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Executive summary

I'n Aprili 206t hnaibc adf -peesproe ype nodul e co-ll pctarreerhli
being developed by theG3BRIigs apl zmomedntyo DEMEUTr i n t he
Ger man contract area for the explor-@ti ppeomtfeo m{ ANEEy me t
Pacific). During tboel It ecttee dl rfordatieeds cvai.l 11 0Pe ar 8@ 0o fm (
seafl oor at a water depth of ~4100 m over a time per
Vi ew, t heSRDEpHME® t 0ot ype tol hbectod fers uni gue opportuni
independently assess the enwiortcemmd mtballd luie ngndeant nar iopiem
on the seafloor for the first ti me. This agshessment
European fiJoint Priogreammion@rlopietcitatiivMeni ngl mpact 20,
evaluated and i ss¥suvegustto 2s0t1a& tf ocor® . & htgiede sp e rTihed cofnsor
partners from scientsitfriy¢g ispstiatdutoiuang hamdghrnt@deEUISAp e

aims at delivering new and relevant fastdé¢epeoaf ntohdeulaer t

mining by (1) developing, standardising)andveéeestgagi i
the presehnodéwnpobolty as#teérimmteawvmedinateat al | mpacts of

in turn feed into the proposition of potenti al mi t
management plans, aunmnd (B¢t ledell opi @y SO0 assess risks
be i mplemented in future regulations and guidelines.
the activity involved, show that the fr aemmetwodr kh eorfe tihse
conceptually diff-ecaheét elomndghmdusotfriaal fudilning activit
exploitation). 1t is important to note that the resul
the primarwvinpoment al EIl mpact Statements and Assessn
andventaamhregrsciadle mining at a | ater stage.

From a technologi cal poi fBtSReM4wi dw, vedhe at eef iomgeosi DI
a foreseen future prototype) equipped with hydraulic
manoeuvrability, redp adbftl enhgyaad padul ef paokoverall

analysing the anticipated environmeiyatdeeismgact $riom a
scientific porOhtMionfi nwilemp,actthe2 JcRinsorti um wislilveset uy

monitoring programme that, amongst others, focusses ¢
test and future nodule mining: (1) the scale of envi
plume, (2) the regi omald ddrenebdtoidviivtey sdaft yspdcibdsol ogi ¢
resilience to i mpacts, and (3) the integrated effect
benthic food web and biogeochemical processes.

Due to the small spatihael tesdi hgmpetalvisgyal @ookerious
marine environment at any depth wistchailne tihmep awdtseronc o
communities are expected to occur due to (1) habita

pl ume formation/ deposition, (3) biogeochemical alters
an@d4)oi se and |IToghtcipgl bt sedi ments that are released
nodul e ciod | eet yomuwillilkebg bdbwual uated. Using an integr
sedi ment transport model developed by the University
in the water column is |likely teadilkdwva gmpr eead yafbtedawesk
km (ocfuft value 10 mg/-Hot,t odne peewnrdri enrgt ncecanmdi t i ons. Direct

plume reaches to maximally 2 km from the source (dep!
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are set and 385krkmfrom the source, depending on the bof
testing (mean flow versus enhanced flow during eddy p
geographical scale / sampling scaiéeéioh vhei mpactorzione
Environment Monitoring Plan, these modelled results ha
and/ or refined prior to testing if necessary (e.g. due
data sHhHorrtel t hbee t est takes place). Dedicated monitoring
i mpact (nodule removal), the area of plume deposition
i mpact), abg,iacal obmeoailmdpyt srnenfidraence site.

The project is committed to organising, facilitating a
and samples in databases with established structures a
museum collechiensabbiaskdd oprotocols and best practic

specific code of condulk A4 < rhaemidglii me | pd iesn ods ,dadrmd and
sharing. Due to the independent natuwoeiafort meg ¢ diee n tmipfa

created by the collector vehicle, the project of fers
approach to the development and testing of mining t
understanding ands ecsosmmperneth eonfs itvhee assnvi r onment al effects

t he des-i gorurqfosfei tmoni t or i negn wirroogmr memmteasl,| yanadnd commer ci a
standard devel opment .



1. | ntroducti on

11 Backgraaddrational e

There mMmasa tedeeady increase ofseiantmémestalisn dmirmingg t dfe d
documented, for example, by the growing number of ex
Seabed Authority (I SA) and t hidorfiBtar2 G20wphadagsamaft emggd
mining technology projects, i.e. Bl ue Mining, Bl ue A

presently taskedRengulhaatibEoep kdri a fistit inrg a doff Resour(ctelse i n t h
most recent version being | SBA/ 23/ LTC/ CRP.3*), which
the Assembly by 20@2d&nt Héhes cc uegmwint o dmearfttal regul ati ons

the exploitatbiuan fropgotoesttuioabk, steps more detailed req
devel oped, e. g. specific environment al assessment C I
har mful effects) that will ultimatelyednskExampl Esvehe
thresholds are needed are i mpacted seabed habitat a

seafl oor; dischwartgea pdewnmeh Batormhidkempee, the draft expl
|l ack a concept roft hteh ed e vSeAl otpomefnots toef Best &Awtaii \Viathil @s T
speci fic requirements regarding e cwimmommesnttaan d ad altsa
environmentand smorvietys( e nggu.i plledmmnes as ifror | BA/ 0% /altT

