.

Quality assurance is as important in planning laboratory
programmes as it is in the field sampling programme,
Typically the following points should be considered:

. ‘Wherever possible, laboratory analyses should be
performed using standard methods, preferably
recognised by the appropriate authorities.

. Appropriate Iaboratory quality control procedures
should be used. These should include analysis of
duplicates, spikes and appropriate use of reference
standards. In budgeting for an analytical
programme, an allowance should be made for
quality control testing, generally 10-15% of
budget.



. There should be periodic auditing of laboratories,
including both systems audits and performance
audits.
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TABLE 1:

(Note: All items may not apply to each site)

A,

1.

10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

20.

Initial Interview with Owner/Client

Identify third parties (e.g. financing entity).
Nature of surrounding area and land use.

Nature of specific site; age of existing buildings;
known underground tanks {(and coverings); known
asbestos (if included in scope).

History of the site.

Permits; applications; notifications, inspections.
Regulatory violations.

Size and specific location of site.

Ownership and access.

Chronology of ownership; title review.

Site utilities; stormwater drainage; sewer systems.
Wells; water supply.

Proposed use of property, intended excavation.
Site sampling and analysis.

Site plans; show specific site boundaries; define
limits of study area,

Confidentiality and legal privilege.
Ultimate recipient of report and any special
requirements concerning content and/or

preparation; request for certification; clarify
purpose of report.,

Contact person(s); written entry permission.
Schedule.
Additional areas of concern.

Health and safety concerns or incidents

Checklist for Preliminary Site Assessments
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Review of Public and Other Historical Records

Central and local government concerns. Local
legistation and regulation with respect to air
emissions, surface water release, trade waste
agreements, discharge agreements.

Local concerns.

(2) Planning anthority, territorial authority, local
water/sewer authority.

(b) Fire service.

{c) Previous owners, occupants, workers or
residents.

Evidence of past activities.

(@) Newspapers.

(b) Libraries,

(©) Local historical societies.

Legal record of past ownership.
(a) Title review.
(b)  Other records.

Review existing maps and similar data.
(a) Aerial photos.

(b) Historical maps.

(c) Soils map.

(d) Geological maps.

Review company records.

Review geological/hydrogeologic setting,
(@ Municipal/residential water supplies.
() Local wells, reservoirs.

During review, note sites within a selected radius

that are:

(a) Contaminated site registers,

(b)  Suspected contaminated sites.

(c) Operating or inactive landfills.

(d) Hazardous waste facilities.

{e) Industrial or wastewater discharge to surface
waters run through or near the site.

()  Underground tank records.



Site Reconnaissance and Interviews
Safety plan.

Visual reconnaissance.
(a) Topography/fill areas.
(b) Surface conditions.

(¢} Drainage.

(d) Ponds or ponded water, streams, rivers,
wetlands.

(e) Wells.

(f)  Utility lines.
{g) General housekeeping.

(h) Soil.

(i) Odour,

(i) Vegetation.

(ky Decbris.

(I} Vent pipes.

(m) Tanks.

(n) Storage buildings and storage areas.

(o) Drums and miscellaneous chemical
containers.

(p) Transformers,
{gy Potential need for asbestos study.

Photographic documentation.

Interviews with site personnel.

{a) Handling of hazardous materials.
(b) Spills.

(¢) Underground storage tanks,

(@) Monitor wells.

(¢) Environmental monitoring.

{f) Asbestos,

Use of adjacent properties.

Sampling and analyses (need for, if stage 2 study
is warranted).

(a) Surficial soil/sediment samples,

(b) Test pits/soil borings sampling.

(c) Surface water/monitor wells.

(dy Sampling.

(¢) Analyses.

Lo LO- O
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Environmental Evaluation Report

Introduction,
Topography.

Existing site conditions.
Historical records review.
Geology, hydrogeology
Public record review.
On-site reconnaissance,
Analytical results.
Findings and recommendations,
additional work.,
Limitations,

need

for



USING NON-INVASIVE, NON-DESTRUCTIVE GEOPHYSICAL METHODS TO MAP
AND TO MONITOR THE SOURCE AND EXTENT OF CONTAMINATION

David C. Nobes
Department of Geology
University of Canterbury

SYNOPSIS

Sampling wells and drill holes are, by their very nature, single points. Geophysical survey methods provide lateral
conirol between wells, and are best used in advance of any drilling or sampling, so that any holes can be placed to best
advantage. Geophysical methods are, by their very nature, non-invasive and non-destructive, and are thus well suited
for the delineation of the source and/or the extent of contamination, when the integrity of the site must be preserved.
The physical basis of some common geophysical methods will be outlined, particularly electromagnetic and radar
methods. Some recent case histories from the Christchurch area will be presented which illustrate the use of
geophysical methods for mapping the extent of leachate from landfill sites.

INTRODUCTION

Holes drilled for water supplies or for monitoring may
not be representative of the regional picture. Even
closely spaced holes can give an erroneous view of the
structure of the sediments, or the extent of
contamination. For example, the patterns evident in
downhole geophysical logs are often used to follow
certain beds from hole to hole. The real complexity that
is present is often overlooked, as shown by the example
in Figure 1 (from Slatt et al., 1992), Surface
geophysical methods provide the additional lateral
continuity that is needed.

In addition, geophysical surveys are best carried out
before any drilling, In hydrocarbon and mining
exploration, no drilling is done wuntil after the
geophysical surveys are carried out, since the
anomalous arcas are first identified uwsing surface
geophysical surveys, This approach is the most cost-
effective way of using limited resources. The cost of a
geophysical survey is similar to that for drilling one
borehole, and the wells that are drilled are fewer in
number and are placed in the most effective manner to
yield the maximum amount of information for the least
amount of time, effort and money.

A few geophysical methods have been used to a Hmited
extent. Electrical resistivity and seismic refraction have
been used in engineering and envircnmental work for
some years. More recently, the use of electromagnetic
{(EM) methods and ground penetrating radar (GPR) is
expanding. EM methods were the mainstay of mining
exploration for decades, but are now being applied to
gronndwater exploration and monitoring. GFR, also
called ground probing radar and subsurface interface
radar (SIR), is relatively new, however, and its range of
applications is still growing. The object of this paper,
then, is to review the basic principles of EM and GPR
methods, and to present some case histories from the

Canterbury region, particulady around Christchurch.
The examples will, in keeping with the theme of this
symposium, concentrate on the mapping and
monitoring of contamination, in this case leachate from
landfill sites. For an excellent overview of the many
geophysical techniques in use and their application to
geotechnical and environmental work, I refer the reader
to the set of volumes edited by Ward (1990).
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Figure 1. Gamma logs taken at a quarry wall and interpreted
in the standard way (top), compared with the observed
complex geological structure (bottom). Note the rather large
discrepancy between the two. (From Slatt et al., 1992.)
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GEOPHYSICAL BACKGROUND
Electric and Dielecitric Properties

Electromagnetic (EM) methods and ground penetrating
radar (GPR) are based on straightforward physical
principles, and are to a large extent complementary,
EM technigues respond to changes in the subsurface
electrical properties, which are in turn governed by
three dominant factors (e.g., McNeill, 1990): (1) the
water content, (2) the water quality, and (3) the clay
content. This dependence is best expressed as

[1] g = 0,¢" + G,

where o is the formation electrical conductivity, in
siemens/metre (S/m) or more usually in millisiemens/m
(mS/m), o, is the pore water conductivity, and ¢ is the
(fractional) porosity raised to an exponent n that is a
function of the pore shape which is in turn govemed
largely by grain size. o, is the contribution from any
clay minerals that are present. The elecirical
conductivity is a measure of the ease with which a unit
volume of material conducts electric current.

Most natural solids, with the exclusion of metals, are
not naturally conducting. Water, however, can dissolve
ions, and greatly improve the conductive capabilities of
natural materials. The greatest effect of water on the
elecirical conductivity occurs at low water saturation,
when the grains of the solids in the formation are
coated; the resultant surface conduction effects are
significant. The conductivity does increase with
increasing water saturation, but not in a simple fashion.
1t is highly non-linear, and depends on whether the
water table is rising or falling (Endres and Knight,
1991; Knight, 1991). The exact process is not of
concern here, except to note that we normally deal in
the relative changes in the elecirical properties across a
site, not in absolute values, because of this hysteresis in
the physical properties. I note, as an aside, that the
seismic properties, both acoustic and shear velocities,
and the dielectric properties, which govern the
propagation of radar waves, are similarly affected.

In addition to the presence of water, per se, the water
quality has a matked effect on the electrical properties
of the ground. The ground conductivity varies linearly
with the pore water conductivity, which in turn
increases lincarly with the pore water quality, as
measured by the total dissolved salts (TDS). The
variation of pore water conductivity with water quality
depends, however, on the particular ion in the water,
The chloride ion, for example, is about 1.5 times more
conductive than the bicarbonate ion (Fig. 2), iwo of the
most commonly occurring natural ions. Because the
addition of chloride ions will enhance the elecirical

conductivity, electrical and EM methods are
particularly well suited to mapping and monitoring
saline ground waters, whether the salinity is due to sea
water incursion or due to leachate from a landfill site.
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The GPR response depends on the dielectric
permittivity, i.e. the extent to which the subsurface
material can be polarised by an electromagnetic wave at
high (radar) frequencies. The dielectric permittivity for
water, however, is an order of magnitude greater than
most other naturally occurring materials. The dielectric
properties are thus, as for the electric properties,
dominated by the presence of water, but are, in contrast,
relatively unaffected by the water quality, Instead, the
electrical conductivity, the ease with which a material .
can carry electric current, affects the attennation of the
radar signal, and the depth of penetration of radar is
thus affected by the water quality. This is actually a
useful property for radar surveys, since plumes of
leachates from landfill sites will appear as blank zones
on radar profiles.

Because the electrical properties affect the depth to
which a radar survey will penetrate, an electrical or EM
survey should always be carried out prior to a radar
survey, so that the depth of penetration can be
estimated in advance (Theimer et al., 1994). For the
delineation of leachates, this is, again, an advantage,
since the EM survey will yield the location of any
leachate piume, and the radar survey lines can be
positioned to cross the plume.
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Figure 3. Schematic of the principles of EM surveys. An
electromagnetic signal (the primary field) is generated at the
transrnitter, and generates a response both at the receiver and
in the ground. The currents that are induced to flow in the
ground generate, in tumn, a secondary field, which also causes
a secondary response in the receiver. The primary and
secandary signals can be separsted in the console, and the
response of the ground can thus be determined.

Principles of EM

Electromagnetic methods work by generating induced
currents in the ground. A time-varying magnetic field
is generated at one antenna, the transmitter, normally &
loop of wire. This signal travels through and interacts
with the ground; the time-varying magnetic field
generates electric currents within the ground. These
induced currents produce another time-varying
magnetic field, a secondary respomse, which is
measured at the receiver, a second antenna that is
essentially identical to the transmitting antenna. The
entire system - transmitter, ground and receiver - can
be considered as an electric circuit, and the various
elements contribute to the response of the system (Fig.
3). The effect of the receiver is known, and the ground
response can then be determined.

There are two basic EM systems used in environmental
and groundwater work: frequency-domain EM (FEM),
in which a signal of a given frequency is transmitied;
and time-domain EM (TEM), in which the decay of a
signal is measured, In the first case, the depth of
penetration depends on the frequency, the electrical
properties of the ground, and the separation between
the transmitting and receiving antennas, If the
separation is small, then the depth of penetration is
normally about 1.5 times the separation. If the
separation is large, then the depth of penetration is
limited by the skin depth, the depth at which the signal
has decayed to 37 % (1/e) of its original strength. For
most systems used in engineering and environmental
work, Iike the Geonics EM31 and EM34, the depth of
penetration is limited by the separation of the antennas,

o1

In FEM systems, the transmitted signal is often a single
frequency, e.g. 9.8 kHz for the EM31, though some
systems used for deeper work use multiple frequencies.
The response at the receiver is altered both in
amplitude (the size of the signal) and in phase (the
signal is shifted in time). If the ground were not
present, then the effect of the receiver would be to delay
the iransmitted signal so that the response measured by
the receiver would be exactly out-of-phase with the
transmitted signal (Fig. 4). Perfect {metallic)
conductors have this effect on the signal. Imperfect
conductors, like the ground, will not shift the signal as
much. Superimposed on the shift caused by the receiver
will be any shifts caused by the electrical properties of
the ground, which will thus be a mix between a signal
lined up with the transmitted signal, and one perfectly
out-of-phase (Fig. 4). When added to the receiver shift, a
very resistive ground will have little effect, and the net
signal will be small and entirely out-of-phase. A large
metal drum, on the other hand, will shift the signal almost
as much as imposed by the receiver, so that the resultant is
almost lined up with the transmitted signal.

The EM response in environmental and engineering
surveys is usually expressed in terms of these two
components, which are normally called the real or in-
phase and quadrature or imaginary components. The
guadrature component yields a measure of the electrical
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Figure 4. The primary signal (top) will be shifted in time
(phase) and altered in amplitude during interaction with
the ground and the receiver coil. This secondary response
(second from top) can be separated into two components
(bottom): the in-phase part, which lines up with the
primary signal, and the quadrature part, which is exactly
out of line with the primary signal.
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conductivity of the ground, in the absence of a
significant amount of metal, while the real component
can be considered to be the metal detector mode.

Tx

(b}

Figure 5. Principles of time-domain BM (TEM). {a) A
steady-state current is generated in the ground adjacent to the
transmitter loop, in response to & steady current in the loop.
(b} When the cument is switched off, the ground current
gradually decays in strength and moves cut and away from
the transmitter. (From McNeill, 1990.)

