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creasing impact of minerals development world-wide, and specifically, the impacts
of Australian minerals companies in the Asia Pacific region. Itis a research and
advocacy organisation based in Sydney, Australia.
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Good mine management - To ensure that mining projects in Asia-Pacific comply
with principles of ESD and social justice in their development, operation and clo-
sure.

Preventing development of undesirable mining projects -To prevent the develop-
ment of projects that would adversely effect areas of natural significance or are
inconsistent with ESD principles and social justice.

Mineral efficiency policies - To promote mineral efficiency (policy) as a means of
reducing the number and impact of mineral exploration and mining projects.

To provide support to communities requesting information on operations within the
mining sector.
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Environmental Risks associated with
Submarine Tailings Discharge in Astrolabe
Bay, Madang Province, Papua New Guinea

INTRODUCTION

Inlate 1998, the Mineral Policy Ingtitute (MPI) wasapproached by community groupsin
Papua New Guineawith concerns about theimpact of wastefroma proposed new mineon :
the environment in Madang Province. In response, MPlI commissioned this scientific
report. It examinesthe environmental riskswhich arisefrom proposed submarinetailings -
discharge (STD) from anickel-cobalt mine near the Ramu River into the environment of -
Astrolabe Bay, Papua New Guinea. :

SUMMARY

Highlands Pacific Limited is currently seeking finance for the devel opment of aNickel- -
Cobalt minein Madang Province, Papua New Guinea. Theminewill belocated near the -
Ramu River, with processing facilitiesat Basamuk Bay onthe Rai Coast. Basamuk Bay is -
asmall enbayment of thelarger Astrolabe Bay. Highlands Pacific plansto dispose of mill -
tailings through a submarine outfall into Astrolabe Bay. Oceanographic conditionsin -
Asgtrolabe Bay make this practise inadvisable if consideration is given to the ecological -
health of the Madang region. :

BACKGROUND

A lateritic nickel deposit was discovered at Kurumbukari, a Site south of the Ramu River, -
in the early 1960s and was owned by a succession of interests before the project was
taken up by HighlandsGoldin 1993. 1n 1997 the Highlands Pacific Limited Group, through
itswholly owned subsidiary Ramu Nickel Limited, acquired HighlandsGold's65% inter- :
est inthe project and became manager of the Ramu Joint Venture. :

A feasibility study indicating the technical and commercial viability hasbeen completed
and Highlands Pecific are currently seeking financial backing to allow the project to :
commencein mid-1999. Natural SystemsResearch of Hawthorn, Australiawascommis-
sioned by Highlands Pacific to prepare an Environmental Plan and thisis expected to be :
released in February, 1999. Inthe Environmental Plan consideration isgiven to the prob- -
lemsfacing the project in regard to the safe disposal of tailingsmaterial. Inthe assessment
of thiscrucial subject, Natural Systems Research relied upon their own basdline studies, :
thework of Fluor Daniel Corporation, and that of other third parties. :

Natural Systems Research (NSR) has provided environmental consulting servicesto the -
PNG mining industry for over 18 years. During this period they have been involved in -
variousaspectsof theLihir, Misma, Porgera, Mt Victor, Wal polu and Chevron GasPipe- -
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line projects, amongst others. Fluor Danid is one of the world's largest international
engineering, construction, and diversified services companies, aswell ashaving anim-

portant investment in low-sulfur coal. Fluor’'s coal
operation, located in Central Appalachia, ranksamong the
top five U.S. coal companies and produces high-quality,
low-sulfur steam coal for the electric-generating industry
and industrial customers.