acti VAdkresWwl.edging that, according to the Convention
ocean floor and the subsoil of the Area belong to th
(1) the extremely sl ow mermndlogieadturfoesnat(idn tolie tdhleown
communities i mpacted by mining, adred Edvitobemeamti gae
biodiversity, includingtheiel SAriesn ebbusrgdbefnresda pwpi ntshp éac 1 € $
t heer ovi si ons ooff tArd iBdievpddlENai oon®f Ct UINCALWOWSHéEéNEcde Se
itnésessatriymalnd to scientifically investigatseat he ex
mi ni ng

|l mpacts from mining acvtviwvonmenst owi ltlhedinmfafrémebet ween

consequences appear to be common for all currently d
surface of the seafloor, including its epifiabmnias and
and/ or sediment that wild/l s p rbeeaydo nadn dt hbel @dnokuenhdeau mitese @ h

area. A first +leasuer opfeR@cheeafnishded pr oj ectwwMiPili ngl mpe
Omi ni ng.bengpnaar . de) , coordinated by Dr Ki Wéetttweieans 2Halesc kae
201lamd involving 25 partner fostsedtoonsmpaomslietater
of pol ymetallic nodules in Ithreygeranci fdec adaela)lA c s gL
second project phase of ntohyee eMi mpiorsg It npesgc ty h@rvdajdfaicatd ehda s
and is expectfefdurgwbst 201Bebmoaty 28022. wTh édp aSr@nrseorr t i u
i nsti trwt®corusn tarnide st hvei IIISAext end its previous work tow
interests connegolny mgtcdleléigc mi ni ngsc dlle earhwi rloanrmeent al
caused by a suspended sedi ment pslpuencei,es( 23 n d hteh er ebgii codni
biological assembl ages and their resilience to i mpa
functions, such as the benthic food web and biogeoch:e
the project are:

T to develop and test monitori-sgacminciepg sopeadatitoms e


http://www.jpiominingimpact/
http://www.jpiominingimpact/
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T to develop astiandermrdicedures for monitoring and defir

environmental status;
T to investigate potential spmatight manamemsntep|] assachfa
and means to facilitate ecosystem recovery,;

T to develop sound methodol ogies to assess the environ
risks;

T to explore how uncertainties be impl &mewl ed gentod ap
regul atory frameworks.

Whereas the first priogreget ,phasmp kceotpihgrladtisemnddyd g | e

di sconti nuodiisstyuricreepseteceds d dhep tshead were setversaévearalades
weeskhl,d such as (tThhi ©ll SCOL Schri everand 9BROK éenhperli mdntadl.
i mpact( Ksoittleisns ki and Stoyanova t19é® 8s e Ramdd i gffiaeawussk as t2r 000N
on setandgewadcuoanipirnegheae@ moni t otr hwigl Ip raaqga aormpsai yput a o f
apr-er ot ot ype noweaHhiécPlaco-hkjgai pped with | asuynsthe nantdh ate ciosv ¢
currently being developed -B%RDuWrei rBoed gt Bynntentoadlultiast or D
wi || be ihnartvweos 10epdpOrOo &0 . 1 )& mal lcont i muews todstt he seabed
Bel gi an andexmleocGenimaamct alreradlbdmpBamedenCCCZ) in the NE P
Ocealmprerototype mining collenctwodevehildleqquaon bfieatih éo@mn ¢
size of a planned futur e hgdlirlaaudti cem)l 4 tyb@.0d5 bra/r d.e ZDEMB 0 d L
GSR esti mat es t hcaotn sietcduatyisviet eetyamowodul es i n each pl ani
assuming a tlresscsk mhigdht.®.qgf all owing for some overl ap).
recipient box iwhsiicde wihlele onpet e de ditcat bretelgpa ( saend fylca prat ed t o
happen at t heéO0 eld @n-loofn gecaccthependi ng on t h)eT hneordeu lies anbou n d
ri ser pi pethaet tcaoclhleedt titoadr ng ehlmelde mioalnodul es wi | | be tran
surf acBesides the direatltyhecrserdfdualoef ome po Vv alt ,t beompact
propul sion system of the vehicle and the bpdratul onaktol
sedi ment plapremaidc soifdheei ImMli ned area. The associated di st
a controlled manner as foreseen for the future industr
of vi kev DEMEBp r-per ot ot ype col luencitqoure torpifdadre aulinifi @tiiecsal |y ar
i ndepemdesrtsisy t he e nviarroi nsmermgt oafd iu di empraicnti entg tolpee fsaet d folno o r
the fiTkitstisnea criaupalcasti ag foCcrawvdrddismpkelri ments as t
been undertaken in the past, S u cBhl EaBst btchiee B eRn tcthiaa dismp a
1994; Tslwrours)a kit he-SkapdmpReap EEP@rnet t ahy9a)udz utkhie,

| ORI Eavéesy difficulttask not i mpossi bl e

The extreme environment al conditions within the salt w
of <ca. 500 bar and temperatures of ca. 2AC, necessit
technology for the futur eThre ngennge roafl neainng ainse steo ndbedwd lesp
both economically viable and that exerts an as | ow as
TechnoFbpgm)a technol oghe atl e pcEIMIB S dfo [viieeevh,Dctl e equi pped
wiht hydr aul headotbmpbaents in the -niiorieedgriownitt yo ff camws sl easr
temsdiits manoewrJaekaddiih odtgwlpe epifadk iparcty of an ovemall mini
we | | as anarltyisdiema itemenarie i mpactisnfior nomgredn gtioneer i ng
design. Due to the independendnalaytwirreg odnd hmo rsicti emitnd i

created by the hceolpreccjteoct voefhfieco kel,abtadd amisipe®é fatt i ve
approach to thed dteevetliopgnenonf anning technology. Thi s
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understanding and comprehensive assessment of the en
t he des-i gorurmfosfei tmoni t oramd ipridagh teamyaensd,ar d devel opment

