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Namibian Marine PhosphateRty Ltd (NMP) commissioned J Midgley and Associates cc to project mareg
marine verification work programme based on the NMP Environmentaridgement Programme (EMP) of
the 2012 EIA, as submitted to the Environmental Commissioner on Apd, 2012. The verification
programme as detailed in the EMP was expanded to include consideratiérthe comments on the EIA
(2012) by the authorities, independent review parties (appointed bg Environmental Commissioner) and
Interested and Affected Parties (I&APS).

J Midgley and Associates cc in consultation with the CSIR identifiedvéewv team with establishetklevant
experience, high integrity and known independence from the NMP phosphate project.r T f being to
provide an independent peer review assessment of the studies that compiishe verification programme
(Appendix 4, terms of reference). In order to ensure that the reviewingigartould evaluate the reports in
context of the Verification Programme they has prior access to key ntspand correspondence (Appendix 1,
list of review documentation), which they were required to assess pri@ two-day workshop in Cape Town
(13 -14 August 2014). Their independent reports are provided herein.

The NMP specialist consultants responded to the peer review findings, and tesponse statements are
provided (Chapter 1.2, responses).

Additionally, NMP commissioned the University of Namibia to provide an independensessment of the
processes (field work and analyses) followed during the 20332014 verification programme. The
assessment was undertaken through the university’s Central ConsultancgaBufUCCB). Their report is
provided herein. Their terms of reference are found in Appendix 4.

The contributions and findings of these independent reviewers, is significantt moves any consideration
of bias that has been suggested by parties whoe concerned as to the independence of the environmental
assessments undertaken in the evaluation of the risks associated wétlpribposed phosphate project of ML
170.

J Midgley and Associates undertook the project management in collation with the GSIR, whose
appointed representative, Mr P Morant, provided the services of Independerogramme Reviewer and
Process Advisor. J Midgley and Associates compiled the report.

Jeremy Midgley (Pr.Sci.Nat) Patrick Morant (Pr.Sci.Nat)

November2014 November 2014
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Peer Review Report on Specialist Studies of the Verification Programme collated
and compiled by Dr Andrew I. L. Payne

DrAndrew I.L. Payne

Dr Barry Clark Dr Michael J. O'Toole Prof. Alakendra N. Roychoudhur

Independent review of the Verification Process compiled by Dr Samuel K. Mafwila

University of Namibia
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12 Hill Farm Road
Halesworth
Suffolk IP19 8JX
United Kingdom
Tel: +44 (0)1986 875627
Mob: +44 (0)7733 227279
e-mail: ailpayne@hotmail.com

EXECUTIVESUMMARY

Peer Review Assessment of NMP Specialist Reports: Verification Pro gramme.

Collated and compiled by Dr Andrew I. L. Payne, with input from Dr Barry Clar K,
Dr Michael J. O'Toole and Prof. Alakendra N. Roychoudhury

The review team (the authorship above) was contracted in #2014 to evaluate in an unbiased and
scientifically robust manner, using their own specific scientifipegkise, the various reports provided by local
specialists in response to comments made on the original Environmelmtgdac Assessment 2012 (EIA) of
Namibian Marine Phosphate (NMP) by stakeholders and reviewers. Tithe panel are based in South
Africa (Clark and Roychoudhury) and two are Eurepased (Payne and O'Toole), but had spent many years
working off southern Africa, in both Namibia and South Africa.l Adur, though, have significant international
experience, which they were able to bring to their expert evaluation.

The Terms of Reference for the study required that each of the appointecwers thoroughly reacand
assimilated the contents of the documentation prepared as part of the E& the EIA summary report,
supporting specialist studies, comments from various reviewensl atakeholders, and the reports on
verification studies undertaken to address comments from those reviepfgpendix 1), to attend (Appendix
2) a two-day workshop in Cape Town (1“3to 14" August 2014) where Namibia Marine Phosphate's (NMP's)
appointed specialist consultants were required to present a summafythe work that they haddone
(Appendix 3), to prepare a report or statement (Appendix 4) on the qyadind thoroughness of the various
specialist studies, the relevance of datasets, opinions and conclusiohshe NMP specialist consultants
presented in their EIA assessmentsdahe verification reports, and to identify if further work or assesats
were required to quantify some of the risks and impacts associatet thi¢ proposed project.

A list of the specialist study topics, the lead authors, and independenteespappointed to review each topic
is provided below.

! Consolidated CVs are presented in Appendix 5.
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Topic Lead author Reviewers

Biomass and stock estimates James Gaylard Dr Andrew I. L. Payne (Team leader)
Recruitment Dr Hilkka Ndjaula

Jellyfish Prof. Mark Gibbons

Ecosystem assessment Dr Kevern L. Cochrane

Water column and sediments Dr Robin Carter (Lwandle Prof. Alakendra N. Roychoudhury
Technologies)

Fish, fishery, marine mammals | David W. Japp Dr Michael J. O'Toole
and birds

Jellyfish Prof. Mark Gibbons

Ecosystem assessment Dr Kevern L. Cochrane

Macrobenthos Dr Nina Steffani Dr Barry Clark
Meiofauna Physalia, UK

Up front, it must be said that the client (NMP) and its supportingeagies and consultant specialists were
totally open and frank about their aims and their work and were refiegyly receptive at the workshop to
criticism and comment, positive and negative, about their catrmodus operandiand findings. The target
extraction area, Mining Licence Area 170, hereafter MLA 170) southwest aflW¢ Bay on the Namibian
shelf is an extensivene (2230 kn¥), but the target area for phosphorite extraction (Sandpiper 1, heteaf
SR1) is much smaller (18 km?), from which up to 60 knd will be dredged during the 2@year mine licence
period. The extraction area is totally outside the 200 m isobahat limits any bottorrtrawling activities on
the Namibian shelf. It is also necessary here to stress that the proposestaijpn about which the reviewers
are commenting is one of dredging of the seabed, not mining of the seabed, wahiy definition wil include
the onward processing of material extracted, in this case well awaynfthe proposed dredge target area
SR1. Throughout the text that follows, the words “dredge” and “mine” are usedeshately, but they all refer
to the same activity, which is what we as reviewers were requested to aeglnamely the dredging activity.

All four reviewers worked and provided their reports independently,utpo they did collaborate at the
workshop and remotely subsequently. Each of the following sectioesevindeed drafted by each reviewer
working independently, with the leader merely formatting the reports émnsistency, correcting minor
typographic errors throughout. However, all four reflect each named eswér's own opinions and comments,
not necessarily those of the whole team, and should not be amended in any way withloeir express
permission. They are provided not necessarily to influence the redult® formal application, but to provide
educated scientific backip or criticism of the findingsat date (August 2014).

The purpose of the Executive Summary is to provide an overview ofitlénfys of the team at the time of
writing. Some of the findings are generalities, but for ease of subseduese and application, a bulleted list
of recommendations and important suggestions drawn from each of the peer revaports is also provided.

That list is made as the unanimous findings of the whole team, in other wowgs support each other’s views.
To start, there are a few observations, including some proposals that wehwo share with the reader; these
are provided below, in no particular order of priority.

f The whole expert evaluation process has, from a scientific perspectieentfollowed throughout
its existence professionally, credibly and appropriately.

f Comments have been made in writing and verbally about the impacts of thererextensive
Namibian inshore marine diamoneextraction effort relative to that proposed in this application
for phosphate mining. In our opinion, one needs to be cautious when comipg the two marine
extraction exercises.

f It is gratifying to know that the positional accuracy of the dredge headd resolution of the
extraction (dredging) process is (technologically) so good; beingeata query the technology with
the potential dredger operators present at the workshop was valuable.

f The overarching scientific disciplines covered in the specialist in@nd verification procedures
are correct and complete.
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f One will need to be alert to any cumulative (of mining and of mining plushet operational)
impacts in future.

f Future monitoring of all key aspects including an analysis of thegudial impacts on the seabed
and surrounding areas of the dredging operation needs to be built into amyward-looking
management plan,but it will be crucial in doing so to bear in mind potential seasonal effe and
the need for consistency in the methodology, gear deployed and even the vessels.u

f Credible analyses of effect or impact cannot really be developedipposition to or isdated from
government scientists’ opinions based on their official data (th&dr data include the seemingly
inaccessible Norwegian data collected for Namibia and stored in the database lné Nansen
project). The relationship with state scientific institutions needs todrioually refreshed.

f Itis recommended strongly that all specialists contributing data and asedyformally publish the
outcome of their analyses as soon as feasible; pgewview adds to the scientific credibility and
cannot be countered professionally.

f As with all such comprehensive and muttisciplinary analyses as those presented to the review
team here, regular, though infrequent, independent review will add to interoadl scientific
credibility.

Overall, the team finds that the response of the client to issues raised at trier review of the EIA through
commissioning appropriate verification studies has been appropriate aaddable. The quality of those
verification studies is covered elsewhere in this report, but collegtiegld independently, they have been
carried out to the highest scientific and technical standards, using agpiate and upto-date methodology.
The results have almost without fail raised the level of confidence asgediwith the results in terms tikely
impacts, and the team wholeheartedly confirms those analyses. A numlfgrestinent suggestions did arise
through the course of the team’s evaluation of the material presented and digto discussion at the
workshop. Some are mentioned in the observations above. However, fa #flake of completeness, the
proposals below are taken from the texts of each of the reviewing parties] where appropriate commented
upon, with their order here reflecting generally their mention in text. $oraf course, were mentioned by
more than one member of this review team (i.e. appear in more than one reviem@aning that suggestions
had to be merged, so do not reflect a specific order of priority of eitreespecific review team member or the
team as a whole. The client and his advisors are urged strongly to considemtlearefully, either now or
during implementation of any management plan established for considenatas part of the application by
Namibian national decisionmakers.

1. Itis recommended that future dredging operations be authorized only withinaalaptive management
framework (i.e. coupled with intensive monitoring and careful somy of such monitoring data by
independent experts and the authorities) and that the authorities retain the rightdaire that the scale
or scope of dredging be adjusted or that additional mitigation measures ibgplemented to ameliorate
any unforeseen impacts that may arise.

2. Potential cumulative impacts arising from any future expansion irogthate mining/dredging in the
region will need to be considered by the authorities in their own right,atrthe minimum a clear body
of evidence will need to be presented that can confirm that the probabilitth#re being a cumulative
impact of all current plus extra activities isteemely low.

3. Monitoring surveys must be undertaken by NMP after dredging has cemoed to confirm that the
levels of impact do not exceed those predicted.

4. ltis also crucial that, by way of mitigation of potential impact oretimacrobenthos and to minime the
possibility of jellyfish polyps establishing in an area, a residual lagérsediment is left on the clay
footwall underlying the mineral deposit. Further and if feasiblearies” or areas of sediment be left
untouched; these two exercises will together facilitate theestablishment of benthic macrofaunal
assemblages on the substratum.

5. Although the current scientific output indicates no such likelihood thatill be a problem, any potential
risks arising from ingestion by fish and other fauna of trace heavy neetaund to sediment or organic
matter in the water column or on the seafloor should be evaluated by mgaof laboratorybased
sediment toxicity studies.
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6.

10.

11.

12.

13.

14.

15.

16.