EM methods are particularly sensitive to conductive
layers and objects, and are less able than resistive
methods to delineating resistive zones (e.g. Fitterman
and Stewart, 1986). Thus, EM methods are well suited
for mapping and monitoring areas of sea water
invasion, zones occupied by Ieachate from landfill sites,
and buried containers which may be filled with
potentially hazardous waste.
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Figure 6. The current in the ground generates a secandary
field which is detected at the receiver. At early times, the
field is due to shallow currents; at late times, the field is due
{o deeper currents. The shape of the decay curve is controlled
by the underlying structure. (From Parasnis, 1990.)

In TEM, on the other hand, in the most common mode
of operation, a steady current is set up in a loop laid on
the ground. An electric current is generated in the
ground in response to the current in the transmitter,
The current in the transmitter loop is then switched off,
which can be done quickly; modemn transmiiters can
attain microsecond (1075 sec) switching. The ground,
of course, is not a good electric circuit. The current
induced in the ground takes some time to “switch off",
The curent in the ground moves out and down away
from the transmitter loop (Fig. 5, above, from McNeill,
1990), and the current strength gradually decays with
time. The secondary field generated by the induced
current similarly decays, both due to the decrease in the
strength of the current flowing in the ground and also
due to the movement of the current deeper into the
ground away from the receiver. The rate of decay of the
secondary field depends on the underlying electrical
structure, and can be used to determine the thicknesses
and conductivities of the ground immediately below the
trangmitter and receiver (Fig. 6, opposite, from
Parasnis, 1986). No New Zealand examples using TEM
are available at the time of writing; there is, however, a
project currently underway using TEM to examine the
underlying electrical structure of some selected
Canterbury landfill sites.

Ground Penetrating Radar Principles

Davis and Annan (1989) provide a good overview of
ground penetrating radar. GPR uses a pulse of high-
frequency EM energy to probe the ground. The signal
moves through the ground as a wave pulse, in a manner
that is similar to the propagation of seismic energy (Fig. 7,
next page); the velocity, however, is that of light. GPR
methods are able fo detect or resolve objects that are larger
than one-quarter of the wavelength of the radar wave, A,
which is related to the velocity, V, and frequency, £, as:

21 A4 = V/Ef

Layers as thin as A/8 or A/12 can be resolved. For
example, typical velocities in saturated soils are of the
order of 0.10 m/ns (metres/10~? sec), and for a
frequency of 100 MHz, objects as small as 25 cm can be
resolved, and layers as thin as 10 ¢m can be detected.

Energy is lost through attenuation and scattering.
Scattering occurs from objects that smaller than, but
nearly the same size as, the minimum detectable
dimension. As noted previously, the electrical
properties affect the depth of penetration. The signal
strength, A, falls off exponentially in the ground as;
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Figure 7. Survey geometry for the common offset GPR and
seismic survey mode, The source (8) and receiver (R) are
kept at a constant separation (d), and are moved along a given
profile at constant steps. The two-way reflection travel time
{down and up) depends on the depth to the interface or object.

(3] A~ %

where o is the attenuvation factor, the rate at which the
signal decays, which is usually expressed as dB/m. The
attenuation, in turn, depends linearly on the electrical
conductivity, s, and on the inverse square root of the
velocity, V, as;

[4] o = koAV

where k is a constant. However, the variation in the
electrical conductivity is many orders of magnitude greater
than the variations in the velocity, so that the electrical
conductivity dominates the depth of penetration of GPR.
Thus, if the background electrical properties are known,
then the depth of penetration can be predicted, as
illusirated in Figure 8 (from Theimer et al., 1994),

Topographic Effects

Both EM and radar can be affected by the topography
of a site. In the case of radar, the effect is direct - the
underlying reflectors appear to dip since the reference
level is the surface where the GPR survey is carsied out.
We thus also attempt to carry out a topographic survey
along the geophysical survey lines, and then adjust the
survey lines appropriately. For surveys of contamination,
we can determine the position and depth of the
contamination without the need for topographic correction,
and the profiles presented here have not been corrected for
changes in elevation along the survey lines,

For EM, on the other hand, the effect due to topography
is more subtle, As the survey line climbs a sand dune,
for example, the water table will tend to lie at a greater
depth relative to the EM survey instruments, and the
apparent elecfrical conductivity will decrease. If a
leachate plume is present beside and under a portion of
the dune, the plume will not appear to be connected
across the dune, since the associated electrical anomaly
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Figure 8. The depth of radar penetration is dependent on
the electrical properties. Shown here are the calculations
for two frequencies, 100 and 200 MHz (curves), and for
observations (solid labelled boxes) from a set of
peatlands. (From Theimer et al., 1994.)
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will be disconnected. The apparent conductivity must
therefore be comrected for elevation for a comrect
interpretation to be made. The general form will
indicate the presence of a leachate plume, but may not
correctly yield the extent and position.

Monier-Williams et al. (1990) have examined the
preblem of topographic correction in detail, and have
proposed an empirical approach, which we use here,
The basic procedure is as follows: The survey shounld
cover an area large enough to encompass regions where
there is no contamination, so that the electrical
readings include the background, vncontaminated
conductivity, sg. The conductivity is plotted as a
function of elevation, z, only, regardless of its lateral
position. A background electrical conductivity level,
sp(z), should be readily apparent. The electrical
conductivity is normalised with respect to the background
conductivity, by dividing the reading at a given location by
the background conductivity for the elevation of that
location. The result is expressed in decibels (dB), so that
the conductivity corrected for topography, o, is:

[5] oc = 20log,o(o(x,y,2)/0g(2))




A value of {0 dB indicates that the reading is the same
as the background conductivity, whereas a value of 6
dB indicates that the clectrical conductivity is twice the
background value, Specific examples are presented with
the case histories, below.

RECENT CASE HISTORIES
Delineation of leachate plumes at Kaiapoi landfill

The local Kaiapoi land§ll site is located on beach sands,
3.5 km from the coast. The surficial uncanfined aquifer is
not used as a potable water supply, and is underlain by a
confining layer which profects the deeper aquifers. A
leachate plume had been detected adjacent fo the Kaiapoi
landfill, using galvanic resistivity methods (Broadbent,
1992), That is, the electrical properties of the ground were
determined using direct current injection into the ground.
The procedure is simple but time consuming. Followup
surveys were carried oot using a (Geonics EM3I soil
conductivity meter, owned by the Department of Geology
at the University of Canferbury, and a Sensors and
Software pulseEKKO IV ground penetrating radar system,
rented from the Australian distributor. The EM and GFR
surveys were completed rapidly, and the resulis agresd
with the general form of the resistivity results,

While the raw EM31 apparent conductivities indicate
the presence of the leachate plume from the first stage
of the landfill site (Fig. 9, from Armsirong, 1993},

150

Figure 9. Raw EM31 apparent conductivity adjacent to
the Kaiapoi landfill site, Note the conductivity high in
the centre, suggestive of a plume. However, there are
other highs and lows scattered about the area, largely due
to topographic variations. The survey lines are indicated.
{From Armstrong, 1993.)

there arc other areas where the conductivities are
anomalously high or low, for example at the southern
end of the survey area where the conductivities. Note
also the slightly elevated readings to the east, bounded
on the west by a zone of lower conductivity, The lower
conductivities follow the trend of a 2 m high sand dune.

The effect due to topography is clear (Fig. 10, from
Armstrong, 1993), and the corrected EM31 results better
delineate the extent of the leachate plume (Fig. 11, From
Armstrong, 1993). The boundary of the plume appears to
be indicated by the 4 dB contour line (shown bold), that is
the plume electrical conductivity readings are 60 % above
the background values. The additional anomalous high and
low readings are largely due to topographic variations; for
example, the areas of higher conductivity to the south and
to the east are due to topographic lows, and the recorded
values are similar to the background electrical
conductivities in those areas. The low conductivity trend
along the sand dune masks a second plume, which may
criginate from the current stage of the landfill; this second
plume appears to follow a subsurface channel.

12,00 —

8,00 —

4.00 —

Apparent Conductivity (mS/m)

R L A R B I B B A
Q.00

500 2,00
Elevation {m}

Figure 10. Plot of EM31 apparent conductivity (in mS/m) vs
clevation (in m), showing clearly the background base level
(solid curve). This base level is then used to calculate the
corrected EM31 values, using the approach outlined by
Monier-Williams et al. (1990). (From Armstrong, 1993.)
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GPR surveys were also carried out along the lines
shown in Figure 10. Line T1 was split into two because
of fences surrounding the landfill site. One segment
extends from north of line T6 to the southern end of line
T1, crossing the edge of the plume as defined by the
corrected EM31 resnlts. We thus expect the radar signal to
be significantly reduced as the line crosses the leachate




plume. This is indeed the case (Fig. 12, bottom, from
Armsirong, 1993); the reflections due to the subsurface
layering are readily apparent on either side of the plume,
but are strongly attenuvated where the plume is present.

meliea
5 50 100 £50

Figure 11. Data from Figure 9 comected using the base
level shown in Figure 10. Note the elimination of the
highs and lows due io topographic variations, and the
isolation and enhancement of the leachate plume. A by-
product of the analysis is the identification of a second,
weaker plume to the east originating from the current
landfill operation. The locations of the topographic
control points are indicated. (From Ammstrong, 1993.)

Delineation of leachate plumes at Burwood land;

Previous studies of the Christchurch Metropolitar
municipal landfill site near the coast at Burwood
indicated the presence of a leachate plume which would
move toward the coast at a rate of 2.3 to 7.4 m/month
(Close 1991, 1992), The Burwood landfill is situated on
dune sands; the surficial unconfined aquifer is
underlain by siits and clays which serve to protect the
deeper aquifers which are used for the regional water
supply. The groundwater flow is to the east towards the
coast; if leakage occurs through the confining layess,
then flow is direcied upwards towards the surface, since
the deeper waters are under pressure. Thus any leachate
will flow east towards the coast and cannot enter the
regional water supply. There is still some concern gbout
the extent of leachate, however, since the area is being
used and developed for recreational wse. A suite of
monitoring wells were established adjacent to the first
stage of the landfill, and along the coastal firebreak.
The geophysical surveys were run to supplement the
monitoring wells, and to delineate the position of the
plume at the time of the surveys.

An EM31 survey was carried out across the area adjacent
to the former and current landfill sites. In addition to
topographic effects, we were concerned with any
interactions with the tides along the coast. A snite of
repeated measurements were taken along the coastal
firebreak 100 m from the coast, along a trail 50 m from the
coast, and along the high tide mark. To our surprise, there
is essentially no tidal influence observed in the readings
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energy is atlenvaled by the plume. (From Ammstrong, 1993.)
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along the coastal firebreak (Fig. 13, from Armstrong,
1993). There appears to be a channel that provides a
connection to the coast; whether the channel continues far
enough inland to provide a conduit for leachate is not yet
determined. There is also almost no effect observed along
the high tide line; the coastal beach sands appear to remain
saturated, except for a relatively thin surficial layer, and
thus are not affected by the tidal cycle. Only the line along
the trail which lies 50 m in from the coast shows any
consistent tidal influence.
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Figure 13. Plot of successive records of EM31 apparent
conductivity along the coastal firebreak road mear the
Burwood landfill site, The readings were taken during a tidal
cycle, from low to high tide, Note the lack of change except
niear location 650, where there may be a channel connection
to the shore, (From Atmstrong, 1993.)

The location and extent of the leachate plume is
apparent in the raw EM31 data (Fig. 14, from
Armstrong, 1993), but the details are uncertain, given
the dune topography that is abundant across the area. In
particular, we were interested in the constriction in the
contours of apparent conductivity in the southwestern
comer of the survey area, along lines Burwood 1 and 2
near the boundary of the first stage of the landfill.

Topographic surveys were carried out along a subset of .

the survey lines; many of the shorter survey lines could
not surveyed because of low dense scrub. As for the
Kaiapoi survey, the relationship between the apparent
conductivity and the topography is well defined, and
the corrected EM31 results provide better control and
the lateral extent of the plume (Fig. 15, from
Armstrong, 1993), The leading eastern edge of the
plume is not well-defined, since we do not have good
topographic control in that area. However, the 25 mS/m
contour (Fig. 14) appears fo provide a good approximate
location for the leading edge of the plume. Calculated flow
rates are then 3.2 to 6.3 m/month, in very good agreement
with but more tightly constrained than the results of
groundwater modelling (Close, 1992).

The corrected EM31 results also appear to confirm the
presence of a constricting channel in the southwestern
corner of the area, The contours of the anomalies close

96

o

~ | Burwood

muelres

o 50 100

200

Figure 14. Raw EM31 apparent conductivity (in mS/m)
from Burwood study area. Survey lines are indicated as bold
solid lines. The water sampling wells are shown as crosses
(+), and the contours of pore water conductivity (in mS/m)
are shown as bold dashed contours. Note the good
, correspendence between the two data sets, in spite of the fact
that the measurement locations rarely coincide. (Adapted
from Armstrong, 1993, and Close and Budhia, 1993.)

in at first, before opening up again to the east,
suggesting that leachate flows east through the channel
and then spreads out to the north and south past the
channel. In addition, the location of the plume is almost
centred between the monitoring wells that are located
along the coastal firebreak, In other words, the Ieading
edge of the plume would have passed between the wells
before any indication of the plume would have been
detected in the monitoring wells. Based on the results
of the geophysical surveying, new monitoring wells
have been put in place, and the results of water
sampling confirm the results of the geophysical surveys
(Figs. 14 and 15, and Close and Budhia, 1993).