12 Project proponent and history: Ger

Thd S&And the Federal I nstitute for Geosciences and Nat
signed an agreement regarding tihre tehkxen ©B&Ht yoRA006, pbb
a contract peThedGefmadb grphsesratiecomompasses a tot al
kM divided intant wolkeh@@@onmt Wwét benadamnm ad r6p0m0r@diaknn

the eastern part of twiiet hmann drebneelseC ZnDihditsdead daarpeta | oc at €
bet ween Hawaiis anlda rMeocwiaatr@ rs edle pptyhs bet ween 4000 and
densely covered with polymet ad |naduwloadsu.l eBhevyal s a\wdtl

30% manganese and about 3% of copper, nickel and cob
i mportant future source of raw material. Further tr
concentranodnseisnatrketitanium, molybdenum, |lithium ar
resource in the German |icense area comprises ca. 90
600 million tons dry weight

g"”‘“g Polymetallic Nodules Exploration Areas in the Clarion-Clipperton Fracture Zone
g .,«";

155°00°W. 150°00W 145°00°W 140°00'W 135°00'W 130°00'W 125°00'W 120°00'W 1000°W

20°00°N

20°00°N
500N 500N
1000 1000N
50 500N
155°00W 150°00°W 14500W 1 2 . 1novow
[ Ocean Mineral Singapore Pte Ltd. (OMS) Government of the Republic of Korea
Cook Islands Investment Corporation (CIIC) - Institut frangais de recherche pour I'exploitation de la mer (IFREMER; France)
Il Marawa Research and Exploration Ltd (Kiribati) [ interoceanmetal (IOM; Bulgaria, Cuba, Czech Republic, Poland, Russian Fed.,
= fur und (BGR; y) [1 Nauru Ocean Resources Inc. (NORI; Nauru)
[ China Ocean Mineral and D iation (COMRA; China) [l Tonga Offshore Mining Ltd (TOML, Tonga)
[ Deep Ocean Resources Development Company (DORD; Japan) [ ] UK Seabed Resources Ltd (UKSRL I; UK)
I G-TEC Minerals Resources NV (GSR; Belgium) Y logia (Russian F i

[ ] UK Seabed Resources Ltd. (UKSRL II; UK)
\:I Reserved area* D Area of particular environmental interest (APEI)** [:] Exclusive Economic Zones

* In the case of polymetallic nodules, the so-called parallel system provides that each ication for ion by a ped State must cover two parts of “equal estimated commercial value™.
One part is allocated to the applicant and the other is to become the reserved area, which is set aside for the conduct of activities by the Authority or developing States.

**In July 2012, the Authority adopted an environmental management plan for the Clarion-Clipperton Zone to be implemented on a provisional basis over an initial three-year period.

The plan includes the designation of a network of areas of particular environmental interest (ISBA/18/C/22).

@International Seabed Authority, 24 July 2014. Background map: ESRI

Figure 1.1: Manganese nodule exploration contract areas in the CCZ, NE Pacific Ocean (status July 2014).
Location of the German (BGR) license area (two sub-regions) is indicated in orange. Source: International
Seabed Authority (ISA).

The regulations on prospecting and exploration of ma
contractor to gather environmental baseldurer2d)at a dur i
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Based on such data, the likely effects of possible fut
intervention -swea hriaatitned | gedmkes pl ace. Studies of bel
popul ation densities and connectivity form the most
anal yses. In addition to the collection of almidol ogi cal
sedi ment ol ogi cal characteristics of urtmenti céemeaghhea e

di recpadrotniscl e candehturéesons shearwadterre rceptl usgnm ;aciommposi t i
size of tmkeadddiomenihpo BGRpMy)s. carried out a total of
to the German |license area between 2008 and 2016. Five
analyses of the manganese nodule resource nmetneratti al ar
baseline conditi ¢Ws e dbhadkbdaicohdievterali.t,y 2009, 2010; R¢ hl
2015, .2RA1lT7pi-6eér MmaenchluON®®3 dedicated to the detailed
commun{ RikBbBemann et aald.ui s&@®2p,-280)i nanced by the Ger |
Feder al Ministry of Education and Research (BMBF) foc
nodul e fORgmRAlteéemann et aelt.,,al20mmg; adQuzhncr ui skPROo f the f
Mini ngpbmppeamtse al so visited the (eM&mtez nAdlEBir haack ek ense
201B) ol ogists from the German Centre for Marine Biodi

Wi |l hel mshaven, Germany have accompaniedn adddiBGR nc rtwi ¢
standard morphological analyses, collected a total of
the anal ysea bfodeeprsity in the Ger mpeneétiice ntsec amiequ &
The samples whitgskeaveobéan geaerally reflectina high f
general terms, the German |icense area can be conside
CCzZ, particularlityheewhlkeint goasddavainlgarnentialy ddt dastel amae
t o t he (saesa folua@kitaréadn duarter5). |t i s t hus seen to be an extr
the testing and environment al moni t ogvApTERQL.L @F o vmei.Nni ng c
Furthermore, a ninth exploration cruise to the easter.
vessel SONNE in April/ May 2018 will-resesdicaienmaahl gp§i
baeline sedimentological, geochemical, oceanographic 8
for collector vehicle testing in the forefront of t he
including the depl oymentclodr omonodr i mgrsr etnot , metausrubried i gy ¢
conditions in the time period from April 2018 to short