The review team is concerned at the absence of anydepth analysis of the mesopelagiscattering
layer in the MLA. Its presence needs to be confirmed either acousticallygusivessel echosounder or
from upwardlooking ADCP instrument data moored in the area. It is a phenomenon welbkn in
Namibian waters, and some information needs tbe provided in the documentary evidence to be
provided in support of the application. The potential impacts of sediment rpks (physical and
biogeochemical) on this scattering layer (which could comprise zemiton, myctophids, other
bathypelagic fish, barded gobies and/or jellyfish) need to be evaluated now given the siipaifit
biomass of zooplankton that migrates through the water column andiitgortance in the ecological
functioning of the pelagic environment off Namibia.

The water column report neds to include a preliminary model applicable to the SPdredging area
using data on current measurements and sediment properties that haveady been collected in the
vicinity, to demonstrate the distribution, dispersal and sinking rafeptume sedimets. Such a model
can be developed further as additional data are gathered during environrt@nmonitoring and
dredging operations.

The collection in future of sitspecific sediment dynamics data would support a better understanding of
how MLA 170 will be responding to cumulative anthropogenic and naturalests there.

Sulphide dynamics will be important, so a better understanding needs ® dpught during the
operational phase of how oxygen consumption will be affected by the reshli (dredged) sediment
reservoir.

Attempts should be made to calculate a gemccumulation index relative to average marine shale, in
order to determine whether there is preferential deposition of trace and\hemetals in the target area.
In terms of confirming the reproductive dynamics of the commellgiainportant demersal fish species in
MLA 170, with focus on the target dredge area SR it will be necessary to monitor on an ongoing
basis the reproductive biology of hake and monkfish in the area, eoting appropriate sampless part
of a future management plan that includes sample monitoring.

Consideration should be given to establishing a zooplankton tiseries in and adjacent to SB; Such
additional information is not crucial to the submission of a dredging af@tion and management plan
for SR1, but would aid the evaluation of future applications in the same or ad@t areas.

Two of the review team are concerned at the high value of 7% (of all Namibian nfestk recruits)
calculated for MLA 170. That value needs to be ebked carefully, but in any case a sampling strategy
needs to be devised to seek any evidence of there being a regular influx of youwogkfish into the
area (they do not appear to be spawning extensively there) to suppochsa high value calculated for
the recent sampling years.

The recentCapFish biodiversity verification survey was well designed and fuffilleut it used a net
designed to catch bottom fish and particularly monkfish, so would not hasaptured many, if any,
mesopelagic or bathypelagidish. The same area in the 1970s was important for mesopelagic fish such
as lanternfish, so the biodiversity report needs specifically to staé those fish were not available to
the survey because of the selectivity of the monkfighlicated trawl sampling gear. Future sampling in
the area (to be integrated into the monitoring programmes established &ny operational phase)
would benefit from at least a few samples being taken of fish scatigtiayers, deploying if feasible a
research midwater trawl (RMT) to prove or disprove their presence & ahlea. Such information,
positive or negative, would supplement the biodiversity baselineadat compiled from the recent
survey.

Acoustic monitoring needs to be integrated into future monitoring prammes and undertaken at the
proposed extraction site to determine background noise levels and to monaay local whale or
dolphin populations. Ideally, this should be initiated before any dredgitakes place, though not
necessarily before submission of theviged application. Doing so with passive acoustic monitoring
devices (PAMSs) is a standard international technique when extraction otratt$on of water on an
industrial scale is being considered for the marine environment.

Efforts must be redoubled to gain access to the valuable datasets collectédNamibia by the RV “Dr
Fridtjof Nansen” programme. Some of those data (especiallpsk collected around MLA 170) could
be subjected to rigorous scientific analysis in future to suppbs turrent analysisideally too, the full
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17.

18.

19.

20.

21.

22.

23.

Nansen datasets should be made available to the marine science comnyuaftthe Benguela region
and also preferably released into the public domain.

In future, effort should be made in the impressively conceived rejudive dynamicswork to follow
annual cohorts through the samples. This may prove particularly rewaydimterms of pelagic fish, and
will certainly enhance confidence in the conclusion currently drawn that maresources are not being
damaged by such industriagcaleactivity on part of the Namibian shelf.

Although ecosystem modelling is in its relative infancy and in this contextently not able (for reasons
of inherent modelling projection uncertainty given the scale of dredgingaity of data and their
resoluton) to evaluate the potential impact of the proposed dredging, itseushould not be written off,
especially if there is future expansion of phosphomning. Monitoring data collected from this project
should be earmarked for future contributions to inpdata for ecosystem modelling assessments, with
the collection of highresolution data.

In terms of the biodiversity survey, regularity and consistencgnethodology, gear, vessel and season
needs to be maintained and the survey established within the management plan mego

Effort should be redoubled to coordinate NMBupported and official Namibian survey effort in future, if
the licence to operate is granted.

For now, no further meiofaunal surveying is considered necessary, butebae data have ken
established, so occasional sampling and comparison with these baseldsa during a future
operational phase could be revealing.

Perhaps in future, given the availability of these new data, the Namibianthauities will be able to
commission an exercise to evaluate whether there are any specifiotesthat can be learned about the
ecosystem effects, including recolonization, plume dispersal and irpeetation rates, of marine
industrial mining/dredging as an additional anthropogenic effect on the Nibian shelf.

Effort should be escalated in future to try to integrate any impact modetsn the current extraction
proposal exercise with similar assessments undertaken on the fishingstngd and the fishery, using
industry, government and Nansen data. MR and/or the Benguela Current Commission could
coordinate such an exercise, to the benefit of understanding water dynarthicoughout Namibia.

To conclude, the review team is impressed by the quality of the informatimvidied to it and believes that
all avenues and disciplines of concern relating to the proposed operation iR1Shave been addressed
adequately. The policy decision on whether to proceed is a national one, but \&e say that the information
provided to us has convinced us that everythipoints to there being a minimal impact of the proposed
operation, should a licence be granted, to the Namibian shelf ecosystem.

Finally, we thank the client and his advisors for entrusting us with this ingmbrevaluation and for allowing
us to meet with the NMRppointed specialists providing the background scientific informatiand to quiz
them intensively at the twday workshop in Cape Town.

Dr Andrew I.L Payne

August 2014
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1.1 INDEPENDENT ASSESSMENTS

1.1.1 Dr Barry Clark
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Silverwood Close
Tokai 7945, South Africa
environmen t al Tel +27 21 7013420; Fax +21 21 7015280

www.anchorenvironmental.co.za
barry@anchorenvironmental.co.za

Peer Review Assessment of NMP Specialist Reports: Verification Pro gramme.
By Dr Barry Clark

Background

| (Dr Barry Clark of Anchor Environmental) hereby declare that, ptmbeing asked to review the specialist
reports, | had no involvement with this project or the various survegsdantaken by the NMRappointed
specialists. | have not been involved previously with NMP in any capaaityl my review is provided in my
capacity as a marine scientist. | understanidat Namibian Marine PhosphateRty Ltd (NMP) through their
Sandpiper Project (SP) is seeking environmental authorization for recovery of phosphatgiched
sediments from Mining Licence Area 170 southwest of Walvis Bay, Namibia.

This chapter focuses ro macrobenthos and meiofauna, but it also briefly addresses the otlspecialist
studies that were undertaken as part of the EIA. Brief comment is alseigeal on the EIA as a whole, and
specific comments on each component are included in the respective sections below

General comments

It is my considered opinion that the quality of all of the specialist $ésdundertaken as part of the original
EIA and of the verification study were of a very high standard and preserthorough and objective
assessmenodf the likely impacts of the proposed mining project on the environment inahgdall existing uses
thereof within the limits of available information and knowledge, inding that which can reasonably be
obtained within the framework of such a study. This said, it must &cknowledged that the level of
confidence pertaining to the assessment of impacts in many of the spistiatudies prepared as part of the
original EIA was limited by the paucity of information available fronetimining site itself, andthat the
specialists were required to make inferences about conditions at the site amel attendant faunal
communities present there, based on prexgriables, data from nearby sites, and historical data. This was,
almost without exception, clearly acknowledged by the authors of thégioal reports. Much of this
uncertainty was, however, resolved through the verification survelyish, more than anything else, served to
improve confidence levels in the assessments, and also provided a good dsfalvaluable baseline
information on the site itself.

Collectively, this body of work has, in my opinion, confirmed that pntial risks and impacts of phosphate
mining at the level proposedor this project are within acceptable limits. However, given the serigjtiof the
project it is recommended that any future mining operations only bettmrized within an adaptive
management framework (i.e. coupled with intensive monitoring and cateftrutiny of such monitoring data
by independent experts and the authorities) and that the authorities retain the rigteéduire that the scale or
scope of mining be adjusted or that additional mitigation measures be imptarted, to mitigate any
unforeseen impacts that may arise.

The only aspect that | see has not been adequately dealt within the scope of this Eté &uhe issue of
cumulative impacts associated with phosphate mining. Such an assessmecumulative impacts was, for
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the most part, dismissed as being impossible without a rigoroussessment of the ecosysteimpacts of
fishing, the effects of which are felt throughout the region. Although | recogrttzat the impacts associated
with commercial fishing operations in the region are not well quantified necessarily well understood, this
cannot be used as an extse to avoid considering the issue. Potential cumulative impactsiag from any
future expansion in phosphate mining in the region need to be considemedheir own right, or at least a
clear body of evidence needs to be presented that can confirm that the praligbof there being a
cumulative impact is extremely low (because of economic or Idgatconstraints for example).

Macrobenthos

Potential impacts on macrobenthos were addressed in specialist staggris prepared by Dr Nina Steffani
commissoned as part of the original EIA and as part of the verification study. Tpeecialist study report
prepared as part of the original EIA was conducted primarily at a desktopelebut it included some data
from a onceoff survey undertaken in the SP1 target area (one of three target areas in the Mik@} report
was reviewed by two independent experts, one of which was very complimer{tan excellent specialist
study”) whereas the other was highly critical and highlighted numerous peszkideficiencies in the report
(“severe lack of data needed for accurate impact assessment, the preserfcangupported concepts or
claims, outdated methodology and terminology, misinterpretations, fgubgic, inconsistencies and a failure
to consider key issues and concepts relevant to the assessment of phosphategmmpacts”).

I acknowledge that there were some deficiencies in the original E¢port (mentioned below) and that the
dataset on which it was based was somewhat limited, but | found the repomspealy to be of a high
standard and believe that it represented a thorough and objective assessménhe likely impacts of the
proposed mining project on benthic macrofauna communities in the MLAdasurrounding areas. | am in
agreement with key findings from the study that can be summarized devia!:

f Impacts on macrofauna populations are likely to be permanent (&st >20 years) owing to
habitat loss (sediment removal) and changes in sediment structure assst with mining
activities, which will, in all likelihood, result in residual sediments beindotized by a species
assemblage that is different from that there currently. However, the extethefffected area is
small relative to the available habitat of this nature in the region, and maf@una communities in
the affected area are not unique (widely spaced samples showed a highllef/similarly in terms
of their faunal assemblages, and all species recorded are foundesthere in the region, albeit in
differing relative abundance).

f Ecosystemevel impacts (through the foodweb) will to a large extent be amelioratiough
“functional” recovery of the macrofauna communities (i.e. residuaédéments are likely to
colonized by different species that will fulfil the same role in the ecosyktéimere is a good deal
of evidence available to support this conclusion, some of which waseain the report.

f The authors recommend that monitoring surveys be undertaken after mining) t@mmenced to
confirm that the levels of impact did not exceed those predicted in teeart. The author also
recommended that, by way of mitigation, a residual layer of sediment be lefttioa clay footwall
underlying the mineral deposit and that, if feasible, “lanes” of sediment b# lentouched, both of
which would faciliate the reestablishment of benthic macrofauna assemblages on the
substratum.

| fully supported the recommendations presented in the EIA specialistysreport but | do harbour some
minor reservations relating to the fact that there was no direct evidence to tsuhite conclusions regarding
the low significance of impacts associated with the remobilizationnotrients, trace metals and hydrogen
sulphide that may be present in the sediments.

