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Deep Seabed Mining and the Environment: Consequences, Perceptions, and

Requlations

Jan Magne Markussen

Introduction

This article focuses on environmenta conseguences of deep sesbed
mining. The fird part deds with environmenta impects. The second
concentrates on nationd and internationd response in terms of rules
and regulationspassed to protect theenvironmert.

Condderable efforts are currently under way under the auspices of
the seoretary-generd of the United Nations b create a besis for
universal acoeptance of the 1982 United Nations Convention on the
Law of the Sea Asof 13 October 1993, fifty-nine countrieshaveratified
the Convertion, which will enter into force one year dter Sxty
rdifications have been received. Theremaning ratification may comea
the end of 1993. The Convertion conddts of eghteen parts Broad
agreament exists on seventeen of these, Part XI dedling with the Area
(the degp seebed)) isthe prablem. The USA, Germany, and Greet Britain
have refused to Sgn the Convention, holding that Part X1 does not
dlow auffident roomfor priveteenterprisewhiled o paving theway for
Szedhle United Nations bureaucracy. Here we might add thet none of
the indudridized countries except lodand, have ratified the
Convention.

The sscretary generd has aligt of eight so-cdled hard-coreissues,
which forms the badis for his informa conaultations on outstanding
issues rdding to the degpsedbed mining providons of the
Converttion. Theligt origindly consisted of nineissues Intheautumn
o 1992 ‘Environmental Congderations of Degp Sesbed Mining' was
removedfromthelist.

In 1991 the United Naions Preparatory Commision for
the Intemationd SeaBed Authority and for the Internationd
Tribund for the Lav of the Sea hed dedt with Drat
Regulaions on Progpedting, Exploraion, and  Exploitation
of Poymedic Nodules in the Area The gened dtitude
anongd patidpats a the infoomd consutaions hdd in
August 1992 wes thet the environmentd consequences would
be ‘menegedde’. Comprehensve dudies of  environmentd
consquences of degp sesbed mining carried out in severd
countries conduded thet the consequences would hardly be
0 sious as to, for ingance, put a dop to future commercid
eplataion. Ervironmetd orgenizations in the USA ae
not particularly concerned about the issue, and do not represant
a pressure group. One reason is the assumption that commercid

explaitationisnot ye imminatt.

Was there judtification for removing evironmenta consderations
from the lig of hard-core issues? Was this done on the bad's of
sdietific condderaions, or was it more in the hope of achieving
universd acceptancefor the Convention”?

Environmental Consequences of Deep Seabed Mining
Polymetallic Nodule Deposits

The degp secbad covers an areatwice the Sze of theland areaof the
eath. Thae ae three man groups of degpsesebed mingds
polymetalic nodules crudts, and sulfides This atide will concertrate
on nodules, becauseit iswith this category thet the greatest progress
hes been mede in exploraion, evdudion of environmentd
conseouences, development of technology, economic andyss and
thedevd opment of alegdl and palitica framework.

Commaddly interesting depoditsof polymetdlic noduleshavebeen
identified & depths of 4,500-5,500 metresinthe Clarion Clippertonarea
of the centrd eastern Padific Oceen, and in the Centrdl Indian Basin of
the Indian Oceen. To be regarded as commerdd, the deposits should
have an average content of nickd and copper of &t leest 2.25 per cart,
and anodule density of gpprox. 10 kilograms per square metre The
nodules contain somefifty metalic and nontmedlicdements of which
nickd, cobdlt, copper, manganese, molybdenum, and zinc arethe most
important metals Nodule depasits represent mgor reserves of metds
Cautiousandysesshow, for ingance, thet thereistwiceasmuch cobelt
intheClarion Clipperton areadoneasintota lancbased reserves!

Sudies of Environmental Conseguences of Degp Seabed

Mining

The USA and Germay have long been the leading netions
in tems of dudies of environmenta consequences of deep
sebed mining. The USA was the pionesr; in 1975 the US
Natiord Ocemic ad Atmogheic Adminidration intisted
the Depp Oceen Mining Ervironmetd Sudy. This five
year project was organized as a cdlaborative effort between
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the Nationd Oceanic and Atmospheric Adminigration and four US-
regigered indudtrid groups. The project condgted of two phases the
fird, to characterize the region environmentaly, and the second, to
monitor the effects of indudrid pilat-scdeequipment tesstherein. The
spedific objectives of the project were to deveop: (1) environmentd

besdines (hidogicd, gedlogicd, phydcd, and chemicd) at the three
stes chosen as represntative of the range of environmentd
peramaeslikey to bemet during mining; (2) predidive capahilities, to
identify potertid environmentd effects of nodule recovery; and (3) an
information besg, to prepare environmenta guidedinesfor government
andindustry?