1.3 Obj ectaindest roufbetupeoposed project

The maoiat hJeROMi ni ngl mpajcé¢ o diesxé sting knowl edge gaps and
concertmpogeernivaronment al -sepaktymetod! hdieccipmgp delt e out i n
cHAPTER6@ N chapTER7. The ovef alk heaipmefjlecdt ead ei n t eepureoj ect str
1.2): three work packages (WPs) address the biodiversi:t

assemblages (WP1l), the impact and behaviour of the se
functions and processes (WP3) ., whmidl esrt\WPrdangeett biel pr @j es t d
Furthehmeeecubsisng themes (CCTs) ensure integration of
work flow at sea to accomplish an eftfeeycntti hvees invoen i stcoird mtgi
results into a comprehensive assessment of environment
recommendati ons on riskseandiime nntg prpaectaitd @n so f( CACET8B8p . W

the project activities amdpcomnmeni catsel asd di ssemina
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WP1 Biodiversity, connectivity,
resilience

WP2 Fate and toxicity of the
sediment plume

WP3 Biogeochemistry and
ecosystem functioning

WP4 Data and sample
management

WP5 Project dissemination and
coordination

CCT1 Plume monitoring and
habitat/disturbance
characterization

CCT2 Disturbance effects in
time and space

CCT3 Environmental risk
assessment & policy
recommendations

Figure 1.2: Structure of the JPI-O Mininglmpact 2 project.

1.3.1 BIODIVERSITY, CONNECTIVITY, RESILIENCE (WP1)

The primaryl gsalt oofunWRostaadndi shei beagi on patterns and
assemblages, i.e. microbes, meiofauna, macrofauna anc
arising from mining operations.

Speci fic objectives to be addressed are:

T to assessstsotcaknsd,i nigswdl vemsi twxanomical and trophi
biota in relation to environmental spatial wvariahb
T to increase knowledge on taxonomical and function

by applying ihaegaatiethomphetagical approaches;

T to determine biodiversity indicators of -tieGommd Env
i mpact of nodule collector trial on benthic assenm
habitat variability;

T tosass the resilience of biological assembl ages
temporal scal es;

T to develop and test mol ecul ar met hods and prot
environmental monitoring.

1.3.2 FATE AND TOXICITY OF THE SEDIMENT PLUME (WP2)

The primary goal of WP2 is to understand the dispers
plume arising from mining operations.

Specific objectives to be addressed are:

T to mosmddioment plume dispersal,ampd umemereidé anle nmo a eld
nedri el d-fared df gorl ume dynamics including particle a
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1T tohar act dei physical and chemical properties of the
field deaxsa eapeéri ments (@tairdn cproaggygsey and fat e,
dynamics) ;

T to quantpiatyathand tempor al ecol ogical effects of
planktonic fauna: tolerance to increased suspendef(
ecboxicol egtsal(eeff bi oaccumul ati on, bi omar ker s,
alterations, shidwasei nmcorabi alndadeembl| ages, repr
|l arvae viability.

1.3.3 BIOGEOCHEMISTRY AND ECOSYSTEM FUNCTIONING (WP3)
The primary gooalunodferWRZanids the changes in | ocal spati s
characteristics and biogeochemical processes in the st

Specific objectives to be addressed are:

f

134

The

f

to invebheibatal smpdtisaldi mamitalpihlyist ¢gal characteri st
processes in;the study area

to qutame i élyanges induced by the collector trial wi

(e. g., surface sedi ment and nodulwat eremoehéaseas)edam
indirect mining impacts (sediment bl anketing) on
strength, water content), redox zonation, diagenet
met al s) and biogeochemipaalti pubaesessasndi mWdlssadil vgd
degradation and t;race met al reactions

to investifeeattes tolie m ning activities on microbial e
organic matter remineralizati on, amrdo dnodteicwiltay, taonod
tracer ipcubations)

to investfifgate bies@espended and resettled sedi ment
coveroage®r gani ¢ madttiean rkeyni meerrtaHiics communi ties, i ncl

me k0 maame mewndei(exyperi ments and.food web model s)

DATA AND SAMPLE MANAGEMENT (WP4)

primary objectives of WP4 are:

to orga#niegen Isairog age of the generated data and col |

to facilitate sharing of dptaataedskaswlwedde alse tdwese
sampl e material to partners not able to join the ¢c
to develop and i mplement new video annotation and

BlI'l GLE 2.0 softwar e;

to develop and i mpl emenetr vaerc etnot rianhp rgolvoeb aclo IBlalbGLrEa ts
knowl edge exchange.
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1.3.5 PROJECT DISSEMINATION AND COORDINATION (WP5)

Building on the experiences and the est, &Pl bswedl cont
T orga&niwor kshops with ploSA ccyonmatkrearcst,orNdGQsn,d i nterest
as countries planning offshore mining operations

di scuss i;mplications

T communicate the project results toeanfmiomimmnghe pub

T orga&nissessi onseanmiderepg astciantirfhiacs oolmf as e EGHS
Gol dschmidt, AGU, UMC.

