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Approval letter of National EIA by the
Ministry of Environment
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Madame le Ministre de I'Equipement et
des Transports

Objet : Avis de faisabilité environnementale du Nowveau terminal @ conteneurs el
d hvdrocarbures au Port Awtonome de Nowakchott dir Port de 1'Amitié
(PANPA) au profit de la société ARISE Mauritania S.A.

Rel 1 Lettre N*281/MET/M du 26/10/2018

REr. 2 : Lettre N?IB6/DCEMEDD du 3171072018
Rér 3 : Lettre N*189 'MEDD/DCE du 02/1272018
REF 4 2 Lettre ARISE Mauritania du 24/12/ 2018
Rél. 5 : Lettre NP0OT/MEDDM du 15017 2019

Suite & la transmission des termes de référence (REf1) du Projet cité en objet, j'ai "honneur
de vous notifier qu'une procédure d'Etude d'Impact sur I’Environnement (EIE) a été engagée
par mon Département et menée i terme. Le déroulement et les conclusions de la procédure

sont rapportés ci-aprés.

La société ARISE Mauritania a respecté les différentes étapes de la procédure de 'EIE :
réalisation d’une réunion de cadrage des termes de référence et leur validation (RéEf.2 et
Réf3), d'une phase d’information et de consultation du public et la transmission du rapport de

I'EIE (Réf.4) suivie de I'enquéte publigue (R€L5).

L.*analyse du rapport de I'EIE montre que les principaux impacts potentiels des les phases de
construction d'exploitation sur le milieu biophysique et humain sont identifiés ainsi que leurs
SOUrces :

Emissions atmosphériques (poussiéres et gaz 4 effet de serre) : Impact potentiel sur la

qualité de I"air i
Bruit et vibrations : Impact potentiel sur la faune et les habitations ;

Dragage : Modification de la bathymétrie de la zone du projet ; ‘
Hydrocarbures et déchets solides et liquides : contamination du sol et du milieu marin.
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Lc_i’!':nd ﬂ:_ﬁﬂmm' Environnemental &t Social (PGES) comporte des plans -.'!: gestion
s & e s s P e iages ghatal o
T par les récepteurs environnementauy CoNCemes.

Les mesures de protection et de suivi de la qualité de I'air,
Le traitement des eaux usées par la mise en place d’un systéme adapté,
La protection des eaux, des sols, des sédiments marins et de la biodiversité (faunc te
flore). contre les contaminants et micro-contaminants,

o La réduction du bruit et vibrations, :

e La gestion des déchets, des produits chimiques, carburants et autres produits
dangereux.

Tenant compte de I'importance du Projet en question et la sensibilité du milieu _mns lequht:}:l
est mis en EUVTe, un rapport trimestriel sur 1"état de mise en ceuvre du P’FiES doit étre tt‘,_isl..m .
ot transmis @ mon Département en vue de permettre un suivi régulier de sa conlo
environnementale.

Par conséguent et au vu de ce qui précéde, j'ai I"honneur d’accorder un avis fax*ﬂ;a:ﬁpd;
faisabilité environnementale du Nouveau terminal & conteneurs et hydrocarbures au
au profit de la société ARISE Mauritania S.A.

Ampliations :

-PM

-MSG/PR.

-DG/ARISE Mauritania
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)’ ARISE

Mauritania

Réf : ARISE/NCT/00018
Monsieur le Directeur Général
des Infrastructures de Transport

Nouakchott, le 11 mars 2019

Objet: Demande d’autorisation de dépét des produits de dragage résultant de la
construction du nouveau terminal a conteneurs et & hydrocarbures du port de
Nouakchott.

Monsieur le Directeur,

Comme vous le savez, la réalisation du nouveau terminal & conteneurs et & hydrocarbures requiert des
travaux de dragage jusqu'a une profondeur de 15m, résultant en un volume de 3 & 5 millions de m3 de
matériaux. Les zones de dragage et les zones envisagées pour le dépdt des matériaux dragués sont
indiquées sur la carte fournie en Annexe 1.

Les zones de dépdts A et B sont deux des trois zones que le Ministére de 'Equipement et des Transports
avait identifiees en 2011 pour les besoins de la réalisation des travaux d'extension du port de Nouakchott
meneées par la Société Nationale Chinoise des Travaux de Ponts et Chaussées (SNCTPC). Le procés-
verbal de la réunion ayant arrété ces zones de rejet est fourni en Annexe 2, ainsi que le schéma de
localisation de ces zones fournie par la SNCTPC.

L'impact du dépét des matériaux de dragage dans 'une de ces zones a été analysé dans le cadre de
I'Etude d'Impact Environnementale (EIE) soumise au Ministére de I'Environnement et du Développement
Durable. Sur la base de cette étude, notre projet a regu un avis favorable le 5 février 2019 (Annexe 3).

En complément de I'EIE et afin de répondre aux exigences de nos investisseurs, une Etude d’Impact
Environnementale et Sociale (EIES) selon les normes de performance de la Société Financiére
Internationale (SF1) est en cours d'exécution. Dans le cadre de cette étude, une campagne de prélevement
et d'analyse de I'environnement marin a été effectuée en janvier dernier dans la zone d'influence de notre
projet. Les résultats de cette campagne sont fournis en Annexe 4.

Ainsi, considérant les éléments précédents, et dans le contexte et le respect de la reglementation
mauritanienne, nous sollicitons de votre Ministére une autorisation d’utiliser les zones de dépdt des
matériaux dragués telles que définies dans les documents ci-annexés.

Je vous prie d'agréer, Monsieur le Directeur Général, I'expression de ma haute considération.

Directeur Gé
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Port Autonome de Nouakchott - BP 7303 Nou%akchott - Mauritanie - i
RCCM N°98113/GU/19122/498 NIF ; 0050813_,'_5 ‘ r6 ob E




Copie :
- Mme la Ministre de I'Equipement et des Transports.
- Monsieur le Ministre de 'Economie et des Finances

PJ: Annexe 1 : Localisation des zones de dragage et des zones envisagées pour le rejet des
sediments dragués.
Annexe 2 : PV de la réunion du 5 Avril 2011 ayant arrété les zones de rejet des produits de
dragage resultant des travaux d’extension du port de Nouakchott. _
Annexe 3 : Avis de faisabilité environnementale du Nouveau terminal a conteneur et
d’hydrocarbures au profit de la société ARISE Mauritania S.A.
Annexe 4 : Rapport sur les inventaires marins réalisé par Magma et émis le 25 février 2019.
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Att. Schiphuis, Jan Jurjen
PO Box 8520

3009 AM ROTTERDAM

Certificate of analysis

Date: 12-Feb-2019

Please find enclosed the analytical results of the test carried out for the project.

Certificate number/version 2019011788/1

Your project number NG SB20180079-01
Your project name Mauritania soil samples
Your order number

Samples received on 08-Feb-2019

This Certificate of Analysis shall not be reproduced except in full, without written approval of the laboratory.
Interpretations and opinions are outside the scope of our accreditation, and all results relate only to samples
supplied.

Soil samples will be stored for a period of 4 weeks and water samples for a period of 2 weeks after receipt of the
samples at our laboratory. Without any additional request, samples will be disposed when the above mentioned
periods have expired. If you require Eurofins Analytico to store the samples for a longer period, please complete
this page and return it to Eurofins Analytico at least one businessday before the period is due to expire.

The costs of prolonged storage periods may be found in our pricelist.

Storage period:
Date: Name: Signature:

We are confident that we have performed the order in accordance with your expectations. If you have any remaining
questions concerning this Certificate of Analysis, please don't hesitate to contact our Customer Service.

Yours sincerely,

Eurofins Analytico B.V.

_——"‘_-"-——_

Ing. A. Veldhuizen
Technical Manager

Eurofins Analytico B.V.

Gildeweg 42-46 Tel. +31 (0)34 242 63 00 BNP Paribas S.A. 227 9245 25 Eurofins Analytico B.V. is IS0 14001: 2004 certified by TUV and
3771 NB Barneveld Fax +31 (0)34 242 63 99 IBAN: NL71BNPA0227924525 qualified by the Flemish Region (OVAM and Dep. Environment), the
P.0. Box 459 E-mail info-env@eurofins.nl BIC: BNPANL2A Brussels Region (IBGE/BIM), the Walloon Region (DGRNE-OWD)
3770 AL Barneveld NL Site www.eurofins.nl KvK/CoC No. 09088623 and by the Government of Luxembourg (MEV).