As a pat of the seoond phese the Naiond Oceanic ad
Atmogohaic  Adminidration monitored te mining  operations
conducted by the industrid groups in the Pedific Oceen in the late
1970s For example, Oceen Mining Assodiaes conducted on 10
November 1978 an integrated test of goproximatdy twerty hours of
continuousmining at 15,000 feet, duringwhich time 400 tonsof nodules
were collected and lifted to the ship as various system conoepts were
examined® Oceen Mining Assodiates employed a passive towed
collector unit for the tests while another indudry group, Oceen
Minerds Compeny, used an active sdfpropdled cdllector unit for its
integrated tests In 1981 the Nationd Ocesnic and Atmospheric
Adminigration published the fird comprehensve Degp Seebed
Mining Ervironmental Impect Satement’”

TheDegp Ocean Mining Environmenta Study conduded, inter alia,
thet there was a need to look more dosdy into the environmentd
impacts on the degp seabed—induding theeffects of the callector unit
in and near the mining tracks, and the effects of the bertthic (bottom)
plume on benthic life, and its food supply, avay from the mining
adivity. Inline with these recommendtions; the organization hes over
the past ten years concentrated its work on the degp seebed. The
Nationd Oceanic and Atmospheric Adminigration has designated
Interim Presarvationd Reference Aress in the Claion Clipperton
Fadure Zone Thee ae ddble reference aess which will be
unaffected by nodule mining activities but which are Smilar to mining
Stes 0 that they can efectivdy serve as controls. The Naiond
Ocemnic and Atmospheric Adminisration hes worked adtivdy to
egablish collaboration withother countries Research collaboration has
been egablished with Jgpan, the Commonwedth of Independent
Saes and France an exchange arangement for sentigts with the
Gamean project (see bdow) has teken place: The cdllaboraive project
between the USA and the Commonwedth of Independent Satesisa
lagescde Benthic Impect Experiment. Jgpen and the United Siates
planto cary aut joint monitoring of the Japanese mining testsin 1996,
where Japan focusss on the auface problems while the US

Side concentrates on the degp seebed. The Japanee entigsplanto
cresteamodd illugrating what heppensa the surfacelevd andinthe
weter column. The planned monitoring is a part of a comprehensive
Jpenee evironmantd impact sudy, initited in 1990 and co-
ordineted by theMeta Mining Agency of Japen?®

The Gaman ‘Digurbence and Recolonization Experiment’ was
commenced in 1989 as the firgt longtem, lagescae disurbance
recolonization project. The programme s finencad by the Gamman
Ministry d Research and Technology and is co-ordinated by the
Univesty of Hambug? After obtaning predimpect besdine
evironmentd daa, an areaof 10.8 59 km. in the esstern Souith Pedific
was didurbed in February—March 1989 using a ‘plough harrow
device An initid postimpect sampling saries was caried out
immediatdy dfter digurbance the Stewas revisited agan for renewed
postimpact sampling six months after the disurbence Rans cdl for
repegted viststothesteat two-year intervastomonitor theanticipated
dow recolonization process until the area is inhebited by a new,
dabilized community.”

The Didurbence and Recolonization Experiment is one of severd
projects in the Garmen Tigfsse-Umweltschutzprogramme for reseerch
for the precautionary environmenta protection of the degp sea DM 17
million hes been inveted in the programme from 1989 to 19932
Curetly Gamany hes the highet levd of adtivity in degpsea
environmentd research.

To summarize comprehendvework is currantly being carried out to
Sudy the environmental consequences. This type of reserch is not
new; it has been conducted in padld with devdopments in
technology. During the lagt four years we have seen consderable
growth in eforts in this area Environmental consequences thus
conditute a mgor area of research in degp seebed mining today.
Moreover, ressarch in this arealis far more then mere office work, the
greder part of it being practicd sdentific work carried out & sea
However, it should be emphasized that up to the present it hes only
been possbleto sudy theeffectsof amal-scale, short-temmining. Nat
until very recetly have longtam, lagescde disturbance
recolonization projects been darted. The resuits from thisresserch are
dreedy emarging, but many decades will pass before we can say
anything certain about what actudly happenson the degp seebed with
regard to repopulation and recolonization. A largescdeprgect likethe
Gaman ore will, however, never be aile to take the place of actud
mining. There is broad agreament among sdentigts thet only under
longterm pilot mining operations will it be possble to sudy the
environmenta conseguences stisfactorily. Here, it should be pointed
out thet the Jgpanese test planned for 1996 cannot be seen asalong-
term comprehendive pilat mining operaion, though this is nat to
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Sy it may not proveuseful inan environmental context.

Main Ervronmental ProblemAreas
Therearethreemain evironmenta problem areesto be expected from
exploitation of noduledeposits’

. Thefirg relatesto what happens on the seabed. Asthe collector
unit gathers nodules, it will seioudy destroy the top few
centimetres of the seebed, causng mgor digurbance and
diguption to the floraand faunain the mining tracks In addition,
the propuldon system of the collector unit will ir up sediments; as
aresuit, orgeniams in and around the tracks will be patidly or
entirdy buried. Inthe mining tracks for instance amortdity rete of
95-100per cart may beexpected for orgenismsfound there.