1.3.6 PLUME MONITORING AND HABITAT/DISTURBANCE
CHARACTERISATION (CCT1)

The project wildl investigate thecdmppemeabediudyg mi ni
exidaeadi ment exposure studies. AHKIli eddsiptla meatmo dwill Iwhb
used bot h-tfraurt hg mgumd the model and to carry out prog
var yhiyddg odynamic conditions. I n this context, CCT1 fo
of the monitoring of the sedi ment.i gllhuinse rcergeuaitreeds bay ctol
of sitatali me measur ehortrdr empetendadeshouemerical sedi me
simulations (WP2) as wel/l as site selection for bas:e

CCT1l has t hoebjfeccltli ovveisn g

T planni ngoof tomheingwvistoh r egamwisr d rom@gmtdEh i 1 Blramg
|l ayout : planning of habitat mapping, preparation
numerical oceanographic and sedi ment plume disper

T coordinaal omr amtfi on of snetn soonr sj cainndt adgarteae mper oces s i n
best practices;

1T priempact assessment of the habitat distribution b
optical mapping using AUV and ROV) during the cru

T coor di ntatd oaivedritaainli t mlr @aimgt he pl ume induced by the
wel |l as-impacposatsessment ;

T coordination anad dvwuensiiféebupatriioretnafsd pduoirng the crui
regards to particle behaviour;

T evaluat henusé&f ulfniecsise ncryd odf empl oyed monitoring t
and provide respective recommendations for best p

1.3.7 DISTURBANCE EFFECTS IN TIME AND SPACE (CCT2)

Given the interactions of multiple stressoirwse anmdd pr e
interactive impacts is required, reflecting differer
identifying t he sensitivity of di fferent ecosystem
mechani sms will be iensvteosrtatgiaotne de xbpye riinmenitast.i npeci fi c

by CCT2 are:



16 1 Introduction

T identification of the scale and magnitude of 1intec
ecosystem function in relation to different distur

T devel opmenti rotfedgroaotlesd f(oocumul ati ve) environmental i1

f testing of tools and concepts for recovery facilit

1.3.8  ENVIRONMENTAL RISK ASSESSMENT AND POLICY
RECOMMENDATIONS (CCT3)

One overarching goiahveshiadwat peg ocfrewl édgd oon environmen
risks as well as a@aardc sptag ifadr mmosaeggteomeinnt g g apeerpat i ons
i mpl emented into appr otphldSat, e tlheg &IU farnalmeé walri ks daifal cour

Speci fitco thoepiacdsdr essed ar e:

T dentification of pathways towards devefopibhbhea sou
ut il iosfatmaorni ne resour ces t hatcutradaest 6 ndfo odomonwli edkg a
marine ecosystems,;

T proposimeitdrode®fl i direes k ass etshementr omfment al hazard of
such Wasght of Evidence (WOE) acd | Epactr ohcemt af i ¢

(ENVI D) ;

T devemept of concdmtgs hfaormfrilniimipsact s on the environn
suhc as: spati al management pl anning mBrfesnernviantgi oonp er
Ref er eonncees ,Z conservation areas, marine protected a
environmental statusé frpm environment al managemen

T establi shmeompbfamowe procedures and a | egal framew
environment al damage

T information etxlkidaAdgaendwitttheir contractor s, EU, coun:
resourcesntmreshgd iindustry, NGOs

T est abneingla ofysitemapproach for estimating the over al
stemming from sdaripddy nah@me t atkhi emngesfciotshbtandf r i s&nal ysi s.

14 This report

The most i mportaenvietemmant aolf itrhEek)&ptr e a s 8 e dinsdirettrh g

descriptdowlnl eoedt ttheteliinclt @de fr amewokRDMi fnian gslcnpeanctti f2i)c tph
i n it saetl fdealiinvseri ng new and relevant scseatpdliyxmémndlol ima
nodule midA)ngebel opi ng, standardising and testing mor
investigating tlkreowneslarttl yapdoimhitgervime dwinateent al i mpact :
collection that in turn feed nmnnmmeagshreepraapdsti hé odewd!| g
spati al management pl ans, and (3) developing sound m
uncertainties that can be i mplemented in future regul
the sheer smal &csivetypfinvolved, which is comparabl e i
the benthic i mpact experiments (Bl Es) that W&Te carrie
Bl E, | OM BBIE) NGAYHwW t hat tEH @r Bnstaeende whoerrke oifs tchoencept ual |
to thhtslcafl e et mngndustri@ilnmime ngr ameé wori k yof expl oit at
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to note that the results of the proposed activity p
Evironment al |l mpact Statements and Assessmesrctad ef or s
mining at a | ater stage.

There distlnSoActregul ati ons eawvdrouonimeetkt ahes nmfuadtnga g shes s
expl orat.i omc cpchradkRengo mmen dha@t i ons f or the guidance of c

of the possible environment al i mpacts arising from
(I SBA/ 19/ LTC/ 8), each contmpatctor astse stblime gle 8A vwh ésm band
such as those | isted i-menSeicotnieodn d oV uBneoft talree abnodveer t al
include (1) the use of systems to create artificial

if any one sampl itrhg cacstliewdi,t ydrleyl gepiobben rawl , or a sir
m>( paragraph 31). The planned activitioefs soefa ftleosotri n(g9 Oz
100 m) in the Ger man Iciaem hlsad oasree anees duwttlhi mdd tihrese r
the submi sismpanc tofasdsre ss men ®eanrcetadr Yvf the | SA. A si mi
environmenasas$ed sugdarthe coll ector trial in the Belgia
formul ated and submitted to the | SA by the Belgian

consultation at t h(icsonsmuangiec aotfi otnh evGgtho e ¢hsed {Sewwle &ttt @8 A)
are there any guidelines or temploat dsS BaAv alidl/cltbimadt gt d(rd t
to be provided by the contractompatbdb gssddigd megmttshect
explorati Dminspaaset hat specific requirements regardi
provided and common-reti ancar esvioonimamaatd surveys and
available at this point in time.