BTW/VAT No. NL 8043.14.883.B01
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Certificate of analysis
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Your project number NG SB20180079-01 Certificate number/vVersion 2019011788/1
Your project name Mauritania soil samples Start date 11-Feb-2019
Your order number Report date 12-Feb-2019/08:09
Annex A,.c,D
Sampled by Ruart Leonor Page 1/2
Sample matrix Soil, Sediment
Project agreement 4879 - RHDHV - Mauritanié project
Analysis Unit 1 2 3 4 5
Characteristics
Dry matter % (W/W) 98.6 95.8 98.1 95.9 98.2
Metals
Arsenic (As) mg/kg dm <5.0 <5.0 <5.0 <5.0 <5.0
Barium (Ba) mg/kg dm 150 170 120 59 42
Cadmium (cd) mg/kg dm <0.40 <0.40 <0.40 <0.40 <0.40
Chromium (Cr) mg/kg dm <5.0 6.5 7.4 7.9 5.9
Copper (Cu) mg/kg dm <5.0 7.7 5.2 <5.0 <5.0
Mercury (Hg) mg/kg dm <0.10 <0.10 <0.10 <0.10 <0.10
Molybdenum (Mo) mg/kg dm <1.5 <1.5 <1.5 <1.5 <1.5
Nickel (Ni) mg/kg dm <5.0 <5.0 <5.0 <5.0 <5.0
Lead (Pb) mg/kg dm <10 <10 <10 <10 <10
Zinc (In) mg/kg dm 19 52 17 8.2 11
Petroleum Hydrocarbons
EPH (C10-C12) mg/kg dm <3.0 <3.0 <3.0 <3.0 <3.0
EPH (C12-C16) mg/kg dm <5.0 <5.0 <5.0 <5.0 <5.0
EPH (C16-C21) mg/kg dm <6.0 <6.0 <6.0 <6.0 <6.0
EPH (C21-C30) mg/kg dm <12 16 <12 <12 18
EPH (C30-C35) mg/kg dm 7.4 14 <6.0 8.4 12
EPH (C35-C40) mg/kg dm <6.0 6.7 <6.0 <6.0 <6.0
EPH Sum (C10-C40) mg/kg dm <38 39 <38 <38 <38
Chromatogram TPH (GC) See annex

No. Sample description
NCT-1T
NCT-2T
NCT-3T
NCT-4T
NCT-5T

a A AN -

Eurofins Analytico B.V.

Gildeweg 42-46
3771 NB Barneveld
P.0. Box 459

3770 AL Barneveld NL Site www.eurofins.nl

Tel. +31 (0)34 242 63 00
Fax +31 (0)34 242 63 99
E-mail info-env@eurofins.nl

BIC: BNPANL2A
KvK/CoC No. 09088623

BNP Paribas S.A. 227 9245 25
IBAN: NL71BNPA0227924525

Q: Dutch Accreditation Council (RvR) accredited test

A: AP04 accredited test
S: AS SIKB recognized test
V: VLAREL recognized test
M: MCERTS accredited

Date sampling

23-Jan-2019
23-Jan-2019

23-Jan-2019
23-Jan-2019

23-Jan-2019

Sample nr.
10525844
10525845
10525846
10525847
10525848

This certificate shall not be reproduced except in full without written u&d“
N

Eurofins Analytico B.V. is IS0 14001: 2004 certified by TUV and
qualified by the Flemish Region (OVAM and Dep. Environment), the
Brussels Region (IBGE/BIM), the Walloon Region (DGRNE-O0WD)

and by the Government of Luxembourg (MEV).

BTW/VAT No. NL 8043.14.883.B01

TESTING
RvA 1010
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Certificate of analysis

Your project number NG SB20180079-01 Certificate number/vVersion 2019011788/1

Your project name Mauritania soil samples Start date 11-Feb-2019

Your order number Report date 12-Feb-2019/08:09
Annex A,.c,D

Sampled by Ruart Leonor Page 2/2

Sample matrix Soil, Sediment

Project agreement 4879 - RHDHV - Mauritanié project

Analysis Unit 6 7 8 9

Characteristics

Dry matter % (W/W) 98.9 91.0 97.9 92.4

Metals

Arsenic (As) mg/kg dm <5.0 <5.0 <5.0 <5.0

Barium (Ba) mg/kg dm 37 47 29 62

Cadmium (cd) mg/kg dm <0.40 <0.40 <0.40 <0.40

Chromium (Cr) mg/kg dm <5.0 5.7 6.5 6.7

Copper (Cu) mg/kg dm <5.0 <5.0 <5.0 <5.0

Mercury (Hg) mg/kg dm <0.10 <0.10 <0.10 <0.10

Molybdenum (Mo) mg/kg dm <1.5 <1.5 <1.5 <1.5

Nickel (Ni) mg/kg dm <5.0 <5.0 <5.0 <5.0

Lead (Pb) mg/kg dm <10 <10 <10 <10

Zinc (In) mg/kg dm 6.8 6.2 6.7 11

Petroleum Hydrocarbons

EPH (C10-C12) mg/kg dm <3.0 <3.0 <3.0 <3.0

EPH (C12-C16) mg/kg dm <5.0 <5.0 <5.0 <5.0

EPH (C16-C21) mg/kg dm <6.0 <6.0 <6.0 <6.0

EPH (C21-C30) mg/kg dm <12 <12 <12 <12

EPH (C30-C35) mg/kg dm <6.0 <6.0 <6.0 <6.0

EPH (C35-C40) mg/kg dm <6.0 <6.0 <6.0 <6.0

EPH Sum (C10-C40) mg/kg dm <38 <38 <38 <38

No. Sample description
NCT-6T

NCT-7T

NCT-8T

NCT-9T (o)

VO ® N O

Eurofins Analytico B.V.

Gildeweg 42-46
3771 NB Barneveld
P.0. Box 459

Tel. +31 (0)34 242 63 00
Fax +31 (0)34 242 63 99

BNP Paribas S.A. 227 9245 25
IBAN: NL71BNPAR0227924525
E-mail info-env@eurofins.nl BIC: BNPANL2A

Q: Dutch Accreditation Council (RvA) accredited test
A: AP04 accredited test

S: AS SIKB recognized test

V: VLAREL recognized test

M: MCERTS accredited

This certificate shall not be reproduced except in full without written d
Eurofins Analytico B.V. is IS0 14001: 2004 certified by TUV and
qualified by the Flemish Region (OVAM and Dep. Environment), the

Date sampling
23-Jan-2019
23-Jan-2019

23-Jan-2019
23-Jan-2019

3770 AL Barneveld NL Site www.eurofins.nl

KvK/CoC No. 09088623

Brussels Region (IBGE/BIM), the Walloon Region (DGRNE-O0WD)

and by the Government of Luxembourg (MEV).

BTW/VAT No. NL 8043.14.883.B01

Sample nr.
10525849
10525850
10525851
10525852

Verified
ASM

Fz

N\

TESTING
RvA 1010
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Annex (A) concerning subsample information referring to certificate of analysis 2019011788/1

Sample nr.
10525844
10525844

10525845
10525845

10525846
10525846

10525847
10525847

105258438
10525848

10525849
10525849

10525850
10525850

10525851
10525851

10525852
10525852

Eurofins Analytico B.V.

Gildeweg 42-46

3771 NB Barneveld
P.0. Box 459

3770 AL Barneveld NL

Tel. +31 (0)34 242 63 00
Fax +31 (0)34 242 63 99
E-mail info-env@eurofins.nl
Site www.eurofins.nl

Description

BNP Paribas S.A. 227 9245 25
IBAN: NL71BNPAR0227924525

BIC: BNPANL2A

KvK/CoC No. 09088623

From

To

Barcode
1
0520136406

1
0904105836

1
0904105835

1
0904105834

1
0904105833

1
0904105832

1
0904105831

1
0904105830

1
0520136425

Page 1/1
Sampling ID / Sample descriptio
NCT-1T

NCT-1T

NCT-2T
NCT-2T

NCT-3T
NCT-3T

NCT-4T
NCT-4T

NCT-5T
NCT-5T

NCT-6T
NCT-6T

NCT-7T
NCT-7T

NCT-8T
NCT-8T

NCT-9T (o)
NCT-9T (o)

Eurofins Analytico B.V. is ISO 14001: 2004 certified by TUV and
qualified by the Flemish Region (OVAM and Dep. Environment), the
Brussels Region (IBGE/BIM), the Walloon Region (DGRNE-O0WD)

and by the Government of Luxembourg (MEV).

BTW/VAT No. NL 8043.14.883.B01
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Annex (C): method references belonging to certificate of analysis 2019011788/1

Analysis

Dry matter

Arsenic (As)

Barium (Ba)

Cadmium (Cd)

Chromium( Cr)

Copper (Cu)
Mercury (Hg)

Molybdenum (Mo)

Nickel (Ni)
Lead (Pb)

Zinc (In)

EPH (C10-C40)

Chromatogram TPH (GC)

Method

w0104

w0423
w0423
wo0423
w0423
w0423
wo0423
w0423
w0423
w0423
w0423
w0202
w0202

Technique Method reference
Gravimetry

2/I1/A.1
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
ICP-MS Cf. NEN-EN-ISO 17294-2
GC/FID Eq. NEN-EN-ISO 16703
GC/FID Eq. NEN-EN-ISO 16703

Page 1/1

In accordance with NEN-EN 15934 & CMA

Additional information about the applied methods as well as the classification of the accuracy, are listed in our

supplement: "Specification of methods of analyses", version June 2016.

Eurofins Analytico B.V.

Gildeweg 42-46

3771 NB Barneveld
P.0. Box 459

3770 AL Barneveld NL

Tel. +31 (0)34 242 63 00
Fax +31 (0)34 242 63 99
E-mail info-env@eurofins.nl
Site www.eurofins.nl

BNP Paribas S.A. 227 9245 25
IBAN: NL71BNPAR0227924525

BIC: BNPANL2A

KvK/CoC No. 09088623
BTW/VAT No. NL 8043.14.883.B01

Eurofins Analytico B.V. is ISO 14001: 2004 certified by TUV and
qualified by the Flemish Region (OVAM and Dep. Environment), the
Brussels Region (IBGE/BIM), the Walloon Region (DGRNE-O0WD)

and by the Government of Luxembourg (MEV).
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Annex (D) remarks concerning the sampling and preservation period 2019011788/1
Page 1/1

Non compliance(s) of the criteria is(are) observed that may have influenced the accuracy of the test results of
samples mentioned below.