. The second rdates to the discharge of waste water from the
mining ship. After the nodules have been gathered by the
collector unit, they will bewashed dean by water jets Thenodules
will then be crushed and brought to the surface as durry
containing both crushed nodules and water. When the durry
reechesthe surface, therewill beapatid discharge of wastewater
containing particulate metter and trace metals Thisdischarge may
interfere with light pendtration and reduce photosynthesisin the
surface layers Furthermore, the wadte water will be consderably
colder thenthesurfacewder.

. The third rdates to onshore processing. This indudes wade
waer, talings, and dag. Here roughly the same problems will be
encountered asinland-based mining operations.

Two of thethree chief prablem areasinvolve the mining operation, the
effects on the degp sesbed and the effects in the water column. To
underdand this better, it will beuseful tolook moredosdly a just what
goes on in the various zones of the water column. There are four
bidogical zones®

Zonel. theepipdagic zone

This zone extends from the surface down to goproximeatdy 200 metres
An importart part of the zone is the portion through which suffidient
light penetratesto enable photosynthesisto takeplace. Thislaye—the
euphatic zone—isdefined asthe depth interva from the surfacedown
to the depth where light intendity is reduced to 1 per cant of the
intensty immediady benegth the suface The lower limit of
the layer will necessrily vary both &s regards the geographica
coadinges and the time of year. Typicd examples from the
Padfic and the Atlantic have the 1 per ocat limit & about 50
metres dthough in tropicd wates this limit lies & aout 0
meres The epipdagic zone is by far the mos productive part

of the water cdlumn, esimates indicating that 80 per cent of the totd
biomass in the oceans is found here The biomass in this zone
comprises phytoplankton and zooplankton, fish, and fish gpawn. Itis
herethat dmost al theworld'sfishery resourcesareto befound.

Zone2: themesopdagic zone

The mesopdagic zone extends from about 200 metres to about 1,000
metres Inthisintermediate zonewefind layersfestring extremevalues
as regards important chemical and physicd perameers. Herewefind,
for ingance, minimum vauesfor the content of oxygenin solution. In
thislayer cartain pedies of pdagic fishrstocksand degp-seasrimpare
found, rendering the mesopdagic zone of some importance for
commadd fishary.

Zone3: thebathypdagic zone

As a lower intemediate zone, the bethypdagic zone extends from

about 1,000 metres down to about 4,000 metresbdow the surface: The
biomeass in this zone is relaively sparse, dueto minima energy inthe
form of sunlight penetrating to such depths, and a scant supply of

nutrients. For thefew animdsliving in thisareg, consarvation of energy
isacadind prindiple

Zone4: theabyssopeagic zone

In the high sees this zone extends from about 4,000 metres bdow the
surface down to the sesbed, and is characterized by a high degree of
gahility. Temperatures are low, ranging between 1 and 4 degress
Cdsus and very gable Stahility cheracterizesthe abyssopdagic zone
in other contexts aswdl: low rate of sedimentation, extremdy low light
pendration, and limited supply of nutrients The low supply of
daments necessary to living organisms means that the few biologica
resourcesexising hereareto befound onthe seafloor andinthe upper
few centimetres of the seebed sediments. Although meany Speciesare
found down & the degp seebed, there are rddively few spedmens of
eechedies

Environmental Uncertainty on the Desp Seabed
It is importart to diginguish between problems that are managesble
and possibleto live with, and sgnificant adverse changes thet cause
sgrious harm to the environment. A ‘Sgnificant adverseenvironmenta
impect’ may be defined as important harmful changes in ecosygem
dversty, the productivity of the bidogicd communities with the
environment; or the threet to humen hedlth through direct exposure to
pallutants, or through consumption of exposed aguatic organisms, or
important lossof aesthetic, recregtiondl, serntific, or economicvaues™
The mogt Sgnificant environmenta impacts will be those caused
by the cdledor unt on the degp seebed Geman
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gientigsdestribetheeffectsonthedesp seabed likethis

Mo of the nodules condtituting ahard sUbdrata for the settlement of organismswill
becallected, asmdl number will bemissed by the cdllector system, but thesearellikdy
to be buried from ressdimentetion of the plumes The soft sediment around the
nodues will be ssvardy didurbad, compresson of sediment will ooour to severd
dedmeters and much of the faunawill be destrayed. Next to the collector sysem
tracks sediment will be piled up. Smell aress may ramain unditurbed by these adtions
but they will most cartainly recave a cover of sediment from the plume Sedment
surfacefeeding faunawill diefrom food shortegeif these menegeto survive the direct
mining impact. Some chence of aurvivd ramans only for ddked organiams
penetrating high above the blanketing layer. Their food sources; driftingplankton or
other partides will pessby with the currents after the plume hes disgppeared. Intotd
the community will be tremendoudy dtered and recdonization will be avay sllczw
process Thereestablishment of abalanced community may findlly teke decedes