On the wétblect the odn EMNRdselp@nntsought guiddaifedng | fart em ftolre
anEnvironment al | mpact St at emeDrtaRagul at doowstomnEAphei
Mi ner al Resourocfe sAuignustth e OAr7e a | SBAR @ 8¢ dnalQryC P .-3*h)e | S A
related precedi ng2 (El2 ;ddCGludrekn test (aktSAha’2808dme essentia
Due to the fact that environment al i mpacts of the co
vici mi tsynad fl s @aa fela@loAkfmr a very short period of time (
economic consideratiofdfheaseahet ofnedlhededvhemnea.ment al

coll ecitom WwWelk within I imits of t hagciweéntcihf icooaull ldy baec c
forcohduct of marine scientific r esAdaroch aisn ntohtleu | ferse an
be transported ftaromme rpguér gplosswer ftaheeer &€l o pmerrot al cont ext

e.g., nomaraensalbst-bandl pngcesni ng, commi ssprocnduwungt and
stewardlsths prnéuplt @aermamoce]|] | ector vehiclenddsdrinag afetasre
days of activity, an ongoing EwnviowsmantalaMarage ment
is obsodetel anidZaelVyr shnimpphddaat i t or isngprkRlsemted that, f ol
does not i-ned mdeohoeamgviant i tomi sg opEbleanj.eefcitt, c dtrolre atchteo r and
sponsori fGelSmase)welt he awi der stakehe!l airr et g mmuwnitthye

advancememtlsiceidkence and policy related to potential f
CCz.
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Policy, |l egal and administrative

Applicabl e mi nnmagntaald leeyiigloati on, a
policies

activity that is the subject of the present environl
a" as defined by the 1982 United Nationss€amedenamnaodn
an floor and subsoil thereof beyond the Ilimits of r
ponsibility of the International Seabed Authority (1 €
h aadméwisodering the resources of the Area (LOSC Art
ablished in Part XI of the Convention (I mplementing /
activity will tarkectplarceea ifnort hteh éGeexmalno rcatniton of pol
exploration for polymetallic nodules was signed bet
sciences and Resources (BGR) on 19 Jul yr e200ull 6a tfi corn sa &
cedures for exploration are set out in the Th8A Mini
ting of collector components planned to take place i

exploiaiesnuadeirvthe current exploration contract.

activity is governed by the LOSC, its 1994 | mpl eme]
cedures issued by the | SA. Relevant approprsataeaseati
many) must al s oHarlEe23)o.b sTelrer el A sfeeer t he activity planni
accordance with the requirements set out in the | eg
ernational Court of Justice (I CJ) kFpechélydtheatscoee
tent of an environment al i mpact assessmenRuwl g pMirlalgs a

the RiverCadreudway 135) .

en the absence of specific l|egally bindiungel $Aeseduw
el opment of an EIA during the exploration phase, t h
|l owing as appropriate:

the Recommendations for the guidance of contractors

i mpas arising from exploration for marine minerals |
the 1 February 2011 Advisory Opinion by the Seabed

for t he Law of the Sea: RESPONSI BILITIES AND OBLI
PERSONS AND ENTITIES WITH RESPECT TO ACTIVITIES |IN

includes guidanc-é nr all phhabteth eraé omder- f bes¢aseaol ab
technol ogy, best environment al pmpaacctti caess e sdsunee ndti,| iagr
precautionary approach;

| SA Technical (BSAdia2dh®bDRE | SA, ; 2017)

the current versiRegubéatithres |SA Bxp@plfoi tation of Mi n e

(1 SBA/ 23/ LTC/ CRP. 3*) .

Accordingcedunrdese@tr ootmenitn onkkeel Reewenmendations (I SBA/ 19

S

to [submit] an environment&elnernaplacatt alsesaessts noennet yteoa rt h
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takes place and at | east trhuele smeosnstihosn ionf atdhvea nAcuet hoofr ittl
submission for thisThel Adatsa 30luthMautc hof20tlh8e col |l ect or <co
inform equipment design and contribute to ther devehobpa
future exploitation.

22 Rel evant international and regional
I nternational conventions to which Germany is a party
EI'A have been taken into account. These include:

(1)e TBGonventions administered or hosted by th&hénterrt
activities proposed here require use of védaselds mati se
pollution prevention ob.liBlaeipnepapphtys tmudthi andcwi NI
involved in the activity proposed here comply with the

(2) The 1992 Convention onTBeoCBDisabbpDeversesyi E€EBDJY e

conserwvn of bi ol ogical di versity [and] the sustainabl
someti mes invoked as potentially applicable in the <co
relationship to the wawhofreglae dS¢@®@ @aenvemnties in the |
judicially interpreted. Furthermore, the extensive qu;
accordance with [the Contracting iPeasr"t ydmsd "paas tfiarulas
appropriate", whose effect has also not been judiciall
Parties unclear with regard to activities iyn dfhet hAa e@BI
in this context is both unclear and highly questionabl
23 National agreements