Further surveys and assessments on the benthic macrofauna assemblages in ltAewdre undertaken as
part of the Verification study, which included the collection of additional 15 samples from SP1, and
analysis of fauna retained on sieves with a finer mesh than that used in thgiral surveys (designed to
address concerns raised by the one reviewer). Data from the verification survexeddo reaffirm conclusions
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from the original assessment and improved confidence in most of the imgaojections (mostly from other
sampling activities undertaken as part ofahverification survey including assessments of hydrogen sulphide
and nutrient levels in sediment, and the bioavailability of trace metalghie sediment). The verification study
showed clearly that there was little value in employing a set of sievear fihan that used in the original
survey (1000 pm mesh) because the increase in the number of species collexdetiresult of this innovation
was negligible.

Meiofauna

The absence of any data on meiofauna populations in the MLA was identified &sitéical gap in the original
EIA by one of the reviewers of the macrofauna specialist study. The ralgofa this was that meiofauna
reportedly often dominate (and can be considered more important than nedauna) in oxygen minimum
zones (OMZs) because of thegmall body size. Physalia, UK, were appointed to undertake a surveyef t
meiofauna in the MLA. Samples were collected form 26 sites in and adjacent Rd,Sand all fauna were
identified to Operational Taxonomic Units (OTUs) owing to the laok taxonomt data for the region. The
authors of that report examined patterns in community structure in retatb environmental variables (depth,
sediment properties, trace metals) and compared the results obtained wlitose from the North Sea.
Community structur of the meiofauna assemblages in the MLA were (unsurprisingly) different flmse in
the North Sea and appear to respond in a similar manner to prevailingveenmental gradients, as did the
macrofauna assemblages studied by Dr Steffani.

Although the study may have been a seminal study one on meiofauna in theoreggiven the dearth of work
on this group in the region to date), it appears that few (if any) new ihssggwere gained from the analysis.
No comments were presented on the likely impacts of the mining acisitn meiofauna, but the authors did
express the opinion that meiofauna assemblages could provide a robusanseof assessing and tracking any
changes in the seabed habitats associated with the proposed mining operatidtersonally, howver, |
remain to be convinced as to how this would add significant value over and abdkat which could be
obtained from monitoring macrofauna populations, which have been ofubetter studied in the region and,
| suspect, can be monitored in a more cosfffective manner.

Jellyfish

Potential impacts of the project on jellyfish populations in the regiondaalso of the potential impacts of
jellyfish on operational activities were assessed in a specialistyspirepared by Prof. Mark Gibbons from the
Univesity of the Western Cape as part of the original EIA. That study presented atlgir assessment of the
potential risks and impacts of the project on jellyfish populatiorss)d vice versa. The author concluded
(correctly in my opinion) that the risks to the project operationailgre in all likelihood greater than the risks
to the jellyfish populations in the area.

Water column and sediments

A desklevel specialist study was commissioned on this subject as part of tigiral EIA (prepared by Dr
Robin Cater) and additional field surveys and assessments were undertaken asopdhie verification study
(by the same author). In my opinion, the specialist study commissionegart of the original EIA represents
a thorough assessment of the potential impaodf the mining project on the water column and sedimentary
environments in and around the MLA. | am comfortable with the main findingghi$ study (including the
stated significance level of all impacts identified and the levelaminfidence expressedcithe assessments).
That notwithstanding, my level of confidence in the risks and impaetidentified was limited by lack of data
from the MLA particularly in respect of hydrogen sulphide levelsadisents (and the risks associated with
their flux into the water column), the abundance of (and hence potential impao)ssulphur bacteria in the
sediments, and the levels of trace metals and nutrient in the sediments (Aerdrisks associated with their
release into the water column).

The field studies and analytical work undertaken as part of the verifmatstudy was designed to answer
many of these questions. The study was well designed and well executadittee data collected can assist in
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resolving most of the concerns expressed already, greatly improvingfidence in the assessments as
presented. The author recommended that intensive monitoring be undertakerinduthe operational phase
of the project (mostly of water column parameters), a notion that pgart fully.

The only residual concerns ouncertainty | have with this specialist study pertains to the issue of the
remobilization of trace metals from deeper sediments. Studies undemaas part of the verification
programme indicate that levels of trace metals in underlying sedimentshim MLA are high (in excess of
accepted guideline or even observed effect levels) but that the riskbede trace metals being released into
water column is, in all likelihood, low (because of low solubiliy the fact that these metals are rapidly
scavengedby other species in the water column after their release). This studyndid however, adequately
address the potential risks arising from ingestion of trace nigtaound to sediment or organic matter either

in the water column or on the seafloor by fisand other fauna. The only way to address this issue
satisfactorily would be through laboratotlyased sediment toxicity studies.

Ecosystem impacts

Dr Kevern Cochrane was commissioned to undertake a specialist study on thiernpial for using ecosystem
models to assess the impacts of the proposed mining activities as partefuerification programme. This
study was well executed. Dr Cochrane looked at a range of ecosystendef®that had been applied in the
region and was able to conclude that none of thexisting models have the required level of resolution to
assess impacts associated with this project (mostly because of therésalution of data available for the
region and the small size of the affected area). The models did, however, ipl@gome confort in that they
indicated that impacts on “target” species (i.e. those that might be diteaffected by the mining activities)
are generally greater than on “noniarget” species (i.e. that the impacts of the mining activities are likely t
be “damped” rather than exacerbated as they propagate through the foodweb or ecteys3.

Dr Barry Clark
August 2014
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1.1.2 Dr Michael J. O'Toole
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Marine Ecosystems Management
Cluain Na Si Kinvara
Go. Galway, Ireland
Tel: + 353 91 637358
Email: otoole.mick@gmail.com

Peer Review Assessment of NMP Specialist Reports: Verification Pro gramme.
By Dr Michael O'Toole

Background

| (Dr Michael O'Toole of Marine Ecosystems Management, Ireland) hareleclare that, prior to being asked
to review the specialisverification reports, | had acted as external independent reviewer of the NMP
specialist’'sElAreports, appointed by the Misitry of Environment and Tourism. | have not been involved with
or consulted on any of the various verification surveys or relatedemssments undertaken by the NMP
appointed specialists. | understand that Namibian Marine Phosph&#gj(Ltd (NMP) through their Sandpiper
Project (SH) is seeking environmental authorization for recovery of phosmhanriched sediments from
Mining Licence Area 170 southwest of Walvis Bay, Namibia.

Formally, | (Dr O'Toole) was asked to review the background and sipést reports on jellyfish, ecosystem
assessment, and the aémbracing (Dave Japget al.) fish, fishery, marine mammals and birds work. For the
latter, it was necessary to look at the original and verification repartshigher taxa, including the reports on
recruitment and on biomass, and also to review what was presented on biodiverait the site. A short
analysis of the ecosystem assessment report is presented, and althooghellyfish presentation is not
concentrated uponper sg it is covered under the heading plankton, which was regrettably not higftied as
requiring great attention in the original request. Beyond these items, amdduse of its importance in the
general ecosystem, comment is also provided on the water column andimedt work to supplenent the
analysis of other members of the team.

Water column and sediments (Lwandle Technologies)

This review provides an account of the results of the verification sureesied out by Lwandle Technologies
(Pty) Ltd as a follow up to the Namibian Marine Phosphate (NMP) Enwirental Impact Assessment (EIA)
recommendations for a verification survey contained in the originanne ecology specialist report (Water
Column Studies) submitted in 2012.

The need for the verification survey was viewed as essential to more aalyrdetermine the risk assessment
of mining/dredging activities on the water domn and benthos and was also strongly advised by
independent reviewers. The latest survey gathered further independent empdi&talin the mining area on
currents, water column characteristics and sediment propertiesuidicly macrofauna and meiofauna ad
thiobacterial assemblages. Monitoring of environmental conditiongluded the deployment of an ADCP
(acoustic Doppler current profiler) mooring at the site for a patiof three months.

Results on current speed and direction supported earlier estimates, witthnast flows at the surface (peak
30 cm s™) and poleward/equatorward flows at the bottom with average veloeit of 9 cm s* and 30 cm s,
respectively. Water masses in the region were dominated by South Atlanticr@eWater with an upper
mixed layer 26-30 m deep, weak thermocline and very low oxygen near the seafloor (hygox

Turbidity levels were low in the upper water column and somewhat higher at geflgor. Shortterm high
level turbidity events (>350 NTU) were recorded periodically the bottom but were generated outside the
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area and advected through the site. Nutrient concentrations in the water caluwere in line with those
previously reported for the region with dissolved heavy metaiselto detection levels.

Surface sediments throughout the survey area consisted of silty satfdsili dominating in subsurface layers.
Inorganic nutrient levels in the sediments averaged 15§ I for nitrogen and 209 g I for phosphorus,
with low overall water content. The oxidative state of the sediments gubthat they were hypoxic with data
analysis suggesting low sulphide fluxes.

High concentrations of heavy metals were found in surface and subsigrfaediments with elutriation tests
indicating that negligible proportions enter the siolved phase and hence are not readily bioavailable. Iron
was abundant in both sediment layers. The natural concentrations of meiralthe sediment exceeded the
sediment quality guidelines for the region but do not represent a toxicil githerin siu or during physical
disturbance.

Macrofauna and meiofauna were abundant in the overlying and subsurfacalisent, quite typical of
hypoxic sediments and inconsistent with sulphidic sediments. Bentfacima such asPrionospiosupport a
stable sediment environment despite periods of very low bottom oxygergd aulphurreducing bacteria of
the genera Thiomargarita Beggiatoa and Thioploca were absent from bacterial assemblages found at
sampling stations but smaller forms such &kiobacilluswith relatively low growth yields were present.

The report concluded that the main findings of the EIA produced in 2012 gvsupported by the results of the
verification study which confirmed that the majority of the potentispacts associated with the dredp
activities are likely to be physical rather than biogeochemical in natuks a result, the level of confidence in
relation to environmental impact assessment risks rises from a ratingediumto-high to simply high.

General comments

1) Itis a high quality, weltwritten verification survey report that contains new and detailed infatioraon
the central Namibian shelf region and the dynamic processes affecting theingaenvironment within
the MLA.

2) The rich benthic macrofauna, meiofauna and overall ldiversity (supported by trawl survey results) in
the MLA indicate a stable benthic community. The absence of large sulglkducing bacterial mats in
the region confirms that although the bottom levels of oxygen are lotwisinot an anoxic environment
as found further inshore in the “mud belt”.

3) The heavy metal issue and biogeochemistry needs further clarificationkeBtalders need to be
assured that once the sediment is disturbed by dredging, heavy metallsnot enter the food chain.
Simply saying thatthere is a low release of metals into the dissolved state or that tleg not
bioavailable for very long periods is insufficient; the issue needs to tmified and quantified further.
The statement that “although the natural concentrations exceed the sediment qualitelines for the
region...they do not represent a toxicity risk eitharsitu or following physical disturbance” is not that
reassuring. Perhaps this should be stated in a different way or explaineghbelfhe heavy metal issue
is potentially one of the most important environmental impacts asated with the mining activities and
it needs evidencéased scientific findings to support the conclusions.