Itisyet too early to say how sariousthe environmenta consequences
on the deep seebed will be US ressarchers have studied the effects of
pilot mining operations conducted in the late 1970s but these were
limited and short-term test operations As mentioned, comprehensve
longterm dudies darted only three of four years ago, S0 limited
empiricd datais avalable Thereis broad agreament on the need for
more ressarch—such asinvedtigation of thedirect bottom disturbance
by the odlector sytem and its indiret influence through
ressimentation of theplume.

The seocond chief problem areqlis related to the discherge of wadte
water from themining ship. Thedurry loeded on board themining ship
a theriser outlet will havean goproximetdy 1010 20 per-cent content of
mingd maeid. To minmize the vdume-toweight retio of the meterid
to be temporaily stored on board the mining vessd, a dewatering
process will be carried out to separate the seawater from the minerd
metaid anddigposeof it outsdetheship. Dischargeof thewastewater
from this process implies adding to the euphatic zone a dgnificant
volume of water with different physicd and chemicd charadteridtics
Such wedte water comprises sesbed water, sediments fragents of
nodules, and benthic biota from the seebed. Its temperature is lower
thanthat of surfacedayer wate—norma sebed water being between 1
and 4 degress Cdsus This will rise somewhet in the course of
pumping and dewatering, and is caculated to be between 7 and 10
degress Cdgusat discharge. By contregt, inthetest mining areawhere
these cdaulations have been made, normd surface temperaure is 26
degreesCddus, thus, discharging wastewater involvesaconsderdble
reduction in temperature the moment the weter mests the surface
Temparaureisanimportant perameter for lifeintheeuphatic zone

US invedigations have conduded that dischage of wede
wae is unlikdy to represat ay sious prodlem. Patides
have been found to Snk more rgpidy to the bottom then hed
been atticipated. It will be interesing to see if the Jgpanee

Sudy fully confirms these resuits. The Germans have recommenced
further ressarch in thisareaaswell. Thedischarge depth for thewaste
waler isamuchrdebated subject. Rather than discharge everything at
surfacelevd, seveard sourceshaverecommended adepth of 200 metres
or even 1,000 metres. By choosing the former, disturbance of the most
productive part of the water column, the epipdagic zone, would be
avoided. Those recommending a discharge depth of 1,000 metres or
more judify this by the need to avoid disturbing the processes going
oninthemesopdagiczoneaswel.

Thethird chief problem hasto dowith processing operationsashore.
Vaious hydromedlurgica and pyrometdlurgica processeshavebean
devdoped for extradting the metd contert from the nodules In a
hydrometdiurgicd process—a leaching process—chemicd additives
and dectrovinning are ussd to refine the mingd maeid. In a
pyrometdlurgicd process—asmdting process—themingd mateid is
srdted toacrudedloy beforethemetd products are extracted by use
of chemicd additives Environmenta consequences will mainly be of
two types Thefirg category isimpacts caused during operationof the
processng plant—yprimaily because of gas emissons from
pyrometalurgica processss the integrated power plant, and from the
integrated sulphuric add plant. Emissons of sulphur dioxide, nitrogen
dioxide, hydrogen sulphide, and carbon monoxidewill have effectson
ar qudity. The second category comprises the environmentd impacts
causad during pre-treting, handling, and disposd of wadte materid.
Manimpactshereare causad by onshoredigposd of westemeteria—
dag, talings process water, and codling wate—from the processng
operdions.

To summarize: the effects of onshore processing are in many ways
similar tothose caused by landHoased production. Mining degp sesbed
minerds thus represents no new source of environmenta impadts; but
raher an dternative source of supply of the same endyproducts.
However, this does nat gpply to the effects on the segbed and the
water column. Here degp seebed mining will areete new types of
environmenta impect. Future explaitation of the nodules will represent
the fird largescde adtivity ever atempted a such depths and
condderable uncertainty attends the environmental consequences.
Thegrestest uncertainty concernsthe desp seaboed. Scientistsdescribe
themselves as cautious optimists, however, o there ssamsto be no
reason to prohibit planned test mining. In fact, longtam pilat mining
operations will probebly be the most important source of knowledge
about theenvironmental consequencesof desp seabed mining.

The environmenta consaquencesof the mining pheseare presented
inaschemdicformin Table1*
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Deegp Seabed Mining Technology: Are the Concepts of
Today the Technology of Tomorrow?

Theenvironmentd consequences will to agreat extent depend onthe
technology sdected. It is difficult to formulate detailed regulations
protecting the environment unless we know what kind of technology
will beused.