Inregard tothedigposal of tailingsfrom the Ramu Process-
ing facilities, two options have been considered. These
wereto pump thetailingsdirectly into the Ramu River or to
releasethem asa submarine dischargeinto Astrolabe Bay.
Thelatter proposal isnow Highland Pacific'spreferred op-

At present Highlands Pacific
favours the construction of a
pipeline to 150m depth that
will discharge over the 20
year life of the mine some 60
million tonnes of tailings into
the ocean.

tion. There is substantial literature available on the

environmental impact of riverinetailingsdisposal in Papua

New Guinea, much of which has some bearing on the potential effectsif used inthe Ramu
project. With regard to the small size of the Ramu River and thelarge human population
dependant upon it, riverine discharge of mine wasteswould be most inadvisable by any
acceptable standards.

ThisanalysisexaminesHighland Pacific’'spreferred option - the disposal of mill tailings -
into Agtrolabe Bay. Highlands Pacific aimsto placeits processing plant at Basamuk Bay,
a site on the coast some 40km south-east of Madang. At present Highlands Pecific -
favoursthe construction of a pipelineto 150m depth that will discharge over the 20 year
life of the mine some 60 million tonnes of tailingsinto the ocean. Thispractiseisknown
as Submarine Tailings Discharge and is now increasingly presented a safe and viable :
option by mining companiesin the Pacific region.

Submarine Tailings Discharge
Theaim of Submarine Tailings Discharge (STD) isto de-

In theory STD can only be

posit wastesin stratified watersoff continental dopeswhere
itislikely thetailingswill betrapped bel ow the mixed sur-
face layer and flow as a dense durry to the deep ocean
floor. Itisvital that they will remain at thisdepth, asitis

considered in areas that have
no history of upwelling as
such events could cause huge

believed that they only present a seriousthreat to the envi-
ronment if they enter the oxygenated, well mixed surface
layers of the ocean. The loss and alteration of benthic
(sea-floor) communitiesis considered one of theinevitable
cogsof STD, butintermsof sgnificanceit remainslargdy
unquantified.

guantities of tailings to be
brought to the surface of the
ocean.

The direct disposal of mine tailings into the ocean has been practised in parts of the
northern hemispherefor over 50 years. Itisonly inthelast 25 yearswith theincreasein
environmental awarenessand closer regulation, that mining companies have attempted to
place tailings at depths bel ow the well-mixed surface zone to mitigate adverse environ-
mental effects. Recently new minesin the region have tended to dischargetailingsat a
depth of around 80-100m although some minesin the Indonesia/PNG region discharge
below thislevel. :
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Submarine Tailings Discharge, or STD, has recently come into favour in Papua New
Guineawhere on-land disposal optionsare problematic. Two mines, Mismaand Lihir,
already usethistechnique. STD isan attractive option in PNG for several reasons. In
comparison to on-land tailingsretention, it isarguably safer
both to local people and the environment. It is accepted
that much of Papua New Guinea is unsuited to the con-

In practice it is inevitable that

struction of tailings dams due to rugged topography, STD oper ations will have
seismic activity and high rainfall. Thesefactorsincrease ) o
thelikelihood of adisastrousdam failure. Astailingsdams adver se effects in the receiving

require continuous monitoring and post-mineremediation,

STD isalso cheaper inthelong term. environment

Theminingindustry considers STD to beasafedisposal option. Thetechniquerelieson -
thereceiving watersbeing permanently stratified. That is, they haveadistinct boundary
between an upper well-mixed layer and alower unmixed layer. If tailingsare mixedtoa
density the same asthat of the bottom water they will usually form a*turbidity current’ -
and travel to the bottom of the lower water body. Such turbidity currents generally
require a seabed slope that is greater than 10-12° to occur on a continuous basis. In -
theory STD can only be considered in areas that have no history of upwelling as such -
events could cause huge quantities of tailings to be brought to the surface of the ocean -
(USBureau of Mines, 1994). :

In practiceit isinevitable that STD operationswill have adverse effectsin thereceiving
environment (US Bureau of Mines, 1994). All STD operations around the world cause -
increases in suspended sediment, trace metals and residual milling reagent concentra- -
tionsinthereceiving waters. These componentsof thetailings can detrimentally affect or
alter benthicinvertebratesand fish, pelagic zooplankton and fish, and the phytoplankton -
and microbiota on which theseanimalsrely. :
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THEASTROLABE BAY SITE