4) The occurrence of the scattering layer in the MLA needs to be confirmed either stazally using a
vessel's echosounder or from upwatdoking ADCP instrument data moored in the mining area. This
phenomenon is well known in Namibian waters. A paragraph or two on the seattg layer should
also put the issue into context. The potential impactsf sediment plumes (physical and
biogeochemical) on the scattering layer (zooplankton, myctophidshest bathypelagic fish, bearded
gobies and jellyfish) does need to be addressed given the significant biorm@sgzooplankton that
migrate through the wateicolumn and their importance in the ecological functioning of the pelagi
environment.

5) The EIA water column report needs to include a model for the SP1 dnedgirea using the data that
have already been collected to show the distribution, dispersal andksig rate of the plume
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sediments. The bottom sediment is known to consist of silty sand and silt there are data on
average current speed and direction and presumably sinking rates of varisize fractions of sediment.
A preliminary model could be costructed at this stage using the data collected at the proposed mining
site and perhaps later readapted from one used in the diamond mining industry. Such a model can be
developed further as additional data are gathered during environmental moriig and mining
operations. If such a model of plume dispersal and sinking rates is notudeld, stakeholders may
conclude that the risk assessments are suspect.

Fish recruitment and stock dynamics (Ndjaula)

The study investigates the reproductive dynamics of six commeiisialsipecies in Namibian waters and the
potential importance of the Namibian Marine Phosphate MLA as a region ajnéficant spawning and
recruitment. The species considered are Cape hake and deegter hake Merluccius capensisand
Merluccius paradoxug, monkfish Lophius vomerinusand Lophius vaillanji horse mackerel Trachurus
capensi3 and sardine Sardinops sagax

The assessment examines the existing data collected on gonad maturity anevripg condition from
Ministry of Fisheries andarine Resources stock assessment surveys carried out from 19920®. The
data analysed were collected throughout much of the region, including tNA. The analysis includes
temporal and spatial stock structure, maturity development and depth pesfiwhere necessary.
Gonadosomatic index (GSI) is used as a proxy for spawning and historicgirmation is presented on the
distribution and seasonal abundance of eggs, larvae and juveniles. gtbs and maturity stages of fish are
presented by latitude andmonth using standard classification techniques for determining repradoiec
condition.

The results of the analysis indicate that sardine, horse mackerel and Capleehspawn for the most part
outside the proposed mining area farther north on the shelf. Ték&ta support historical information on the
distribution and abundance of eggs and larvae and indicate that the MLA is not a ificent spawning area
for demersal species such as Cape hake and monk. There are also no etgis that suggest that it is a
region of significant recruitment. Although Cape hake with more advanceshgds were present in the MLA,
they were more widely distributed in deeper water outside the region. Furthenad and length frequency
analysis of commercial species from within tMLA showed no special reproductive characteristics relative to
other Namibian waters where cohort analysis indicates a mix of sraall large fish for most areas.

General comments

1) This is a comprehensive study that analyses large datasets on length dregyuand stages of maturity
of a number of commercially important fish species in stratifiegérs along the Namibian coast. The
report is well structured and provides strong evidergased findings that indicate that the NMP MLA
does not feature as a sigificant spawning or recruitment site for pelagic species such aslme, horse
mackerel or anchovy or for demersal species such as hake or monk.

2) There may be some spawning of Cape hake and monk in the MLA depending on oceaapigic
processes and environmental conditions. However, the overall spawning iitemguld be regarded
as low relative to the amount of spawning taking place outside the MLA.

3) Historical information on the seasonal occurrence, distributiand abundance of fish eggs and larvae,
i.e. the SWAPEL surveys, support the evidence derived from the reproductive tmamalyses
provided in the report. The MLA is located at the southern end of thep€aake spawning grounds
with the main breeding area to the north and the nursery grounds fovée and juveniles being farther
inshore.

4) Considerable changes in the pelagic ecosystem will have taken place in the nantBenguela Current
region over the past decade following the collapse of the sardinedaanchovy stocks. However, the
main driversof plankton production, i.e. upwelling in the south in winter and the mixing asduthern
movement of the Angola Benguela front in summer/autumn, remain the same. Horse mackerel
spawning probably still peaks from January to March in northern Namibigaters and the main Cape
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hake spawning grounds are likely to be centred on the central Namibian shelf betw€ape Cross
and Conception Bay.

5) To my knowledge, little is known about the seasonal occurrence orriistion/ abundance of the
early life stages of monkfish; very few larval stages of monkfish weeatifled in the SWAPELS samples
of the 1970s. The reproductive dynamics suggest that adult monkfish spamherever they are
distributed throughout the central Namibian shelf. Larvae may be carriedhiore to nursery areas
where they grow and later migrate as juveniles out to the grounds offshore.

6) Interannual environmental variability and decadal BengueNifios can play a major role in the
reproductive dynamics and movement of fish, the timing of spawnagnts, the distribution of eggs
and larvae and recruitment. Spawning patterns and the strength of recruitmentht fishery will
change leading to fluctuations in yeaglass strength and biomass.

7) The author of the report highlights the need to continue toonitor the reproductive biology of hake
and monkfish in the MLA as part of any future environmental managementpleconcur with this and
suggest trying to incorporate such work routinely as part of the MEMnnual biomass surveys.
Monitoring could al® include the collection of zooplankton samples at some stations.

Biomass and stock estimates of hake and monkfish (Gaylard)

The report provides biomass and stock estimates of hake and monk in thePNWLA. The study is designed
as a supplement to support information provided by Japp and Smith (Capriceisheries) in the original EIA
(2012) submission. It focuses on estimating the fish biomass dbation of three important commercial

species (Cape hake, deegvater hake and monkfish.ophius vomeringswithin the proposed MLA in relation

to trawl catches over the rest of the Namibian demersal fishing grounds.

The biomass of the fish species was estimated using demersal suraey data provided by NatMIRC for the
years 2007-2012. The data were extractedrom 28 spatial strata over 7 depth divisions separated by 4
degrees of latitude within the fishery. The densities were weighted up in prigporto the areas of
contribution of these strata to the area of the MLA and the SP1 mining site iti@aar.

The results of the analysis showed that the Namibian Marine Phosphate MLAtatoed <2% of the
Namibian biomass of Cape hake; this reduces to <0.2% within the SP1esiThe greatest proportion of
juvenile Cape hake were between 23 and 26°S, with most at depths of <200 wdult deepwater hake
were scarce in waters <300 m, with younger fish south of 26°S.rfbe Cape monkfish, it was estimated that
up to 2% of the Namibian biomass was in the MLA but that much of the mature lsta@s in deeper water
farther sauth. It was estimated that up to 7% of young monkfish (recruits?) inh#tie MLA, most between
250 and 300 m deep. The SP1 site holds ~0.2% of the young monkfish.

The assessment concluded that the-$HAnining site makes no significant contribution to recruitment of
subsequent spawning stock biomass for any of the three species coraiden the analysis and that the

broader impact on the commercial fisheries for these species ifledautside the mining area is likely to be

tiny.

General comments

1) The regoort provides a robust analysis of the biomass and stock sizes of hake armhkfish in
Namibian waters and the proportion of the fisheries that occur in the NMIRA. The analysis of data is
thorough and carried out in a professional manner using standarethodologies and approaches.

2) The findings and conclusions provide evidence that Cape hake and monkfishidge ih the proposed
dredging area but that they make up only a small proportion of the overatinemercial stock of those
target species in Namibian waters. The figures given in the estimateewldhclude 95% confidence
intervals.

3) The estimate of 7% of monkfish recruits occurring in the MLA seeng.hMonkfish are distributed
widely over the central and southern Namibian shelf and the evidence of higlux of young monkfish
into that particular area may need to be validated to ensure that the estienia realistic.
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4) ltis likely that the MLA is not an important recruitment area for mastkfbecause young fish are found
widely throughout other areasfaadult distribution off Namibia. The process of recruitmenér secan
only be truly estimated if cohorts are followed through from monk spang aggregations and the
distribution of the eggs and larvae over time.

Plankton (Lwandle Technologies)

This report provides a comprehensive desktop literature review of plankio northern Benguela Current
continental shelf waters encompassing the proposed mining site ofritdan Marine Phosphate off central
Namibia. It was produced in response to comments by independent experts ithaufficient attention was
paid to zooplankton and ichthyoplankton in the original Environmentalgatt Assessment (EIA) submitted to
the Namibian government.

The report compiles and collates available scientific information dre thiological oceanography and the

seasonality of phytoplankton, zooplankton and ichthyoplankton in theea. It describes the physical and
biological processes involved in the seasonal production of planktoff the coast and provides separate
summaries on historical research information on phytoplankton, zooplankton anihthyoplankton

populations both along the shelf, across the shelf and in the water column.

Within central Namibian waters, phytoplankton communities are domexdby diatoms and to a lesgeextent
by dinoflagellates. Diatoms tend to dominate the more inshore areas and diagellates are more important
offshore. Within the diatom group, the specie€haetocerosspp., Rhizosoleniaspp., Planktoniellaspp.,
Nitzschiaspp., and Asterionella glacialigend to be the most common. Other species such &elphineis
karstenii, Thalassiosirapp., and Coscinodiscusspp., are also present with some species blooming under
favourable conditions. Within the dinoflagellate groupCeratium spp. and Peridinium spp. Are the most
common. Research shows a strong seasonal signal in terms of phytigta biomass, chlorophylh levels
and distribution, and the intensity of upwelling. Productivity ingea during summer and early autumn off
the coast of central Namibia and drops during the cooler upwelling monttis.the MLA, low phytoplankton
biomass would be expected in winter and spring, with an increase in promtgt in summer and autumn
following the reduction of upwelling and increased stratification in thepap layers

Zooplankton production peaks during summer from November tee&mber and there is a secondary peak
in autumn from March to June coinciding with maximum phytoplanktorofiass. The dominant copepod
species in the waters off central Namibia aMetridia lucens, Rhincalanus nasutus, Calanoides carinand
Centropages brachiatysall of which peak during later summer and early autumn. The euphédishrimps
Euphausia hanseniand Nyctiphanes capensisalso have similar seasonality and distributiorseasonal
zooplankton production is strongly linked to the slackening of upwellingd increased phytoplankton
availability, with widespread interannual variation in patterns of dmmition and abundance depending on
oceanographic conditions and environmental variability. Fartherutlo off the coast of Luderitz, where
upwelling is more perennial, there is less phytoplankton production aittlel seasonality in zooplankton
biomass.

An account of the historical information on the seasonal occurrence and riisttion of ichthyoplankton,
particularly those of commercially important fish species, is givensatibing key spawning and nursery
areas. The monthly SWAPEL surveys of 191/274 indicated that small pelagic fish such as anchovy and
horse mackerel spawned mainly in northern Namibian waters in late summer antbmn between 30 and
70 km offshore. Sardine spawned twice a year from AugustApril with the earlier spawning taking place
south of Walvis Bay and later spawning in northern waters. The numericallyidant larvae of the bearded
goby Sufflogobius bibarbatusvere found mainly south of Conception Bay in the shallower waters between 5
and 20 km from the coast, with greatest spawning activity near HollamsdBgland. It was widespread
throughout the region with peak larval abundance in late spring and early snar. The West Coast sole
(Austroglossus microlepisupports a small but important local fishery and has a relatively short spaw
season with a seasonal signal of larval abundance inshore from early sprmgummer. Cape hake spawn
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from spring to late summer with peak larval production from Odter to December on the central shelf
between Cape Cross and Conception Bay.