The basic technology for mining and processing of nodules has
been developed. However, much devdopment work remains before
the sage is reeched when it can be employed on acommerdd scde
The 1996 Jgpanee tet mining may prove important for further
techndlogicd devdopment. Only through integrated tests of the
complete sysem can we leamn which sub-systemsto sdect for further
devdopmentandwhichtorgect.

Clams have been made tha seven to ten years of further
devdopment work will be required subsaquent to enintegrated mining
testinorder to deve op atechnol ogy thet can be utilizedinacommedd
project. Thisis not necessily correct, however, Snce athers maintain
thet a government or company which hes dedided to explait the
resources and which has developed the basic technology and
completed test mining will hardly nesd morethenthreeor four yearsto
have a technodlogy tha woks So, to wha edet will the

conceptsof today bethetechnology of tomorrow?

Today's techndlogy hastwo mgor charadteridtics In thefirg place,
we mud redlize that assumptions regarding reihility and effidency are
basad upon theoretica analysisand testing onaminor scae. Secondly,
the concepts are not only the reult of reseerch and devdopment in
degp seebed mining, but sem from other arees aswll. Theconoeptsof
today show, in my opinion, thet the deep seabed mining engineerscan
goply totheir own areadements of theavailabletechnol ogy and know-
how in the offshore oil and gas sector, shipping, and land-basad metd
production. However, the question is have they managed to free
themsdves from conventiond lines of thought and to think afreshin
order todeve optechnology precisdly suited for the purpose?

No one can sy to what extent tomorrow's technology will be
different from thet of today. There is reason to bdieve that we can
expett to see radicd changes in many arees—induding a gregter
integration of the mining and processing phases Complete or partid
processng on the degp sesbed in an environmentaly ssfe manner
would dearly nat only bemoreeffident in technologicd terms but dso
morerdiond fromaneconomicangle

Table 1. Environmental consequences of deep seabed mining—mining phase

Impect Impacted area. Duration Near-fiddor far-fidd Recovery Sanificance
Physicd impect to seebed materid Sehad Longterm Near-fidd Sow Hich
Mechanicd dameged traok edges Seed Longterm Near-fidd Sow Moderete
SPM from propulson sysem Water column Sot-term Near-fidd Sow Moderate
SPM fromminerd inlet Water coum Sot-term Nea-fidd Sow Moderate
Accumulated plumeffect Water column Longterm Nea-fidd Sow High
Ressdmentation Sehed Longterm Near-andfar-fidd Sow Hich
Nutrition hindrance S Longterm Near-fidd Sow Low
Pump motors Water column Sort-term Nea-fidd Raad Low
Thrugters Weater column Short-term Near-fidd Rapd Low
Bxpdling fishand mainemammes Water column Sot-term Near-fidd Repd Low
Tempaauredecresse Qrfaelaye Short-term Nea-fidd Raad Low
Light reduction Srfaelayer Short-term Near-fidd Rapd Low
Increasein particulate matter Sufacelayer Sot-term Nea-fidd Rand Moderate
Lightintensity and quiity reduction Qfaelaye Short-term Nea-fidd Rapd Low
Incressein tracemetd concentration Qufecelayer Shot-term Near-fidd Rapd Low
BExtat Sufecelaye, ar Sot-term Nea-fidd Rapd Low
Noise Air Short-term Near-fidd Rapd Low
Interferencewith commerad fishery Water column Sot-term Near-fidd Repd Low
Cdlison Sufae Sot-term Near-fidd Rapd Vaylow
Lossof miningship Sehed Longterm Near-fidd Sow Vaylov
Lossof absasydam Seebed Longterm Near-fidd Sow Vaylow

Notes Durdion: Short-tarm: digurbence on ashart-timescale, inthe order of weeks Long-term: diturbence over alonger period of time, inthe order of years Recovary: Repid:
impected environment will recover within months Sow: environment will recover moredonly, with recovery to normi statetaking years: Sgnificance Low: not consideredto
care ay svere dsurbance to the environment; Moderate: consdered to cause a naticesble effect on the environment, but no mgor prablem to the community in the
environment in question; High: conddered to cause severe harm to the environment; further sudies nesdied prior to full-scdle commerdd mining.

Source Berge, Slig, Jn Magne Makussn, and Gudmund Vigaust (1991), Environmental Consaouences of Degp Ssabed Mining—Problem Areas and Reguiations(The

Fridgof Nansen Institute, Odo).
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Progpects For Commerdial Exploitation

Isit truethet commerdd explaitation liesfar inthefuture, and thet there
isdill plenty of timeto draw up rules and regulations for protection of
the degp-ssaenvironment?