SUMMARY

Geophysical methods, generally, and electromagnetic
methods and ground penetrating radar, specifically,
should be used to delineate anomalous areas in advance
of drilling holes and sampling wells, EM responds to
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Figure 15, Carrected EM31 (in dB) for the Burwood study
site. Only those lines with topographic control were used; a
by-product of this is the lack of control on the leading edge of
the plume, which is better defined by the 30 mS/m contour
in Figure 14. Again, the pare water conductivity results of
Close and Budhia (1993) are shown superimposed (bold
dashed contours). (Adapted from Armstrong, 1993.)

changes in the electrical properties of the ground, and
the depth of penetration of GPR is strongly controlled
by the electrical properties; plumes of leachate or sea
water will significantly affect the EM response and the
appearance of GPR reflectors. This allows the extent of
contamination to be determined accurately, and the
level of contamination can then be established using
samples taken from boreholes that have been placed to
maximum advantage. Fewer holes placed more
accurately save time and effort. Geophysical survey
techniques provide the non-invasive, non-destructive
first step in mapping contamination due to leachate or
sea water incursion, and can be used to monitor the
movement of leachate or sea water plumes.
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SOUTHLAND PESTICIDE DUMPS - LOCATING BY GEOPHYSICAL METHODS

T M McConachie
Woodward-Clyde (NZ) Ltd
Christchurch

SYNOPSIS

Delineation and characterisation of hazardous waste dumps can be a difficult, time consuming and hazardous task
particularly where the specific location of the site is unknown or poorly defined. Depending on the physical
characteristics and nature of the host soils, waste dumps may generate geophysical anomalies detectable by appropriate
geophysical survey techniques. This paper presents a case history of the application of magnetic and electromagnetic
survey techniques employed in the detection and delineation of two hazardous waste dumps in Southland and highlights

the advantages of non-invasive exploration techniques.
BACKGROUND

In 1961 New Zealand introduced regulations banning the
use, without a permit, of dieldrin and related chemicals,
Under the direction of the Ministry of Agriculture and
Fisheries, approximately 530 tons of pesticide were
collected and stored in 45 locations throughout the
country, some of which was ultimately disposed of in
dump sites.

Preliminary inquires by the Southland Regional Council
led to the identification of five possible pesticide dump
sites in two areas of Southland. The nature and location
of these dumps was based solely on anecdotal
information supplied by persons involved in or
witnessing the dumping operations.

Three sites were reported in the Te Anau Basin and two
in the Mokoreta area. Four of the sites are located on
former Lands and Survey farm development blocks.
The fifth, known as Mokoreta was created in the early
1980s and is located in a timber production forest.

PRELIMINARY INVESTIGATION

Two dump sites, one located at Mokoreta north of
Invercargill and the other near Manapouri, were
considered of particular concern due to the nature of
their locations.

Flaxy Creek

At Flaxy Creek, the dump was believed to be located
within 15 to 20 m of a domestic and stock water supply
well and therefore posed a significant immediate hazard.

Containers of pesticide were reportedly brought to the
farm at night and the contents sprayed by light aircraft
onto the surrounding land. The empty containers were
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then disposed of in a pit in or near a gravel quarry
located on the property. The quantities of pesticides
brought to the site were unknown, but were believed to
be in excess of several truck loads,

Mokoreta

The dump site was believed to be located on the edge of
a forest access road and could potentially be disturbed
during future logging operations. Secondary growth
native bush and over planted eucalypt trees surround the
site. Pesticides sourced from a nearby nursery were
dumped at the site around 1980-81,

A trench was reportedly excavated in clay and the
drums were punctured by rifle shot prior to burial.
Eyewitnesses to the dumping were unable to precisely
locate the dump site during site visits due to significant
vegetation growth in the intervening years. However,
several possible locations were identified, one of which
was located 80m from the road in dense native bush.

PHYSICAL SETTING

Flaxy Creek Site

The suspected location of the dump site was on a small
terrace adjacent to Flaxy Creek which is bounded by a
4 to Sm high scarp, created during excavation of the
quarry. A farm access track forms the northem
boundary of the quarry as shown in Figure 1. Semi-
permanent ponding of surface water in the swampy area
around the base of the scarp indicates poor drainage
through the silty humus surface soils which were well
vegetated with pasture grass with some tussock in the
swampy areas. Subsoils in the search area consisted of
loose sandy coarse gravels to about 1.5m depth
underlain over most of the site by very dense silty
gravel.



Mokoreta Site

The suspected location of the dump site was in an area
of dense bush, including natives and exotic plantings,
located on a hillside above farmland in an area of
relatively deep soil up to 1.2m deep. Highly jointed
sandstone bedrock underlies the soil layer, Surrounding
this localised area of deep soil, the bedrock is overlain
by a saturated Iayer of topsoil typically 0.1-0.3m deep.
The bedrock exposed in excavations was highly jointed
at the bedrock surface becoming significantly less
jointed at a depth of 0.5m below the bedrock surface.
The bedrock surface appears to dip toward the
northwest and northeast in the vicinity of the dump site.
Several tributary streams run in gullies through the bush
and onto the farmland several hundred metres north of
the site,

GEQPHYSICAL SURVEY

Introduction

Preliminary historical information indicated that
pesticides had been disposed of in both metallic and
nonmetallic containers at both locations. The
geophysical methods chosen therefore had to be
effective at detecting both types of container or ground
disturbances associated with their burial.

The information gathered during the review of historical
information was used to delineate initial target areas for
site investigations at the Flaxy Creek and Mokorets
sites. These initial target areas were surveyed using
magunetic and electromagnetic geophysical methods in
order to locate buried chemical containers and disturbed
ground associated with the dumping at these sites.

Methodology

High resclution magnetic and electromagnetic surveying
is non-invasive and therefore well suited to the detection
of hazardous substances. The field equipment used in
this investigation consisted of a Geonics EM 34
electromagnetic transceiver and an EG & G Geometrics
G856 portable proton magnetometer.

The distance between measurements, known as the
station spacing, was selected based on the anticipated
size and depth of each dump, as assessed from historical
information. A station spacing of two metres between
magpetic measurements and four metres between
electromagnetic measurements was considered
appropriate,

The initial target areas were gridded and survey lines
pegged prior to geophysical surveying.

All magnetic data were corrected for diumal variation
and contoured for final presentation and interpretation.
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No corrections were required for the electromagnetic
data which were contoured prior to interpretation.

The geophysical surveys were carried out in two stages
at each site. During the first stage both magnetic and
electromagnetic surveys were carried out with the
magnetic method providing the best results and the
electromagnetic method only confirming these results,
The duomp sites were not located during the first stage
survey. During the second stage survey the magnetic
equipment only was used and the dump sites were
located.

Flaxy Creek Survey

Historical and anecdotal evidence indicated that a single
dump existed at the Flaxy Creek Site. The first stage of
the geophysical surveying at the Flaxy Creek Site was
carried out over an area of 1,500 m? centred on the
farm track which was the initial target area delineated
from the historical and anecdotal evidence. The second
stage survey covered an additional area of 3,500m? and
was carried out in response to additional historical
information obtained during the investigation.

First stage survey

The first stage survey area was bounded to the west
by Flaxy Creek and to the east by a line parallel to
and approximately eight metres to the west of the
top to the quarry face. To the north and south the
area was bounded by farm fences and a survey line
respectively, The first stage survey area covered an
area between Lines 0 and 38, with two metre
spacing between stations (Figure 1).

Assessment of the contoured magnetic and
electromagnetic data presented on Figures 1 and 2
reveals several significant magnetic anomalies, all
but one of which were associated with farm fences
including isolated metal fence posts (railway iron)
characterised by intense short range anomalies along
the northern boundary of the survey area. The
remaining anomaly centred at Line 8, Station 28
indicated the presence of & significant mass of buried
metal. This location was investigated by trenching
with an excavator and found to be a buried car body.
No evidence of a chemical dump was noted at this
location.

Second stage survey

The second stage survey covered an area between
Lines 0 and -78, with two metre line spacing
between Line 0 and -38 and four metre line spacing
between Lines -38 and -78 to allow the remainder of
the quarry floor to be surveyed rapidly.

Assessment of the contoured magnetic data presented



on Figure 1 reveals two significant anomalies,
centred at Line -16, Station 34 and Line -12, Station
16. The former was associated with an old pump
shed which contains the original farm well and
associated pumping equipment. The latter anomaly
approximately 10m to the east of the first could not
be reconciled with any obvious surface features and
indicated the presence of a buried metallic mass.
This site was investigated with an excavator and
found to contain buried chemical drums.

West of Line -38 the magnetic field was relatively
uniform and varied by only 40 nanoTesla (nT). This
indicates that buried metallic containers do not exist
in this area.

Mokoreta Site

Historical and anecdotal evidence indicated that a single
dump site existed at the Mokoreta Site. The first stage
of the geophysical surveying at Mokoreta was carried
out over an area of 1,100 m® centred on the reported
location of the dump site. The second stage survey
covered a much larger area of 30,000 m® to the
northeast of the first area and consisted of a roving
magnetic survey carried out in response to additional
historical information obtained during the investigation.
The stage one area surveyed at the Mokoreta Site is
shown on Figure 3.

Firse stage survey

The first stage survey revesled only one small
anomaly centred on Line 4, Station 26 - 28 shown
on Figure 14, This was revealed by excavation to
be a wire rope.

Second stage survey

Due to both the size and dense bush growing on the
additional area requiring surveying it was not
feasible within the budgetary constraints of the
project to grid the second stage survey area.
Instead, those areas which had been indicated to be
the most likely locations were systematically
surveyed. The data revealed a generally uniform
magnetic field gently increasing to the west. A
single anomaly was detected approximately 80m
from the forest access road and indicated the
presence of a small metallic mass buried just beneath
the ground surface. This site was investigated by
excavator and found to contain the dumped pesticide
containers.

EXPLORATORY EXCAVATION OF THE DUMP
SITES

The outer perimeter of the pesticide dumps were
inferred from the contoured geophysical data and
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pegged out. The aim was then to excavate sections of
the edge of each dump to assess the placement and
condition of the containers. Excavation using a tracked
excavator commenced several metres away from the
inferred perimeter of the dump and proceed toward the
centre of the geophysical anomaly. The excavated soil
was carefully logged and assessed for signs of
contamination. Excavation ceased when the side of the
dump or chemical containers were found. An attempt
was then made to define the base of the dump by
excavation. Excavation findings were correlated to the
interpreted geophysical data as excavation proceeded.
Through this approach exploratory excavation ceased
when good correlation was achieved reducing the
requirement for unnecessary hazardous excavation.

Flaxy Creek Site

Each significant anomaly detected during the two stage
geophysical survey was investigated by exploratory
excavation.

The anomaly detected in the first stage geophysical
survey was excavated and found to be a carbody., It
was suspected that the carbody may have been placed
over a chemical dump and therefore exploratory
excavation was carried out around the carbody and the
carbody was lifted up to allow excavation undemeath.

Exploratory excavation of the dump site commenced
from approximately four metres to the north of the site
working towards the dump using an excavator to dig a
trench to about 0.5-1m depth.

On reaching the dump site, the excavation continued at
up to one metre depth around the full perimeter of the
dump site in order to determine its lateral extent. The
dump is eight metres long and four metres wide aligned
approximately north-south. The dump appeared to
extend only to about 0.5m depth below ground level and
was covered by a 0.1m layer of topsoil.

Metal chemical containers were uncovered and found to
be empty and extremely rusted and broken down.

Early anecdotal evidence indicated the possibility of the
dump being located beneath the farm access road.
Although no geophysical anomalies were evident st this
location, excavation was carried out along three
traverses perpendicular to the road. No evidence of any
dumping activity were noted in any traverses and
together with the absence of any geophysical anomalies,
excavation below the 1.8m wide road was not
warranted.

The remaining geophysical anomalies, around obvious
surface features, were investigated in order to confirm



that these features were not masking another chemical
dump. No evidence of any chemical dumping was
detected in any of these excavations.

Mokoreta Site

Exploratory excavation of the dump site commenced
from three equally spaced locations approximately eight
metres away from and working towards the centre of
the geophysical anomaly. The excavation was carried
out using an excavator to dig a trench about one metre
deep. Highly jointed bedrock was intersected at a depth
of approximately 1.5m below groundlevel,

Four 20 litre metal drums were found buried about ons
metre deep at the junction of the three trenches. The
drums had been punctured during placement but were
only slightly corroded and some labelling was still
legible, including one drum which was labelled as
Aldrin.

CONCLUSIONS

Magnetic and electromagnetic geophysical surveying
techniques have been successfully utilised to locate
buried hazardous chemical containers. The use of
geophysical surveying has allowed relatively small
targets to be located rapidly within a relatively large
search area, Had invasive excavation been utilised
only, the locating of the Flaxy Creek pesticide dump
would not have been possible without substantially
greater disturbance to the area. At Mokoreta it is
highly unlikely that the pesticide dump would have been
located at all.

The use of geophysical methods has resvited in
significant savings in exploration time, hazardous
excavation, reduced disturbance to the environment and
ultimately represents significant financial savings.
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REN[EDIATION OF CONTAMINATED SOIL IN NEW ZEALAND

Dr M L Plested
Worley Consultants Limited
Auckland

SYNOPSIS

New Zealand industry and regulators are beginning to come to grips with the ramifications of the Resource

Management Act and the Occupational Safety, Health, and Employment Act.