Bathometry

The shoreline of Astrolabe bay is characterised by a series of canyons and intervening -
ridges. Thecanyonsmergetoformasingle structure about 9km from shoreat about 700m
depth. Closer to shore the canyons are well-defined structures with steep sided walls. -
Theaverage seabed dopeto about 250m depth varies between 7° and 13°. Between 300m
and 600m the average dopeisaround 3° and at greater depthsthe seabed dopesgently to -
the north at about 1°-2°.

I n theory, submarinetailings discharges generally form acoherent density current onthe
seabed which transports the solids under the influence of gravity to greater depths. -
Deposition from these density currents generally occurs on seabed dopes less that 12°
(NSR,1997b). In Agtrolabe Bay theselow d opesarereached at adepth of about 250m, and
by 300m depth thedopeison average only 3°. Itistherefore highly likely that substantial
quantities of tailingsmaterial will bedeposited in thevicinity of 300m depth, and will not
be transported as a coherent flow to abyssal zones. Thetwo other minesin PNG that use
STD, Mismaand Lihir, both have receiving submarine sopesthat are far steeper than
thosein Astrolabe Bay. Misma is reported to be a model STD operation, largely as a
consequence of the degp waterswithin a coupl e of kilometresfrom shore (Jonesand Ellis, -
1995). Thesamecannot besaid of AstrolabeBay. ThisdifferenceisapparentinFigurel
that shows diagrammatical cross-sections of the submarine slopes at the Misima, Lihir -
and Astrolabe sites.
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Figure 1. Cross section of submarine slopes at three mine sites in PNG (NSR, 1992, 1997a and 1997b).
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While submarine canyons are undoubtedly major conduits through which turbidity cur- -
rents, debrisflows and dumps carry large volumes of continental sedimentsto the deep -
seq, itisnaiveto concludethat thereislittleresuspension of thismaterial. For examplein -

hisstudy of Baltimore Canyoninthe USA, Gardner (1989)
found significant resuspension of sediment in the canyon
axisin winter, early spring and sometimes over a whole Previous experi ence in the

year. Thereisno evidencethat thisresuspended material . .
flows down the canyon floor - instead it generally flows region with STD has shown

away from the canyon along density discontinuities (the that substantial quantiti es of
interface between two bodies of water with adifferent physi- o
cal parameter, such astemperature or density, iscalled a tailings can separate from the

discontinuity). primary tailings flow.

Previous experience in the region with STD has shown :
that substantial quantities of tailings can separate from the primary tailings flow. This -

alwaysoccursat the outfall sitewherethetailings generate turbulencein thewater body, ;
and usually occursat discontinuitiesin the ocean water density profile. These‘plumes’ :
of tailings disperse horizontally along these discontinuities. At Misima a significant -
quantity of tailings material has been found to separate from the descending density -
current and spread out horizontally. Although this metal-rich sediment remainstrapped -
by thermal stratification below 150m depth it extendsto a distance of Skm from the outfall -
(NSR, 1997b). Thereisevery reason to sugpect that this phenomenon will occur at the -
Astrolabe Bay STD dite. :

Oceanography

Natural Systems Research (1997a) in their inception report for the Ramu Nickel Mine
stated that thereisno information available on subsurface and bottom currentsin Astro- -
labe Bay. Thiswasincorrect. Thereisamodest amount of published research that calls -
into question the assumptions of Natural Systems Research, Fluor Corporation and High- -
lands Pacific concerning the safety of the STD proposal. :