Analysis Sample nr.

The preservation term for this parometer has been expired.

TPH (pretreatment) 10525844
10525845
10525846
10525847
10525848
10525849
10525850
10525851
10525852

Eurofins Analytico B.V.

Gildeweg 42-46 Tel. +31 (0)34 242 63 00 BNP Paribas S.A. 227 9245 25 Eurofins Analytico B.V. is IS0 14001: 2004 certified by TUV and
3771 NB Barneveld Fax +31 (0)34 242 63 99 IBAN: NL71BNPAR0227924525 qualified by the Flemish Region (OVAM and Dep. Environment), the
P.0. Box 459 E-mail info-env@eurofins.nl BIC: BNPANL2A Brussels Region (IBGE/BIM), the Walloon Region (DGRNE-OWD)
3770 AL Barneveld NL Site www.eurofins.nl KvK/CoC No. 09088623 and by the Government of Luxembourg (MEV).

BTW/VAT No. NL 8043.14.883.B01
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Sample ID.: 10525845
Certificate no.: 2019011788
Sample description.: NCT-2T
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Les activités de MAGMA sont régies par le décret du Conseil des Ministres N°0105-2015 paru au Journal Officiel n°® 1337 de

la République Islamique de Mauritanie en date du 15/06/2015.

01 28/03/2018 FINAL REPORT Laboratory Teams S.HAMOUDY A.KHALIFA

00 12/03/2018 TEMPORARY REPORT | Laboratory Teams S.HAMOUDY A.KHALIFA

Rev. Date Description Prepared Checked Approved
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PROJECT

NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA

ESIA — Marine survey

Report of Sampling and analysis mission

PROJECT No.

DATE

DOCUMENT No.

REVISION

PAGE

2019-A-197

28/03/2019

DC02019A197-01-00

01

1142




m m NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA

WWW.MAGMA-GROUPE.COM ESIA - Marine survey
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1. CONTEXT

ARISE is planning to construct and operate a new container and hydrocarbon terminal in the Port of
Nouakchott, Mauritania. A detailed understanding of the environment and social baseline (or existing)
conditions is required to predict the change and impacts that will be caused by the proposed Project.

It is in this context that Arise entrusted Magma with carrying out an investigation campaign on sediment
and water in the project area.

Figure 1 : Conceptual design showing position of the new quay (source: EIE de I'extension du port de Nouakchott, 2010)

The overall objective of this study is to characterize the spatial patterns of assemblages of the PANPA
benthic fauna, in order to develop a program for monitoring the receiving environment to assess the
impacts of dredging. and the deposit of dredging material.

The specific objectives of this study area are as follows:
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— Characterize the structure of the benthic fauna community (abundance, species richness,
diversity and similarity) in the excavation zones and receiving waste from dredging
— The mission is to carry out the following activities:

— Prepare and carry out the sampling campaign (water, sediment, physicochemical parameters in
situ;
— Analyze water and sediment samples taken at sea

For this, his following actions are to be prepared:

— Rental of a boat

— Expertise for Sampling and measurement of physicochemical parameters
— Granulometry analysis and macroscopic description of sediments

— Biological analysis (Benthos)

—  Writing the final report.

2. OBJECTIVES OF THE MISSION

For the purpose of a possible update and based on the scope of the ESIA, the intervention zones of
this project, which are represented by the proposed entry channel, the turning basin and the pocket
berth, as well as the potential disposal site, are to be studied primarily for water quality, sediment
quality and benthic fauna.

For this, 16 marine sampling stations are recommended positioned as follows:

— Two sampling stations along the length of the proposed access channel

— Two control stations (one upstream and one downstream of the access channel),
— A sampling station in the circle turn

— A sampling station in the bunk pocket.

— Six sampling stations will be positioned at the proposed disposal sites

— Two control stations (one upstream and one downstream of the site).

— Two core drilling station on a depth of three meters

The monitoring stations will provide useful references to the baseline environment, but will also be
needed when considering the potential impact of sediments resulting from dredging and disposal
activities.

MAGMA
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Figure 3: Location of sampling stations Zoom
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3.  METHODOLOGY OF RECTIFIED WORK

The different components mentioned in the specifications of the project as well as the working
methodology presented by the company MAGMA (see appendices) are both followed in the sampling
mission except for some corrections in relation to the conditions on site. These changes mainly
concern:

— The number of videos: is limited to eight instead of fourteen and this in agreement with all
stakeholders of this mission.

— The conservation of the samples: The mode of conservation of the samples is changed, since
these must be transported by plane (to Tunisia or to France) knowing that all the conservation
products of the nutritive elements, the hydrocarbons and others, such as formalin is prohibited.
The type of conservation is chosen in agreement with the head of mission with the experts of
the analysis laboratory GreenLab. The preservation methods used all comply with ISO 5667
(see annexes).

4. SAMPLING MISSION
41. TEAM MEMBERS

The team performing the sampling mission is as follows:

— Lotfi Hech: Expert in Geology, Environmentalist and Team Leader
— Audrey Van Mastrigt: Biologist and Supervisor

— Saikou Oumar KIDE: Biologist

— BaMamadou Lamba: environmental chemistry engineer

— Yaro Waly Ba: Chimist

— Salah Boughrara: Diver

— Kayta: Diver
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4.2. EQUIPMENT LIST
The material required for the mission is as follows:

- Control vessel

- Handheld GPS

- A manual multi-parameter probe (temperature, dissolved oxygen, pH, salinity, turbidity and
water depth)

- 5L bottles and deployment equipment required

- 1 mm stainless steel sieve

- Refrigerator and freezer for storage of samples and coolers for transport to the laboratory

- Camera for photographing samples and underwater camera to characterize the seabed

- 1Van Van 225 cm2 tipper

- for the pH allowing the measurement of the different physicochemical parameters.

- Vials for samples

- Plastic bags

- Collection cards

- Two coolers and insulated boxes filled with ice
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4.3. SAMPLING MISSION

The sampling mission is carried out on fourteen stations by applying a sampling and conditioning
program already prepared in advance and this concerns:

— The coordinates of the various stations

— Types of packaging

— The different tasks to be carried out on site

— The distribution of the different tasks on the members of the team

Y| Mansgemant
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The following table summarizes these different conditions.

Water coordinates - On-site measurements (surf- 3 spittoons Bottle 1 liter 1/2 liter
moment - depth Prof- Above seabed) of bottle +
- volume - parameters (T, Salinity, freezing freezing aluminum
weather Turbidity, pH, dissolved 02,
condition - total dissolved solids) freezing

wildlife present
Bottle 1 liter cold

sediments  coordinates - Bag 1 kg cold 1 spittoon Glass bottle 3X5009g
moment - depth ~ Sachet 0.5 a sieved
- volume - 1 kg au froid 1 aluminum (TBT) freezing freezing freezing
weather Results
condition - in3
wildlife present spittoons

freezing




The program also mentions conditions to be met in the mission that are mainly related to:

— The methodology already mentioned

— The material intended for each sample, whether water, sediment
— The country of analysis

— The type of conservation

— The type of analysis he will undergo

The following table summarizes these different conditions.

Water Bottle 1 liter Cold Physicochemical GreenLab Tunisia
parameters
3 spittoons freezing Bacteriological GreenLab Tunisia
analyzes
Bottle 1 liter freezing Nutrients + ammonium GreenLab Tunisia
1/2 liter in bottle Freezing Chlorophyll GreenLab Tunisia
aluminum foil
Sediments Bag 0.5t0 1 kg Cold Granulometry Magma Mauritanie
Bag 1 kg freezing Physicochemical GreenLab Tunisie
parameters
Heavy metals
50t0100¢ freezing TBT Laboratoire France
2 aluminum foil bags Eurofins
1 crachoir freezing Bacteriological GreenLab Tunisia
analyzes
Glass bottle freezing HAP - HC - COT GreenLab Tunisia

3 crachoirs freezing n Benthos Magma Mauritania




4.4, MEASUREMENTS AND INFORMATION ON SITE

In addition to taking samples, information about each station should be noted. This information mainly
concerns coordinates, depth, metrological conditions, etc. This information is mentioned below.
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Sample ID
STO01

ST02

STO03

STO03

ST03

ST04

ST05
ST05b
ST06
STO06b
STO7/7f
STO08

ST09
ST10/10bis

ST11

Replicate

all
replicates

all
replicates

surface

middepth

1m above
seafloor
all
replicates
all
replicates
all
replicates
all
replicates
all
replicates
all
replicates
all
replicates
all
replicates
all
replicates
all
replicates

Latitude
175947,60

175939,53

175977,34

175975,43

175975,53
175909,41
175911,82
175913,18
175897,96
175900,11
175854,58
175804,27
175649,22

175741,61

175683,98

Longitude
160165,84

160180,54

160323,72

160323,33

160323,77
160237,62
160313,47
160319,88
160377,11
160384,02
16033,30
160208,95
160273,25
160350,86