One of the ramifications of these

acts is that the potential adverse effects to human health and the environment represented by contaminated soils
must be addressed. Once those effects have been shown to be, or could potentially be, present at a site, options
for remedying or mitigating those effects must be investigated. This paper discusses what technologies are available
in New Zealand to mitigate effects created by contaminated soils and how to go about determining which is best
suited for a particular site. Technologies for controlling effects created by contaminated soils are not limited to
treatment to reduce concentration or mobility of contaminants. Finally, technologies that may be needed in the

future are discussed.

WHEN IS REMEDIATION NECESSARY?

At present New Zealand contaminated site owners and
occupiers have two ways of determining the need for
remediation on their site.

The first is the use of numerical criteria such as the
much publicised Dutch environmental criteria.
However, the use of such criteria can be difficult. If
used without care, numerical guidelines can result in
a decision to remediate based on contaminant levels
that are either too conservative for a given site, or not
conservative enough. This arises from the fact that the
guideline contaminant levels were set for a receptor
and exposure pathway combination which may not
exist at the site. The Dutch criteria, for example, were
developed to be protective of ground water because of
that country’s reliance on this resource.

The contaminant concentrations required to protect
ground water quality are generally much lower than
that required to avoid effects through say skin contact
or dust inhalation. New Zealand populations rely on
ground water resources in only a few regions.
Therefore, where ground water protection is not
required to protect an existing or potential future use,
the Dutch criteria may be too restrictive,

The blind use of guideline criteria can therefore result
in an unnecessarily high cost for remediation and can
also result in a decision to do nothing because the site
owner/occupier can’t afford the price of environmental
responsibility. An even more disastrous possibility is
that the contaminant level is not protective enough.
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The second method is a sile specific risk assessment.
This process is recommended in the Australian and
New Zealand Environmental Criteria Committee
Guidelines for the Assessment and Management of
Contaminated Sites (ANZECC, 1992).  The site
specific risk assessment process allows the site
owner/occupier the opportunity to identify and address
the actual effects presented by their site.

To understand when remediation is necessary, and
identify the full range of remediation options available
in New Zealand requires an understanding of how
unacceptable human or environmental effects are
identified on a contaminated site. This is the
fundamental objective of the risk assessment approach.

For an effect to occur, three elements must be present
at a site. Each of these is discussed below.

Contaminants

Contaminants must not only be present, but must be
present at concentrations that can potentially produce
an adverse effect.

Exposure Pathway

The concentrations required to produce an adverse

effect are different depending on the exposure
pathways present or possible at the site.

The potential for an exposure pathway to exist
depends on several factors including :



Site use Surrounding land use
Topography Sail type and geology,
Drainage Hydrogeology

Physical and chemical properties of the
contaminant

For example, consider a site with near surface soil
contaminated by a carcinogenic compound with low
volatility and high adsorption to soils. The exposure
pathway of potential concern may be skin contact and
inhalation of contaminated dust. This site will have a
potentially lower allowable contaminant concentration
thana site where the same contaminant is buried but
at the same concentration, In the case of the buried
contaminant, the exposure pathway of potential
concern is not present,

Receptor

Assuming the contaminant and exposure pathway are
present at a site, for a potentially adverse effect to
occur there must also be either a human or
environmental receptor. If the site is no longer in use
and infrequently visited then there is minimal potential
for an adverse effect because the exposure pathway is
not complete.

When evaluating potential risks represented by a site,
the future use of that site must also be considered. If
the land use is to change, or could potentially change,
as is the case for inner city industrial sites being
redeveloped as residential, future exposure pathways
must also be considered.

With respect to environmental receptors, the receptor
may be a sensitive habitat, species, or element within
a food chain. The data for assessing potential adverse
effects on environmental receptors is even more scarce
than that available for humans.

Having identified the complete current or potential
future exposure pathways associated with a site, a risk
assessment is then performed. The risk assessment
uses available toxicological data on each chemical and
characteristics of the exposure pathway and receptor
to calculate the risk of an adverse effect, This risk is
dependent on the means of exposure (inhalation,
ingestion, or dermal contact), the period of exposure
(time spent on site), and the type of receptor (child,
adult, etc).

If the total risks represented by all contaminants on
the site to a given receptor are above acceptable
incremental risk, some form of remediation is
necessary. With respect to carcinogenic effects in
humans, the Draft Health and Environmental
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Guidelines for Selected Timber Treatment Chemicals
(1993) defines an unacceptable effect as an increase in
incremental risk to human health of 1 in 100,000,

RISK ASSESSMENT/RISK MANAGEMENT - A
REMEDIATION TECHNOLOGY

By developing a clear understanding of the way risks
are generated by contaminants on a sile, a more
flexible range of potential remediation technologies
can be developed of a given site. A remediation
technology that is protective of human health and the
environment may not necessarily require removal or
treatment of the contaminated soil,

Risk assessment technology can be used to manage the
potential for effects to occur. A satisfactory
remediation may take the form of controlling access to
exposure pathways or controlling the presence of
receptors to remove the potential for an effect to
occur.  This may be a more protective and cost
effective solution than treatment of the soil to remove
contaminants or removal of the soil from the site.
Risk assessment and risk management achieve the
primary objective of remediation which is to remove
the potential for the adverse effect to occur, not
necessarily to remove the contaminant.

By using a risk assessment to develop site specific
contaminant levels, the site owner/occupier has the
opportunity to select a remediation option that
addresses the exposure pathways of concern, and
volume of soil generating that concern. Risk
assessment/risk management also gives the
owner/occupier the knowledge and opportunity to
either:

a. Control contaminant concentration
- remediate or remove the soil

b. Eliminate exposure pathway
- access controls (site use/access)
- containment technologies

c. Remove receptors
- relocate populations

When determining the appropriateness of exposure
pathway and receptor controls for addressing current
an potential future risk, both the owner/occupier and
regulators must ensure that this is the best practical
means of complying with the purpose of the Resource
Management Act as defined in Part II Section 5(2).



SELECTION OF A SOIL REMEDIATION
TECHNOLOGY

The process of developing and screening remediation
options for a site has been developed into a reasonably
well defined art by the United States Environmental
Protection Agency, This process is also applicable to
New Zealand and is broken down into eight general
steps:

1 Develop remedial action objectives specifying
the contaminants of concern, exposure
pathways and preliminary remediation goals.
The latter should be sufficiently flexible to
allow a range of remediation options to be
identified that can achieve the remediation
objectives.

2 Develop a range of remediation options
(containment, treatment, excavation etc) that
couid satisfy the remediation objectives.

3 Identify the volume of soil to which the
remedial action objectives apply.

4 Identify and screen the technologies that are
available under each remediation option and
climinate those that are not technically
implementable at the site.

5 Select a technology from the range found to
be technically implementable at the site for
each remediation option. This step assumes
the technology is available.

6 Assemble the selected representative
technologies for each remediation option into
the range of remediation options technically
available for the site.  The range of
remediation  options  developed  should
encompass everything from a "no-action”
option through to complete destruction and
removal of the contaminants,

7 The initial range of options should then be
screened on the basis of :

i Effectiveness at remedying or
mitigating  the adverse effects
associated with each exposure
pathway and receptor of concern

il Implementability - both in terms of

the stage of technical development of
the technology (bench scale,
laboratory, or full scale}) and the
administrative implementability. The
latter takes into account regulatory
restrictions and public acceptability
of the remediation option
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1ii Cost - typically done to an accuracy

of +/-50% at this stage.

On the basis of this coarse screening process a
reduced range of remediation options is identified. As
full a range of options should be retained to provide a
the site owner/occupier with a feel for the range of
remediation options available and to demonstrate to
the regulatory authorities that there has been no
preselection of a remediation option, However, at this
stage it may be possible to identify the most likely
remediation option.

8 The final step is to carry out a detailed
analysis of the short-listed range of
remediation options. The criteria developed
for carrying out the detailed analysis are:

i Overall protection ef human health
and the environment - Explain how
the remediation option will achieve
this.

il Compliance with all appropriate and
applicable regulations.

i Long term effectiveness and

permanence - will the remedy still be

effective once the remedial action

objectives have been met.

Reduction in toxicity, mobility, and
volume of contaminants through
treatment - evaluates the relative
performance of alternatives that
include treatment processes

v Short-term effectiveness - assess the
protection of human health and the
environment during implementation
and exccution of the remediation
option.

vi Implementability - assesses the

technical and administrative

implementability of the remediation
option

vii Cost

viii Regulatory acceptance - discusses the
regulatory agencies preferences with
respect to remediation

Public acceptance -discusses the
publics preferences with respect to
remediation.



A preferred remediation option is then selected from
the detailed analysis of options. The amount of detail
required to complete this process will vary from site to
site, industry to industry. Where a site is associated
with an industrial clients with known and well
documented contamination problems, the range of
remediation options may have already been identified.
In this case all that need be done is a detailed analysis
the few remediation options known to be best suited
to the site,

The process described above should be seen as a
general guide for thinking through the process of
selecting a remediation option, rather than a
prescriptive process than must be rigorously followed.
It also allows both the site owner/occupier and the
regulators to evaluate options that involve risk
management (capping, containment, access limitations)
to control effects with those that use treatment.

SOIL REMEDIATION TECHNOLOGIES
AVAILABLE IN NEW ZEALAND

The United States Environmental Protection Agency
has developed a list of remediation technologies which
are presented in the form of a screening matrix
(Figure 1). Where known, technologies that are
available in New Zealand have been indicated.
Technologies that are proven, are affordable, and
could be imported to New Zealand have also been
indicated as potentially available.

In some cases remediation technologies are available
in established industry within New Zealand, An
example of this is cement kilns which are suitable for
the thermal treatment of non-halogenated hydrocarbon
contaminated soils.  However, while significant
amounts of work have been carried out overseas
demonstrating that cement kilns can be used in this
way, New Zealand regulators will still require
convincing,

New Zealand currently has a fairly limited range of
soil remediation options. These include:

No Action The technologies available either
won’'t work, are too costly, or create
a greater risk to human health and
the environment during remediation
than doing nothing,

Institutional
Controls

Use of site management plans, site
use restrictions, monitoring, and
other means to control the potential
for exposure to contaminants.
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Natural May be an option for some

Attenuation contaminants but requires long term
monitoring,

Containment  Capping, cut-off walls, construction
of an on-site landfill,

Off-site Excavate and transport to suitable

Disposal landfill.

Landfarming  Excavation and deposition in a thin

layer to promote photodegradation,
biodegradation, and volatilisation of
contaminants. Suitable for volatile
and to a lesser extent semi-volatile
halogenated and non-halogenated
hydrocarbons.

Solidification
Stabilisation

Excavation and addition of lime,
cement, and/or pozzolanic materials
to stabilise contaminants prior to
redisposal on-site or off-site,
Bioremediation Inoculate soils with cultured ‘super-
bugs" or high concentrations of
naturally occurring bio-organisms.
Good for non-halogenated
hydrocarbons - some limited suceess
with halogenated hydrocarbons,

Some technologies could become available or may be
being used on a few sites at present are listed below:

Vapour Suitable for volatile contaminants on

Extraction sites with higher permeability soils.
Can be expensive if extracted gases
have to be treated prior to discharge
to the atmosphere.

Air Air is injected into the soil (o

Sparging enhance biodegradation by existing
naturally occurring bioc-organisms.
Simple equipment and only low air
addition flow rates are required.

Thermal Use of cement kilns for destruction of

Treatment organic  sludges, heavy resins,
adhesives, and non-halogenated

hydrocarbon contaminated soils.

Despite this range of technologies, there are still some
contaminants that cannot be treated should the need
arise. For example the most effective technology for
destruction of halogenated hydrocarbons such as
dioxin, pentachlorophenols (PCPs) and polychlorinated
biphenyls (PCBs) is high temperature thermal
destruction. This is a very expensive process because
of the need to ensure no dioxin or furan formation in
the exhaust gases.



In such cases, the technology screening process
presented in this paper will identify the technological
difficulties and cost implications associated with this
form of treatment and a more affordable, risk
management approach identified as the preferred
remediation option. This may be an interim measure
subject to periodic review and reevaluation as
technologies develop in the future.

CONCLUSION

Risk assessment is a valid and defensible tool for
determining the most appropriate and practical
remediation option for contaminated sites. With New
Zealand’s limited financial resources and selection of
remediation technologies, there will be occasions
where the cost of contaminant destruction or the risks
to human heaith and the environment to achieve
destruction, outweigh the benefits. In these cases, risk
management through exposure pathway control or
receptor relocation may be the most practical and
protective remediation option.

Because technologies, knowledge, land use
requirements, and economic factors are all subject to
change with time, remediation efforts should be
subject to periodic review. This is especially important
where remediation has been achieved by controlling an
exposure pathway rather than by contaminant removal
or destruction. Where contaminants remain on site,
long term monitoring should be part of the
remediation. This will ensure the review process has
sufficient data to determine the continuing
protectiveness of the remediation that was carried out.
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SOIL REMEDIATION TECHNOLOGIES

FIGURE 1

ﬁJOTE:

There are factors that may limit the
applicability and effectiveness of any of
the technofogies and procasses fisted
{below. Saurce USEPA Remediation

é Technology Screaning Matrix,

l
N

|

RN

Status - (F)uil-scale or
[P)llot scale {In USA}
Contaminants /
Poliutants Treated *

Overal] Cost

Commerclal Avallability in

Capital {Cap) or 0&M
New Zealand

Intenslve?

