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Executive Summary

Disposal of railings constitutes one of the most
significant areas of potential environmental risk
associated with coastal and ssland mine
development. These Guidelines provide
narrative and nwnerical targets for
enviroprmental protection during the
development and operation of coastal and island
mines that may discharge tailings to the sea.

The Guidelines are targens in the sense that
mine developers and operators should aim at
their achievement. They are not standards and
may not be attainable under all circumstances.

It is recognised that site-specific, environmental,
muning and other technical or socio-economic
factors may require adjustments at pareicular
sites, and that these may be either more or less
constraining on operations. These adjustments
must be supported by detailed informacon.

Mine tailings can be disposed on land, to rivers,
and to the sea. Discharging deep into the sea
can, at some locatons, minimise some of the
environmental risks, particularly loss of Jand,
displacement of people, and the threat of
contamination of producuve land and river
fsheries. Impacts on marine Gsherics and ocher
marine tesource usc can be iminimised by
site-specific placement of a tilings outfall. This
will be designed to generate a coherent densicy
current flow of tailings to a final deposition site
from which there will be no reactivacion into
the water column.

In the development of 2 mine. the developers,
government regulators and involved cinzens
must be prepared to obtain and review a series
of sets of information, and to proceed
sequendially in a serics of scages. These stages

are: Exploration, Development (Feasibilicy
Assessment, Blueptinting, Construction and
Commissioning), Operations and Closure.
These Guidclines provide checklists of acaon
for each stage.

Numerical guidelines are provided for a suite of
cormmon meta! contarmunants. These are based
on values calculated from case histories in both
the United States and Canada, and from 2
theoretical procedure, Equilibrium Particoning

(EP).

The Canadian and US data provide two sers of
values: (1) below which toxic impacts are
unbkely; and (2) above which such impacts are
likely. The EP method calculates a sediment
value w equiibriuvm with the pore water so0
that water qualiey criteria are pot contravened.
There can be substantial differences in the
Guideline values calculated by the different
methods. The values to be used at a particular
site must be decided by the Regulatory Agency.

Two other questionnaires are also provided.
One 15 for administrative informadon and
should be compiled by the relevant Regularory
Agency. This list includes information such as
rclevant regulations, permicting procedures,
other involved government agencies, and local
resource owners and users. The second
questionnaire details the kinds of specific
information which a Regulatory Agency will
require from a developer in the preliminary
stages of a possible mine development. This
questionnaire can aso be modified, and
completed by mines already operanng, so that
Regulatory Agency files can be periodically
updarted.
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1.1

1.2

Infroduction

Overview

The objectives of this document are to
summarise knowledge about tailings disposal in
aopical coastal arcas, provide key technical
references, and provide checklists of appropriate
action for mine development in the South
Pacific region.

This manual is divided into two parts, with Part
One containing the three main chapeers.
Chaprer 1 (Introduction) outlines the basic
muning and milling processes and the associated
production of waste rock and tailings. It also
provides 2 broad outline of environmental risks
commonly associated with wlings disposal;
licensing procedures and the gathering of
environmental data; and other regulatory issues.

Chapter 2 (Description of procedures) describes
the sequence of actions to be taken by a mine
developer and a Regulatory Agency at each of
the main stages of mine development from
explorauon to closure.

Chapter 3 (Numerical guidelines) provides
copies of environmental guidelines for the
mining industry compiled from several sources.
These tables should be used as checklists
indicating environrmental risks about which
information is needed prior to decisions
permitung a mine to proceed.

Part Two consists of two environmental
questionnaires. One details administrative
information to be compiled by the relevant
Regulatory Agency. The other details the kinds
of specific information which a Regulatory
Agency will require from a developer in the
preliminary stages of a possible mine
development. As noted in the executive
sumrnary, this quesdonnaire can also be
modihed for use by operating mines.

Production of tailings: the mining-milling process

The mining process for metal exoraction usually
consists of two parts: mining and milling. The
mining component s the extraction of
metal-bearing ore from rock. The milling
component generally crushes, grinds and
extracts a concentrate in a serjes of mechanical
and/or chenucal processes.

Figure 1.1 lustrates these cwo processes. It also
shows that at both stages waste is produced.
Mining almost always involves the extraction of
unwanted non-metal-loaded rock in order co
reach the ore. Such waste rock has to be placed
somewhere nearby.

Milling produces large amount of finely
ground wasse from which the metal
concentrate has been separated. This waste is

called taihings, and must also be placed
somewhere nearby or otherwise disposed of.