160408,30

MAGMA
Laboratory

Measurements and information on site

Date

23/01/2019

24/01/2019

25/01/2019

25/01/2019

25/01/2019

25/01/2019

25/01/2019

25/01/2019

25/01/2019

25/01/2019

26/01/2019

26/01/2019

27/01/2019

27/01/2019

27/01/2019

Start time of
sample

15:32

11:14

10:14

10:14

10:14
12:15

16:00

17:25

17:45
09:15
10:05

12:14

End time of
sample

18:00

11:56

11:10

11:10

11:10

17:05

18:15
09:56
11:00

13:14

i
é SYNTHESIS REPORT DC02019A197-01-00
i

LNGif General remarks
seabed
4 The sampling was done on the

small pilot boat
10 The sampling was done on the
small pilot boat
Because of problems with the
small pilot the boat, the sampling
was done on one of the tugboats
from the port (23 m in length)
sampling by tugboat, at first
12,5 sample station we had some
problems with the anchor
sampling by tugboat

12,5

12,5
19 sampling by tugboat
14 sampling by tugboat
148 sampling by tugboat
125 sampling by tugboat
125 sampling by tugboat
13 sampling by tugboat
125 sampling by tugboat
1" sampling by tugboat
122 sampling by tugboat
122 sampling by tugboat

|
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ST12 al 47553630 16037978 27/01/2019 13:30 13 sampling by tugboat
replicates
ST13 all 17547673 16043556  27/01/2019 17:25 18:15 13,7 sampling by tugboat
replicates
ST14 al 17541533 160344,95  27/01/2019 18:21 12 sampling by tugboat
replicates
ST14b all 17541467 16032087  27/01/2019 18:45 1,7 sampling by tugboat
replicates
Station | Répétition Latitude Longitude Date Profondeu | volume de | Classificatio conditions Type de Commentaire
rdel'eau | I'échantillo n des météorologique faune s
enm n (m3) sédiments s
(sable, limon,
etc.)
STO1 T 175947,60 | 160165,84 | 23/01/20 4 0,1 sédiments fin coquilles
19 principalemen
t écrasées
T2 175947,60 | 160165,84 | 23/01/20 4 0,1 sédiments fin coquilles
19 principalemen
t écrasées
T3 175947,60 | 160165,84 | 23/01/20 4 0,1 sédiments fin coquilles
19 principalemen
t écrasées
ST02 T1 175939,53 | 160180,54 | 24/01/20 10 0,1 limon polychétes
19
T2 175939,53 | 160180,54 | 24/01/20 10 0,1 limon polychétes
19
T3 175939,53 | 160180,54 | 24/01/20 10 0,1 limon polychétes
19
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ST03 ™ 175975,53 160323,77 | 25/01/20 10 0,55 80% sable crustacés lorsque le
19 20% boue vivant et bateau a été
polychétes | ancré, nous
avons
commencé a
prélever des
échantillons
benthiques;
pendant la
plongée, la
profondeur a
changé de 10 a
12m
T2 175975,53 160323,77 | 25/01/20 10 0,55 80% sable crustacés
19 20% boue vivant et
polychétes
T3 175975,53 160323,77 | 25/01/20 10 0,55 80% sable crustacés
19 20% boue vivant et
polychétes
ST04 T 175909,41 160237,62 | 25/01/20 12 0,1 sable crustaces,
19 polycheates et
bivalves
broyés
T2 175909,41 160237,62 | 25/01/20 12 0,1
19
T3 175909,41 160237,62 | 25/01/20 12 0,1
19
ST05 T 175911,82 160313,47 | 25/01/20 14 <0.01 sable 4 tentatives de
19 collecte de
sédiments ont
été effectuées.
Commeiil
s’agissait d'une
zone rocheuse,
la faune
benthique des
quatre

H SR amant | I i :
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échantillons
choisis a été
combinée.
T2 175911,82 160313,47 | 25/01/20 14 <0.01 sédiment tres
19 fin
T3 175911,82 160313,47 | 25/01/20 14 <0.01 pas de
19 sédiments
T4 175911,82 160313,47 | 25/01/20 14 <0.01 roches petit crabe
19
ST05b 1K 175913,18 160319,88 | 25/01/20 14 0,1 80% sable principalemen | pendant la
19 20% boue t des coquilles | plongée il y
broyées, des | avait beaucoup
polycheates et | de méduses
du crabe
T2 175913,18 | 160319,88 | 25/01/20 14 0,1 principalemen
19 t des coquilles
broyées, des
polycheates et
du crabe
T3 175913,18 | 160319,88 | 25/01/20 14 0,1 principalemen
19 t des coquilles
broyées, des
polycheates et
du crabe
ST06 T 175897,96 160377,11 | 25/01/20 14,8 <0.01 Pas de Poriferaet | 4 tentatives de
19 sédiments Tunicate collecte de
dans sédiments ont
I'échantillon été effectuées.

Comme il
s’agissait d'une
zone rocheuse,
la faune
benthique des
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quatre
échantillons
choisis a été
combinée.
T2 175897,96 160377,11 | 25/01/20 14,8 <0.01 Pas de Plongée:
19 sédiments nombreux
dans poissons dans
I'échantillon cette région
comme Thiouf
T3 175897,96 160377,11 | 25/01/20 14,8 <0.01 Pas de
19 sédiments
dans
I'échantillon
T4 175897,96 160377,11 | 25/01/20 14,8 <0.01 Pas de
19 sédiments
dans
I'échantillon
ST06b T 175900,11 160384,02 | 25/01/20 14,8 0,1 limon crabes vivants
19 et
gastéropodes
T2 175900,11 160384,02 | 25/01/20 14,8 0,1 limon
19
T3 175900,11 160384,02 | 25/01/20 14,8 0,1 limon gastéropodes,
19 polycheates,
crustaces
STO7/7f T 175854,58 16033,30 | 26/01/20 12,5 0,1 sable peu de vent trois le plongeur a
19 amphipodes | confirmé qu'il
vivants dans | s'agissait d'une
I'échantillon | zone
sablonneuse
ou de petits
poissons ont
été vus
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T2 175854,58 16033,30 | 26/01/20 12,5 0,1 sable peu de vent Gammaridea
19
T3 175854,58 16033,30 | 26/01/20 12,5 0,1 sable peu de vent Gammaridea
19
STO8 T 175804,27 | 160208,95 | 26/01/20 12,5 0,1 60% sable peu de vent Pseudomyra | le plongeur:
19 40% boue mbizi eau tres
trouble faible
visibilité
T2 175804,27 | 160208,95 | 26/01/20 12,5 0,1 60% sable peu de vent
19 40% boue
T3 175804,27 160208,95 | 26/01/20 12,5 0,1 60% sable peu de vent polycheates
19 40% boue
ST09 1K 175649,22 160273,25 | 27/01/20 11,5 0,1 80% boue E>W principalemen | le plongeur:
19 20% sable fin t des matiéres | visibilité faible,
mortes, des | courant fort
bivalves et
des
polycheates
T2 175649,22 160273,25 | 27/01/20 11,5 0,1 80% boue E>W gastropods
19 20% sable fin and
polycheates
T3 175649,22 160273,25 | 27/01/20 11,5 0,1 80% boue E>W many
19 20% sable fin polycheates
ST10 T 175741,61 160350,86 | 27/01/20 12,2 0,1 50% boue E>W gastropodes | le plongeur:
19 50% sable and fort courant
polycheates | nord & sud
mauvaise
visibilité
T2 175741,61 160350,86 | 27/01/20 12,2 0,1 50% boue E>W gastropode
19 50% sable vivant,
polycheates et
crabe
T3 175741,61 160350,86 | 27/01/20 12,2 0,1 50% boue E>W pas des notes
19 50% sable
ST111 T 175683,98 | 160408,30 | 27/01/20 12,1 0,1 100% sable E>W petit le plongeur:
Obis 19 gastéropodes | grosses pierres
et polycheate | de 1,5 métre,
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beaucoup de
poissons et un

courant fort
T2 175683,98 | 160408,30 | 27/01/20 12,1 0,1 100% sable E>W Gammaridea
19 et bivalves
T3 175683,98 | 160408,30 | 27/01/20 12,1 0,03 sable et roche E>W moules,
19 gastéropodes
et copépodes
ST12 T 175536,30 | 160379,78 | 27/01/20 12,7 0,075 sable et boue E>W copépode, le plongeur:
19 crustacé et | mauvaise
polycheate | visibilité tout
environnement
sablonneux
T2 175536,30 160379,78 | 27/01/20 12,7 0,1 sable et boue E>W copépodes et
19 polycheate
T3 175536,30 160379,78 | 27/01/20 12,7 0,05 sable et boue E>W beaucoup de
19 polycheates
ST13 T1 175476,73 160435,56 | 27/01/20 13,7 0,1 sable grossier E>W copépodes et | le plongeur:
19 gammaridea | pas de visibilité
T2 175476,73 160435,56 | 27/01/20 13,7 0,1 sable grossier E>W bivalve
19
T3 175476,73 160435,56 | 27/01/20 13,7 0,1 sable grossier E>W polycheate,
19 gastéropodes
ST14 T 175415,33 160344,95 | 27/01/20 12 X roche E>W Aucun
19 échantillon n'a
pu étre prélevé
acause d'un
fond marin
rocheux
T2 175415,33 160344,95 | 27/01/20 12 X roche E>W
19
T3 175415,33 160344,95 | 27/01/20 12 X roche E>W
19
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ST14b T1 17541467 160329,87 | 27/01/20 11,7 0,1 sable and E>W polycheates | le plongeur: il
19 boue faisait trop
sombre pour
prendre de
bonnes photos
et vidéos. Un
plongeur a
amené un
rocher avec
une petite
étoile de mer/
étoile de mer
dessus

T2 175414,67 160329,87 | 27/01/20 11,7 0,1 sable and polycheates
19 boue
T3 175414,67 160329,87 | 27/01/20 11,7 <0.1 roches essayé a
19 plusieurs
reprises pour
obtenir un
échantillon,
mais il n'était
pas possible
d'obtenir des
sédiments

| | | |
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4.5. COLDING AND FREEZING

The samples, once taken, are put in cold boxes and then sent to the Magma laboratory to be placed in
the cold or freezing according to the condition and preservation already mentioned. Once, the sampling
mission is over, all the samples are packed to be transported to different destinations as previously
described.