Bindegradation F ® 0&M A
Bioventing F 3,4, 5 1,26 B Meither PA
Soil Vapor Exiraction (SVE) F 1,3,5 n 0&M
Soil Flushing P 1,3,7 2,4-6 O O&M PA
* Solidification / Stabilisation F 7 2,4,6 L] Cap NA
Prieumatic Fracturing {enhancement) P 1-7 L] Neither NA

Vitrification

Thermally Enhanced SVE

Slurry Phase Biological Treatment F 3 . 1‘ 4. 46
Controlled Solid Phase Bio Treatment F 3, 1,2, 4,8 » Neither A
* Landfarming F 3, 1,246 B Neither A

Soil Washing F 7 1,36

* Solidfication / Stabilisation F 7 2,4,6 Cap A
Dehalogenation (Civeolate) F 2,6 1 + Bath NA
Denalogenation (BCD}) F 2,6 1 O O NA
Solvent Extraction (chemical extraction) F 2,46 1,35 4 Both NA
Chemical Reduction / Oxidation F 7 2-6 [ Neither PA
Soil Vapor Exiraction (SVE} F 1,3 ] Neither PA

R

Low Temperature Thermal Descrplion F 3 Both
High Temperature Thermal Desorption F , 4,6 Both NA,
Vitrification F 7 Both NA
* Incineration (low temperature) F 3, 4,5 Both PA
* Incineration (high temperature) F 2,4,6 Both NA
Pyrolysis P 2,4,6 Both NA

*

Natural Attenuation

NA 3,485

e

Excavation and Off-site Disposal

NA

Neither A
Neither A

Tha listing of contaminant groups is intended
as a general referance only. A techrology
may ireat only selected compounds within the
contaminant greups Fsted. Further
investigation is necessary to determing
applicabifity to specific contaminants.

* Conventicnal technologies / processes

Contaminant Codes

Ot b WA -

-

Hafogenated votatile organics
Halogenated semi volatile organics
Non-halogenated volalile organics
Non-halogenaled semi velatile organics
Fuel hydrocarbons

Pasticidas

inorganics

Target contaminants are listed first and in
bold type

Rating Codes

B PBatler
& Average
¢ Worse

G Inadequate information
NA  Not available

A Available

PA  Polentially available

BCD - Base catalysed dechlorination
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REMEDIATION OF AVIATION FUEL SPILL IN GROUNDWATER AQUIFER, VANUATU

Diarmid Jamieson and
Woodward-Clyde (NZ) Ltd

Auckland

SYNOPSIS

Mohammed Hassan
Woodward-Clyde (NZ) Ltd
Auckland

Undetected leakage of a pressurised underground pipeline at a fuel storage facility in Port Vila resulted in the accidental
release of up to 100,000 litres of Jet Al aviation fuel into the adjacent subsoil and the local contamination of an
important aquifer by free-phase and dissolved petroleum hydrocarbon product. A number of groundwater users are
located in the vicinity of the leaking pipeline including the town wellfield which supplies Port Vila with its supply of
potable water from the same aquifer. A site investigation programme was carried out to identify the extent and profile
of the contaminated soil and groundwater and a groundwater extraction and recharge system was installed and operated
to prevent migration of the contamination plume away from the source of the release and to recover accumulations of
free-phase fuel from the groundwater surface. Modelling of the plume of dissolved fuel was also carried out to predict
the likely pattern of migration away from the site and the potential impact on downstream receptors. The results of
the modelling were used to guide the final clean-up strategy for the site.

INTRODUCTION

Oil company inventory records showed that a significant
quantity of aviation fuel (JetA1/Kerosene) was lost from
an underground hydrant pipeline at a bulk fuel storage
site in Port Vila, Vanuatu. The fuel leakage was
identified as having occurred at pressurised flanged
connections of the underground pipeline which is buried
approximately one metre below the ground surface.
The date and exact amount of the loss is unknown,
however, inventory records showed that discrepancies in
the input and output fuel volumes of up to 100,000 litres
had occurred over a period of two years.

Woodward-Clyde was initially engaged to conduct an
environmental investigation into the effects of the
product leakage and were subsequently retained to plan
and carry out the remediation of the the site. The main
objectives of the remediation strategy were as follows:

l. To recover the free-phase hydrocarbons (free
product) floating on top of the groundwater
table.

2. To identify the likely adverse effects on the

environment and health risks to human beings
from the effects of the spill.

BACKGROUND AND ENVIRONMENTALSETTING

The spill source was located over an alluvial aquifer
about 3 km from the centre of Port Vila on the Island of
Efate. Efate is roughly circular in outline, with a
prominent embayment in the southwest caused by
subsidence mainly due to faulting. The island has a
tropical climate with a warm humid summer from
November to April and a cooler, drier winter between

112

May and October. The average annual rainfall at Port
Vila has been recorded as 2332mm and the mean annua}
atmospheric temperatures vary between 22 and 29
degrees centigrade.

The water table at the site lies at approximately seven
metres below the ground surface. The depth to the
water table varies by approximately 1.5 metres between
the dry and the wet seascns. The alluvial aquifer
consists of coarse gravels, boulders and sand. The
hydraulic conductivity of the aquifer has been estimated
to be between 10 and 10°° m.sec”, based on published
data and an assessment of the aquifer geology from field
drilling. Recharge to the aquifer is by direct rainfall
infiltration and groundwater flowing from the upper
catchment area. A substantial portion of the recharge is
by direct infiltration of rain. The water table is
relatively quickly affected by rainstorm events due to
the porous nature of the alluvial soils. Groundwater has
a gradient of less than one percent with a flow direction
beneath the site towards the southwest. Potential
receptors of groundwater flow from the area of the spill
locations include several private water wells, the Tagabe
River and the sea, located approximately 2 km distant.

The supply of potable water for Port Vila is abstracted
from groundwater at a wellfield located in the same
aquifer at around 1 km toward the south-east. Two
groundwater supply wells are also located between the
spill location and the wellfield. An emergency water
supply well, located at an Ice Cream factory site, lies
between the Port Vila wellfield and the spill location.
To the south of the spill and located along the Tagabe
River is a shallow hand-dug well fitted with a hand
pump for domestic use.



Jet Al/Kerosene type fuel contzins hydrocarbons in the
range of C, to C,; and is typically comprised of the
following group of compounds, expressed in percentage
by volume.

@ cyclo alkanes 0.74
¢ chlorinated aliphatics 0.05
® methyl alkanes 3.32
@ polycyclic aromatic hydrocarbons 0.63
® monocyciic aromatic hydrocarbons 31.85
@ simple alkanes 53.7
© others 9.71

Typically Jet Al fuel has negligible solubility in water
and a flash point of 38°C; in addition, benzene, a
known carcinogen which can pose a threat to human
health, forms about 0.02 percent by volume of Jet-Al
fuel.

Laboratory analysis of samples of the fugitive aviation
fuel obtained from the groundwater indicated
ethylbenzene, xylenes, benzene derivatives and
napthalene as the detectable compounds. The analysis
did oot detect any polycyclic aromatic hydrocarbons
{PAH) in the sample.

FIELDWORK PROGRAMME

Investigation Phase

The investigation phase involved the drilling and
construction of sixteen groundwater monitoring wells
(01 to 16) during 1992 around the area of the spill
location. The monitoring well locations are shown in
Figure 1. The purpose of the investigation was:

° to identify the groundwater flow regime at the
site;
L] to establish the presence and concentrations of

dissolved and free-phase hydrocarbon product
in groundwater at the site.

The monitoring wells were drilled using a cable tool rig
and completed with 50 mm diameter slotted PVC pipe
wellscreen. During drilling, samples of subsoil were
collected from selected depths in each borehole and sent
for laboratory analysis for petroleunm hydrocarbon
concentrations. Water levels and free-phase product
thicknesses were also measured. The results indicated
that Welis 03 and 06 contained significant amounts of
free-phase product and Wells 02, 09 and 10 contained
trace amounts. Subsoils close to the groundwater table
at these locations also contained elevated concentrations
of petroleum hydrocarbons.

Figure 1 also indicates the inferred extent of the plume
of free-phase aviation fuel over groundwater, and the
direction and gradient of groundwater flow. Monitoring

Wells 04 and 05 are located upgradient of the spill
source; Well 07 is located to detect any product
migration towards the Port Vila town wellfield.
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Remediation Phase

A product recovery well was constructed at the location
shown in Figure 1, where the free-phase product
accumulation on the groundwater surface was
considered to be the thickest and where access was
possible.

The recovery well was constructed as a 12 m deep, 275
mm diameter borehole cased with slotted 250 mm PVC
weliscreen. The product recovery system consists of the
following components:

° dewatering pump with inlet at base of well to
lower the groundwater table locally and to
attract free-phase product flow towards the
recovery well;

e groundwater recharge system to reinject the
abstracted groundwater into downgradient
perimeter wells and hence modify the
local groundwater gradient back towards the
recovery well;



compressed air operated pump and floating
skimmer system to remove accumulations of
free-phase product from the recovery well;
recovered product was pumped to an above-
ground product storage tank aiong with some
groundwater;

an electrical and pneumatic control unit to
operate the recovery system at selected regular
intervals.

A schematic of the dewatering and free-phase product
recovery system is shown in Figure 2.

The system has been operated and maintained by local
personnel in Vanuatu for over 18 months. The total
monthly and cumulative volumes of product recovered
during this period are shown in Figure 3. The total
volume of product recovered to the end of January 1994
was in excess of 20,200 litres. The free-phase product
recovery system continues to operate during 1994.
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Figure 2 : SCHEMATIC OF DEWATERING/PRODUCT RECOVERY SYSTEM

Fuel Fate in Vadose Zone and Groundwater

The large seasonal varations in the level of the
groundwater table at the spill site (up to 1.5 m) has the
effect of smearing the lower vadose zone with
hydrocarbon product within the plume. Hence the
recoverable product is expected to be less than 50
percent of the total original spill volume. The
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remaining product which has smeared the lower vadose
zone and is considered to be unrecoverable will remain
in the soil and undergo natural biodegradation. The
lighter fractions of the aviation fuel will volatilise into
the soil air and slowly escape to the atmosphere. The
volatilisation process is likely to be relatively slow due
to the depth to the free product from the ground
surface; however, the warm climate and relatively
porous soil conditions are favourable for volatilisationto
proceed. The remaining smeared product is expected to
undergo aerobic biodegradation into carbon dioxide and
water. Soluble fractions of the smeared aviation fuel
will dissolve into the surrounding groundwater during
the seasonal wetting cycle.
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Figure 3+ PRODUCT RECOVERY RECORDS

Monitoring of Recovery System Performance

The recovery system monitoring includes the following:

° weekly measurement of the product and water
leveis in selected monitoring wells and the
recovery well.

° monthly measurement of recovered product
volumes.

® measurement of product and water levels in all
the wells at selected times.

® determination of groundwater and recharge

water quality at regular intervals.




Groundwater Quality Monitoring

A programine of monitoring the groundwater quality in
selected monitoring wells and the recharge water quality
has been carried out to measure any adverse effects on
groundwater quality in the aquifer. Total Petroleum
Hydrocarbon (TPH) and benzene, toluene, ethylbenzene
and xylene (BTEX) have been used as parameters to
indentify the presence of dissolved product in the
groundwater. The results of the analytical programme
are summarised in Table 1.

TAEBLE |

SUMMARY OF DISSOLVED TPH/BTEX IN RECHARGE AND GROUNDWATER

Sampling Lotation T?H Bontenc Toluena Elhylbenzene  Xylose (ppb)
Date (ppm) {ppb) {ppb) (ppts)
Loy ) al <0.5
[ a5
[ 0.6
L3 <0.5

[ce Cream Exctory <D.5

24-6-92 Recovery Weit 0.3
Rochuge Water 0.5
Field Blank <0.2
4592 a5 <0.1 <3 <3 <5 <3
05 0.1
o 0.
Recovery Woll 0.1
Rocharge Water .}
24893 o7 <0.5
Field Blank <0.5
41193 11 0.8
" 2
12 <0.5
Recharga Water <05
1-1-54 o7 <1 <i <t <l
0 <1 <l <t <l
13 <l <] <l <l
14 <! <1 <l <1
15 <l <] <l <1

The groundwater monitoring results indicated that:

° elevated concentrations of dissolved TPH were
initially present in the dewatering/recharge
water; however the concentrations have
reduced with time of operation of the system;

® elevated concentrations of dissolved TPH have
been detected at some wells around the
perimeter of the free-phase product plume;
however recent analyses of groundwater from
immediately down gradient of the free-phase
product plume did not detect elevated
concentrations of BTEX fractions.

In summary the fuel leakage appears to have had little
significant impact on groundwater quality outside the
immediate vicinity of the plume of free-phase product,

COMPUTER MODELLING

A three-dimensional analytical solute transport computer
programme was used to model the likely dissolved
plume migration rate and evaluate the resultant
concentrations of dissolved petrolenm hydrocarbons at
down-gradient receptors in the event of the product
recovery operations being terminated. Benzene was
selected as the parameter of most environmental
significance from Jet Al fuel since the presence of
detectable concentrations of PAH in the fuel has not
been identified by the laboratory characterisation of the
fuel. The contaminant plume was modelled in the solute
programme as a slug of hydrocarbons at the top surface
of the aquifer. The model was run with conservative
input parameters, eg. all of the contaminant is soluble in
water and present as dissolved benzene at 0.02 per cent
by volume of the total spill volume. No account was
taken of the reduction in spill volume due to the product
recovery operations. The model was run assuming
benzene as the contaminant for 2,5 and 10 years elapsed
time. The modelling results are summarised in Table 2.