The 1960s and the earlly 1970s were characterized by optimism,
economic growth, and rgpid technalogicd developmernt. It was during
this period tha interest in degp sesbed mingrds was sgrioudy
awvakenad. The introductory exploration of nodule depositstook place
in the 1960s while the 1970s saw private compenies investing
hundreds of millions of ddlars in exploration and development of
mining and processing technology, from which they expected quick
profits The early 1980s brought disgppointment to private investors:
metd prices hed fdlen dueto agenard dedinein the world economy;
the technologica challenges hed probably been underestimeted; and
there was srong disstisfaction with Pat X1 of the United Naions
Convention ontheLaw of the Sea. Thisresulted inachange of actors
privete invesments were replaced by nationd date programmes—
adtors ale to think longtem, and whose matives were upply
condderaions and paliticd factors. Jgoan and India garted ther oan
nationd programnmes in 1981. Devdopment programmes were under
way in Franceand West Gamany. The Peoplés Republic of Chinaand
South Koreajoined in earnest a the end of the decade. At present we
find the highest levd of attivity in Asa As nentioned, Jgpan is
prepaing an integrated test of a complete mining sysem. Indiig, the
leeding devdloping country in this areg, has progressed far, both in
exploration and in development of processing and mining technologyy.
Though China, darting later than India, has not come quite so far, its
programme for exploration and technology devdopment seams very
wdl organized. South Korea has made agood dat on the exploration
of palymetalic nodulesin the Pedific Oceen. Thus whet isnew isthe
adive rde played by technologicaly and economicdly srong
developing countriesand newly industridlized countries

Commerdd explaitation of nodule resources will be detemined on
the beds of an interaction between economic, technologicd,
evironmentd, pdliticd, legd, and to acertain extent dso psychologicd
and idedlogicd factors Thus dl the factors should be viewed in
context; & the same time we nead to differentiate between vaious
actors because they have different matives for involvement. Thefact
that we lack today an upto-date techno-economic modd for degp
seebed mining is a mgior dilemma. Until such a modd gopears one
should be cautious about ddlivering weighty pronouncements on the
economy or vighility of suchprojects

At the end of the 1990s we will prabebly be etaing a
phese chaacterized by a dronger degree of internationd
collaboration in this aea There ae may indicdions tha we
coud achieve an intemationd collaborative project in the

Padfic, with the am of further developing technology for useon a
commedd sae with the partidipetion of private as wdl as dae
interestsfrom Ada, Europe, and North America Vaious factors point
to the advisahility of such co-operation: firgt, purdy netiond initiatives
meen costly devdopment programmes, and many countries have no
doubt caried out pardld research and devdopment in this area
Seoondly, the mgarity of the potentid co-operdtive partners have a
sound technological bese actors who fed grong are often more
interested in co-opading. Thirdy, there is an increesing generd
willingnessto co-operatewith athers Fourthly, it isworth recalling thet
back in the 1970s the initid development of degp seebed technology
was characterized by positive co-operation between companies ad
ressarchingtitutionsinthe USA, Europe, and Japen®™

It is difficult to say anything certain about the time progpects for
commeadd explaitation of nodue resources However, from an
ewvironmenta point of view we should asume a worst-case
eaio—and thiswould imply thet mining could Sart some ten to
fifteenyearsfromnow.

Regulations—Environmental Conseguences
The Satus
Asmentioned, the 1982 United Nations Convertion onthe Law of the
Sea congsts of eighteen parts, and environmentd aspects are dedlt
with in esch of them.™ However, neither Pat X| dedling with‘the Aresl
(degp seabed part) nor Part X111 on ‘Protection and Preservation of the
Maine Environment’ indudes any detaled rules for protection of the
environment in connection with degp seebed mining. In 1991 the
Preparatory Commisson for the Intemationd SeaBed Authority and
for the Intemationdl Tribund for the Law of the Sea dedlt with ‘Draft
Reguldions on Progpedting, Explordion and  Exploitation  of
Polymetallic Nodulesin the Ared.”” UN under-secretary -generdl at thet
timeg, Satya Nandan, dated thet the Draft Regulations ‘atempt to
badance interest in deve oping seebed minerd resources with maine
evironmenta protection’ . The Draft Reguiations are otherwise based
upon ndiond degp seebed mining regimes—agdy on US
legidation—and onother multilaterd conventions in particuler the 1988
Convertion on the Regula@ion of Antarctic Minerd Resource
Adivities US legidation hes dso hed a srong influence upon other
nations legidation in thisfield. The United Nations Draft Regulations
cannat be regarded as legidation, however. They conditute a
framenork—or rather guidedines—for subsequernt legidation in this
aen

Mog of the regulaions intended to protect the environ-
ment can be grouped into one of three categories® firg, rules
Oeding directly with hamful impacts on the environments
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secondly, acontrol system to ensure thet set Sandards are complied
with; and thirdly, rules to promote compliance with Sandards, thet is
sanctions and compulsory means. These are covered by the common
expresson‘eforcamat’.