MAGMA
Laboratory
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5.  RESULT OF ANALYZES

5.1.
5.1.1.

Temperature, salinity and turbidity measurements are needed to determine the vertical stratification of
water bodies. Turbidity is defined as the reduction of transparency of a liquid due to the presence of
undissolved substances; it is a reflection of the particulate load in the water. The physicochemical
analyzes show the following main findings:

— A pH ranging from 8 to 8.2 according to different temperatures from 17.2 to 20 ° C, an average
of a pH of 8 slightly basic, which generally characterizes seawater.

— Electrical conductivity ranging from 50.5 103 to 54.7 103 according to different temperatures
from 17.4 to 21.5 ° C, an average electrical conductivity of 54 103, including a salinity of 37g /
liter which generally characterizes seawater and mainly the Atlantic Ocean having a salinity of

WATER ANALYSIS
Physicochemical analyzes

the order of 33.7t0 37.9 g/ 1.
— Adissolved oxygen concentration ranging from 7.93 to 8.63 g / | in an average temperature of
18 ° c.
Essai (s) Unité ST1 ST2 ST3 ST 4 ST5
pH 8,0a184°C 8,14184°C 8,0a184°C 8,1418,1°C 8,1418,0°C
Conductivité Siem 54,3103 54,5 103 54,1103 54,6 10° 54,3 10°
325°C H (Tm=18,0°C) (Tm=18,0°C) (Tm=18,0°C) (Tm=18,3°C) (Tm=17,4°C)
DS mg/L 25,2103 27,110 32,8103 27,7108 31,910
Turbidité NTU 0,57 3,0 0,27 0,16 0,10
MES mg/L 45 5,6 49 48 48
Oxygéne dissous mglL | 7.93a182°C 8,02417,7°C 7,98217,7°C 8,194 17,4°C 7,93217,8°C
Résldu Sec mglL 43,6 10° 42,5109 42,9 10° 423109 42910°
4105°C
Essai (s) Unité ST6 ST7 ST8 ST9 ST10
pH 8,12417,7°C 8,2420,0°C 8,2418,9°C 8,1420,0°C 8,2417,2°C
Conductivité Serm 54,3 103 52,3 103 50,5 103 54,6 103 54,5 10%
225°C H (Tm=17,5°C) (Tm=21,5C°) (Tm=18,0°C) (Tm=18,0°C) (Tm=17,9°C)
DS mglL 31,7103 33,2108 30,2 108 29,1108 30,3 103
Turbidité NTU <0,05 0,36 11 <0,05 <0,05
MES mg/L 3,2 45 4.1 3,2 28
Oxygéne dissous mglL 8,37217,0°C 8,554 16,5°C 8,634 16,5°C 8,394 16,1°C 8,282 15,8°C
f:::g” Seca mg/L 43,0103 43,2103 43,310° 43,3100 42,9103
"TAT e MAGMA |
! é— ' ! ! SYNTHESIS REPORT DC02019A197-01-00 ! Feb2019 Page23/42 !
E ; == : Laboratory : : :



INSHORE AND OFFSHORE GEOTECHNICAL ENGINEERING IN AFRICA

NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA

WWW.MAGMA-GROUPE.COM

ESIA - Marine survey

Essai (s) Unité ST11 sT12 ST13 ST 14
pH 822417,6°C 8,1a17,1°C 82417,3°C 82a19,7°C
Conductivité & 25°C pSlcm 54,4 103 54,6 103 54,7103 54,5 10°
(Tm=19,5°C) (Tm=18,0°C) (Tm=18,0°C) (Tm=18,0°C)
DS mg/L 292103 28,1103 30,0 103 30,4 103
Turbidité NTU 0,14 0,18 1,0 14
MES mg/L 36 24 50 5,1
Oxygéne dissous mg/L 845416,1°C 8,31416,3°C 8,304 159°C 8472417,2°C
Résidu Sec a 105°C mg/L 43,4103 43,0103 43,8103 44,0103
5.1.2. Analyzes of nutrients

Nutrient analyzes show the following key findings:

The concentrations of Kjeldahl nitrogen and ammonia nitrogen in station 1 are the highest at
4.74 and 31.3 mg / |, respectively. In the marine environment, the predominant form of
ammoniacal nitrogen is ammonium (NH4 +). Naturally, it comes from animal excretions and the
bacterial degradation of nitrogenous organic compounds.

1 Phosphorus and orthophosphate concentrations are all less than 1 g / | in the different
sampled stations. In seawater, dissolved phosphorus is mainly present as orthophosphate ions
(PO42-). The contents are generally very weak at the surface and increase with the depth
below the euphotic zone.

0 The concentrations of NO3 + NO2 are all less than 1 g / | in the different sampled stations.
Indeed, the nitrate ion (NO3) is the stable oxidized form of nitrogen in aqueous solution. Nitrate
ions enter the nitrogen cycle as the main support for the growth of phytoplankton, which, once
degraded by bacteria, restores nitrogen to the system in mineral form (ie NO3). The rate of
regeneration may sometimes be different from the rate of use, resulting in variable nitrate
concentrations that may be a factor influencing phytoplankton growth.

Essai (s) Unité ST1 ST2 ST3 ST4 STS
Azote Kjeldahl mgN/L 4,74 4,00 1,13 3,33 2,09
Azote Ammoniacal MgNH4*/L 31,3 27,3 21,5 19,9 18,7
Nitrates mgNOs/L <0,093 0,145 0,251 <0,093 <0,093
mgN/L <0,021 0,033 0,057 <0,021 <0,021
Nitrites mgNO2/L <0,015 <0,015 0,018 <0,015 <0,015
mgN/L <0,005 <0,005 0,005 <0,005 <0,005
Phosphore total mgP/L 0,028 0,030 0,034 0,029 0,035
Orthophosphates mgP/L 0,025 0,029 0,020 0,026 0,020
mgPO43/L 0,077 0,088 0,061 0,080 0,061
i @ T : MAGMA | SYNTHESIS REPORT DC02019A197-01-00 | Feb 2019  Page 24/42 :
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Essai (s) Unité ST6 ST7 ST8 ST9 ST 10
Azote Kjeldahl mgN/L 3,89 <1 2,26 2,31 1,18
Azote Ammoniacal MgNH4*/L 15,2 27,1 28,6 25,6 16,8
Nitrates mgNOs/L 0,263 0,541 0,184 0,195 <0,093
mgN/L 0,059 0,122 0,042 0,044 <0,021
Nitrites mgNOz/L 0,015 <0,015 <0,015 <0,015 <0,015
mgN/L 0,005 <0,005 <0,005 <0,005 <0,005
Phosphore total mgP/L 0,043 0,048 0,044 0,048 0,045
Orthophosphates mgP/L 0,040 0,033 0,039 0,044 0,044
mgPO43/L 0,123 0,100 0,119 0,134 0,134
Essai (s) Unité ST ST 12 ST13 ST 14
Azote Kjeldahl mgN/L 1,02 <1 1,80 <1
Azote Ammoniacal MgNH4*/L 24,0 18,6 16,3 14,8
Nitrates mgNOs/L 0,291 0,249 0,094 0,294
mgN/L 0,066 0,056 0,021 0,066
Nitrites mgNOz/L <0,015 <0,015 <0,015 <0,015
mgN/L <0,005 <0,005 <0,005 <0,005
Phosphore total mgP/L 0,035 0,035 0,048 0,034
Orthophosphates mgP/L 0,033 0,024 0,026 0,014
mgPO43/L 0,100 0,073 0,080 0,042
5.1.3. Bacteriological analysis

Microbiological analyzes are based on the search for indicator bacteria for fagcal contamination. These
bacteria are not pathogenic in themselves but their presence indicates a faecal contamination likely to
cause the development in water of other microorganisms which are pathogenic (other bacteria, viruses,
parasites, etc.). Most pathogenic microorganisms in the aquatic environment come from faecal soils:
human and animal excrement, domestic wastewater, manure, slurry, dead animals, contaminated
runoff, etc. The analyzes carried out mention the following results:

Essai (s) Unité ST1 ST2 ST3 ST4 ST5 ST6 ST7
E. Coli UFC/100ml 0 2 0 2 1 23 51
Entérocoques UFC/100ml 4 25 9 26 5 54 53
intestinaux
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Essai (s) Unité ST8 ST9 ST10 ST 11 ST 12 ST13 ST 14
E. Coli UFC/100ml 58 72 81 37 52 40 64
Entérocoques UFC/100ml 24 48 65 22 28 64 52
intestinaux

Taking bathing water as reference and by French standards, the bacteriological analyzes of the
different stations show concentrations of a good bathing water.