TABLE 2

SUMMARY OF GROUNDWATER MODELLING RESULTS

Bentons Concontration is Groundwater
Spill Sis  Dissolved  Damy Valocity  Elspeed Timo

Citrea) Banzene (k) ) {years) S0m{xgl) 100 mipgl} 1200 m {ug/)
50,000 T00 6 2 9.2 4.6 0.4
50,000 To0 86 H 35 1.3 0.5
50,000 700 8.6 19 [ ] 0.9 0.1
100,000 1,400 86 2 116 [N or
100,000 1,400 .X H 2.k pR 3 0.3
100,000 1,400 L% 10 1.5 1.1 0.1

The results of the computer modelling of the
contdminant plume indicate that elevated concentrations
of benzene may occur in groundwater directly down-
groundwater gradient of the spill location. However the
benzene concentrations predicted are relatively low and
continuing physical attenuation would occur with time.
In the event of termination of the current groundwater
dewatering and free-phase product recovery operations
at the site, the benzene concentrations in groundwater at
a distance of 100 m or greater from the spill location
are not expected to exceed 10 ug/l (the ANZECC
drinking water quality guideline).

CONCLUSION

The results of the groundwater investigation, monitoring
and modelling results has indicated that no significant
environmental or health risks are present st this site as
a result of the fuel leakage from the hydrant pipeline.
The current programme to recover the available free
phase hydrocarbon product from the surface of the
groundwater table will continue, thus reducing the size
of the contaminant source and the potential for adverse
environmental effects, Contamination of the drinking
water wells closest to the site is not expected to occur.
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RELOCATION OF CROMWELL AND CLYDE REFUSE DISPOSAL SITES

A P Stiles
Works Consultancy Services Ltd
Wellington

SYNOPSIS

The refuse disposal sites at Cromwell and Clyde townships in central Otago were due to be inundated when Lake
Dunstan was formed following completion of the Clyde Dam. There was concern that such inundation could result in
contamination of the lake water and investigations of the sites were carried out to assess the potential for contamination.,
The investigations revealed unacceptable levels of dumping of agricultural chemicals, industrial tars and oils at both sites.
It was decided to remove all material dumped at the Cromwell site since 1982 and the total contents of the Clyde site,
to locations remote from the effects of Lake Dunstan. A number of potential sites were identified and investigated,
together with potential sources of low permeability liner material. The design option selected was to place the relocated
refuse in excavations with a low permeability liner, install leachate and gas collection systems and cover the refuse with
a low permeability capping layer and landscaped spoil. A monitoring programme was designed to confirm the integrity
of the disposal sites.

INTRODUCTION

The Clutha Valley Development is a major hydroelectric site, it was apparent that the Clyde landfill would also be
development sitnated in central Otago, in the South affected by the completion of Lake Dunstan, While in
Island of New Zealand and which is currently this instance the landfill would not be totally inundated
approaching completion, The main feature of the the base of the site would be submerged, with the
development is the construction of the Clyde Dam across remainder of the refuse being affected due to rising
the Clutha River, just upstream of the township of groundwater levels.

Clyde. Following completion of the dam, Lake Dunstan
has been formed extending 18 km up the Cromwell
gorge to the Cromwell township. From Cromwell, Tetiney Clay
which is the confluence of the Clutha and Kawarau Bortew Area
Rivers, the lake extends about 10 km up the Kawaran
River and a further 8 km beyond Cromwell up the
Clatha River, see Figure 1.

/Khlariu River

Proposed Relecation
Site,see Figure 2

l Existing Landfitl

The existing refuse disposal site at Cromwell was
located on the north (left) bank of the Kawaran River
about (.8 km upstream of its confluence of the Kawarau
with the Clutha River. The refuse disposal site had been
in use since the 1880s and covered an area of about 2.5
ha, with a frontage of approximately 400 m parallel to
the bank of the Kawaran River and extending back
between about 30 m and 50 m from the river edge. The
base of the landfill was at about RL 178.5 m with the '\
top at up to about RL 185.5 m. Such a level meant that,

folowing filling of Lake Dunstan to it's design
operating level of RL 194.5 m, the refuse site would be
totally submerged and lie about 50 m to 70 m offshore.

PROJECT

Exsshing Landfill

Proposed Relacation Site

Figure 1 : Plan showing location of sites
The existing Clyde township refuse disposal site, which

was considerably smaller and more recent than the one Preliminary inspections indicated that dumping at both
at Cromwell, was situated about 200 m upstream of the landfills was largely unconirolied and that in addition to
Clyde Dam on the east (leff) bank of the Clutha River. normal refuse, agricultural chemicals, industrial tars and
The base of the landfill was at about RL 194 m and the oils could be identified on the working tip faces. It was
top at RL 199 m. In a similar manner to the Cromwell clear that following inundation of the two sites by Lake
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Dunstan there was a risk of contamination of the lake
waters by toxic chemicals and oils leaching from the
buried materials. The Clyde Power Project, (CPP),
therefore commissioned Works Consuitancy Services Led
in 1990 to investigate the two sites, with a bref to
assess the nature and extent of any possible
contamination of the lake waters and to present possible
options and recommendations for treatment of the
landfill sites.

INVESTIGATION OF THE EXISTING REFUSE
SITES

The investigation of the existing refuse sites comprised
walkover surveys of both sites together with a
programme of machine excavated test pits at the
Cromwell site. The purpose of the investigations was to
qualitatively determine if significant chemicals were
present but not to quantify the relative amounts. In this
instance, "significant” was defined as pesticides, chloro-
organics, toxic metals, Polycyclic Aromatic
Hydrocarbons (PAH) and dioxins. These substances
were chosen based upon the probable consumables and
products of the known industries in the Cromwell-Clyde
area, principally fruit orchards, other agricultural
activities and to a lesser extent waste from light
industry. [t was considered that if any of these
"significant” substances were identified as being present
then further investigations for other materials were
unnecessary, as the significant substances themselves
would give rise to sufficiently major potential heaith and
environmental concerns as to warrant treatmeni of the
sites.

Cromwell :

At Cromwell, 27 test pits were excavated up to 7 m
depth and samples, both solid and leachate/liquid, taken
from relevant excavations for possible analysis. An
empirical approach was adopted in selecting samples
with indicators of containment at an excavation location
including smashed plastic containers, cardboard boxes
with plastic liners, white drums, unknown coloured
powders, oily seepages etc.

The results were conclusive, confirmning the earlier
visual inspections, with various agricultural chemical and
industrial wastes found scattered thronghout the refuse.
Specific conclusions from the study included :

¢ there was no sign of decay or decomposition of
domestic or industrial refuse which could be
identificd as having been placed after about 1982,
(based on legibility of newsprint)

« over 20 assorted agricultural chemicals were
identified. Individual quantities were generally small
but distributed widely across the site.

« oils and industrial tars were present in small
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quantities

» analysis of leachate samples were indicative of
“young" landfill in the stages of transformation from
the aerobic to the anaerobic phase

The overall conclusion of the investigations was that
agricultural chemicals appear to have been randomly
{and illegally) dumped at the landfill since 1982 and
there had been Little biodegradation in the landfill since
that date.

Clyde :

Investigations at the smaller Clyde landfill site were
based on a walkover inspection which confirmed, in a
similar manner to the Cromwell site, the presence of
dumped agricultural chemicals and industrial waste.

ASSESSMENT OF CONTAMINATION

The conclusions from the investigations were that
agricultural chemicals and industrial waste had been
dumped at the sites in an uncontrolled manner and that
while containers were generally of small size, intimate
mixing of the organic compounds with the domestic
refuse, which would have accelerated decomposition,
had not been achieved.

The central Otago area has the lowest annual rainfall in
New Zealand and this had a strong influence on the
decompositional history of the existing refuse. The
excavations at the Cromwell site showed the upper
portion of material o be virtually dry and with little sign
of decomposition corresponding to an initial aerobic
“young" landfili phase. Such a phase is usually of short
doration but the relative dryness of the two landfills
appears to have held back decomposition processes.
Agricultural chemicals and oils etc are therefore still
present at Cromwell, virtually as dumped in refuse
placed from 1982 onwards. At Clyde such contaminants
were visible on the surface.

It is likely that at both sites wetting caused by
inundation from Lake Dunstan will cause a distinct
change in the degradation processes and they are likely
to move to a "young" anaerobic phase. This will result
in formation of leachate with mobilisation and
interaction of the compounds and ultimately their release
into the waters of Lake Dunstan.

The possible degree and consequences of such
contamination were difficult to predict given the random
distribution of wnkmown concentrations of chemicals
through the refuse and the unpredictable release of
contaminants as containers leaked or collapsed. Such
contamination would have a detrimental effect on the
eco-systems of the lake and on recreational users of
Lake Dunstan. In addition, it was considered that there



would be an unacceptable risk of contamination of the
potable water supplies to the townships, which will be
drawn from the lake. This was considered to be
particularly important for Clyde, where the water intake
was only about 500 m downstream of the existing refuse
site.

SELECTION OF REMEDIAL OPTIONS

It was decided that remedial measures to prevent the
possibility of such contamination would be required for
both landfill sites and a number of options were initially
considered namely

+ prading the refuse sites and capping with spoil
material. Impermeable materials were not readily
available although could be obtained from weathered
Tertiary sediments along the banks of the Kawarau
river.  Although there was a ready supply of
permeable material adjacent to both sites, such
materials would not prevent migration of leachate
contaminants through the cap into the lake water.
However, regardless of the material used as a
capping layer, contaminants could still migrate
through the permeable materials surrounding the sites
and therc was a risk of a build up of methane
possibly rupturing the cap and releasing contaminants

¢ grading the refuse sites, capping with an impermeable
layer and surrounding with an impermeable cut-off
such as a slurry wall or grout curtain, While a
recognised technique, particular in the USA, in this
instance there were concems about the ability to form
an adequate cut off and the problems associated with
gas rupturing the impermeable layer.

+ ‘“reworking" the refuse materials with bulldozers or
similar piant to thoroughly mix the dumped chemical
etc with the domestic refuse. However the dryness
of the sites and hence the slowness of any
degradation processes did not make this a practical
proposition within the available timescale.

» relocation of the water supply intakes for Cromwell
and Clyde could be considered although potential
hazards to lake ecosystems and recreational users
would remain

« removal of all or part of the contents of the two
Iandfills and their relocation in properly engineered
depositories away from the effects of Lake Dunstan.
Relocation of landfill contents to a better engineered
or environmentally less sensitive area is a recognised
technique overseas and has been carried out
previously in New Zealand albeit for highly
concentrated and toxic chemical factory wastes.

After considering the engineering, environmental and

119

timescale issues it was decided that the preferred option
was to relocate all or part of the landfill contents. The
selected treatment options for the two landfills were
therefore identified as :

Cromwell :

relocate all material dumped at the site from
approximately 1982 onwards. Investigations had shown
that material prior to this date was sufficiently
biodegraded to be considered to not present a problem
with future contamination. It was also recognised that
the problem of domping of agricultural chemicals peaked
in the years after 1982 as the orchards were cleared
from the Cromwell Gorge as part of the preparations for
mmpounding of Lake Dunstan. The areas of post-1982
filling bad been approximately defined by the
investigations but would be confirmed during the final
clearance

Clyde

relocate the entire contents of the relatively small refuse
disposal site

SELECTION AND INVESTIGATION OF DISPOSAL
SITES

Following initial discussions with the CPP, three
potential relocation sites were identified to the south of
Cromwell township, all within 1 km of the existing
disposal site, se¢ Figures | and 2. Similarly a potential
relocation site had been identified within 0.5 km of the
existing Clyde township refuse disposal site, see Figure
1. Site selection processes and investigations were
therefore concentrated on determining the suitability or
otherwise of these identified sites.

In order to select a site suitable for long term refuse
disposal a large number of criteria must be considered.
Geotechnical criteria include :

+ identification of ground conditions beneath and in the
vicinity of the site

» stability of any excavations both in the short and long
term

» permeability of the surrounding in-situ materials

» suitability of materials from any excavations for use
as liner matetial or landscaping spoil

» seismic aspects, such as the identification of any
active faults which could affect the facility, together
with the assessment of liquefaction potential

+ effects on and of the existing regional groundwater
and the final groundwater regime following the
completion of Lake Dunstan

+ identification of nearby readily available sources of
lining and/or capping materials



Cromwell :

The three sites at Cromwell, referred to as the Camp
site, the ex-Isles site and the Plantation site all lie close
together on the flat lying terrace to the south and west
of the present disposal site and between 200 m and 800
m from the Kawaran River, and at a level of about RL
210 m to 213 m, see Figure 2. The Central Otago
District Council were proposing to construct &
replacement township landfill in the Plantation site.

Published information suggested that the proposed sites
would be underlain by Pleistocene outwash gravels up to
40 m thick, which in tumn overlie Tertiary sandstones
and mudstones. The gravels are thought to occur in a
number of buried channels cut in the Tertiary sediment
bedrock. Scattered outcrops of Palaeozoic schist occur
along the west bank of the Kawarau River while Tertiary
sediments are exposed in the southern side of the
Kawarau River valley adjacent to the town of
Bannockburn to the east of Cromwell, see Figure 1.

The existing level of the Kawarau River adjacent to the
proposed site was RL 165 m and the limited
groundwater data suggested groundwater levels bencath
the proposed sites to be at about RL 180 m, te about 30
m below ground level, with a gentle gradient towards the
river. The nominal operating level of Lake Dunstan is
RL 194.5 m and with time, regional groundwater levels
in the immediate vicinity of the lake would rise to that
level. Studies carried out by the Clyde Power Project
suggested that the rise in groundwater to a final long-
term level would be extremely slow and it is estimated
that 100 years after lake filling the groundwater level at
the site would be RL 198 m during normal flow and RL
199 m during a 100 year flood. For the purpose of
design of the relocation facility it was therefore assumed
that post-lake filling levels would be at least 12 m below
ground level in the vicinity of the proposed relocation
sites.