The scale of these two types of waste
production can be enormous and is illusmrated
by Island Copper Mine in Canada (Plate 1). For
every tonne of copper concentrate produced,
abour 50 tonnes each of waste rock and tailings
have to be moved away from the
mining-milling process. Island Copper ar peak
operanon extracted about 90,000 tonnes per
day of rock and ore, to produce about

1000 tonnes per day of concentrate and

48,000 tonnes per day of tailings. The balance
of about 41,000 connes per day was waste rock.
Plate 1 shows the waste rock dumps and their
reclamation. The tailinps are underwater.
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Plate 1 Island Copper Mine, Rupert Inles, British Columbia, Canada
MI;E\\E\@/ WASTE ROCK
|
MILL ]
TAILINGS
CONCENTRATOR ————gy

Figure 1.1 Waste produced from mining
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Plates 2 to 4 show how the pit at
Bougainville Copper Mine

The process of milling and tailings producdon is described by (PNG) is sicuated wichin a valley,
G.W. Poling in an artricle within 2 1995 seview of railings with tailings discharged to 2
disposal at coastal and island metal mines. The whole review,
Submarine Tailings Disposal, is referenced throughout these
Guidelines as MG&G (1995). It comprises vol. 13, combined
ssucs 1and 2 of Marine Georesources and Geotechnology, and is
available from the publishers Taylor and Frands, Suite 101, 1900

Key reference

river. The Bougainville mine
produced 80,000 tonnes of waste
rock and 120,000 tonnes of
tailings each day. Plates 5 and 6

Frost Rd., Bristol, PA, USA 19007, Fax 215785 5513, Al show a smaller mune, extracting
agencies intesested in mine development should obtain a copy of gold and silver, proc_h.u:mg
this review, and use it as a reference document in associadion 15,000 tonnes of caibings per day.

with these Guidelines.

Plate 2

A mine pit in an
interior valley has
removed land frons
other resource se at
least temporanly.

Plate 3

A river has been
used for tailings
discharge, and the
Slow completely fills
the valley.
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Plage 4

At the sea edge. Without an
engineered outfall discharping 1o
depth (sec Plate 6), tailings unll
spread and have a significant
impadt on the coastline.

Plate 5
A miine pit engineered for
reclamation.

Plate 6
A scawnter-mix de-aeration tasnk
Jor submarine wilings discharge.

B,




1.3

Environmental risks

Overview

The environmental cisks associated with the
disposal of mine tailings are considerable.
Placing vast quanones of waste rock or tailings
in the environment smothers habitat, changes
watercourses and displaces people. [t can
contamunate air, jand and water, and otherwise
affect neighbouring and especially downstream
uses. Low-grade marginal ore may be
stockpiled for ¢ventual use but at final closure
may remain unused, hence wasted and also
occupying land,

These and other environmental risks must be
eliminated by good engineering, or at least
munimised (motigated) to Jevels acceptable
socially—to the Jocal people and to the nacion.

Underlying principles of Guidelines

The mingation principle adopted in these
Guidelines 1s that any social costs must be
minimal. They must be minimal in the short
term, while the mune is being developed, built
and operated. They must be minimal in the
long term, in the sense of costly social changes
continuing after cJosure of the mine, The
Guidelines accept a number of operational
principles:
1. The mine will exis for a predicted period
of nrue, after which Jand may be reclaimed,

although not necessarily for the same use as
before.

2. Financial compensation to affected persons
may be able to ofset distuption of people’s
use of Jand. and/or their displacement.

3. The costs of government action through its
Regulatory Agency can be borne by the
industry concerned by taxation, fees or
levies through an appropriate fiscal channel.

Environmental risks and muagation procedures
in the disposal of waste rock are well known to
the mining industry. Essentially, the risks consist
of smother ing habitar, changing watercourses,
loss of other resources, and contaminadon. The
scale of habitat smothering, hence mitgative
engineering and/or compensation needed, can
be readily identfied. The scale and nature of
contaminanion and loss of resources are far less
readily identificd, but must be actempreed. These
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Guidelines concentrate on the environmental
risks 1o tailings disposal.

Common methods of tailings disposal
and associated environmental risks

Tailings are usually disposed of in
the folowing ways:

1. Returned to pit, or underground. With this
method, tailings are recurned to their source.
However, 28 the volume of rock increases
following rmulling, not al) of the tailings can
be returned to the pit or underground.

2. Impoundment behind a dam on land. With this
method, usable land is covered, and in areas
with high carchquake risk and rorrential rain
there is high risk of collapse. Generally it
needs a water cover to munimise Acid Rock
Drainage (ARD), that 15, engineering into
an arnificial lake or reservoir (see MG&G
1995).

Engineering assodated wath dam impoundment
is described by Caldwell and Welsh (1982) in
the book, Marine Tailings Dispesal. Although this
book is now out of print, a limited number of
copies are available from the South Pacific
Regjonal Environment Programme (SPREP),
and can be obtained by interested pardes on
request. The ardcle describes engineering for
wilings disposal in “rugged, high precipitation
environment” in the United States and Canads,
and modification has to be made for application
to the aopical conditons of the South Pacific.

3. Discharge to a river, with uncontrolled dispersal
downstream. This disposal method usually bas
the greatest environmental tmpact, due o
Jack of conerol of eventual spread during
downstrean: flooding, and the highest risk of
ARD due to weathering. Bougainville
Copper Mine provides an example, from the
South Pacific region, of the environmental
risks associated with river disposal of tailings
(sce Plates 2 to 4).

4. Discharge to a lake. I{ a lake of sufficient
volume is available, this can be considered as
a means of wilings disposal. Outfall design
can minimise the almost inevitable effects of
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water turbidity and loss of uses during
discharge. Long-term contamination may be
reducible so chat uses can be restored after
mine closure.

5. Discharge to the sea. Disposal of tailings to the
sea from island and coastal mines can
nmunirmise environmental impact, provided
an outfall is suitably engineered to discharge
tailings as a density current flowing by

gravity (as a submarine river) to a
designated final, stable deposition site.