Let uslook a some of the important conceptsin the first category.
‘Sandards meens dl rnules of direct dgnificance in protecting the
evironment from harmful effects of degp sesbed mining through
requiring or prohibiting certain adtions, procedures, or effedts The
definition of an acoeptance ariterion—establishing an acogptable level
of environmental conssquences—is an important conoept in this
connection. Bath the United Nations Draft Regulations and US
legidation contain rules that can be regarded as acogptance ariteria
AccordingtoUSlaw, adtivitiesmust natinvolvea*significant adverse
effect on the qudity of the environment'. ‘ Sgnificart adversedfedt’ is
defined in three ways™ fird, & ‘important adverse changes in
ecosydem diversty, productivity, or seblity of the bidogicd
communities within the environment’; secondly, s ‘thregt to human
hedlth through direct exposure to pallutants or through consumption
of exposad agudic organiams’; and thirdly, as ‘important loss of
aesthetic, recrediond, sdentific or economic vaues'. Aswe se a
raher predse yet comprehendve nation. Together with the
establishment of the acogptance ariterion, the required conseguence
andyds forms the foundation for the remainder of the regulaory
sydem. The acoeptance criterion expresses what is generdly
acoeptable. The conssquence andysisindicateswhether theadtivity in
quesionwill remainwithin acogptablelimits aswell asproviding abeds
for gandards by darifying wha measures ought to be enforced to
minimize ay hamfu environmentd efedts Thirdly, the andlyss is
important for the contral  function: for indance, it may reved that
paticular agpects of the adtivities require specid supervison. And
fourthly, theandys'scan beimportant for compliance: an operator may
be essumed to be more willing to comply with regulations if he can
undergand wha harmful effectshisadtivitiesmay involve. ‘Preventive
safety sandards is anather important conoegpt. Operaors are obliged
under US legidation” to employ ‘the best available technologies—
whichwill reducetherisk of negativeenvironmental consequences.

The Draft Regulations Fromthe Preparatory Commisson
The Drdt Reguldions ae not bessd on ay prindple of
prevertive caution. The key provison is dightly ambiguous
in this respect? ‘Adtivities shell only take place if they do not
caue smious ham to the environment (our empheds). This
might suggest that degp sesbed mining could be darted only
if it were proven that the adtivity would nat involve undesirable
dfects on the environment. In that cass we would be deding

with a precautionary prindple Other provisons in the Draft
Regulations reved, however, thet this has not been the intertion. For
indance, Artide 110 (1) etablishes theat ‘the Legd and Technicd
Commisson . . . ddl daemire . . . whether the exploration or
exploitation can ressonably be expected to result in serioushamto the
maine ewvironmat. Nor are there ay rues establishing how
operatorsshould havefulfilled any burden of proof.

Regarding the materid content of the Sandards, we assumewiththe
prevertive sfety dandards that eech contract dhdl contain a
‘requirement to avaid srious harm to the marine evironment that may
aise from adivities in the Area carried out by the contractor and to
minimize to the fullest possble extent the risk of serious harm to the
maine environmat' # No comment can yet be offered on this
provison, as it remains to be seen what the individud contracts will
contain. Emergency preparednessruleshave been given consideration
in the Draft Reguiations However, the stipulated preparedness duty
gopears to be too comprehendve compared to the actud need. In
practice this will depend on the sipulaions induded in the various
‘contingency plans.

Asto the provisons that regulate conditionsfor halting activitiesin
cases of contingency, the basic condition hereis ‘anincident causing
sgious ham to the marine environment arisng from a contractor's
adivities in the Ared. However, the nead to hdlt adtivities may be
present dso in caseswhere ‘serious ham isnot dueto any ‘incident’,
but to regular operaions. Thiswill beegpeddly deer if thelegidationis
besad onaprecautionary principle Whenever thereareindicationsthat
the environmentd effects may be different from those anticipeted, the
naturd consequence of a precationary prindple should be that
adtivities must ceese forthwith, until such time as knowledge emerges
that can render it probable that the unexpected effects do not involve
‘serious harm to the environment. Thispoint should beemphesizedin
the provisons. Anather objection isthat acomplicated procedure hes
been dipulated beforeahdlt can beimplemented. Evenin cassswhere
the ssorday-generd takes ‘immedide mesares, some time will
inevitably dgpsefrom themoment the seriousharmisdetected until the
operator is ordered to hdlt adtivities However, certain drcumstances
may make it necessaxy to hdt adtivities forthwith, where there are
indicationsthat seriousharm may be causad to theenvironment. Thus,
ingpectors should be given the authority to do this in such specid
Cases.