QUALITE DE L’EAU E. COLI/ 100 ml ENTEROCOQUES /100 ml
EAUX DE MER
BONNE <100 <100
MOYENNE > 100 et <1000 =100 et =370
MAUVAISE = 1000 > 370

5.1.4. Analyzes of chlorophyll a

Chlorophyll a is the pigment present in all plants that captures the light necessary for photosynthesis.
Photosynthesis is a very important process that allows plants to transform carbon dioxide (CO2) into
organic matter. In oceanography, the amount of chlorophyll a tells us about the amount of
phytoplankton in the water. Indeed, the more phytoplankton, the more chlorophyll a.

Chlorophyll a results indicate concentrations ranging from 0.289 ug / L at the station to 2.72 ug / L at
station 11.

Essai (s) Unité ST1 ST2 ST3 ST4 ST5
Chlorophylle a pg/lL 0,380 1,079 1,246 0,760 0,395

Essai (s) Unité ST6 ST7 ST8 ST9 ST10
Chlorophylle a Mg/l 0,486 0,806 0,775 0,289 0,737

Essai (s) Unité ST ST 12 ST13 ST 14
Chlorophylle a Mg/l 2,72 0,395 0,486 0,547

5.2. ANALYSIS OF SEDIMENTS
5.2.1.  Particle size analysis

Particle size analysis is designed to determine the particle size distribution of the sediment particles.
This analysis helps interpret geochemical data and assesses the physical effects of dredging and
sediment deposition, particularly with regard to hydrodynamics and sediment dynamics. Sediment grain
size can also be considered as a habitat variable for benthic communities and be part of the
interpretation of contaminant bioavailability as well as the results of toxicity tests.

The results of the granulometric analysis show that the sediments consist of a dominant sandy texture
(grain diameter between 2 and 0.063 mm), with the exception of the sample ST02 which has a fine
texture (mud: silt and clay, diameter less than 0.063mm). This sand is usually fine to medium, with a
fraction of mud (diameter less than 0.063 mm) varying between 5 and 44%. Statistical parameters

: MAGMA
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calculated from particle size curves between 63 mm and 0.063 mm (transformed on the bay of the phi
unit) give the following results:

The average (M) varies between 1.27 phi and 2.73 phi

Asymmetry (sk), varies between -0.87 and 0.40
The sorting coefficient (SO) varies between 0.39 and 1.30

Modal size (Mod), varies between, 2 and 3 phi
Kurtosis (k), varies between 0.55 and 9.84

Sample | D16 D50 D84 D95 D5 D75 D25 | Mean sk K So Mod
ID phi phi phi phi phi phi phi phi phi
ST1 1,7 21 3.2 35 1,4 2,3 1,9 2,33 040 | 215 | 0,69 2
ST3 11 2 3.2 34 0 3.2 1,8 2,10 -0,02 | 1,00 | 1,04 3,2
ST4 0 1,8 2 3.2 2,1 1,9 1 1,27 064 | 241 | 1,30 2
ST5 11 1,8 2,00 3,10 0,00 1,90 1,40 1,63 0,36 | 2,54 | 0,70 2
ST6 1,9 31 3,2 3.2 1,2 3,1 2,6 2,73 0,87 | 1,64 | 0,63 3,2
ST7 0,9 1,6 3,1 3.2 0 3,1 1 1,87 0,18 | 0,62 | 1,04 1,3
ST8 1,6 2,6 3.2 3.2 0 3,1 1,9 247 044 | 1,09 | 0,8 3,2
ST9 1,9 31 3.2 3.2 1,5 3,1 25 2,73 -0,86 | 1,16 | 0,58 3,2
ST10 14 21 31 3,2 0,9 3,1 14 2,20 0,07 | 055 | 0,77 3,2
ST11 1,6 19 2 29 1 2 1,8 1,83 0,22 | 3,89 | 0,39 2
ST12 1,9 2,6 3,1 3.2 0,8 3 29 2,53 -0,33 | 9,84 | 0,66 3,1
ST13 08 1,5 22 28 04 2 1 1,50 0,04 |098 | 0,71 1,8
ST14 1,2 19 31 3,2 04 2,6 1,6 2,07 0,0 | 1,15 | 0,90 2

The details of the granulometric analysis are given in the appendices..

5.2.2.

Physicochemical analyzes

Particle size analysis is designed to determine the particle size distribution of the sediment particles.
This analysis helps interpret geochemical data and assesses the physical effects of dredging and
sediment deposition, particularly with regard to hydrodynamics and sediment dynamics. Sediment grain
size can also be considered as a habitat variable for benthic communities and be part of the

interpretation of contaminant bioavailability as well as the results of toxicity tests.

The results of the granulometric analysis show that the sediments consist of a dominant sandy texture
(grain diameter between 2 and 0.063 mm), with the exception of the sample ST02 which has a fine
texture (mud: silt and clay, diameter less than 0.063mm). This sand is usually fine to medium, with a
fraction of mud (diameter less than 0.063 mm) varying between 5 and 44%. Statistical parameters
calculated from particle size curves between 63 mm and 0.063 mm (transformed on the bay of the phi
unit) give the following results:.

Essai (s) Unité ST1 ST2 ST3 ST4 ST5 ST6 ST7
pH 85a 84a 85a 86a 88a 86a 90a
19,8°C 20,0°C 19,9°C 21,1°C 21,3°C 21,4°C 21,5°C
Humidité % 0,3 10,3 0,3 0,2 0,2 04 0,2
TA =m0 UMAGMA L
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Matiére Seche % 99,7 89,7 99,7 99,8 99,8 99,6 99,8
Perte au feu mg/kgMS 3,1 61,6 52 49 35 9,1 45
Essai (s) Unité ST 8 ST9 ST10 ST 11 ST 12 ST13 ST 14
pH - 89a 89a 88a 89a 874 874a 87a
21,0°C 20,8°C 21,3°C 21,3°C 21,1°C 21,9°C 21,2°C
Humidité % 0,4 0,4 0,3 0,2 04 0,2 04
Matiére Seche % 99,6 99,6 99,7 99,8 99,6 99,8 99,6
Perte au feu mg/kgMS 1,3 10,3 7,2 12,0 9,5 53 45
Essai (s) Unité MBH 1 (0-3m) MBH2 (0-3m)
pH - 9,0a18,9°C 9,0a18,9°C
Humidité % 0,1 0,2
Matiére Seche % 99,9 99,8
Perte au feu mg/kgMS 3.5 4.1
5.2.3. Analysis of metals

Metals and metalloids are naturally occurring elements in the environment. Nevertheless, high
concentrations observed in sediments are generally associated with anthropogenic sources. Depending
on their origin and the conditions prevailing in the environment, the metals will be present in various
forms more or less available for living organisms. Depending on the form, the metal will be more or less
extractible by the methods of analysis of metals.
Analyzes show aluminum concentrations ranging from 793 to 19.5 103 mg / kg MS which represents
the peak at ST2.
This mentions the composition of a sandy sediment rich in feldspars. The rest of the analyzes of the
different metals, which are all below the standards used for the comparison (see annexes), do not
mention any trace of contamination.

Essai (s) Unité ST1 ST2 ST3 ST4 ST5 ST6 ST7
Aluminium mglkgMS 739 195108 | 15410° | 124105 | 121108 | B3A710° | 1,54 10°
Cadmium mghkgMS | <0,250 0,635 <0,250 <0,250 <0,250 <0,250 <0,250
Chrome mglkgMS 3,08 495 8,98 7,20 288 10,8 37,7
Cuivre mglkgMS <2,00 223 <2,00 <2,00 <2,00 <2,00 <2,00
Nickel mglkgMS <150 203 186 152 114 4,05 15,8
Plomb mglkgMS <225 8,54 <225 <225 <225 <225 <225
Zinc mglkgMS <225 441 2,65 2,63 <225 6,43 2,71
Arsenic mg/kgMS <2,25 <2,25 <2,25 <2,25 <2,25 <2,25 <2,25
Etain mglkgMS <125 127 <125 <125 <125 <125 <125
Mercure mgkgMS | <0,090 0,222 <0,090 <0,090 <0,090 <0,090 <0,090

| Management | | | |

|| B i MAGMA SYNTHESIS REPORT DC02019A197-01-00 | Feb2019 Page28/42 |

E == : Laboratory : : :




ONSHORE AND OFFSHORE GEQTECHNICAL ENGINEERING IN AFRICA

WWW.MAGMA-GROUPE.COM

NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA
ESIA - Marine survey

Essai (s) Unité ST8 ST9 ST10 ST11 ST 12 ST13 ST 14
Aluminium mg/kgMS 3,28 108 9,83 103 2,38 108 957 2,96 103 1,53 103 2,48 103
Cadmium mg/kgMS <0,250 0,635 <0,250 <0,250 <0,250 <0,250 <0,250
Chrome mg/kgMS 10,9 10,3 11,0 7,84 12,0 9,04 9,70
Cuivre mg/kgMS <2,00 <2,00 <2,00 <2,00 <2,00 <2,00 <2,00
Nickel mg/kgMS 3,84 4,09 3,10 <1,50 3,90 2,14 3,26
Plomb mg/kgMS <2,25 <2,25 <2,25 <2,25 <2,25 <2,25 <2,25
Zinc mg/kgMS 6,88 7,57 4,60 <2,25 5,80 2,55 4,60
Arsenic mg/kgMS <2,25 <2,25 <2,25 <2,25 <2,25 <2,25 <2,25
Etain mg/kgMS <1,25 <1,25 <1,25 <1,25 <1,25 <1,25 <1,25
Mercure mg/kgMS <0,090 <0,090 <0,090 <0,090 <0,090 <0,090 <0,090

Essai (s) Unité MBH 1 (0-3m) MBH 2 (0-3m)
Aluminium mg/kgMS 1,43 108 2,23108
Cadmium mg/kgMS <0,250 <0,250
Chrome mg/kgMS 3,53 4,04
Cuivre mg/kgMS <2,00 <2,00
Nickel mglkgMS <1,50 1,87
Plomb mg/kgMS <2,25 <2,25
Zinc mglkgMS <2,25 3,50
Arsenic mg/kgMS <2,25 <2,25
Etain mglkgMS <1,25 <1,25
Mercure mg/kgMS <005 <0,05
5.24. Polycyclic Aromatic Hydrocarbons (PAHs)

Polycyclic aromatic hydrocarbons (PAHSs) are organic compounds composed of two or more benzene
rings, of which at least two adjacent ones share at least two carbon atoms (fused rings). Heterocycles
and alicyclic hydrocarbons may also be present.