In genexal, this site will be deep underwater,
below the shallow water producave fisherics
zone. The discharge point, the low of
tailings and the final deposition site must
have minimal risk of being disturbed by
turbulence, resuspension of tatlings, and
upwelling to surface (see Plate 6).

Regulation and these Guidelines

Overview

Guidelines are statements of desirable acuons
and targets. They are not objectives, standards or
regulations to be enforced They are statements
which provide information to any interested
parties about environmental risks.

This manual provides guidelines for use in the
South Pacific region by Regulatory Agencies
and the mining industry. [t is expected that they
will also be read and used by interested cirizens
as checklists of potendal actions. The Guidelines
are for use in the following:

e Developing and reviewing applications for
mining exploracon licenses

e Developing and reviewing both preliminary
and detaled proposals for new mine
development

e Writing and reviewing Environmental
Impact Assessments (ELAs) at operaong
mines

Sequence of procedures
for mine development

The principle 15 accepted here thac
environmental protecton procedures should be
sequenced. Following approval of an
exploraton license, developers of new mines
should collate available environmental
information (feasibihty report) for a
preliminary decision by the Regulatory Agency
whether the development is environmentally
viable in principle.

Second, if the preliminary collation indscates
that environmental impacts are potentially
acceptable and able to be minigated,
requirements can then be set for derailed, new

environmental data gathering (in blueprinang
phase), leading to a final licensing decision.
With this sequencing, mine developers can bring
readily available information together for the
preliminary dedsion {approval in prinaple).

If this is favourable, then the more time-consuming
and expensive procedure of gathering site-spedific
environmental data gathering can proceed.

Environmeneal Tmpact Assessments (EIAs) are
to be undercaken by the mine developers (for
mine proposals and during exploration) or by
their consultants. Before development is finally
licensed, 2 formal and comprehensive
Environmental Impace Assessment (EI1A) should
have been compiled and made available to the
Regulatory Agency and to the public. Each
nation’s Regulatory Agency can decide how to
use the informaton provided at any stage in the
mine development.

Environmental data are also needed from mines
n operation. This may be available already from
the mines, or more may be needed. Extra
information may be available on a voluntary
basis, or rmay require appropriate new legislation
or regulacions.

Using these Guidelines

Copies of this manual and the associated
factsheet are available from SPREP to:

s apphicants for exploration licences

* minc developers and operators

e all government agencies with 2n
invo)vernent in the licensing process

¢ the public, especially representatives or
landowning or Jand-using cornmunities.



At any mine development, representatives of che
sndustry, the Regulatory Agencies, and user
communities should expect to meet rouanely
for discussion of the various items and of
progress in their implernencation.

Other regulatory issues

Separation of responsibiliries. In general, it is
desirable to have the environmental Regulatory
Agency in a minsery separate from the ministry
responsible for mining development and worker
safety. This is so that the balance between
economic development and long-term
environmenta) damage with costs to the naton
may be considered at the ministerial level.

Expertise in regulatory review, and assodated costs.
The Regulatory Agency may wish to retain
environmental consultants to conduct a part or
all of 1ts reviews. The consultants retained
should have prior experience with mining E[As
in the cropics.

Note that a rune developer can be required to

introduction

meet Regulatory Agency costs for appraising
the development. it may be necessary to
introduce new legislation or regulations to
require this, The funds provided may be by a
grant directly to the Regulatory Agency, or by
some other procedure following government
accounting practice. The Regulatory Agency
can then dispense the funds to meet staff costs,
or the costs of contracting out the reviews and
site visies to their retained enviroomental
consultants, or some combinabon of these rwo
procedures.

Experience in mine development and regulation. It
should be noted that there is considerable
experience with mining development and
regulations in Papua New Guinea, and within
the umbrella organisadon of the South Pacific
Regional Environment Programme (SPREP).
Countries with little prior experience in mine
development can draw on this experience by
having their Regulatory Agencies contact
experienced officials from Papua New Guinea
and SPREP

9
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2.2

Description of Procedures

Overview

The development and operation of 2 mune has
SiX stages:

1. Exploraoon

2. Development — Feasibility assessment

3. Development — Blueprinting
4

. Development — Construcrion and
commissioning

Exploration

Responsibllities of the Developer

1. Applies for an exploration licence, and
provides preliminary information on
exsting landowners and resource users in
the area under application.

)

Receives copy of mining environmental
guidelines.

3. Cooperates with the Regularory Ageucy in
consultation with landowners and resource
users.

4. Receives ot is refused exploration licence.

5. Complies with requirements if the licence is
received.

L

Note: Contravention of an exploration licence will
give a poor smpression regarding the holder’s
commitment to following guidelines for a consequent
mine.

5. Operations
6. Closure

The procedures and responsibilities relevant to
the developer and the Regulatory Agency at
each stage of the process are described in the
following sections.

Responslbilities of the
Regulatory Agency

I. Receives application for the exploration
beence.

2. Prowvides applicant with copy of mining
environmental guidelines.

3. Approves or rejects applicanon for an
exploration license following established
procedures, including consultation with and
approval from (with compensadon if
necessary) any affecred land users.