In order to confirm near-surface ground conditions a
number of test pits were excavated to up {0 7 m depth
at the three proposed sites. All showed a similar
sequence of cross-bedded coarse granular deposits. The
ex-Isles site encountered gravelly sands whilst elsewhere
the test pits showed predominantly sandy gravels. It
was considered that, although the limited test pit
programme showed broadly similar ground conditions
across the site, the possibility of local variation being
encountered in the disposal site excavations could not be
discounted.

None of the test pits encountered groundwater nor even
evidence of a seasonal capillary fringe with the deepest
pit penetrating to RL 2055 m. One of the main
constraints on the location of any landfill site is the
potential for contamination of groundwater resource.
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Investigations within the immediate vicinity of the
proposed sites revealed one Water Right for groundwater
extraction and two unregistered users with water
extraction bores. Any design of the disposal site would
therefore have to be engincered to minimise the risk of
contamination of the local groundwater supply, In view
of the likely development of a long termm groundwater
table with a gentle gradient towards Lake Dunstan, then
there exists the possibility of contamination of the lake
and ultimately the Cromwell township water supply, in
addition to the immediate groundwater and extraction
bores.

In terms of their relative potential for aquifer
contamination all three sites were in approximately the
same topographical location and at approximately the
same elevation. The only differences were that the
Piantation Sitc was more remote from Lake Dunstan
hence maximising any seepage paths and the ex-Isles
site was underlain by lower permeability material
relative to the other two sites.

Refuse disposal sites should generally not be located
adjacent to geological fault zones, particularly if such
faults are still considered active. A study of available
literature identified only one known active fault in the
vicinity of the proposed sites. The fault, known as the
Pisa Fault runs north-south to the west of Cromwell
township and passes within 3 km of the Plantation Site.
While other faults have been identified in the schist
basement in the Cromwell area they are not known to
have been active in Recent times, ie last 10,000 years.
The considerable depth to groundwater and the generally
coarse nature of the granular deposits suggests that any
seismic event would not cause liquefaction of the near
surface materials.

A low permeability liner and/or capping material would
be required for the relocation site. Investigations were
therefore also carried out to identify and assess the
properties and quantities of readily available suitable
materials. It was understood that oxidation ponds
recently constructed by the Cromwell Borough Council
had been lined with weathered Tertiary clays taken from
a borrow area to the north of Bannockburn. The borrow
area lies on a northerly facing bluff to the immediate
south of the Kawarau River, see Figure 1. The material
was identified in exposures at the former borrow area as
a very weak light grey slightly sandy mudstone which
had weathered to a sandy clay.

In addition to geotechnical considerations, a large
number of other aspecis need to be considered in site
selection including :

+ distance from the existing disposal site, in this
instance less than 1 km,
 distance from airfields due to the possible attraction



of scavenging birds to the site.
» location of haul roads and the use of public roads
proximity to existing developments
impact on local residents and road users
effects on wildlife habitats.
visual intrusion during and following removal
operations
» planned long term use for the site and surrcunding
area
» flood zones and erosion potential
* development and operation costs

L ] - L] L]

In order to assess the suitability of the three proposed
sites they were evaluated according to the criteria
outlined above and on the basis of the geotechnical
investigations. The evaluation gave relative ratings to
each of the various criteria, with the basis for the ratings
being those given "Guidelines for the Selection of
Landfill Sites for Municipal Waste Disposal and Co-
disposal (Works Consultancy Services, 1986)
appropriately modified for this particular situation. The
primary rating related to the risk of contamination of
groundwaters and four cases were evalvated for each
site, ie for the town water supply and for each of the
three identified water abstraction bores. All three sites
rated as acceptable for co-disposal of potential harmful
wastes, such as identified at the current refuse site,
provided the disposal site is adequately designed and
constructed.

Clyde :

The single potential disposal site identified near the
present Clyde Iandfill was investigated and assessed in
a stmilar manner as for the sites at Cromwell discussed
above. The proposed relocation site was south of the
existing site in a backfilled haul road cut into the schist
bedrock above and immediately downstream of the left
abutment of the Clyde dam. The ievel of the backfill
was between about R 214 m and RL 220 m with the
backfill up to about 10 m deep. It was proposed that
currently placed backfill be partially removed, an
engineered disposal site constructed and the removed
backfill replaced to form a landscaped cover. Few other
possible options were available in the immediate arca
and investigations concentrated on assessing the
suitability of that site.

Published literature, confirmed by a comprehensive
series of vertical and inclined boreholes carried out as
part of the investigation works for the Clyde Dam,
shows the area of the proposed disposal site to be
underlain by Palacozoic schists of the Haast Schist
group. The boreholes and site inspections confirmed
bedrock to comprise slightly weathered schist with a
generally casterly foliation dip.

The investigations associated with the Clyde dam show
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the major River Channel Fault to be running north-south
along the Clutha River through the schist basement
rocks. Associated with this fault are a number of
subsidiary steeply dipping faults, several of which
intersect the line of the backfilled haul road. Whilst the
River Channel Fault is considered to be potentially
active, the subsidiary faults are not thought to have
moved since the late Quaternary and may be considered
inactive.

Test pits excavated in the backfill materials showed
them to comprise dense siity sandy gravel and cobbles
with frequerit boulders. These corresponded o site
records which indicated that the bhaul road had been
backfilled with river gravel deposits. The back (east)
face of the backfilled haul road is formed of slightly
weathered schist, sloping at about 50° to 60° towards the
river.

Investigation boreholes for the dam showed the present
groundwater table to have a gentle gradient towards the
river with an inferred level at the proposed site of RL
150 m, ie 55 m below the general base of the haul road.
Following filling of Lake Dunstan, groundwater levels
below the proposed site are predicted to graduaily rise to
the general lake level of RL 194.5 m, ie at least 10 m
below the base of the haul road. The groundwater will
therefore be within the schist bedrock and there will
exist the potential for any leachates formed from the
proposed site to pass into the groundwater and then
potentially into the lake. The site will be located above
and immediately downstream of the dam abutment
which also contains the intake for the new Clyde
township water supply. Whilst contamination of such an
intake must potentially represent the most serions risk
associated with the site, this potential is mitigated by a
fracture zone acting as a cut-off and by the likelihood
that the gradient of a future water table will be to the
south.

The overall conclusion, based on the available
information and limited investigations, was that there
were generally no geotechnical factors which precluded
the use of the site for a long term disposal facility, The
only proviso was considered to relate to the proximity of
the active River Channel Fault. However in view of the
fault being at least 300 m from the site and all other
identified faults being assessed as inactive, then the
location of the site relative to the identified faults, whilst
not ideal, was considered (o be acceptable,

The suitability of the site was assessed in a similar
manner as for the Cromwell sites discussed above with
the most significant rating being for the potential
contamination of the Clyde Township water supply
intake. The evaluation of the site indicated that it was,
by generally accepted standards, unsuited 1o co-disposal,
but acceptable for municipal refuse disposal. It was



therefore decided that the site could be used for the
relocation of the contents of the existing Clyde refuse
disposal site with the proviso that all excavated material
would have to be inspected prior to relocation and any
significant quantities of suspicious or obviously toxic
materials removed, stored separately and taken to a more
suitable site, such as the Cromwel! relocation site.

DESIGN CONCEPTS

The general concept for the design and construction of
both disposal sites was :

+ excavate the site to the required level

+ compact the existing granular materials

» place a low permeability liner, granular drainage
layer and leachate sumps

» place and compact the relocated refuse

» install gas collection system

+ place a low permeability top liner

» place landscaped spoil as required

An essential part of the design, requiring a significant
geotechnical input, was the design of the low
permeability liner, Following discussions with the Client
three locally available liner materials were identified
namely :

+ crushed schist material from a source just
downstream of Cromwell and which had been used
as a low permeability upstream blanket for the Clyde
Dam

« limited quantities of bentonite, surplus from the dam
construction and which was stockpiled at Cromwell

« weathered Tertiary clays from the borrow area to the
north of Bannockburm

In addition, consideration was given (o using spray-on
and HDPE geomembrane type effectively impermeable
liners, although there was a clear preference to use the
cheaper, locally available natural materials if possible.

Unless a totally impermeable liner such as HDPE or
similar is used, some flow of leachates can occur
through a natural, ie clay, landfill liner. The rate of
flow will depend upon the permeability of the placed
material, the thickness of the layer and the imposed
head. The effects of leachate flows can be minimised
however by ensuring that the clay liner has a high cation
exchange and leachate attenuation capacity thus enabling
the liner to remove many of the potentially harmful
constituents from the leachate as it passed through.

In order to assess the relative properties and suitability
of the three identified locally available natural liner
materials a programme of laboratory testing was carried
out. Particle size distribution analysis, laboratory
permeameter testing and in-situ permeability testing had
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already been carried out on the crushed schist material
by the Client. Those test results were supplemented by
chemical testing to determine the material’s ability to
attenvate undesirable metal ions, ie cation exchange
capacity, and its tendency to disperse in water. In an
attempt to improve the physical and chemical properties
of the crushed schist, a similar series of tests were
carried out on samples of the material mixed with
varying proportions of bentonite. A series of in-sito
permeability tests were also carried out in a borrow pit
in the Tertiary clays north of Bannockburn. These
results were supplemented by laboratory permeameter
testing and chemical testing.

The testing programme suggesied that a design value of
the vertical coefficient of permeability K, of 8 x 10*
m/sec for the crushed schist was appropriate for design.
Addition of up to 5 % bentonite gave no obvious
decrease in values of K,. For the Tertiary clay materials
a design value of K, for placed liner material of 3.3 x
10° m/fsec was considered appropriate. The chemical
analyses suggested that the cation exchange capacity of
the crushed schist material was very low and that, in the
absence of organic matter, the soil would have a very
limited ability to retain organic pesticides, metal ions
and solvents. Addition of bentonite did not significantly
improve the chemical characteristics of the crushed
schist although it was considered that the bentonite
would assist dispersion if the system was kept wet. The
test results from the Tertiary clays showed a higher
cation exchange capacity than the crushed schist material
making it a superior lining in terms of retaining
undesirable metal ions.

In order to assist in the design process for the low
permeability liner materials, a risk analysis of the
various options was carried out. The principal hazards
associated with the relocation of the refuse sites were
that leachate could contaminate the groundwater, Lake
Dunstan and ultimately potable water supplies.

Clearly a number of designs can be considered each of
which will have a particular level of overall risk and
also cost for the various postulated bazards. At one
extreme, placing the refuse in an unlined excavation
minimises costs but maximises the risk of contamination.
Conversely, totally sealing the refuse in an impermeable
HDPE liner minimises the risk of contamination but at
a high cost. In practise, a compromise option would be
considered acceptable, For the nisk analysis five
proposed options were considered for six potential
identified hazards which it was considered could lead to
excessive levels of contaminants in potable water. It
was not practical to quantify the levels of risk and they
were therefore categorised subjectively using terms
indicative of relative levels of risk. The terms used, in
order of increasing risk were very remote, remote,
negligible, insignificant, minor, significant. Table I sets



out a subjective assessment of the level of risk of each
of the hazards occuring.

the excavation and extended up the sides of the
excavation. The granular layer was to be led to leachate

No Liner 1.0 m crushed 1.0 m Tertiary Interlayered HDPE or
(Option A) schist clay crushed schist similar liner
(Option B) (Option C) and Tertiary clay | (Option E)
(Option D)
Risk of surface or groundwater infiltration | Sigrificant Remote Remote Remote Very Remote
Risk of excessive quantities of Significant Significant Significant Significant Significant
undesirable materials being present
Risk of leachate penetrating liner Significant Remote Remote Remote Very Remote
{no liner)
Risk of undesirable constituents not being | Significant Significant Negligible Insigrificant Very Remote
removed from leachate that penetrates (no liner) (assame
liner impermeable)}
Risk of groundwater movement towards Minor Minor Minor Minor Minor
potable sources
Risk of inadequate dilution not being Insignificant Insignificant Insignificant Insignificant Insignificant
provided at water resource

Table I : Comparisons of individual risk factors of excessive levels of contaminants in potable water

The resylts of the risk analysis suggested that Option D,
to construct the liner as a combination of crushed schist
material and imported Tertiary clays, was the preferred
option and presented an acceptable level of risk at a
moderate cost. The general concept of the design was
to combine the low cost, but poor chemical properties,
of the readily available crushed schist with the good
chemical properties, but high cost, of the imported
Tertiary clays in order to produce a liner acceptable on
technical, economic and risk grounds. The relative
proportions of the two materials and overall thickness of
the liner was derived by considering the likely time
period required for leachates to pass through the Hner
under the assumed leachate heads that might form,
After consideration, two and three layer options, with
overall base liner thicknesses of 1.0 m, were proposed,
see Figure 5,

CONSTRUCTION RECOMMENDATIONS

The lining materials were to be placed in thin layers and
compacted to at least 95 % New Zealand Standard
Compaction in a strictly controlled manner. As it was
considered that the greatest risk of leachate seepage was
through the base of the excavation, the use in the liner
construction of the expensive imported Tertiary clays
was discontinued 1.5 m above the floor of the disposal
area, reducing the overall liner thickness to 0.7 m.
Similarly, the less onerous operating conditions for the
capping layer enabled the liner for this section to be
reduced 0 0.3 m of crushed schist.

A granular leachate collection layer, 0.3 m thick, was to
be placed over the low permeability liner at the base of
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collection sumps where any leachate that did form could
be recycled through the landfill via the gas collection
pipes and layers. This approach was considered
acceptable in view of the small amounts of leachate that
were expected to form in the dry, sealed refuse.