Later work on fish egg and larva abundance by Spanish and Norwegian egskers in Namibian waters
confirm the general seasonal trends in spawning patterns although it is ggized that the ichthyoplankton
community assemblages can be complex and composition and seasonalitiven by environmental
conditions and hydrologicafactors.

The author highlights the interannual variation in phytoplankton biomasst motes that it is not very
significant over time. However, interdecadal environmental varidpjl i.e. Benguela Nifios, can have
significant effects on productivity resulting in a reduction in the abunda of phytoplankton. The interannual
variability in zooplankton is also influenced by the intensity of upinglas well as the size and abundance of
the foraged prey items. Warrmvater intrusions from Angola associatedtiBenguelaNifios can also have a
marked effect on the variability on abundance, distribution and diversitg ooplankton species.

In addition to longterm variability as a result of changes in environmental conditiotig& overexploitation of
many of the commercial fish stocks off the coast of Namibia has influenced lgegn variability in
ichthyoplankton abundance and community composition, resulting in regishifts in the northern Benguela
ecosystem. Environmental anomalies together with overfiglifipelagic stocks such as sardine and anchovy
as well as heavy exploitation of hake (to a large extent by foreign fishiegsels) during the 1970s and
1980s resulted in a collapse of those stocks. In recent years, hakeclss have begun to improve as a
consequence of more effective and cautious management. Horse maeketocks have also steadily
increased, but sardine and anchovy biomass remains at a very low levele@Githe significant changes that
have taken place in fish populations within the northern Benguela over thstdew decades, corresponding
changes are bound to be reflected in the structure of the ichthyoplankton fauna

The review also points to the complexity of ecosystem functioning and the itapoe of phytoplankton,
zooplankton and chthyoplankton in the Benguela system where the upper levels of primaacg/ secondary
consumers are entirely dependent on the planktonic communities. Howevemyrof the trophic studies and
models for ecosystem functioning have been derived from inshoegen where production and consumption
estimates are a lot higher than offshore.

In the summary, it is concluded that northern Benguela upwellinf dlamibia supports a productive
ecosystem with a great abundance of phytoplankton, zooplankton anbthyoplankton. The distribution of
the species differwith temporal and spatial variations affected by the occurrereed intensity of upwelling
(especially off Luderitz) in the south and the mixing and interaction of the Amg@enguela front in the north.
Itis also pointed out that much of the plankton biomass is inshore and that thera ggadual decrease in the
production of phytoplankton and zooplankton farther offshore.

In relation to the proposed MLA, it is concluded that the region is not an inpot spawning or nursery area

of commercial fish. Zooplankton tend to peak at the shafige and may be seasonally abundant locally
depending on oceanographic conditions. However, the species in the area dikely to be widespread

through the central Namibiarshelf region and not particularly unique.

General comments

1) The report provides a comprehensive review of information on phytoplanktzooplankton and
ichthyoplankton in the northern Benguela Current. It also describes the ocegaphic processes that
drive plankton productivity and presents data on the temporal and spatial distion of plankton over
the central Namibian shelf. The review is well researched and referenced, orguen much of the key
historical work in relation to plankton in the region
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2)

3)

4)

5)

6)

The conclusions that the plankton population within the MLA is typical of the negiith species widely
distributed throughout the northern Benguela is supported by histrresearch findings published in
the peerreviewed literature

Evidence that theMLA is not an important spawning and nursery area for commercial fish i als
strongly supported by the results of historical plankton surveyrsied out off the Namibian coast. This is
especially true for pelagic species such as horse mackerel, ancraonwy sardine as well as for demersal
species such as Cape hake, monkfish and West Coast sole, which spawrecloshore and farther
north and south.

Scattering layers comprising dense concentration of copepods, euphdssénd jellyfish as well as
bearded gobies and myctophid lanternfish are common through the northern Benguelpeeslly in
deeper waters and along the shelf edge. These members of the zooplankton comgndaitn an
important component of the pelagic ecosystem and undergo diurnartical migation through the
water column to upper layers at night and sink deeper by day. These scatteriggré&ahave strong
acoustic signals and can be observed by echosounders. It is likely ey occur throughout the MLA at
night and that they will be impaed locally by dredging or mining operations, especially sediment
plumes. It is also worth noting that the larval stages of the lantestmfLampanyctodes hectorigere
common along the shelf edge during the SWAPEL surveys and were pantigidammon in theMLA.
However, the trophic structure of the northern Benguela ecosystem maxe lthanged significantly since
these surveys were conducted in the 1970s and the larvae of this speciag no longer be common
there.

Given the importance of the scattering layer and the potential impact of seeint plumes on these
concentrations of zooplankton and bathypelagic fish, | suggest that a paragrapltwo be added to the
report to provide further information on the zooplankton scatteringday

In the event of thdicence being approved, any future environmental monitoring plan shibiriclude the
collection of zooplankton at a few selected stations some of which should lksimle the area being
dredged. Samples can be taken in the upper 50 m using Bongo nets and analysestwhere in
southern Africa if NatMIRC does not have the capacity to do so. Baenples would serve as a baseline
on composition and biomass and need only be collected during routinehflsiomass estimate surveys
and can be done in partnership withNatMIRC aboard their own vessel (NMP providing equipment and
scientific personnel).

Fish, marine mammal and seabird verification report (Cap Fish)

This report relates to a followap verification process that was recommended in the original Environmenta
Impact Assessment undertaken by CapFish in March 2012 and supportechbyindependent review process
to assess the potential environmental impacts of the proposed affshextraction of phosphate from the
Namibian shelf.

The report consists of a number of components, including the followimgich submitted and presented
separately:

1)

2)

3)

An assessment of Fisheries Biomass and Stock Assessment (Ga&04R). This work estimates the
contribution of the MLA and surrounding waters to the Namibian biass of Cape hake, deepvater
hake and monkfishl{ophius vomerinys

An assessment of Ecosystem Impacts (Cochrane 2013). This review ieganthe likely impacts of
dredging and related operations on the broader Benguela Current ecosysteithi the context of
trophic modelling.

An assessment of Recruitment (Ndjuala 2014). This study analyses the sizenaturity stages of some
commercial fish i.e. sardine, horse mackerel, Cape hake and monkfish as a whidentifying recruits
(juvenile fish) as well as spawners. It also looks at the reproductiyeadhics in relation to spatial and
temporal gradients as well as depth.
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A brief review of the above assessments together with some comments Ineady been provided as part of
this Chapter.

The main part of the verification report is devoted to a Biodiversigrification Survey, which focuses on
biological information, fish stock structure, recruitment, ploa and oceanographic parameters, as well as
seabirds and marine mammal occurrence and abundance both within the S&3get site and the overall
MLA. The survey’s main aim was to collect data to verify as far as possititgrimation provided in the EIA
and to establish a useful baseline for future surveys and to traasgible changes within the system
associated withhe proposed dredging/mining activities.

In all, 24 trawl stations were carried out in the SP1 mining sitetbe overall MLA but were constrained to
depths of 200 m or greater because trawling in shallower water is prohibitender Namibian legislation.

Trawls (30min tows) were carried out by day and night and catches of fish, inslerates and epibenthic
animals were subsampled, counted, weighed and measured. Environmental pataraevere measured at
each station using a CTD and marine mammals and seabird sightings wesslenby day visually within 500
m of the vessel.

A total of 14 fish species including two squid specieBoflarodes angolensignd Todaropsis sagittatysand
one shark Hexanchus grisegswas identified, with Cape hake dominating the catcamounting to 40% by
weight of the total. This was followed by monkfish, 35%, ratt@bglorinchus simorynchis14%, West Coast
sole, 3%, bearded goby, 2%, and horse mackerel, 0.4% of the total fish catch. Cdyaéde, monkfish and
gobies were found in most of the trawls and there was little vada in the catches of commercial species
across the survey area. Most female monkfish were immature, but mafrtye female Cape hake had active
developing gonads.

In all, 14 taxa of epifauna were collected by the bottom trawl, includingabs, ascidians (sea squirts), brown
sponges, sea pens, mantis shrimps, starfish and whelks. The colonial asci@olgula sp.) was numerically

the most dominant bottom living organism, contributing to 60% of tleatch during he survey. This was
followed by the pennate sea pens (family Veretellidae), which made up63Both these groups were found
widely distributed over the area surveyed. The low biodiversityepifauna including crustaceans and

echinoderms may indicate poawlerance to oxygerdepleted bottom water.

Jellyfish, particularlyChrysaora fulgidia(known locally as the red jelly) were very abundant in some trawl
catches.

Fifteen species of seabird were recorded during the survey, of which 45% wdritesahinned petrels
(Procellaria aequinoactial)s 20% subantarctic skuas Catharacta antarctica and 12% blackbrowed
albatrosses Thalassarche melanophrys

Only two species of marine mammal were observed during the survéeye, €ape fur seal Arctocephalus
pusillus pusillus and the dusky dolphin lagenorhynchus obscurusDolphins were most abundant found
along the eastern edge of the SP1 area, whereas seals were less abundant butyddsitibuted.

Hydrological data collected during the survey indicatedveelFmixed layer of South Atlantic Central Water
with typical winter values for temperature and salinity and low oxy¢evels near the seafloor.

General comments

1) The report is very professional, comprehensive and useful, providing altheaf baseline dada in
relation to fish stock biomass and structure, recruitment, benthiodbrersity and the presence of
seabirds and marine mammals in the MLA and particularly SP1 site.

2) The methodology used, the results and the deductions made from the findimggerms of stock
structure, recruitment and biodiversity and potential impacts of ménion the biota are credible and
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3)

4)

5)

6)

7

8)

supported by evidencévased scientific data collected during this survey and supported by othadiss.
These include:

f The impact of the dredging process on key commercial species is estimatdaettow given that
the proposed dredging area is small relative to the known distribution abidmass of these
species, particularly of Cape hake and monkfish over the rest of the mdilamibian shelf.

f The MLA and SP1 contain some juvenile hake and monkfish that ultimatelyldvbave entered
the main fishery in the region, with greater numbers of young madastkfthan of hake. The data
are consistent with what is known and there appears to be no unique spawnind Becruitment
characteristics. Impacts on hake and monkfish recruitment ahe fishery as a whole is regarded
as low.

f Fish biodiversity at the MLA is generally low relative to other areas ofmitda and there is a
paucity of species especiallynithe case of small pelagics, i.e. sardine, anchovy and horse
mackerel, which are usually not abundant anyway in the region.

The survey report recorded no mesopelagic fish species in trawlteedcand therefore concluded that
they were of no consequenceaia risk assessment. However, this deduction is misleading. SWBPEL
ichthyoplankton data of the 1970s showed that the MLA was a region of espégiaigh abundance of
the myctophid lanternfishhampanyctodes hectori§his species was concentrated in thepgr layers at
night and formed an important component of the scattering layer alonghwgobies and euphausiid
shrimps. They would not have been caught with the monkfish gear used for theegiiTo sample them,
it would be necessary to deploy a midwateratvl with fine mesh or an RMT (research midwater trawl),
Methot or Bongo net at night. Although the trophic structure of the northeenBuela has undergone
massive change over the past few decades, bathypelagics (gobies + eupl@sisare probably still
fairly widespread through the MLA and would need to be taken into account ity @assessment of the
impacts of sediment plumes from mining operations.