4, Ifapproval is given, applies usual national
licensing conditions, including requirement
(if appropriate) not to disturb specific
watercourses or downstream users.
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Production of a feasibility report, containing
a conceprual muining plan and a preliminary
environmental screening

Responsibtlities of the Developer

. Develops a conceprual rine plan and 2

preliminary Enviconmental [nipact
Assessment (EIA) for a feasibility ceport,
denufying sources of previously available
informanon and any new dara obrained. The
feasibilicy report:

describes ore body; its extent and chenucal
cornposition

describes expected milling and
concentration processes, idenufying process
chemicals in general terms, and mill location

identfies sources of water for mine use and
rates of removal, and provides relevant
hydrological data on the water sources

idennfies power demands and energy
sources (for example, hydropower, oil
generadon, etc.)

identifies general Jocation of access roads,
worker accommodaaon, and other
Infrastructure areas

idennfies expected wastes including cypes
(for example, tailings, waste rock, stack
emissions, sewage, etc.), rates of production,
tota) amount during mine lifetime, chernical
composition (including process chemicals
and known high-risk crace elements such as
mercury, lead, cadmiumy), and ARD (Acid
Rock Drainage) potential

dentifies site(s) for marginal ore stockpiling,
maximum amount expected, and area(s)
affected during mine lifeume

identifies waste disposal systems and
receiving areas for wastes

indicates potenaal social consequences from
resource losses (for example, community
relocation, fishery losses to subsistence users
or market fisheries, etc.)

derails information rom baseline
environmental scudies undertaken by the
developer including the following:

Description of Procedures 11

Development: Feasibility assessment

— weather dana, relevant hydrological data,
marine current and tidal dz21a, and
identifies sources of information

— preliminary models of waste disposal,
including diludon, dispersion and
assimilation of liquid wastes, idenufying
eventual regions of final deposition

— inventory of other local resources (for
example, other minerals, fisheries, gardens,
sago seands, ctc.) and identfies which arc
ac risk

— basic ecosystemn parameters including
relevant environmental propertes, plant
and animal communines, and endangered
species

— inventory of sites of tradiuonal importance
1o local residents

2. Provides ininal funds for needed actions by
the Regulatory Agency.

3. Explores with community representatves
the form of a community review group to
meet routinely during development and
operations.

4. Prepares the feasibilicy report and submues it
to the Reguacory Agency. This is to include
an executive decision understandable by the
public.

Responsibilities of the
Regulatory Agency

1. Reviews the feasibility report, and may
request furcher informacion to decide
whether the development may proceed to
detaled design stage (Blueprinang)
and final decision.

2. Defines emvironmental impacts of iutial
concern.

3. Idenufics remedial acoon needed to
minimise resource condlicts.

4, Requests any further assessrent
information needed.

5. Approves the conceptual plan in principle,
subject o remedial action needed, or denies
pernussion to proceed further.

I

Note: Approval in prindple is not the final

perniission to proceed. More detailed investigation of

risks may show that some are unacceptable.
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Development: Blueprinting

Development of detailed mining plan with
environmental risks identfied and remedial
acaon proposed

Responslibllities of the Developer

1. Develops a detalled mine plan; gathers,
assembles and reports detaded information
10 support the design. This detailed mine
plan:

¥ identfies wastes based on pilot plant ore
processing tests (including chemical
composition and rates of producoon), total
waste production during mine lifetime, and
expected major changes in type and rate
during mine lifetime

¥ details water extracton systemns specifying
sources, extraction procedures, pipelines,
rates of use with expected changes during
mine lifedme. Updates ininal hydrological
dara previously provided

¥ details waste disposal systems including
design of pipebines, outfalls, tailings dams
and emergency ponds

¥ details energy demands through mine
Lifetime, and provides detailed plans for
meeting energy demands, including
necessary construction.

¥ details receiving areas for wastes, and updates
weather and ndal/current data

V¥ describes ARD generation potenaal and
mitigation measures

¥ provides decailed model of waste dilution,
dispersion and assimilation, identifying final
deposidon of wastes, relative amounts in
different locations, environmental
descinaton of toxdns, and risks of
resuspension and reacnivation

¥ provides detailed pre-operational invencory
of resources at risk, with appropriately rimed
measures of seasona) variability. This
monitoring of variability 1s to be initiated
two or more years in advance of
construction. Results are to be presented in
a form which zllows subsequent comparable
monitoring during operacions

¥ demonstrates comparison procedures by
showing changes between sets of

pre-operational data from each sampling
stagon

provides a deuailed monitor ing plan,
describing parameters to be measured,
methods of measuring, and personnel to
undertake the monitoring. Estimates costs
based on documented cost experience,
including costs to the Regulatory Agency
for its review of monitoring data

details environmental constraints to be
implemented during construction and
commissioning

provides remedial plan for social impacts,
including relocadon proposals and
compeosation 1f appropriate

describes concept for evencual closure plan,
including the types of habicac and resource
use a5 reclamation objectives

1denafies plans for reclamation of impacted
areas, with derails of start-up arming and
procedures

. Conducts initial community group

meetings. Docurnents meeting proceedings,
resource uses, and formal social impact
assessment surveys where conducred.

. Reports environmental data in the form of

2 comprehensive E[A one year prior to
desired start-up date.