Activities related to the prospecting and exploration
Germany by the Gesetz zur Reagesl nMeedes bMadendlbrgd@&ppers

that came into effect on 6 June 1995. The main pur pose
entities with all obligations arising from Part XI an
and all Regul ations issued by the Authority. Prospect
supervised by the State Authority for MZel hgr f &€ner g
Saxony). All German iapglamcdteomlsorf @atri @moapteicti ti es in |

by both t h@enrSercaletafr yt he | SA and the LBEG. For the app
relating to maritime traffic and erwirradnmeanti ali mer atnac tk
Agency (BSH) in Héamudridga. tTuhher ,BSHek for a mutual agreer

matters with the German Environment Agency (UBA) in De
The testing of collector compemesrt aariem tamel Edet @rsrs 0Geé
environment al i mpacts i n tJhR® Mi ma mgw ompjlaecatf 2 pe vEaimtoipala

towards preparing for caveriédt bmi hhegexesbrandomscontr
Standard HemwmdseerBGR as contr acoos ulittsh ewiblldiregGe BB StHo whet he
additional requirements for the activity are necessary
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31 Purpose of the proposed project

A proposal for a secolnRDMi ma sng | onfp atchte pEuwrjoepctarhas been p
and is set tBhuguatt206h8therf lBe &Hi sne Plkeiodnsortium of p
science and isndatutsitmrgy wpg nmsndateval uati ggpaonmgebmmt elvehsi ve
accompasoff praer ot ot ype nodul(el ciondsesatr@tdsla gfei) sl eurrentl y

deweled by the Bel gi-@3R.coburriascg ptohl e BibeEsatl | i ¢ nodul es wi |
in two approx. 100 x 900 m small, continuous test are
exploration ctoh@CrZa crte sgprdatuaiis vieflcyover s t he Ger man | icense
the test in the Belgian |icense area is subject to a
contrakéeéobackagr oiummndalaen dt or atth e ap reo ppa soewdrdperdo ji etohde
objectives of t heaprldject are |listed in

3.2 Locati on

The <collector vehiclthBEaesstterwi Ider make Iipnlc @ars ed aaorneoami ¢ a |
prospective nodule field call e(ds @é®r:dlam@cukeé.vfeorAreera # 10,
indication of the | ocation ©het hairsaeienaatihpea awerset geironn apla rc
(Feure 31), an atr lkeat bas shbject to detailed resource analys

anal yses duri ng( s kerERaasntdiafrenf oyread &t art s hg in 2013, thr
expl orati(oRg hclreumasnens et al .agn @ Otledne a0clh5 ,c r2u0 1s7€)8 wi t h RV
t heROMi ni ngl mp dkatr t SAnmubilasped (Ha e c2kGelhd) a crui se focussing o
flow regi md Kiukint, a® Odrajvset vi saintde dc aRAli ed out detailed in
sampling schemes there.
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Figure 3.1: Bathymetric map of the eastern part of the Eastern German license area showing the locations of
two manganese nodule prospective fields PA1 and PA2 as well as the location of a Preservation Reference
Zone (PRZ) that was defined in 2013 and has been subject to annual biological investigation. Dots indicate
positions of box corer stations (status 2015). The area planned for the collector vehicle test lies in the northern
part of the well-investigated area PA1-West, as shown by the black star in the figure.

PAWest ni arear wi ahi ael yafdapt seaff |l @amound 4100 ?m and a
(Ficure 3.2). ilst mostly covered with | ar gree poroecsublectsbte(sd i £dc m
araevaith t he German | icensw&iiaheah a nwhspdeerhasp 2 Tebneteinr e

Ger man | i cheanss ebeagrne@mdaphpel2 0 ms gintpel Komrgsberg 12 kHz m
echosounding s(yes.figermdlEMah20 paiMestothaPAel addi tionally &
using an EM 12t sayshiegrh armmas ol ut(iitghne ocBf@®ada .d-ewend wi t h
mul ti beam syst,emanHd MEiSil )D-Btwme dGROMARSEyYdd snent s and nod:
PAWest havetkensma mel endb dfudre geochemical and resource e
biological and environhBsind @ad shsafrual Icy s es .s 8y | wlt ted,cd r e
sampivese retri eWedFchreo3nTiPAlaverage sample distance b
sampl es i Burlt3B®Or mor ek Msoinxg sveivdeeroalt r acks wereasbwal hed
as photo footage fro®mON0DeBi ®HE @MAR aROMVnakieeli al f or genet
was obtained from 7] reptiliesnthegarsdedt hewsepi benthic sl

deployed in ahd aaméehar sianmef oduorc actomosnescuti vé mpaats in
Reference idemersflfR0Zr | ocation) in order to obtain inf
in macrofaunal andl ampdasb.eaurcal uamas @eme an ogereanp hd ar rsiteudd i
out usChl d&sts, and by mooring current meters close
period of threeFeonmbBeruosdceanggraaphic i nformataindrerwas
wi th cur raemd amettheerrsmi st or chain close to the seafloor
204SMi ni ngl mpdatstcrobwitsemot | east, surface waters were

to obtain inf oramsasteimbn aogre sp.l ankt on
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12°0'N

11°54'N

11°48'N [

PA1-West

117°12'W 117°6'W 117°0'W 116°54'W

Figure 3.2: Bathymetry of PA1-West. The collector vehicle test will take place within the blue rectangular area
in the northern part of PA1-West, shown here exemplarily by the black rectangle. The green square represents
an area of intensive previous analysis that will be used as a control reference site for the test (see also FIGURE
4.3).