The oceanography of the northern New Guinean watersis dominated by a body of mov- -
ing water known asthe New Guinea Coastal Undercurrent (NGCU). TheNGCU carries -
water from the Solomon Sea through the Vitiaz Strait and al ong the coastal region. The -
current hasamaximum speed of 40-70cm per second (approximately 2kmph) at adepth of
about 200m (Lindstromet al, 1987; Butt & Lindstrom, 1994). TheNGCU isapermanent -
feature of these waters despite reversalsin wind and surface currents during the North-
west Monsoon. This water characteristically has high salinity, low tritium and high :
oxygen concentrations(Tsuchiyaet al, 1990). It originatesin the surface high-salinity cell -
centred around the Tropic of Capricorn inthe South Pacific whereit submergesand flows -
WNW inthe South Equatorial Current (Church, 1987). Thiswestward moving current hits
the Australian coast at about 18°Swhereit bifurcates, with the northward moving branch -
eventually becoming the NGCU. The location of the NGCU on the north coast of New
Guineainthevicinity of the development siteisdisplayedin Figure2. TheNGCU flows
along the Rai Coast and past the Basamuk Bay site. It continuesonto thewest and north- :
west, and in doing so generates a clockwise gyrein Astrolabe Bay. :

Between June and August, South-East Trade winds generate surface currents along the
Northern coast that flow from west to east; inthe same direction asthe sub-surfaceNGCU
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Figure 2. Current Map for the depth range 146-210m (Lindstrom et al, 1987; Butt & Lindstrom, 1994)
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1
(Lukas, 1986). However during the North-West Monsoon (generally between December- -
March), an eastward moving surface current is generated that induces upwelling along
the coast. Upwelling isthe term used to describe the movement of water from deeper
levels to the surface, a phenomenon that may be induced by several factors including :
offshore winds or where surface currents move in opposite directions. The upwelling -
water isof low temperature, high salinity and low tritium concentration (Colin et al, 1974), -
strongly suggesting derivation from the NGCU. It also givesriseto the high fertility of -
the Astrolabe Bay region (Colin et al, 1974). During the monsoon period the thermal -
structure of the coastal watersalso clearly reflects coastal upwelling (Lukas, 1986). The :
onset of upwelling has been observed from the Christensen Research I nstitute at Nagada
Harbour (15km north of Madang) where the NW Monsoon has been correl ated with the :
digtinct and rapid reduction in surface water temperature (CRI unpublished data). '
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DISCUSSION

Thesafety of Submarine Tailings Discharge depends upon thetailings being permanently
deposited in adeep-water environment. Itisnot acceptablein areaswherethereistherisk -
of tailingsupwelling to the surfacelayer of the ocean (US Dept of the Interior, 1994). This
isbecause of the savere environmental impact of tailingswhen they enter thebiologically
active surface zones. Within the upper layers of the ocean, metalsare easily oxidised and
becomereadily availableto biota. Further, high concentrations of suspended sediments
also reducefertility of surface watersthrough inhibition of :
photosynthesis and can directly effect the health of fish
populations (Kline, E.R., 1994). Considering thenature of
theRamu orebody it islikdy that the Ramu tailingswill be

Many, if not most locations in

richin several metal species(cobalt, nickel and chromium) the Indonesian/ Papuan Ar chi-
and will also contain high concentrations of reagentsused .

in the extraction process. Several of the commonly used pel ago are relatlvely free of the
milling reagents are toxic in low concentrations. In this risk of upvvel li ng transporti ng
caseitislikey that if upwelling carried mine-derived mate-

rial into the upper |layersof the ocean therewill beanegative tailings to the surface. The

impact on the local marine ecosystem. Many;, if not most S
locationsin the Indonesian/Papuan Archipelago arerela- Astrolabe Bay site is however
tively free of therisk of upwelling transporting tailingsto an exception.

the surface. The Astrolabe Bay siteis however an excep-

tion.