. Provides further funds to meet costs of

Regulatory Agency reviews.

Responsibtiities of the
Regulatory Agency

. Reviews all documents provided, and may

request further information for final
deaision whether mine may proceed or not.

. Dehnes inpacts of concern and specifies

environmental controls (for example,
locagon, rates and composidon of waste
discharges).

. Reviews and approves details of tailings

disposal system (for example, to sea by
pipeline, or to land with 3 tailings dam).

. Idendhes remedial action needed and

compensation costs, and estimates Own costs
for action.

. ldendfics any further assessments necded.



2.5

2.6

6. ldenrifies environmental constraints during
construction and comimnissioning.
Constmction constraints. Streams and river
disturbances to be rmuinimised. Where
temporary diversions and turbidity increases
are inevitable from construction, then
Jicensed tinmung of such disturbances should
be specified. (Any permanent diversions,
rurbidity increases, etc. need downstream
user approval, and compensation as part of
the approval process.)

Cosmmissioning cosstraings. Defines toxan
monitoring and bioassays, and specifies
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frequency. Normally, only roxins of concern
will need monitoring on the initial day of
discharge, and thereafter weekly. Bioassays
may be required  toxins exceed opcerational
limits.

7. Approves the detailed design plan, or makes
Bnal decssion to deny the development.
Approval provides for authoricy for the
Regulatory Agency to suspend operations
immediately if constraints are violated, with
appropriate appeal procedures.

Development: Construction and commissioning

Construcion ricks nclude changing flows of
streams and rivers, hence causing
downstream impacts. Commissioning risks
include release of wastes at levels m excess
of those permutted during operation

Construction

Responsibllities of the Developer

1. Ensures that the contractor follows
environumental constratnts imposed.

Responsibilities of the
Regulatory Agency

1. Makes site visits and documents by
photographic record, etc.

2. Checks for watershed changes or other
resource losses, and social consequences.

Operations

The rmune operator monitors the
environmental impact of operations. The
suggested initial frequencices below should
be modified afier experience of operations.

Responsibllities of the Operator
I. Undertakes all monitoring 204 reports.

Tailings
— Undertakes fish bioassays (monthly),
measures flow rates (daily). suspended

3, If constraings are violated, uses authoricy to
stop construction immedately.

Commissioning

Responsibllities of the Developer

1. Undertakes liquid waste toxin monstoring as
required.

Responsibilities of the
Regulatory Agency

1. Makes site visics and documents by
photographic record, etc.

2. Checks for fish kills or other resource tosses
and social consequences.

3. If constraints arc violated, uses auchority to
stop commissioning immediately.

solids content (weekly). specified dissolved
toxins (monthly). Monitors tailings
disposition (inonthly) by chemical
parameters, COres, Sonar, ete.

Waste rock (marginal ore)

— Records deposition rates (daily), maps
locations (quarterly). tests for ARD and
sources (monthly).

Resoursce impacts

— Habitat. Measures dispersion and diludon
of wilings plume, turbidiry, dissolved
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moetals, talings resuspension traps
{quarterly)

— Spills. Immediately assesses extent of spill
ofany process chemicals and reports to the
Regulatory Agency

— Fisheries. Document yields, numbers, size,
assue bioaccumulation of trace toxins, for
selected species (Quarterly)

— Ecosystem. Benthos and plankron: measures
standing crops, primary producton rates,
sediment toxin levels, bioassays,
bioaccumuladon of trace toxins for
selected populations, at selected sites and
tumes

Reclamation

— Documents ongoing reclamation,
including new areas inidated, and monitors
regrowth (quarterly).

Comniunity review group

— Holds meetings as agreed, hears comments,
documents proceedings and negodates
settlement of issues raised

Closure

Temporary closures

May be required for maintenance,
inventory reduction, ¢tc.

Responsibilities of the Operator

1. Monitors relevant environmental changes
daily.

2. Monitors appropriate resource measures (see
previous) especially curbidicy.

3. Assemnbles information on ecosystem

recovery in a form which is useful for
development of final closure plan.

Responsibilities of the
Regulatory Agency

1. Makes site visits, and obtains photographic
rccords.

Final closure

Responsibillties of the Operator

1. Initiates developmenc of closure plan five
years in advance of intended closure.

Reporting and reviews

— Reports quarterly, plus immediate reports
of any contravention of controls. Meets
annually with regulators to discuss
environmental concerns and negorate
annual funding for Regulatcory Agency

Responsibllities of the
Regulatory Agency

1. Rewviews reports, and acknowledges receipt
of reporting.

2. Undertakes spot tests of any monitoring
parameter.

3. Uundertakes spot checks of any monitoring
procedure.

4. Requires reviews of operational, monitoring
or reporting procedures.

5. Requires changes in operational,
monitoring or reporong procedures,
including changes in their frequency.

2. Provides closure plan to Regulatory Agency
for review and negotiation of closure bond.
The closure plan has as objective the
reclamation of land and waste deposits to
producuve resource use. The bond 1s to
cover costs of any remediadon subsequendy
needed.
3. Monitors recovery
— Habitar. Turbidity, dissolved metals, tailings
resuspension traps

— Fisheries. Yields, numbers, size. dssue
bioaccumulation of trace toxins

— Ewsystent. Benthos and plankton
populations and standing crops, primary
production rates, bicaccumulatdon of mace
toxins

4. Montors social response to environmental
recovery by contnuing community group
meetings and other social assessments.

5. Posts bond for implementation.
6. Reports annually.



™

Responsibllities of the
Regulatory Agency

. Reviews closure plan, requires additional
nformation if needed, and sets closure bond.