Although it was considered that gas production was
likely to be minimal it was thought prudent to design for
its possible production. After the bulk of the refuse was
placed a collection system comprising slotted PVC pipe
in a 300 mm thick granular gas collection layer was o
be installed. The granular layer and PVC pipes were to
be led to the leachate collection access shafts and vented
to the air.

Cromwell :

A general design cross-section through the relocation site
at Cromwell is shown as Figure 3. The final design of
the facility was for up to about 100,000 m® of refuse
with a plan area of about 150 m by 200 m. The general
design level for the base of the excavation was RL 205
m, but with the formation graded at not less than 1/50
crossfall resulting in "valleys" leading to the leachate
collection sumps. Following completion of the facility
the relocation site was to be capped by a low mound of
well compacted crushed schist material and landscaped
spoil, constructed with a surface gradient of a least
1/200 towards the site perimeter. Surface water drainage
channels to minimise the risk of surface water
infiltration were to be installed. It was also
recommended that the completed landscaped mound be
fully vegetated to minimise erosion and infiltration and
that a "biotic barrier” of cobbles and boulders be placed



below the topsoil, in order to prevent possibie breaching
of the impermeable cap by burrowing animals.

Clyde :

The scale of the disposal facility required at Clyde was
very much smaller than that for Cromwell and was
designed for up to 11,000 m® of refuse. The same
general design principles were used for the Clyde site,
although some modifications were required to cater for
the much steeper excavation sides. Figure 4 shows
typical design cross-sections through the disposal site.
The site was approximately 100 m long, up to 70 m
wide and up to 10 m deep. A single leachate sump was
used situated at the deepest point towards the southern
end of the site. The gas collection pipes were arranged
in a "herring-bone” pattern leading to the sump. Along
the majority of the length of the disposal site, the
backfill material was fully excavated to enable the liner
material to be placed over the bedrock. In order to
minimise the risk of damage to the liner it was
recommended that the bedrock be covered by a layer of
either graded backfill material or crushed schist prior to
formation of the liner, Following completion,
excavation spoil was landscaped with a general fall away
from the existing eastern rock face of the haul road.
Surface water drainage, vegetation and a biotic barrier
were recommended in a similar manner as for the
Cromwell site.

Monitoring :

Monitoring of the disposal sites following construction,
was considered to be an essential part of the design
process. At the Cromwell site it was recommended that
up to four boreholes be installed to monitor groundwater
Ievels and quality between the disposal site and Lake
Dunstan. At Clyde two boreholes were established to
monitor whether leachate contamination was migrating
from the site, either to the new Clyde township water
supply intake just wpstream from the dam, or
alternatively through the rock mass of the dam abutment
towards the township and any potential bore supplies.

It was recommended that the boreholes be sampled at
regular intervals and the samples analysed for
background water quality over a wide range of organic
and inorganic parameters. The sampling frequency will
depend upon the observed rate of leachate formation,
As noted above leachate formation is expected to be
minimal and to decrease with time and hence sampling
frequencies can also be decreased accordingly. Gas
production will also be monitored from the leachate
collection access shafts but is expected to show a similar
trend to leachate production.
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CONSTRUCTION ASPECTS

Works Consultancy Services Ltd were not directly
involved in the construction of the relocation facilities
which were supervised directly by the Client. Both
facilities were completed without incident to the general
design concepts and procedures outlined above. The
remaining refuse at the Cromwell site was graded and
covered by a blanket of spoil material prior to
commencement of lake filling. Both the original sites
have now been inundated by Lake Dunstan and
monitoring results to date confirm that both the original
sites and the relocation facilities are operating
satisfactorily.

ACKNOWLEDGEMENTS
The author would like to thank the Electricity

Corporation of New Zealand and Works Consultancy
Services for permission to publish this paper.



Oxidation Ponds

1BaY NEIRMBY

\-\\\\\\\\ﬁ

\
X

Existin

~Slo" i

9
i
n
&
£3
3

A

=5

Chatar Sealke Fasorve

REY
[ "7 ppssibla Disposal
L.J aren

——— Fance Lina

— —uwm = Vohicle Trock

- -~ — Sita Boundary

Figure 2 :

Sketch plan showing relative locations of option sites, existing

disposal site and test pits, Cromwell

LANDSCAPED COVER OF EXCAVATED SAND/GRAVEL LOW PERMEABILITY
WiTH 2i0TIC BARRIER IF NECESSARY

RL 21300
EXISTING GROUND _.303m
LEVEL=R.L.212-00 oom
[&-3m
- . 5-4m
YT T i
A7 sanpfGRavel T . 2 20500
L B T A [o3m
T e -
- A AR I ot 10m
vt & 3 ! o -~ - Y - [
. NN e 4 .y - [P
. . g 5 P
LOW PERMEABILITY LINER ~ ety LEACHATE SUMP g e T
son, ",—:\'fs,','-.’\—’,'.’.l AN P -."-

Figure 3 :
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THAMES LANDFILL - SITE AUDIT

Peter Higgs
Thames-Coromandel District Council

SYNOPSIS

This paper presents the results of investigations of a Site Audit carried out at the Thames Landfill
in 1992, The purpose of the audit was to assess the effects that the existing landfilling operations
were having on the environment. This information was intended to serve as a basis for determining
the actions and procedures necessary to meet obligations under the Resource Management Act
associated with closure of the landfill by 31 March 1993 and/or for possible additional consent
applications necessary to continue filling operations after that date.

The paper highlights that the final decision on the appropriateness of the use of the site as a disposal

facility has been made on non-technical issues.

L. INTRODUCTION

This paper outlines the investigations and results of a
site audit of the Thames (tip) landfill.

The site was, for most of its life, an uncontrolled tipping
operation and can therefore not be realistically described
as a sanitary landfill. During its later years (1980
onwards) the District Council paid more attention to the
method of operation and management of the site.

2. BACKGROUND AND HISTORY

In 1983 the area was bunded from the sea, a
rudimentary leachate collection system was installed,
stormwater control systems were constructed (including
a sedimentation pond), and the method of operation was
improved (e.g. covering and compaction).

Initiaily the leachate system was by way of retention on
site with disposal to the Firth of Thames during intense
rainfall as a leachate/stormwater mix, or by evaporation
at other times. The discharge was authorised by a water
right from the Hauraki Catchment Board (now
Environment Waikato).

In the late 1980s, the leachate collected was pumped to
the community sewerage scheme and only in extreme
rainfall events would overflow of leachate be discharged
with stormwater to the Firth, albeit in reduced
concentrations.

The District Council was aware that the site was
inappropriate as a long term solufion for refuse disposal
for Thames and was investigating options for a
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centralised landfill for the district. During the 1980'
some seven tip sites were closed (because they were of
unsuitable standard), within the district and sites at
Coromandel, Colville and Whitianga were established
which were capable of meeting planning and water right
consents. The Couneil also developed a strategy which
addressed all aspects of solid waste management in an
integrated manner. Part of this strategy was the
rehabilitation of existing and old or disused sites.

Although the closure of the Thames tip was as a result
of a Planning Tribunal Decision, the Council had
already accepted that the life of the site was limited and
had indicated such in the review of the District Scheme
(now Plan). In addition the Counecil had budgeted to
carry out an environmental audit of the site together
with rehabilitation for a suitable end use for the land.

3. SOCIAL IMPACTS

3.1 General

This project demonstrated that the physical impacts,
i.e. geotechnical and ecological, are not necessarily the
determining factors in establishing the suitability of a
site for a particular use - in this case refuse disposal.

Community wvalues and expectations were the
determinants which decided that the site should be
closed and are the main determinants for the
rehabilitation and end use of the site.

32 Specific_Issues
3.2.1 Reclamation



The site is reclaimed seabed. Council had the authority
under an Empowering Act to reclaim seabed for some
distance into the Firth of Thames. A number of
"cleanfill" reclamations have been constructed which
have provided Thames with useful land - e.g. housing
subdivision, shopping complex, playing fields.

Initially, it appears that, the tip reclamation would
provide land for housing and also provide a "cheap"
facility for the disposal of refuse. However in later
years it was realised that an end use for housing would
be difficult due to the geotechnical aspects
e.g. settlement and gas, and that the ongoing
maintenance and rehabilitation of the site after it closed
was not going to be "cheap”.

There was also a growing awareness, both nationally
and locally, that reclamation was not a desirable activity
in the coastal environment and it should not be viewed
as the easy solution.

The District Council took these wider issues into
account when 1t limited the area available for
reclamation in its District Scheme Review,

322 Coastal Environment

The Firth of Thames is an important fish nursery and 1s
used extensively by a large number of birds. A study

by Department of Conservation (1990) estimated some
40,000 migratory birds utilise the area.

Indeed the Firth of Thames is listed as a wetland of
international importance under the Ramsar Convention.

Again these issues were taken into account when
determining the fate of the site.

323 Maori Issues

The Thames area has many issues of cultural
significance both Maori and post pakeha settlement
(gold mining, kaurt). While no urapa, waahi tapu, nor
specific areas of significance have been identified at the
site, there are several in adjacent areas.

The seabed is under claim to the Waitangi Tribunal and
titles exist for this land.

These issues were also significant in the consideration
of the site.

3.2.4 Community_Issues

While the site was in a convenient location for public
access, there was growing concern within the
community of the appropriateness of the landfill tip
locality. The site is adjacent to housing and the area
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along the foreshore is used more often now for
recreation. A foreshore walkway linking the Thames
Wharf is being developed and a bird hide has been
constructed nearby. The area also abuts a Heritage area
(Grahamstown) and is a part of the Coromandel
Heritage Trail.

Similarly these issues were taken into account,

325 Tourism Issues

Tourism is the major industry for the district, both
national and international. The Coromandel has a
reputation for its scenic and environmental values. The
clean green image is an important aspect for the
industry. In the marketing of any product it is essential
that the customer perception of quality is maintained.
Although technical evidence might show that an
operation such as the Thames Landfill has little
environmental impact, the perception of "tipping rubbish
into the sea” is incongruous with the image of a clean
green environment that visitors expect to experience
when they come to the area.

This was an important issue to be considered.
326 Political Issues

The District Council has a mission statement:

"A District Council committed to good government by

openly serving its communities through communicating,
forward planning, advocating and promoting public

services, amenities and sustainable development
opportunities - all consistent with our unique
environment."

Further the Refuse Management Objective in the Annual
Plan is:

"To provide for the needs of the District and minimise
waste for disposal of refuse in a safe, efficient manner
which meets the highest environment and health
standards."

These together with the issues outlined above lead to a
political decision to continue with the closure of the
site. The evidence provided by the site audit suggested
that there was technical support for pursuing the option
of extending the site as a disposal facility.

However the non-technical issues were considered to be
outweighed by social and cultural issues.
4, ENVIRONMENTAIL SITE AUDIT

4.1 The site audit was carried out in 1992 and



comprised three reports:

Barrett Fuller and Partners - "Thames Landfill -

Geotechnical Status Report".

Rarrett Fuller and Partners - Thames Landfill - Gas
Status Report.

Kingett Mitchell and Associates - Thames Landfill -
Environmental Status Report.

The site layout (as at May 1992) is shown in Figure 1.

4.2 The results of the site investigations and
analyses are summaried as follows:

4.3 Geotechnical Features

The key findings of the geotechnical and related
engineering investigations at the landfill are presented
below.

43.1 Geotechnical Conditions and Subsoils
(a) Two district zones of filling exist within the

landfill, the north east corner of the site is filled with
stiff clays and silts while the remainder of the area
consists of varying depths of domestic refuse mixed
with clay.

() Alluvium and coastal sediments underlie the
landfill; they consist of soft to firm clays up to
20 metres depth with shear sirengths generally less than
20 kPa and in some cases less than 20 kPa. Figures 2
and 3 illustrate the site materials found by drilling and
excavation.

(c) There is no artificial lining between the
refuse/fill and the natural sediments. These soils are,
however, highly impermeable with approximately in-
situ permeability values assessed at 10”m per sec.

(d} The bulk permeability of the refuse is high
even though it may have locally impermeable zones.
432 Groundwater/[ cachate

(a) The phreatic surface within the landfill is

perched above the surrounding estuary and high tide
level.

(b) Piezometers within the landfili exhibited little
or no response to tidal fluctuations. The surface drain
which discharged to the estuary is subject to tidal
fluctuations and is probably an important regulator of
internal groundwater levels. (This drain has since been
sealed off from the estuary).
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(c) No external evidence of any seepages through
the perimeter bund was observed {except where the
surface drain discharged to the estuary),

(d) It was concluded that there is little inter-
connection between the groundwater/leachate within the
landfill and the external marine groundwater regime,
except via the stormwater drain (since sealed off).

433 Settlement
(a) Settlement of the landfill surfaces takes place
due to:

Compaction and consolidation of the refuse/fill;
Decompesition of the refuse;
Consolidation of the subsoils.

)] Expected settlements within the landfill are
between 500mm and 1.25m over the next 20-40 years,

(c) Differential seitlement will make it necessary
to undertake regular maintenance of the rehabilitated
landfill surface, in order to maintain the prescribed
finished form until such time as the effects of settlement
become minor.

434 Seismic Setting
(a) The site is situated close to the Hauraki Fault

and Firth of Thames Fault neither of which have been
the source of recent large earthquakes.

) It 15 estimated that seismic intensities greater
than seven on the Modified Mercalli scale would be
necessary before any damage to the landfili in the form
of localised shallow failures or spreading would occur.

(c) The mean recurrence interval for such
earthq