With regard to the biodiversity (demersal fish species, epifauna, mamrmals seabirds) and ecosystem
impact as a whole, the results of the survey suggested no unique feature.fidéllyvere common and
abundant in the water column and ascidians (sea squirts) were frequently abondn the seafloor,
which is typical for the area. Interannual and seasonal variation in the abance of species is likely
through the region, depending on fluctuating environmental and oceanoghéc conditions.

The survey has strengthened the need to maintain a baseline dataset and to toitito detect any
possible changes in the system around the area to be dredged. This suggesti@trongly supported
and should form part of any future environmental plan in theest of a licence being issued for the
area. Negotiations could be held with MFMR to incorporate such baselinenitoring into their annual
hake and monkfish stock assessment surveys.

In my earlier review of the CapFish EIA Report (2012), | stressed the neethdertake some acoustic
monitoring at the site to determine background levels of noise and to moniwhales anddolphins
using passive acoustic monitoring devices (PAMs). Marine mehobservers could be trained to use
such devices and could be a part of a monitoring team on board the mining vesseduring dedicated
monitoring surveys.

The impacts and ratings givein the report for the effects of mining operations on commercial ésies,
fish recruitment, ecosystem trophic functioning, benthic biedsity, seabirds and mammals are
considered to be appropriate. Raising of some of ratings to a higher level offidence relative to the
earlier EIA report would seem to be justified based on the result of Weisfication survey.

The extensive data collected by the RV Fridtjof Nansensurveys off the Namibian coast over the past
decade provide a valuable record opelagic and demersal fish distribution, abundance and biomass.
Epibenthic fauna taken in bottom trawls were also recorded on thoseveys and entered into the
Nansen database. Efforts should therefore continue to allow these data to bleased for futue
scientific analysis and if possible made available in the public domain.tfa cooperation with
NatMIRC would probably go a long way to opening up this treasure towf information on the
pelagic, demersal and epibenthic communities of Namibian shelf waters.
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Ecosystem impacts (Dr Kevern L. Cochrane)

This short study provides an expert opinion on some of the models currdrgigg used in the Benguela for
ecosysterbased management (EBM). It also reviews their effectiveness and usestmssingpossible effects
of dredging/mining activities on the broader ecosystem as a whotewas carried out in response to the need
to include an understanding of ecosystem impacts of dredging activitigsictv was a weakness identified in
the EIA (2012). Troplke modelling and integrated assessments are also important to coesidiven the fact
that an EBM strategy has been agreed by the countries of the region through the BdagCurrent
Commission (BCC), which views the implementing of an Ecosystem Aqugrdo Fisheries Management (EAF)
and the adoption of the Precautionary Principle as key policy aatjves. Understanding the trophic
interactions of various components of the ecosystem and the assessmietiteoimpacts of anthropogenic
activities on trophic factioning are therefore an important overall objective. They include the assemnt of
the impacts of fishing, seabed mining and oil and gas extraction on #@system as well as proposing ways
to ameliorate their effects.

The assessment of ecosystem impacts is a complex process that needsetdntakaccount both direct and
indirect effects of mining activities on all the biota in the immediate enmim@ent and surrounding ecosystem.
This includes top predators as well as species lower in the food chain thagetafisheries resources,
including benthic organisms removed by the dredging. It also requimstailed understanding of the
trophodynamics of the foodweb as well as knowledge and understandinghaf possible impacts of other
activities taking plae nearby including trawling, seabed mining for diamonds, and oil and gegploration
and extraction.

A short review is given of some of the current trophic models developed ased in the Benguela Current
ecosystem (Roux and Shannon 2004, Heymans andrtaila 2007, Shannonet al. 2000, Shin et al. 2001)
including Ecopath with EcoSim and OSMOSE. Limitations and shortcomiimgsome of the models are also
highlighted, especially in relation to fisheries.

Although some trophic modelling has been done thaan be applied to the Benguela system as a whole,
much of the development and application work has centred on the southeem@uela. It is also pointed out
that regarding the status of modelling in Namibian waters, nordusive models or data are availablyet
that can be used to obtain a morénformed assessment of the impacts of anthropogenic activities on the
ecosystem.

The report points out that ecosystem modelling can be useful in ingesitig ecosystem impacts by either

natural or anthropogenic activities on a part of the ecosystem. Hawar, there are significant limitations with

regard to interpreting impacts attritable to the scaling effect and the extent to which dredging in a limited
area may impact on the broader ecosystem.

It is concluded that the combination of great uncertainty typicallysasiated with projections by ecosystem
models and the small area thiawould be impacted by the proposed dredging operations means that it would
be unlikely that ecosystem modelling could expose any unexpected or higigiyificant threats that have not
been already been considered in the specialist studies.

General commeits

1) This is a very useful overview of the status of trophic modelling in the Belagsystem and highlights
some current limitations with respect to their application in an assessmdnéamsystem impact in
relation to proposed seabed dredging. The modelijrtypically done is unlikely to provide any useful
direction on either a large scale or localized impacts as determinedthg EIA. The change in rating
proposed by Japp and Smith (2014) for ecosystem impacts from-toedium to high based on this
report seems fully justified.

2)  Further work needs to be done in relation to the development and applicatidrtrophic modelling in
the Benguela system in order to improve EBM and to more adequatelessthe impacts of fishing,
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3)

4)

mining and offshore oil and gas explation and production on the integrity of the broader ecosystem
as a whole.

Lessons learned from the marine diamond mining industry off the westst of South Africa and off
Namibia need to be evaluated and made more readily available. De Beers, Namdebdaother
companies have had seabed mining activities in the Benguela system fdt ever a decade. There
must be a wealth of information on ecosystem impact, recoveryesafor recolonization by benthic
organisms, plume dispersals and models, sedimentation rates and variousanographic data.
Environmental monitoring, audits and reporting to government will have bggart of environmental
management plans as part of conditions for licence approvals. Such infolioraif made available in
future can be integrated with similar assessments undertaken to date onfiffeng industry and the
fishery, using industry, government and Norwegianllected Nansen data. MFMR or indeed the
Benguela Current Commission would be best positioned to coordinatiets an underaking.

In the longer term, the cumulative effects of seabed dredging for phosphoiitettfe context of and
considering other anthropogenic activities) on the trophic sture of the northern Benguela ecosystem
would need to be addressed should licensirigr phosphorite along the Namibian coast be approved
on a larger scale.

Dr Michael O'Toole
August 2014
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1.1.3 Dr Andrew I. L. Payne

PAGE27 |



Independent PeeReviews Verification StudigsSandpiper Project
Namibian Marine Phosphate (Pty) Ltd

12 Hill Farm Road
Halesworth
Suffolk IP19 8JX
United Kingdom
Tel: +44 (0)1986 875627
Mob: +44 (0)7733 227279
e-mail: ailpayne@hotmail.com

Peer Review Assessment of NMP Specialist Reports: Verification Pro gramme.
By Dr Andrew Payne

Background

| (Dr Andrew Payne of A&B Word Ltd (UK) and an associate of thesUBentre for Environment, Fisheries
and Aquaculture Science (Cefas)) hereby declare that, prior to being askecktiew the specialist reports, |
had no involvement with this project or the various surveys uralah by the NMPappointed specialists. |
have not been involved previously with NMP in any capacity, and myiew is provided in my capacity as a
marine scientist. 1 understand that Namibian Marine PhosphaRty( Ltd (NMP) through their Sandpiper
Project (SP1) is seeking environmental authorization for recovery of phosfghanriched sediments from
Mining Licence Area 170 southwest of Walvis Bay, Namibia.

I, (Dr Andrew Payne) was contracted to lead a team of expert reviewersethsvith evaluating spealist
studies developed and carried out to supplement earlier work that pded the basis of an Environmental
Impact Assessment of Namibia Marine Phosphate’s (NMP) application talgesfor phosphorite in MLA 170
southwest of Walvis Bay, Namibia.

In addtion to leading the team and chairing the workshop convened to consider theant specialist studies,

| also had to familiarize myself fully with the tranche of documentatihat had already been produced, in
terms of both the formal application develogeby NMP and the initial studies of 2012. This proved to be
quite challenging, because although | have broad knowledge of Namibiasheries and southern African
marine science in general, gained from 30 years spent in the region, as a resbar and subsquently
research leader and policy advisor in both Walvis Bay and Cape Town, muchhaf documentation was
outside my own specialist field of fisheries and ecosystemswhitbstanding, | was asked specifically to focus
on four areas, biomass and stock estates, recruitment, jellyfish, and ecosystem assessment. All féur o
these works had been commissioned as supporting evidence to the iriiAl largely because of suggestions
made by the two independent reviewers contracted to consider the scientifiditsalof that work, and
especially the confidence associated with the findings. They also feedant are taken up in other recent
work commissioned for the same purpose, so unsurprisingly | afsgzke a few comments on other studies in
the suite.

This brief report contains my own views and its content should not beribed to any other author nor
altered substantively without my consent.

General

| was impressed with the scientific rigour and appropriateness of themdy commissioned work. It was all
welkconceived and planned, always conducted using the best methodology enity available, and
delivered impressively within a short space of time. However, thigtsbpace of time within which the work
was conducted might be creating false comfort ftlie applicant and ultimately the decisiemakers in that
the marine environment (and its resources) is always dynamic and heegelarly changing; off Namibia,
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the dynamicism is in fact greater than in many other geographic areas waitt®. Therefore, all of the results
of the recent work have to be considered as applicable to the window of time miginvhich the surveys and
deployments were undertaken rather than as exemplifying the situation offnida generally. Seasonal,
annual, decadal and even longeterm changes will occur in such a dynamic environment, and will continue
to do so even during the operational period should the licence be grant&bme support for the conclusions
can be gleaned from the impressive historical data for Namibia collectddring the 1970s (e.g. SWAPEL
surveys within the Cape Cross Programme) and subsequently by N&MIRd the Norwegian Nansen
Programme during regular trawl and environmental surveys of the Naarbshelf, but it is well documented
that historical changes have been taking place there over thousandseairy, even preceding anthropogenic
activities (e.g. see the analysis of seabed cores for fish scales chaig in the late 20" century).

Notwithstanding what is said above, it is my overall opinion that thatput from the work demonstrates that
the risks to the ecosystem and Namibian fished and rfished marine resources generally of undertaking
phosphate dredging in the area proposed (a very small part of MLA 170 knowrs#sl) are small. Succinctly,
therefore, and with the supportable levels of confidence stated in the recent wotks, impacts of the
dredging activity on the Namibian marine environment generally willnalst certainly be insignificant in the
greater scheme of things on the Namibian shelf.

I note, though, that the effects of anthropogenic activity should be coesatl cumulatively if further
industrialscale activity is proposed for the Namibian shelf. There is already atablished and mature fishery
(for pelagic fish, for demersal fish and for crustaceans such askrdobster), a part of the shelf inshore off
southern Namibia is being mined for diamonds, and another potential area ohbed has provisionally been
assigned to another applicant to extract phosphortish sediments. All except the last of these three uses of
the shelf are ongoing, i.e. their effects can be taken into future considemtcumulatively with that of the
current application although evidence currently is that the ecosystem caeréin allowing the two current
ones plus the new single use associated with phosphorite extractian,ibfurther phosphorite extraction is
licenced in another area of Namibian seabed, then the cumulative effect of ttided disruption to the
ecosystem may provide a tipping point beydmwhich the authorities would not wish to, or should not, move.
| am aware that market forces themselves (i.e. there is an upper point not hmgieater than the current
world levels of production at which phosphorus extraction will be@rsubeconomic) maylimit future
expansion of the extraction currently proposed, but the Namibian authesitwill need to be sensitive to
cumulative impacts if further activities of this nature are pospd in future.