Reviews annual reports, and requircs
remedial measures charged to bond if
needed.

Approves eventual termination of
MonJtor ing.

Desaipllon of Procedures
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Numerical Guidelines

Overview

The documents referenced here, with selected
tables reprinted. provide recent numerical
guidelines developed by various Regulatory
Agencies.

The wbles are provided as a summary of
informacion. Values for pollution control
purposes should be determined for cach
specific site, based on such factors as the need
for a high safery factor due to population
density, the trace metal composition of the ore
body. and ambicnt levels within soils and sea
sediments.

[t should be noted that there are differences
between the various source documents in the
significance of the values hsted, and actual
values for ssmilar situations. These differences
represent different risk-reduction concerns of
different Regulatory Agencies, varying data
sources, and varying approaches to data analysis,
The operanonal principle in the use of these
data s to obtain and compare the values for the

The US NOAA figures

The US National Oceanic and Atrmmospheric
Administranon (NOAA) distributed a report
(Long & Morgan 1991) documentng an
accumulation of sediment mrace metal
concentracions with and without biological
eftects. These have been condensed and
modified slighty by Long et al. (1995).

metals of concern at particular sites. Once such
a table has been developed, then the values can
be put into the context of site geochemistry,
and other resource vuse. From this context,
Limiting values for release to the environment,
and to environmental sinks such as seabed
deposits and fshery species, can be developed.

Table 3.1 provides the data on race metals in
sediments as published in 1995. Values are based
on sediment dry weights, mg kg-!, thac is, ppm.

Figure 3.1 jUustrates the meaning of the
acronyms used. ERL is the concentration below
which there is lictle likelihood of biological

Guidelines Per ceot (ratos) incidence of effects !

Chemical ERLZ2 ERM? <ERL ERL-ERM >ERM

arsenic 8.2 70.0 5.0 (2/40) 11.1 (8/73) 63.0 (17/27)
cadmium 1.2 9.6 6.6 (7/106) 36.6 (32/87) 65.7 (44/67)
chromium 81.0 370 2.9 (3/102) 21.1 (15/71) 95.0 (19/20)
copper 34.0 270 9.4 (6/64) 29.1 (32/110) 83.7 (36/43)
lead 46.7 218 8.0 (7/87) 35.8 (29/81) 90.2 (37/41)
mercury 0.15 0.71 8.3 (4/48) 23.5 (16/68) 42.3 (22/52)
nickel 20.9 - 51.6 1.9 (1/54) 16.7 (8/48) 16.9 (10/59)
silver 1.0 37 2.6 (1739) 32.3 (11/34) 92.8 (13/14)
zinc 150.0 410 6.1 (6/99) 47.0 (31/66) 69.8 (37/53)

Source: Long et 2l 1995

| Number of dats entries within each woncentration range in which biological cffects were observed divided by the (o1l mumber of entriex within each tange.

2 ERL = Effects Rangse (Low); level below which effeas ravely veeur

3 ERM = Effects Rangr Mediura); level above which effets unll probably oona

Table 3.1

in concentralion ranges defined by vhe valies, ERL and ERM

Gutédeline values for trace metals (ppm, dry wi) and per cent incidence of biological effects
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EFFECTS RANGE

BIOLOGICAL EFFECT

z

CONTAMINANT CONCENTRATION

Souree: Modificd from Long & Morgan (1991)

Figure 3.1
US National Status and Trends Prograwn

effects. ERM is the concentrarion above which
biological effects are probable. Between ERL
and ERM values there 1s some possibility of
biological effects. [t should be noted that these
are pot absoluce values. Below ERL values
biological effects sometime occur, aithough
rarely (see column headed £ ERL in Table 3.1).
Above ERM values, biological effects by no
means always occur (see column headed

2 ERM). The ERM 15 a mediab value. Half the
cases considered above the ERM did not show
effects. Also, the data are from mainland Uniced
Stares, not world wide.

The Environment Canada figures

Environment Canada has distribuced 2 draft
report on trace metal sediment concentrations
(Environment Canada 1994). Tables 3.2 and 3.3
from the report provide values for marine and
fresh wacer respectively. They are quite simular.
There are two indicator values: TEL and PEL.
TEL is the Threshold Effect Level below which
adverse effects are expected to occur rarely. PEL
13 the Probable Effect Level which like the
ERM is a median value and defines the level
above which adverse effcees are predicted to
occur frequently. The values refer o the total

The potential Jor biological effects of sediment-sorbed contamindnis tesred in the

concentragon of a chemical in surbicial
sediment (that is, upper few centimerres) on a
dry weight basis. They are based on standardised
calculacion procedures from a data set,
apparently entirely Canadian. Values are based
on sediment dry weights, mg kg-! ppm.