In comparison to other sitesin the region, the submarine dope of Astrolabe bay isrela- -
tively flat making the development of a coherent density flow to deep waters unlikely.
Consequently, significant quantities of mine wastes are likely to be deposited at depths -
shallower that 300m. Sediments at this depth are subject to irregular submarine storms
that can causeresuspension. Further, theareawithin the 100-300m zoneis subject to the
permanent movement of the New Guinea Coastal Undercurrent that carrieswater along
theNew Guinean coadt. Itishighly likely that thiscurrent will carry withit tailingsmaterial
and transport it to the west. While it is expected that tailings material will be rapidly
diluted after its entrainment in the NGCU, on the basis of other STD case histories, one
would expect high concentrations of tailings to be found in these watersfor a consider-
able distance to the northwest of the site. During the NW monsoon, this water body,
through itsinteraction with opposing surface currents, upwells along the coast. Conse-
quently it is probable that tailings will be brought to the surface of the Astrolabe Bay
coastline during the Monsoon period. If thisoccursit will haveasignificant impact onthe
productivity and ecology of Astrolabe Bay and the Madang coastline.

SuBMARINE TAILINGS DiScHARGE IN ASTROLABE Bay 10 |



MINERAL PoLicy INSTITUTE
g 1

REFERENCES

Butt, J. and Lindstrom, E., 1994. Currents off the east coast of New Ireland, PapuaNew
Guinea, and their relevance to regional undercurrentsin the Western Equatorial Pacific -
Ocean. Journal of Geophysical Research, 99; 12503-12514. :

Church, J.A., 1987. TheEast Augtralian Current adjacent to the Great Barrier Reef, Aus- :
tralian Journal of Marine and Freshwater Resources, 38, 671-683 :

Calin, C., JR. Donguy, C. Henin, C. Oudot and B Wauthy. (1974). Upper watersnorth of
New Guineain 1971, Proc. 3rd CSK Symposium. Bangkok, Thailand, 1973, 132-149.

Gardner, W.D., 1989. Baltimore Canyon asamodern conduit of sediment to the deep sea.
Deep-Sea Research, 36; 323-358. :

Jones, S.G and Ellis, D.V., 1995. Degpwater STD at theMismagold and silver mine, Papua -
New Guinea. Marine Georesources and Geotechnology, 13(1-2): 183-200. :

Kling E.R., 1994. Potential biological consequencesof submarine mine-tailingsdisposal:
aliterature synthess. US Bureau of Mines, OFR 36-94. :

Lindstrom, E., R. Lukas, R. Fine, E. Firing, S. Godfrey, G Meyers, and M.Tsuchiya. (1987).
TheWestern Equatorial Pacific Ocean Circulation Study. Nature, 330; 533-537.

Lukas, R. (1986). Upweling along the Papua New Guinea coast. Proceedings of the Sym-
posium on Marine Science of the Western Pacific. IOC Westpac. Townsville. Audtralia.
Abstract p 42. :

Natural SystemsResearch, 1992. Lihir Project Final Environmental Plan. VolumeB: Main -
Report. NSR Environmental Consultants Pty Ltd, Hawthorn, Victoria. :

Natural Systems Research, 1997a. MismaMine, PapuaNew Guinea. Review of Subma-
rineTailing Disposal. NSR Environmental Consultants Pty Ltd, Hawthorn, Victoria. :

Natural SystemsResearch, 1997b. Ramu Nickd Project, Environmental Plan Inception
Report. NSR Environmental Consultants Pty Ltd, Hawthorn, Victoria. :

US Department of the Interior, 1994. Case Studiesof Submarine TailingsDisposal: Vol-
umell - Worldwide case historiesand screening criteria. Bureau of Mines, OFR 37-94.

Tauchiya, M., R. Lukas R. A. Fine E. Firingand E. Lindstrom. (1990). Sourcewatersof the
Pacific Equatorial Undercurrent. Progressin Oceanography, 23; 101-147. :

| SuBMARINE TAILINGS DISCHARGE IN ASTROLABE Bay 11