I now provide brief comments on the four studies assign® me for consideration, along with a few brief
comments on the other ones for which | have the necessary expertise.

Biomass and stock estimates (Gaylard)

The author focuses on the two species of hake and the main species of nisimkAll are subject taigorous
stock assessment by Namibian scientists and managed by the authoritesrding to strict guidelines on
sustainability. That is appropriate because, although none of the stocks@amgently certified by the Marine
Stewardship Council (MSC), thhemay wish to seek such certification in future in order to gain greatenfakr
entry to the lucrative European markets some of the production curretghgets. That is how the South
African deepsea trawled hake gets into the European markets.

The repot provided for consideration is based on the analysis (by formal strat@8 over seven depth
divisions) of the data collected for formal stock assessment miyithe years 20072012, i.e. not collected
specifically for the purpose of the exercise here. Naheless, the analysis is, in my opinion, appropriate for
the task in hand, and, although some of the assumptions made may be open togiios, the best possible
use of the data is made. An inherent assumption made in the work is that the digtdn of the resources off
Namibia are fairly uniform and that they can be adequately sampled by mearfsaorandom stratified
sampling survey, which is the methodology used by Namibian scientist

PAGE29 |



Independent PeeReviews Verification StudigsSandpiper Project
Namibian Marine Phosphate (Pty) Ltd

Nonetheless, the numerical basis for the assessment is acceptatiémntfically— other algorithms could have
been used for the analysis, but they would have been subject to similatgstjonable assumptions of
appropriateness. However, given that no “hotspots” of the target resmes were found in the biodiversity
suney of Japp and Smith, a “quasiiniform” distribution assumption is feasible in this case. That @dpake
and monkfish do live in the MLA and even in SP1 is not questioned, but the assegsttearly shows that the
proportion of the Namibian stocks of eacthat do so is small, although the 7% monkfish calculation for MLA
170 would seem to be rather high. This value needs to be checked, though it couddtbe result of the
uniform distribution assumption across the southern Namibian area.

In all respects, however, it is my opinion that the results of the analgbiow that dredging in area SP1 will
not have an undue effect on any of the main commercial species analysed here. TheeQwke stock is
anyway protected by fishing being constrained by law to deefiean 200 m, and deepwater hake do not
comprise a large resource except in southern Namibia.

Reproductive dynamics and stock distributions (Ndjaula)

This report was commissioned under the title “Recruitment”, noted as anoirtgnt issue by the reviewers
the first EIA in 2012. However, the author was immediately forced toidefthat term and presents three
definitions before engaging in a discussion of the reproductive dynasnid six species off Namibia, two
species each of hake, two of monkfish, and one each of horse mackeretl sardine. As a practitioner of
fisheries science, | should point out that the definition of recruitmemnersyth as the number of fish of an
annual cohort entering the fishery is the only one that should be entertained, hendsyecause it is on that
basis that fishery management decisions are taken. While the term “recruittnaiaty be used widely in the
scientific literature, it is difficult to evaluate except through anf@al stock assessment process based either on
cohort progressions or independent survey results, so the best value of this typ@if w the context of the
current application is in its focus on the general ecological proses associated with the reproductive
dynamics of the target species.

The report analyses official data for the whole of Namibia for the six spedisted from 1999 to 2012 in
terms of spatial (including by depth) and temporal trends in stock dtitee and maturation stage, using the
gonadosomatic index as a proxy for spawning state. The output is presented agthématurity plots by
month and latitude over the study period. The results are credible and udefuthe decisioamaking process
here. Again, however, it must be stressed that the resource dynamics now (@8942012, the yeas for
which the data were analysed in this report) may well be different from théotital situation, even as
recently as the 1970s and 1980s, when vast quantities of very good scientlata were being collected off
Namibia. Natural resources fluctuateaturally over time, and what was apparent even 20 years ago may not
be applicable now.

In any case the conclusions of the work are that horse mackerel, sardine and Claglee currently spawn

north of MLA 170 and that none of the target species use theposed dredging area currently as a focus
for spawning activity. That is not to say that mature fish ofre of the species do not occur there, indeed
mature hake and monkfish are found, but the contribution such fislake by reproduction to the pool of

juveniles that will ultimately recruit to the fishery is tiny. The area #thawot, therefore, be categorized as a
focus spawning area for any of the species. No spawning of despter hake has yet been identified off
Namibia, so that species’ reproductive dynamics will almost certamby be affected by seabed dredging.

Looking at the data presented, the quantity and quality of which are impresdiweould suggest that future
work look at following annual cohorts through the annual samples. Doiagch ananalysis now will not add
much to the conclusion that dredging in MLA 170 and especially the target site &#llhave little effect on
the spawning populations of any of the species analysed, but in time (paldity for pelagic fish) could
strengthen further the conclusion.
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Jellyfish (Gibbons)

Jellyfish, mainly the two large speci€hrysaora fulgidaand Aequorea forskaleaare common in Namibian

waters, and estimates have been made that their combined biomass exceedoftat finfish in the region.it

is the freeswimming medusa stage that is best known and seen, and they are most commside the 200

m isobath, generally in the upper 50 m of water. They are present yeaund but peak in late winter/early
spring, when finfish spawn (the medusa teen the products of fish spawning).

The author of this impressive overview report makes some valid mw@mts. First, to minimize the likelihood of
jellyfish populations burgeoning, it is important that a soft layez keft on the seabed after any dredgingo
that the polyp phase cannot establish itself (it requires hard substnato do so). Second, evidence that
jellyfish populations are “controlling” the populations of target firtiipopulations is circumstantial, but there
are many in the fishing indusy who believe this to be true, so every effort to minimize plggion growth
should be made. Finally, and most important, the proposed extraction og@ns will almost certainly have a
minimal effect on jellyfish populations generally, but the jellyfisbpulations may well have an influence on
the operational aspect of at sea work. Succinctly, large concentmasi of jellyfish may have to be avoided by
the dredger if its cooling systems are to function optimally. It was dyatg to be told by the drede
operators that this issue is under control in the plans they have drawn up in ttse ad the application being
successful.

Ecosystem considerations (Cochrane)

Any marine operation these days has to consider the ecosystem, and sgaityfiany possiblenegative effects
that may be promoted by anthropogenic activity in the sea. That staamapplies as equally to fishing,
where an ecosystem approach to fisheries management (EAFM) is being widetyqteal as the optimal way
to go, as it does to other mane operations. The precautionary principle too is broadly applied ighferies
management decisiormaking worldwide, invoking ecosystem aspects as well as direct resourc
considerations. Although ecosystem models have not yet made it intonstaéam fishey decisioamaking, as
the author of the report acknowledges, they are a crucial consideration imyavSGCcertification exercise,
and their various outputs are also cited broadly and hence consiglt carefully in most reputable fisheries
decisionmaking that takes place in the developed world.

There are several ecosystem models in existence for the Benguela, but the ath@nced have been
developed for the southern Benguela off South Africa. Namibian watkesve as yet some way to go to be
able to say that the ecosystem is being managed optimally through the applicatiof such technology. All
such models are datéhungry, and the resolution of such data ideally needs to be high for the cos@ns to
be able to withstand robust perusal. Appropriate ecosystem data from Naandiie sparse anyway, and even
rarer for the area around MLA 170. The author of the thorough report théore reaches some telling
conclusions with which | concur:

f ecosystem modelling, including spatial forms such as those he considerg. Ecopath with
Ecosim, and OSMOSE), can be used to investigate ecosystem impactsiaitba;

f however, all such models have great uncertainty and the small area beingadoted and the very
small direct impacts of the proposed operation means that itwla be very unlikely that any such
model currently available would be able to produce reliable informatiom indirect impact;

f the ecosystem impacts of dredging operations in the MLA will be snmathe general scheme of
things relative to the direct impzts of the activity, but if direct impacts are scalegh by future
expansion of dredging for phosphate, the ecosystem impacts will be, tavith possible
disproportionately severe (maybe unknown) consequences;

f the direct impacts of mining in MLA 170 will beubstantially greater than equivalent fishing
impacts there, but far less than the current fishing impacts across the whdl¢he northern
Benguela ecosystem.

Succinctly, therefore, current ecosystem modelling capability ame data available for the target area and
even the broader Namibian shelf are unlikely together to be able to providedence either for or against the
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effects of the proposed dredging activity. However, given the size efdahea being targeted, it would be a
reasonable conclusionto reach that at currently proposed levels, the effects (negative or pasitivill be
small.

Other reports (various authors)

An impressive volume of pertinent information has been acquired through fheestigatory process
undertaken to develop an acceptable EIA, and specifically recently to yeifd supplement some of the
findings of the initial investigations. Although not specifically reqdirto do so in terms of my specific
knowledgebase, | have made a few observations to supplement those of my felieviewers on the other
reports presented to the workshop. These summary conclusions are listed lenea

Marine resources, i.e. fish marine mammals and seabirds (Dave Japp and Melanithpm

f The baseline, i.e. the knowledge base, for Namibian seas generally is egngllbut as realized,
for MLA 170 and SP1 in particular, a sound information base is crucial tongeate increased
confidence in impact management.

f The design of the recent biodiversity/verification survey meets inténat best standads and
was seemingly designed to answer questions even before they were asked; the suasdgform
part of ongoing monitoring effort, but gear or vessel modificatiar the survey going forward has
to be minimized.

f The Namibian official surveys have different aim (they are for stock assessment purposes) and
should not be recommended for modification by proponents of the current eigs; the
biodiversity effort of the recent survey should be viewed as leealiand complementary to official
Namibian survey effort.

f Notwithstanding the above, collaboration at the highest level with Naraibresource survey effort
going forward is crucial.

f Elsewhere in the world, disruption of resources by noise/sonar isroéte issue raised; this subject
needs to be addessed in future planning and, if appropriate, monitoring (using passive adwus
monitoring devices (PAMS).

f The data presented in the report, and in its feeder reports (by Ndjaula and by &aljlindicate a
limited impact of the proposed dredging activitgn local resources, and even less impact on
Namibian fish resources generally.

Water column and sediments (Lwandle Technologies)

f Professionally, this is a very comprehensive analysis made at botialimixpert review stage and
more recently at the stagef verification, with the new o1site monitoring activity.

f It is gratifying that vast quantities of data have been collected that suppdiieo aspects of the
scientific evaluation, e.g. the upwartboking sounder data to support analysis of the scatteyin
layer.

f It seems for statements made that some official (Namibian goveenth data are being withheld
internally, perhaps for later analysis internally (e.g. scientifapprs or theses). It is not for an
outsider to comment upon national policy, but the international norfor release into the public
arena of such data is a maximum of two years, and in most developed countoes year.
Analysis of such data, particularly those relating to the water coluamd the sediments off
Namibia, are likely going tobe critical to the decisiormaking process of the proposed operation
in MLA 170.

f Plume effects appear not to be extensive or lefagting, and the impacts of the release of
sediment heavy metals and other content is in my opinion going to be small.

f Ongoing monitoring surveys to support the assumptions and statements made in tiresiot
evaluation report are going to be crucial.

Marine benthos (Nina Steffani) and Meiofauna (Physalia, UK)
f Generally in my opinion on the basis of the report presented, marimenthos issues arising from
dredging operations are likely to be localized and not critical to digity and general abundance.
However, forward monitoring (of dredged habitat and the fauna) is essain
f Meiofauna are expensive to monitor (though not necessarily to survey), but theye the
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advantage of being effective indicators of system status and changeeemlly in oxygerow
sediments, such as those in the target area. It may well be that regutemitoring can be
dispensed with, but we now have ¢hbenefit of having some good baseline data on which to
evaluate changes in future, so consideration should be given to ocoaal (not annual)
monitoring to assess changes in the meiofauna in future.