In general, PAHs are divided into two groups: low molecular weight PAHs (2 and 3 benzene rings) and
high molecular weight PAHs (more than 3 benzene rings). They are in the form of colored crystals with
high melting and boiling points. However, some compounds in the PAH family have the property of
volatilizing or sublimating at room temperature.

PAH test results show concentrations below the standards used for comparison (see annexes). The

concentration which does not reach 10 pg / kg DM can in no case be a source of contamination.

Date

Composés Unité d'exécuti ST1 ST2 ST3 ST4 ST5 ST6 ST7
exécution

Naphtaléne <10 <10 <10 <10 <10 <10 <10
1-Méthyl Naphtaléne <10 <10 <10 <10 <10 <10 <10
2-Méthyl Naphtaléne <10 <10 <10 <10 <10 <10 <10
Acénaphthyléne <10 <10 <10 <10 <10 <10 <10
Acénaphténe <10 <10 <10 <10 <10 <10 <10
Fluoréne <10 <10 <10 <10 <10 <10 <10
Phénanthréne MghgVIS | 12102119 <10 <10 <10 <10 <10 <10 <10
Anthracéne <10 <10 <10 <10 <10 <10 <10
Fluoranthéne <10 <10 <10 <10 <10 <10 <10
Pyréne <10 <10 <10 <10 <10 <10 <10
Benzo (a) anthracéne <10 <10 <10 <10 <10 <10 <10
Chrysene <10 <10 <10 <10 <10 <10 <10
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Benzo (b) fluoranthéne <10 <10 <10 <10 <10 <10 <10
Benzo (k) fluoranthéne <10 <10 <10 <10 <10 <10 <10
Benzo (a) pyréne <10 <10 <10 <10 <10 <10 <10
Indeno (1,2,3-cd) pyréne <10 <10 <10 <10 <10 <10 <10
Composés Unité , Date ST8 | STO | ST10 | ST11 | ST12 | ST13 | ST14
d’exécution
Naphtaléne <10 <10 <10 <10 <10 <10 <10
1-Méthyl Naphtaléne <10 <10 <10 <10 <10 <10 <10
2-Méthyl Naphtaléne <10 <10 <10 <10 <10 <10 <10
Acénaphthyléne <10 <10 <10 <10 <10 <10 <10
Acénaphténe <10 <10 <10 <10 <10 <10 <10
Fluoréne <10 <10 <10 <10 <10 <10 <10
Phénanthréne <10 <10 <10 <10 <10 <10 <10
Anthracéne <10 <10 <10 <10 <10 <10 <10
Fluoranthéne MgkgVIS | 1200219 9040 | <10 | <10_| <10 | <io_| <i0
Pyréne <10 <10 <10 <10 <10 <10 <10
Benzo (a) anthracéne <10 <10 <10 <10 <10 <10 <10
Chrysene <10 <10 <10 <10 <10 <10 <10
Benzo (b) fluoranthéne <10 <10 <10 <10 <10 <10 <10
Benzo (k) fluoranthéne <10 <10 <10 <10 <10 <10 <10
Benzo (a) pyréne <10 <10 <10 <10 <10 <10 <10
Indeno (1,2,3-cd) pyréne <10 <10 <10 <10 <10 <10 <10
Composés Unité MBH 1 (0-3m) MBH 2 (0-3m)
Naphtaléne <10 <10
1-Méthyl Naphtalene <10 <10
2-Méthyl Naphtaléne <10 <10
Acénaphthyléne <10 <10
Acénaphténe <10 <10
Fluorene <10 <10
Phénanthrene <10 <10
Anthracéne <10 <10
Fluoranthene HgkgMS <10 <10
Pyréne <10 <10
Benzo (a) anthracéne <10 <10
Chrysene <10 <10
Benzo (b) fluoranthéne <10 <10
Benzo (k) fluoranthéne <10 <10
Benzo (a) pyréne <10 <10
Indeno (1,2,3-cd) pyréne <10 <10

5.2.5.

Analysis of total hydrocarbon concentration (THC)

The hydrocarbon index (THC) analysis results show concentrations below the standards used for the
comparison (see annexes). The concentration ranges between 18 ug / kg DM in the ST11 station and
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410 pg / kg DM in the ST2 station. These concentrations can not in any case be a source of
contamination according to the adopted standard.

Essai (s) Unité ST1 ST2 ST3 ST4 STHS ST6 ST7
Indice des mg/kgMS 180 410 200 240 240 82 140
hydrocarbures

Essai (s) Unité ST8 ST9 ST10 ST11 ST 12 ST13 ST 14
Indice des mg/kgMS 53 160 35 18 134 95 83
hydrocarbures

Essai (s) Unité MBH 1 (0-3m) MBH 2 (0-3m)
Indice des hydrocarbures mg/kgMS 110 24

5.2.6.

PCB residues

Polychlorinated biphenyls (PCBs) are synthetic compounds formed from two benzene rings joined by
one of their vertices and whose 10 hydrogen atoms may be substituted by as many chlorine atoms.
PCBs are poorly soluble in water, but very soluble in fats, oils and non-polar liquids.

The results of PCB analyzes show concentrations below the standards used for comparison (see
annexes). The concentration which does not reach 3 ug / kg DM can in no case be a source of
contamination.

Essai(s) | Unité Date ST1| ST2 | ST3 | ST4 ST5 ST6 ST7
d’exécution
PCB 28 Ma/kgMS | 13/02/19 <3 <3 <3 <3 <3 <3 <3
PCB 31 <3 <3 <3 <3 <3 <3 <3
PCB 52 <3 <3 <3 <3 <3 <3 <3
PCB 101 <3 <3 <3 <3 <3 <3 <3
PCB 118 <3 <3 <3 <3 <3 <3 <3
PCB 138 <3 <3 <3 <3 <3 <3 <3
PCB 153 <3 <3 <3 <3 <3 <3 <3
PCB 180 <3 <3 <3 <3 <3 <3 <3
Essai(s) | Unité Date ST8 | ST9 | ST10 | ST11 | ST12 | ST13 | ST14
d’exécution
PCB28 | pgkgMS | 13/02/19 <3 <3 <3 <3 <3 <3 <3
PCB 31 <3 <3 <3 <3 <3 <3 <3
PCB 52 <3 <3 <3 <3 <3 <3 <3
PCB 101 <3 <3 <3 <3 <3 <3 <3
MAGMA SYNTHESIS REPORT DC02019A197-01-00 i Feb2019  Page 31/42

Laboratory



GRE AND OFFSHORE GEOTECHNICAL ENGINEERING IN AFRICA

NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA

WWW.MAGMA-GROUPE.COM

ESIA - Marine survey

PCB 118 <3 <3 <3 <3 <3 <3 <3
PCB 138 <3 <3 <3 <3 <3 <3 <3
PCB 153 <3 <3 <3 <3 <3 <3 <3
PCB 180 <3 <3 <3 <3 <3 <3 <3
Essai (s) Unité MBH 1 (0-3m) MBH 2 (0-3m)

PCB 28 Mg/kgMS <3 <3

PCB 31 <3 <3

PCB 52 <3 <3

PCB 101 <3 <3

PCB 118 <3 <3

PCB 138 <3 <3

PCB 153 <3 <3

PCB 180 <3 <3

5.2.7. Tributyltin analysis (TBT)

Butyltins (BT) are organometallic compounds used since 1960 as biocides in anti-fouling paints for ship
hulls, as fungicides and insecticides, as wood preservatives and as stabilizers in polyvinyl chloride.
Butyltins can be measured in sediments as tributyltin (TBT) and its degradation products dibutyltin
(DBT) and monobutyltin (MBT). These substances are persistent in the environment and accumulate in
aquatic organisms.

TBT test results show concentrations below the standards used for comparison (see annexes). The
concentration which does not reach 2.5 ug / kg DM can not in any case be a source of contamination.

Essai (s) Unité ST1 ST2 ST3 ST4 STHS ST6 ST7
TBT pgkgMS | <25 <25 <25 <25 <25 <25 <25
Essai (s) Unité ST8 ST9 | ST10 ST 11 ST 12 ST13 ST 14
TBT MgkgMS | <25 <25 <25 <25 <25 <2.5 <25

Essai (s) Unité MBH 1 (0-3m) MBH 2 (0-3m)
TBT Mg/kgMS <2.5 <2.5
5.2.8. Nutrient analysis

With carbon, nitrogen and phosphorus are the most important macronutrients in the aquatic
environment. They are normally present in natural equilibrium in water, sediments and living organisms.
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The equilibrium can be modified by their excessive contribution of anthropogenic sources. The excess
of nitrogen and phosphorus can lead to different manifestations such as water blooms (algal blooms),
the acceleration of eutrophication and the decrease of oxygen concentrations in the surface water and
sediments.