For comparative purposes, the Canadian TEL
appears to be similar ro the US NOAA ERL,
and the PEL simular to the ERM. Note that a
furcher sct of guidelines developed in the
semi-tropical state of Florida uses the TEL and
PEL terminology based on US and Canadian
cases (MacDonald 1994).

The Equilibrium Partitioning approach

Webster and Ridgway (1994) have refined an
approach to setang sediment guidelines based
on water quality criteria. This approach is called
equilibrium paruationing (EP). The argument is
that there 1s much more informarion available
on water guality than for sediment qualicy. The
sedmment standard is therefore taken as the
concentragon in the sediment, in equilibrium
with the intersutial water, that does not give
rise to a concentragon in the water thac would
breach the water quality criterion for thac
contaminant.
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Chemical TEL PEL® STEL% <>% 2PEL% I—I)b:_); éaznadian Guidelines,
arsenjc 7.24 41.6 3 13 47 and inddenve of adversc
cadmium 0.68 4.21 6 20 71 biological effects in
chromium 52.3 160 4 15 53 con&r;uation mngf.t deﬁned
copper 18.7 108 9 2 56 fc’ dﬁ;‘i‘f%’f:ﬁ oL
lead 30.2 112 6 26 58 (Vabes in g ke - pp)
mercury 0.13 0.7 8 24 37 &g P
nickel 15.9 42.8 3 8 9
silver 0.73 1.77 7 10 60
zinc 124 271 4 27 65
Soutee: Environment Canada 1994
1 TEL = Thieshold Effec Lewl: levd belorw which adverse effeas are expected to owur rarely
2 PEL = Probablc Effea Level; lovel above swhich effeds arc prediated 1o ocour frequently
Chernical TEL PEL <STEL% < > > PEL%
(mg kg': ppm)
arsenic 5.9 17.0 5 25 12
cadmium 0.596 3.53 11 12 47
chromium 37.3 90.0 2 19 49
copper 35.7 196.6 4 38 43
lead 35.0 91.3 5 23 42
mercury 0.174 0.486 8 34 36
ruckel 18.0 359 4 18 44
paiole 123.1 314.8 5 32 a6
Source: Ernviromnent Canada 1994
Table 3.3 Draft Camadian Guidelines and inadence of adverse biological effects in conzentration ranges
defined for fresh water sediments
Table 3.4 provides trace meal sediment values Chemical EPA water Sediment
derived from the extensive set of US quality criteria
Environmental Protecnon Agency (EPA) water (mg kg-!
quality criteria. The ctaim is that these values carbon)
can be accepted as guidelines since they imply a :
theoretically “safe” scdiment concentration. The arsenic 6.3 819.0
authors state that this concept has to be used cadmium 12.0 768.0
cautiously. Values are based on a differenc unit copper 2.0 3400.0
than the two above systerns, that is, on mg kg-! lead 8.6 3268.0
(ppn) carbon. mercury 0.1 0.8
zin¢ 58.0 15140.0

Saurce: Webster & Ridgway 1995

Table 3.4

Sedinent eniteria for six olemental conraminants

derived from waler quality crileria and
equilibriron partitioning cocfhicients



Comparison of values

Table 3.5 compares the three sets of values in
the previous tables. Note that the EP values are
for a 1 per cent carbon level, assuined to be a
comparable level between sediments in this
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context.
Chemical ERL TEL ERM PEL EP Critersa
arsenic 8.2 7.24 70 41.6 8.19
cadmium 1.2 0.68 9.6 4.21 7.68
chromium 81 523 370 160 —
copper 34 18.7 270 108 34
lead 46.7 30.2 218 112 32.68
nlercury 0.15 0.13 0.M 0.7 0.008
nickel 20.9 15.9 51.6 42.8 —
silver 1 0.73 37 1.77 —
zinc 150 124 410 271 191.4

Soucce: Environment Canada 1994

Table 3.5

Guidelings for ymarine sediments comparing values from ‘Tables 3.1, 3.2 and 3.4 (expressed as | per cent carbon)
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Part Two

Environmental
Questionnaires



Preliminary Information to be
Compiled by The Regulatory Agency
for a Mine Development

1 List any legislation that affects the mine development and operaoons. Obrain copics. and file.

2 List any regulations developed under the Jegislaton. Obrain copies and file.

3 List other ministries and divistons which will be involved, with conract officers.

4 Assemble or wrie up descriptions of
the permitong procedures necessary for:

— 2. exploration

— b. actual mining

— ¢. Bnal closure

5 Does any new legislation, or set of regulations appear to be needed? If yes, wrice up in draft form.

6 Who are, or will likely be, the representadives of local Jandowmers and resource users affected by
the nune? Provide name(s) and address(es).




Preliminary Information to be Compiled
by an Applicant for a Mining Licence

Questionnaire can be modified for use with mines currently in operation.

Please respond to the following questions with information currently available
within 30 days of receiving this questonnaire.

This questonnaire was mailed on. (date)

te

(name and address of the ntine developer)

Attention of

(ame, position)

Your response should be addressed to:

(tame and address of official to reteive the respons:)

Please atrach extra pages as necessary, indicanng where addional material, maps etc have been
provided.

1 Name of the proposed mine

2 Contacts
a. Developing company b. Local senior official
Naage Name
Local address Tide

Phone / Fax / laternet, cic.