Thearagreava t hi nt hmehiccohl | ectwirl Ivethd ke gp li a@csd he neMetshter n part

(il'lustrated byFduE®2)hd uaes rtec tmankgd eoptni mal wuse of all t}
been collected in the area so far, but also to be at
yearly sampl akehawaedbaeéeh!| t still be takensiemi gbesf utur
and which represents an ideal(repmtesehgeedyamee site

FiGUReE3.2a n Beure43) The exact | oclaltOi oxn 900 tnm et &satwi ariheaan g(eln.i Is k m
bl ue rect amigtuh aa sirzeea ldf t20 skorme extent depend on pri ol
usingasdi pd¥ed bathymetric a(ned. go.ptancarn od wlfeo ragsav @ roag e,
well as gedl ongindanrdldo ghiicabldd @i ¢ dlat wi{durbegolat BiGRe@xpl or a
cruise with RV SONN&End asthigip)t | t/hiwegbm@&edB da0l1n)y the firs
cruise |l eg washp&Wt SONNEhe MiOnienagsl smipbalcet 120 clarectjoemartf.or t
test based onbltehei nbfeosrtmaatviacinl madti ctah e dmdmie ntth €icdxl ack rect
32andcure43, Ibilhte exact position modé ibref adrematrimi mede svhemi a
bottom curramid ¢gysambe¢e éi dé ctpicobseicooimes|l vanwai | abl e shor
the test dcteienrir8f osrt adrettsai | s on the monitoring approacl
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11°68'N

11°56'N
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Figure 3.3: High-resolution deep-towed bathymetry obtained from HOMESIDE (BGR-owned instrument) with a
resolution of about 1 m superimposed on ship-based EM 120 bathymetry (resolution ca. 100 m) of the northern
part of PA1-West. The blue rectangle illustrates the larger area that is deemed suitable for the collector vehicle
test. Black lines represent video sledge tracks from 2016; red dots represent box corer positions.

The 2% akmge area that has been chosen as a suitable
abyssal pilasnimnhlaét we eOm-htingoh shmalllls, tcoa.t h@ei tnkolra thi vaenldy t
stegp sl opes of betheea rladdirasmah@5#am) These el evated fea
dip gently to the east, whereas steep flanks occur tc
found at the southern and whkiscleranodll ddnikes iorft earhprset & ¢
scouring due to curr értogp east atrtee <l 8eA dehdpsd wwoyfmeshde bt lress. ¢ t

(FGure3.4), and the area is free of roundish to oval depre
6A and a size of up to 450-sxa mpd G dm atbhyasts aar ep Itayipni caa lc ofu
to t heMasrotWArhé X du Hamec k eR¢,h 12e0mabnn eBasaeld ,0n2 Galc7o)ust i ¢ bac
data of muétldellhz echosounding styrsutehme & Mudli2g oxd gon
si ze datraer42slle.e the area i smpdi ulngtsg ezmeedd 8 H4 wé hhr and

partly with sma(FbureB.®)duTlees dxadt cdn)mensi ons ofs the co
on whether it is carried out in an area with predomi |
|l arge nodul ¢senase ttthesabismfl ute abundances of nodul es
up by the crodehkzBbebpwaeadet hus htahe tdhiestcamdectt or can dri
its nodules and rEeeerershaeagcotbediorectesn in the Ger ms
predominantly small nodul es and abuldameeets FavEr yi ng b
34an@dcecuwre3s5f or dies$ aée hei sTahgeedr esul t ant pattern of nodul e
di mensions of the collection aarerar3{4 days of testing)]
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Figure 3.4: Left: Slope angle determined from high-resolution bathymetric data (pixel size 1/1 m) superimposed
on ship-based EM 120 bathymetry (resolution ca. 100 m) in the northern part of PA1-West. Right: nodule size
distribution as derived from the EM 120 backscatter signal. Blue areas are dominated by medium- to large-sized
nodules (> 4 cm) and yellow areas are covered with small-sized nodules (< 4 cm). The blue/red rectangle
illustrates the larger area that is deemed suitable for the collector vehicle test. Black lines represent video sledge
tracks from 2016; red dots represent box corer positions.

3.3 Mi neealbuestei mati on

The BGR together with Beak Consult GmbH carried out a
acoustic and box coree darea dorwehle asatfioe {1 heepsospe

West (Knobloch et al., 2017). A neural network approac
typical geostatistics (variography as wel lanad yeredi nar
prospective areas. The average relative prediction er|
~35%. A classification of the resource assessment of
standards, such as tplossi®RE@ omad en,l| ywabse craauts e t hi s met hoc
estimates for sample points, and the number of sampl e
Il icense area. I'n contrast, thedglkes&ahbtaitidggarnacsapd e catniavey s i ¢
ar ecaes provide error estimates even for | ocations wit

For the analysis of tWesdP3@mpoeeecuekaxao rwiltohciantn Pofnlst)h e

geostatistical met hods wvariogr ap hkyn cawvind ¢kera sgti antgi swieircea lu s
for the interpolation of poitrhterdeatla.sslitcaladwaretrgpgpd adadn
it accounts for the spatial variance of a parameter,
The variogram model mathematically specifies the spati
drection. Scale, range and nugget effect of the variog
(Akin and Siemens, 1988). The range of the wvariogram c
points at which samples osheari stTihceal dcoyalienfreaaproarsee nd asc h
component of the variability of the dataset and the nu
the prediction of a parameter value at any unknown 1| o
| ocatarenswei ghted by keeping the estimation error var.i
quality of the wvariogram function.

For geostatistical anal yses, the ArcGl SE extension Ge
sampling distdWwese washcal PAlated to be 1330 m based ol
geostatistical <calculations, ordinary kriging was appl
was applied on the ordinary krigingreleastuiltese pmeadirdtiron

at a constant bl ock size of 1000 m 1 1000 m. No detre































































































































































































































































































































































































































































































































