Dr Andrew I.L Payne
August 2014
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1.1.4 Prof. Alakendra N. Roychoudhury
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Peer Review Assessment of NMP Specialist Reports: Verification Pro gramme .
By Prof. Alakendra Roychoudhury

Background

Namibian Marine Phosphate (NMP) proposes to mine an offshore marine pitn@ge deposit. As part of the
requirements, an extensive EIA for the proposed activity was prepared bpribigonent and submitted to the
appropriate authorities. Various concerns weraised on different aspects of the EIA report, including a lack
of measurement of environmental parameters within MLA 170. As a amngnce, further fielebased
verification surveys were conducted on different aspects, includimg water column and sedimet
characteristics, to understand the possible impact these mighteham the environment during the mining
process. The data collected and their impact assessment were submitted apegialist report in a fully
referenced, scientific document format.

As part of the process, | (Prof. Alakendra Roychoudhury) was appointed teigeoan independent review of
the specialist report on the water column and sediments in the context of Bk and previous concerns
raised by the stakeholders and interested pest | hereby declare that, prior to being asked to review the
specialist report, 1 had no knowledge of this project or the survandartaken by Lwandle Technologies (Pty)
Ltd (henceforth LT). | have not been involved with NMP or LT in any other capacitytentbliowing review is
provided in my personal capacity as a Marine Biogeochemistry spedialidyave more than 20 years of
experience in the field of biogeochemistry in aquatic environmentsudiig a PhD from Georgia Institute of
Technology (Atlarst, USA) in marine biogeochemistry and | have published >50 articles in réghle
international journals in the field. Having worked in Namibian and South &ém offshore environments, | am
fully aware of the Benguela system and the processes therein.ehacted, for extended period, as an
associate editor of the international journal “Applied Geochemigtrand have graduated a number of PhD
and Masters students in the field.

My review is based on:
f athorough reading of the report submitted by LT,
f a two-day workshop organized by NMP where the water column and sediment report atier
survey reports were presented by specialist representatives followeddstigaanswer sessions,
f other specialist reports and the project description provided by NMP,
f various correspondence from the Ministry of Marine Fisheries and Marine Ressuriamibia,
outlining their concerns to NMP.

This review report may not be modified without my consent.

Review

The report is a followup from a previous desktop study condtex by LT as part of the EIA. From the desktop
study, it was concluded that sediments in the target mining area are prathantly of muddy sand texture.
Hydrogen sulphide, methane and other chemical flux measurements law, because particulate organic
matter (POM) does not accumulate on these sediments. It was concluded that teegminant sources of
sulphur in the ore body itself would be pyrite, which has low rateslisiolution; therefore sulphide would not
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be readily available for formation of hydrogen sulphide. On that basite water quality and associated
environmental risks in the MLA were considered to be mainly physical gmepd to biogeochemical.

Interested parties in Namibia raised concerns, however, that muddiplsidic sediments would be exposed
during dredging/mining with important consequences for water quality axygen minimum zones (OMZs)
and the surrounding biota. Concerns were also raised because the presistudy depended on data from
regions outside the area of concern and th#the MLA was within a dynamic system with variations common,
both longitudinally and zonally. Other concerns pointed to a required dyuto assess yeadong seasonal
signal on water and sediment quality, exact measurement of hydmogelphide in sedimentand of the
secondary impact of the release of hydrogen sulphide, the impact of giteate oredredging on the Redfield
ratio of surface waters, the impact of heavy and trace metals on the foodwebrceextended periods, and the
behaviour of the sediment pluscaused by dredging over time.

To allay these fears, a verification study was undertaken in the SPdetaarea within MLA 170, offshore
Namibia, to generate key sediment and water quality empirical data. The resaftthe survey are presented
herein. Additional supporting documents, e.g. details of the analytical metls used, were also supplied for
review.

The report presents the results for an elaborate set of variables messin the water column and sediment.
Water quality was measured in sampeollected during six CTD deployments to produce depth profiles for
nutrient, turbidity, salinity, temperature, dissolved oxygen, phytoktan biomass and heavy metals within
SP1. A mooring was also deployed to produce highsolution timedependent measurement over 90 days
for ocean currents, temperature, salinity, dissolved oxygen and tutpidiVithout access to an appropriate
multicorer, sediment properties were determined in surface grab sasphnd depth samples were collected
using a gravity corerfrom 26 different sites within the target area. The suite of analysesiedrout on
sediment samples included tests for particle size analysis, Y%omoisiii@ss on ignition, organic carbon, total
nitrogen, heavy metals, AVS (acid volatile sulphides), SEMultaneously extractable metals), and porewater
ORP (oxidation reduction potential), nitrate and phosphate concentnasioln addition, elutriation tests were
conducted in the laboratory to determine the potential for heavy metaleesde from the sediment. The
bacterial population was analysed using gPCR.

Although limited in time and space, significant quantities of baselidata in the target area were generated
through this work. Data quality is generally good and the standard methodsduf®m measuement provide
confidence in the data. Some of the concerns raised by interested parties mayaanswered with this set
of data, but in my opinion, what was being requested is no simple feat to gwoe and in some cases
impossible to achieve within a reasonable tinfeame. | believe that the data request on ecotoxicity and its
impact on the foodweb is unreasonable given that these are metahd speciesspecific and in regions as
biodiverse as the Benguela would require extensive laboratoaged experimatal work over many years on
each individual biological and metal species. A comparison with the sedineguality guideline for the
Benguela Current system depicted in this report is the only reasonai@g of understanding the impact of
heavy and trace mtls on the biota. It is clear that the study has produced an enhanced undeming of
the biogeochemical dynamics of the system, but letgrm monitoring is strongly advised so as to scrutinize
the environmental impact of dredging/mining in the region.

General comments and analyses

Measurements reveal complex current patterns with velocity and dominaetctions varying with depth and
indicate possible changes in water masses over time. The target area iwiénrégion influenced by both
South Atlantt Central Waters that are cool, oxygenated and nutriemth, and warm, high salinity equatorial
water. These water masses move in and out of the system and impattbbowater oxygen concentration.
The 90 days of observation did not show such a phenomenon, a possible reaseimg some probes on the
mooring nhot functioning during the latter part of the observation periodTD profiles show fairly low oxygen
concentration in the bottom waters (average 0.3 mg)lin the region. If high salinity Angolan waters indeed
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result in widespread OMZs, then exposure to dredged reduced sediment mayhdurinfluence the
consumption of oxygen in the water column.

Current velocities decreased with depth through the upper water column,timitom currents have a velocity
as high as 18 cm s. One advantage of these higkenergy currents is that they may remove surface
productivity away from the area, making a pool of carbgpmoor sediment in the area. One could believe that
sediment biogeochemical processes under these winstances may not be an important impact factor, as
asserted previously. However, measured average carbon content of 7% @rC : N ratio varying between
11 and 19 suggests a sufficiently reactive carbon pool to be @ed. Infrequent turbidity events related to
fastmoving currents were also observed. Given these higiergy currents and their ability to move
sediment, the suspended sediment produced during dredging may be moved gredigiances, thereby
impacting larger parts of the water column. Althohganalyses from nearby show that the sedimgtme
effect may be limited, interpretation using current measurements and sedinproperties in the target area
may be helpful in fully understanding the impact of the sediment plumengeted during dredgingi.e. how
long these sediments remain suspended and how far the sediments may be mobil&ebject to plume
sustenance, changes in redox and through biogeochemical transformatidrace and heavy metals
associated with the sediment may also be mobilized along the sediment plum

Within the period of observation in the target area, the water mass wasnittated by fresh, cool, oxygenated
waters. Sulphide was not measured either in porewaters or in the watduroa because of a lack of
infrastructure on the vessel used. The omicoxic dynamics is therefore not well constrained. The water
column varies from oxic surface waters to fairly low oxygen cooddiin bottom waters. The low bottom
water oxygen can arise as a consequence of the degradation of biomass xygen reacting with reduced
elements refluxing into the bottom waters from the sediments. AVS nreasents show low solid phase
sulphide in surface sediments, but no data are available for pyritechese an assumption was made that
pyrite is fairly insoluble and hence nobeasured. During early diagenesis in productive systems, although not
as reactive as AVS, pyrite does oxidize and may be playing a role indmetwater oxygen consumption. Even
though there is no benthic dissolved sulphide flux, a sufficiently largkdsphase sulphide pool can have a
significant impact on bottom water oxygen, another reason to undanst plume dynamics in the region
better. The method followed to measure AVS might also have affectexidata, because it is possible that
some of the AVS pa might have oxidized even before measurement as a result of the addition of
oxygenated water. Although the method would have no impact on the measuent of SEM, less AVS would
have been detected. | do not believe that dredging will have a significant iripan the water column
Redfield ratio, and only minor phosphate enrichment will take place.

Given the ERpH conditions, it is no surprise that elutriation tests show little rekeaf trace and heavy

metals. If bottom waters on site remain fairly oxygeed, it would mean that metals would only be mobilized
with the sediment plume, and readily available soluble trace metal will betan issue. Their impact on the
biota will only be seen if these sediment/carbon particles are dingatigested as food.

The gPCR results show the presence of diverse bacterial consortidh Balphide oxidizers and sulphate
reducers were observed, with some facultative in nature. These bactenafunction well within a fluctuating
redox environment. Even within hypoxic conditions, therefore, actulphur dynamics can be maintained.
Thiomargaritawere not observed in the target area sediments.

Final comments

The LT team should be congratulated for producing a wealth of data from an enwinentally important
area. The work is scientifically sound and was performed with dueec& his was not an easy task and it has
considerably advanced our understanding as a basis for making informed deais for impact assessment.

The physical nature of the sediment suggests limited impact to a widera as a consequence of the
proposed mining activity. Unfortunately, the sediment dynamégce extrapolated from observing the plume
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behaviour in adjacent areas. It is important that sigpecific sediment dynamics be better understoodudh
of the narrative above regarding biogeochemical dynamics and their impattt a large extent becomes
significant depending on the behaviour of the sediment plume generated durthg mining activity. In
addition to impacting the wider area, prolonged ustenance of the plume will make biogeochemical
processes important within the water column by modifying the redox statiod mobilization of trace metals.
Sulphide dynamics will only become important under those conditionsl avill require a better undetanding
of oxygen consumption by the reduced sediment reservoir. Then, a bafethe-envelope calculation of the
reduced sediment reservoir and corresponding consumption of ava#abkygen can easily be performed
with the available data. 1 do not believeahat ecotoxicity issues can easily be deciphered for the area
concerned, but it may be a good idea to calculate the gemccumulation index relative to average marine
shale to determine if there is preferential deposition of trace and heamgtals in the area. The phase
association of trace metals in the sediments would have improved ustierding of their dynamics under
changing redox conditions.

Prof. Alakendra Roychoudhury
August 2014
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1.2 RESPONSES: EIA SPECIALISTS

1.2.1 Introduction

This section provides a summary of the responses of the EIA Specialits issues raised by the Peer Review
Team. The Ll details of these responsesare integrated into the specialistgeports, which are presented in
the Verification Programme Report: Namibian Marine Phosphate Sandpm@ject Marine Licence area No.
170. November 2014.
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1.2.2 Letter from Dr A.l.L. Payne
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