¢. Semjor environmental official d. Shareholders
(if different from local senior offical) {list major national and foreign shareholders
and percenlage oumership)

Name

Official position

Addcess for further correspondence

Phone / Fax / laternet, etc.
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3 Mine slte

a

b.

General location within the nabon

(obloin national map and mark to show island and location)

Specific location
(use property deagnation, obtain copy of best avatlable topagraphic map and aerial photographs, then mark location)

New rozds needed

flocate on the map provided. nofing eiver rrossings)

Worker facilities needed

(will there be a townsite, or camp with single-mens quariers only, en.)

4 Cimate, geography and geology

a.

Rainfall data, and summary of seasonal variaon

Topography and drainage patterns

Seismic activity and earthquake history

Geology and fauldng

(obtain best availablc map)

S Ore body

e

Extent of ore body in hectares

(estimote land sudface area over the ore body, mark on fhee best 2vailablt map, and provide a flnee-dimensionol dicgram
shoun ng dnﬂmg drpths 1o date, el.)

Chemical composition
(provids lotest avaifable date, noting dote)

Major ore body minerals
Reestdual valuable minerals

Heavy metal contents (assays)

ARD (Acid Rock Drainage) potential

Levels of potenually coxic trace elements
(if ot detected, state type of analysis wsed ond gnee lowrest level of sensiarity)

lead

cadmium

mercury

arsemc

others

6 AMining operations

a.

C.

d.

Type: open pir O underground 0
If both, in what scquence?

Toral tonnages
Ore
Waste rock:  hard rock soft rock
Low-grade ore (temporary stockpile)

Mining rate: initial maximum during smine lifetime

Expected lifetime of mine in years



Preliminary Application information

7 MIIl processes

a. Type of mill proposed
b. Whter source
(show on map, with pipeline route 1o mill)
c. Water use rate (in licves/day): first year daily __ expeated daily maximum
d. Energy source: hydropower other

Location of electrical generation facilities
(provide map)
Process chemicals used

Types Ratcs of use /day

¢. Tonnage of tailings for disposal
solids:  first year tonnes/day expeaed max. rate/day

liquids: first year flow rate/day _ ____ expeded max. rate/day
f. Taihings grind specifications

Expected chemical composition of wastes
(identify test plant providing the results)

Liquid waste fraction
dissolved metal values

residual reagents

Solid waste fractdon
trace metal levels

potential for acid mine waste generation (obtaint supportive documentagion)

8 Area(s) to receive waste rock (overburden, etc.)
(provide information on oll options, noting that placement of waste 1ok may requie diversion of rivers)

a. Location(s) of proposed waste rock dumps
(indcate on map, showing position(s) relative to the mine/mifl complex; prioritse by number if appropriole)

b. Estimate land area covered hectares

Chemical composition
(notr potential for acid waste genevation, who provided the assays, and levels of semsitivity for troce elements)

d. Describe general plans for reclamadon of waste rock

(desribe plant species 1o be seeded, the habital target (o be reclaimed for wuse by lecal people,
and the target wes of reciaimed habitat)

9 Areas to receive stockpiles of low-grade ore

(if stockpiling is likely, provide this information on map, showing positives relative o
the mine /mill complex; note that mone should remain afier tlosure)

Cut-off grade

g

b. Locations and areas in hectares

¢. Chemical compositions and ARD potental
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10 Areas 10 receive mill tallings

a. Opuons being considered:

Impoundment by dam on land, or return to pit (underground)

Discharge to river or lake
Pipeline to coast with outfall for marine discharge

b. Locations of options

(provide a map for cach option being considered, showing route of any iailings pipeline, and location of disharge poinis)

c. Area to be covered bectares
(show on a map;f disposal ic undersea, o hydiographic chart diowing depths must be wsed)

11 Sewage facilities

(describe sewage facilities for tounsite, single-men s quarters, and on-the-job tarlet facilities;
santitary treatment fachiies; and focation, type and flow: rate of final discharges)

12 Local land use and resources

(deszibe local land wse and resources within a reasonable distance of mine site, mill site, Lailings pipelines, on-land tailings
impaundments, acess ronds, and Lilings cvetfall (if cubmarine tailings disposal). Reasomable distance in this context
means (o o distance Which might be offected by the mining operations Mark location end extent of uses ond vesourres on maps)

a. Villages and isolared groups

b, On-land resources: gardens, plantations, sago stands, other miperals, etc.

¢. Fishery resources idendfying commercial, market and subsistence
(include river fisheries and marine fisheries if submarine taiiings disposal is an option. Fisherie< includes fin-fish and shellfich)

d. s there any relevant documentation of local resources?

(if s0. obrain copies)
13 Potential soclal Impacts

(indicate locations on maps, and explain reasons)

a. Note rypes of rights of traditional landowners and/or userxs
(for example, ccacpation, o7 use only)

b. Show those areas subject to tradidonal use and inheritance that will be irreversibly altered
by the mine  (xplain)

¢. Locate and describe archacological sites, and sites of traditional importance

14 Public Information

a. Has information about the development been made available to the public?
(if yes. desribe how mformation provided and lid documents)

b. List of public mectings held and attendance

c. Has any schedule been developed for routine
meetngs with the public or tepresentanve groups? (provide details)

15 Other relevant information