Control

A comprehendve prdiminary control has been established, for
enauring thet an operator's plans comply with the reguirements and
ohligations dipulated. Furthermore, condderable attention has been

padtotheingpectors®
Two other foms of contrd are lacking. Frd, it should be
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posshletoindudethird parties, for purpasesof contralling, for example,
the vesses to be employed. Condderable expertise is avalablewithin
the exiding dassification sodieties Secondly, consderation should be
given to imposing on the operator a formd abligation to exercise
intemdl contral of theregular operation of hisadtivities”

Enforcement

Three different senctions have been egteblished: two concern the
rights of the contractor according to the contract—suspension and
termination—while the third is fines The following comments refer
exdusvdy tofines Themanajection hereisthelengthy time-agfrom
the paint a which abreach of sandard isreveded until the appropriate
fineisgpplied withfind effect. A moreflexible sygemwould havebeen
desrable Hrg, it ought to beexplicitly sated thet the contractor canbe
required to acoept the fine with immediate effect. Seoondly, advance
dipulation of standardized fines should be serioudy conddered; this
would meen thet as soon as a breach ooccurred, the Sze of the fine
would bedegr. Thiswould remove one potentid gpped ground which
the contractor could dam, therey shortening the time from breech
occurrence to find establishment of thefine If such finesareto have
the necessry prevertive efect they will, of course have to be
auffidently highto act asadeterrernt.

Future Progpects

The United Nations cannot boast arecord of being particulaly active
on theissue of ‘environment and the deep sesbed’, though it would
nat befair to cdl it aleggard in thisfidd dther. It isthoughtprovoking,
though, thet the USA dtarted work in thisareabeforethe UN and has
dsoworked moresygemeticaly.

The United States has dearly played aleading rale in deding with
these quedtions. The country's authorities should be given credit for
having followed up the techndlogicdl and indudtrid progress of the
1970s with extendve environmentd sudies, while dso drafting new
regulaions It may comeasasurprisetha the USA hasremainedinthe
forefront dso during the lagt decade US autharities and private
companies have sressed thet commedd explatationwill takeplacein
the digtant future—perhgpsthirty, forty, or fifty yearsfrom now. Why
this grest interest for something that is not supposed to be
commerddly interesting for severd decades? Could it be that the
country'sinvolvemantina‘sfe’ domainwill mekeit lessvungradeto
aitidsmin other, more ‘aritical’ areas?| do not think there are grounds
for such acondusion, though there may, of course, often beapoalitica
Sdetothepriorities st in environmentd research. Thecomprenensive
Gaman commitment probebly hesapadlitica dimenson—in additionto
avay important ientificone®

Like the United Sates Gamay hes nat dgned the UN

Convention on the Law of the Sea. Even S0, the German government
hed been working herd to get the Internationd Tribund for the Law of
the Sea eddblished in Hamburg. Here it should dso be noted thet
Gamany has long been amgor advocate of auniversaly acoeptable
Convertion. The government hes dso been adtive a the informd
conaultation rounds, and has acted as an important mediator and link
with the United States, in order to get the latter involved in the
conaultations.

Asmentioned, asof 13 Octaber 1993, fifty-nine countrieshavertified
the Law of the Sea Convertion. The seoretary-generd's informel
conaultations on outstanding issues have entered a new phase, with
the United States as an active participant. Theamisto condudethese
negatiationsbeforesixty ratificationshavebeen achieved. Thereseams
to be a definite chance of obtaining consenaus on Part X1, which
should pave the way for a universally acogptable LOS Converttion.
Thebest meansto achieve agreement on theremaining issues seemto
beto esablish limited indtitutiond arangementsand formulate genard
prindples that can be acoepted by dl. The Draft Regulaions and the
removel of environmentd condderaions from the ligt of herd-core
issuessgnify to someextent thet environmenta effectshavenow been
put on a ‘waiting lit, and one area.of conflict has thus been ‘frazan’.
Here we may note obvious pardlds with the Antarctic Tregty
negatiations wherethe decison wasto*freeze’ themost difficult issues
and formulate generd guidelines® In this connection, it is perheps
worth noting thet theroad to possbleagreament Sarted, inaway, with
theremova of ‘environmental consderations fromthelist of herd-core
issues.

However, from the paint of view of evironmenta protection of the
deep seabed, thismay turn out to beasensible gpproach. Even though
expats are cadtious optimits about the environmenta agpects of
ocean mining, and the generd attitude amongst participants & the
informd consultationsin August 1992 was thet these problemswould
be managegble, there is dso broad greament within the sdentific
community on the need for more research about these agpects.
Conssquertly, we do nat know for sure what regulations will be
required in order to promote precautionary environmenta protection of
the deep seebed under the LOS. The UN and thelnternationd Sesbed
Authority should thus draw up aconcrete plan for kegping abreast of
sientific progress, and S0 a regular intervas assess the need for
revisng the regulations But by placing environmenta consderations
onthe ‘waiting lig, there is a risk thet they will remain there, ad
conseguently thet the need for regular revisons of the regulationswill
beforgatten. If thishgppens the UN may fail to promote precautionary
environmenta protection of thedesp seebed.
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