The Kjeldahl method allows simultaneous determination of ammonia nitrogen and organic nitrogen
present in sediments. These two forms of nitrogen result from the action of natural processes of
decomposition on organic matter of natural or anthropogenic origin. Total phosphorus represents all of
the phosphorus present as phosphates or organophosphorus compounds in sediments. As with
nitrogen, decomposition of organic matter is a major source of phosphorus in sediments.

The ST2 station reports remarkable concentrations of Total Nitrogen and Total Phosphorus respectively
of 4.39 103 mgN / kg MS and 1.18 103 mgP / kg MS. Concentrations of other stations range from 140
to 598 mgN / kg for total nitrogen and 92.1 and 291 mgP / kg for phosphorus.

Essai (s) Unité ST1 ST 2 ST3 | ST4 | ST5 | ST6 ST7
Azote total mgN/kgMS 158 4,39 108 293 276 192 514 275
Phosphore total mgP/kgMS 119 1,18 108 153 170 150 291 201

Essai (s) Unité ST8 ST9 ST10 ST11 ST 12 ST13 ST 14
Azote total mg/kgMS | 598 429 347 140 525 240 254
Phosphore total mg/kgMS | 243 272 197 92,1 254 177 211

Essai (s) Unité MBH 1 (0-3m) MBH 2 (0-3m)
Azote total mgN/kgMS 854 532
Phosphore total mgP/kgMS 72,7 43,0

5.2.9. Total organic carbon (TOC) analyzes

In sediments, carbon is present in organic form, for example in humic substances and vegetable matter,
and inorganic (carbonates, bicarbonates). The presence of organic carbon in sediments is an important
determinant of the bioavailability of nonionic organic compounds. It also influences the bioavailability of
metals.

Total Organic Carbon is an indicator of the amount of organic matter present in sediments. TOC
particles have a high adsorption capacity for hydrophobic organic contaminants (PAHs, PCBs) and
trace metal accumulation.

The measured TOC concentrations indicate values ranging from 2.2 g / kg DM to 4.7 g / kg DM for the
majority of stations with a peak at the ST2 station 29.2 g / kg DM and a concentration <2 g / kg DM in
stations ST1 and ST11.
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Essai (s) Unité ST1 ST 2 ST3 ST4 ST5 ST 6 ST7
COoT g/kgMS <2 29,2 4,7 2,5 2,2 4,6 3,1
Essai (s) Unité ST8 ST9 ST10 | ST ST12 | ST13 | ST14
COoT a/kgMS 4,3 4,5 4,2 <2 4,6 4,4 34
Essai (s) Unité MBH 1 (0-3m) MBH 2 (0-3m)
CcoT g/kgMS 1.5 04
5.2.10. Bacteriological analysis

Superficial sediments, sandy or muddy, provide a reservoir for enteric bacteria such as E. coli,
Salmonella and Campylobacter. Resuspension of these sediments may cause contamination of
shellfish growing areas or swimming nearby.

Bacteria present in sediments can be resuspended during tidal events, weather conditions, storms,
heavy rain, high winds, boat passage, or dredging of harbor sediments.

In an aquatic ecosystem, bacteria intervene at different levels in the transformation of particulate or
dissolved matter, organic or mineral, as well as in the production of biomass. Through their
mineralization activity, aerobic heterotrophic bacteria consume oxygen, produce CO2 and release N
and P in the form of nutrient salts that can be assimilated by primary producers (phytoplankton and
macrophytes). In environments receiving a high organic load, the bacterial activity of mineralization
leads to an abundance of nutrients that can stimulate phytoplanktonic activities.

Les essais réalisées mentionnent les trois stations ST7, ST8 et ST10 dénombrant une concentration de
1.5 103 with a peak of 3.5 102 in the core hole MBH 1 (0-3m).

5.3. FAUNA ANALYSIS

Essai (s) Unité ST1 ST2 ST3 ST4 STHS ST6 ST7
E. Coli UFClg 0 0 0 0 0 0 1,5 103
Essai (s) Unité ST8 ST9 ST10 | ST11 ST12 | ST13 | ST14
E. Coli UFC/lg | 1,5103 0 1,5 103 0 0 0 0
Essai (s) Unité MBH 1 (0-3m) MBH 2 (0-3m)
E. Coli UFClg 3,5103 2.0102

The abundance and diversity of annelid species (polychaetes) and the dominance of molluscs in
benthic ecosystems are known to be indicators of a functioning environment. Ecological parameter
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values, density, total biomass and diversity indices, are within good limits of a benthic community that
has not undergone too much stress. The lack of variability in the specific diversity of the sampled
stations shows that these benthic species are distributed according to other environmental factors,
including the substrate, the physicochemical conditions of the environment, and so on..
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Photo and video analyzes of habitats and benthic epifauna of the PANPA according to the SACFOR scale

Stations | Habitat types and sedimentary nature Brown algae Corals |Crabs | Echinoderms Sponge | Bivalves | Gastropods Bone fish
STO1 Soft sandy bottom + Habitats of organisms
ST02 Non exploitables, visibilité trop faible
ST03 Soft bottom Sandy + Shellfish Debris
STO4 Soft bpttom Sandy + rocks + Habitats of

organisms

Soft bottom Sandy + rocks + habitats of
ST05 burrowing organisms + Habitats of Bernard

I'Hermite
ST06 Soft bottom Sandy + rocks + organisms in

crusts and erect
ST07 Soft bottom Sandy + brown algae
ST08 Not exploitable, visibility too low
ST09 Not exploitable, visibility too low
ST10 Not exploitable, visibility too low
ST11 Rocks + sponge colonies | | | I
ST12 Not exploitable, visibility too low
ST13 Not exploitable, visibility too low
ST14 Not exploitable, visibility too low

| Common | e | | Frequente | b | | Occasionnal | * | | Rare | *
The details of the benthic analysis are mentioned in the appendices
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6. INTERPRETATION
6.1. MARINE WATERS

The recorded pH mentions an almost similar value, varying between 8 and 8.2, is considered normal
given the pH of the seawater are neutral in nature.

SS rates are very low; the maximum of which has been recorded in the 2nd Station.

Measured TDS levels range from 25200 mg / | at Station S1 to 33200 mg / | at Station S7,
demonstrating continued mineralization of these media.

Turbidity translates the presence of particles suspended in water (organic debris, clays, microscopic
organisms ...). The results show that the 2nd station represents the highest rate (3 NTU) of all stations,
which is already a low value and is also consistent with the SS. However, low turbidity does not allow
microorganisms to attach to suspended particles, which confirms the bacteriological results obtained.

The concentration of dissolved oxygen at sea level at 20 ° C, which is in equilibrium with atmospheric
pressure, is 8.8 mg / | of saturated O2. A very aerated water is generally supersaturated with oxygen
(torrent), whereas a water loaded with organic matter degradable by microorganisms is under-
saturated. This is the case of the results mentioned in all the stations is a water that well ventilated.
Dissolved oxygen is therefore a useful parameter in the biological diagnosis of the water medium.

Nitrate concentration (NO3) recorded are low to negligible values in all stations. Nitrite is considered as
a toxic element, its origin is linked to urban and industrial discharges, or to the reduction of nitrogen
forms (nitrates and nitrites) under reduced conditions. In general, the results are small to negligible.

For the Ammonium results the first station represents the highest rate compared to the other stations
but the values are low which mentions unpolluted water since the Ammonium comes from the reaction
of minerals containing iron with nitrates. It is therefore an excellent indicator of water pollution by
organic discharges of agricultural, domestic or industrial origin.

All the samples show the same trend in physico-chemical analyzes, except for the ST2 sample, which
has high values relative to the others. Indeed, for the Loss on Fire, ST2 has a value of the order of 61
ppm for a value of 29.2 g / KgMS of TOC.

These values, let us conclude that the carbon existing in this sample is almost of inorganic origin (the
organic carbon present in the sample is of the order of 30 mg / kgMS)

6.2. MARINE SEDIMENTS

Regarding the granulometric characteristics, the results showed that the sediments consist of a
dominant sandy texture (grain diameter between 2 and 0.063 mm), with the exception of the sample
ST02 which has a fine texture (10.063 mm). This sand is usually fine to medium, with a fraction of mud
(10.063 mm) varying between 5 and 44%. These observations indicate a relatively strong
hydrodynamism in the harbor, with a good renewal of the water and the contribution of materials.
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Regarding hydrocarbons, the results highlighted:

1 No significant contamination for all stations
1 All samples have levels below the limit value of the adopted standards.

With regard to metals, the results showed low levels & below the limit values adopted for the different
elements.

Regarding PAHSs, the results showed very low levels and well below the adopted limit values.

For other contaminants, the results showed PCB and TBT levels below detection limits and adopted
limit values.

Regarding the bacteriological result and specifically E.Coli, the average values 3500UFC / g and no
contamination (limit values of bathing water), mention that the deposits of bacteria-laden particles will
depend on the hydrodynamism in the sheltered shallow areas. currents and choppers.

The more the sediment is rich in organic matter, the longer the fecal bacteria will survive. Indeed, the
survival times are very high and the T90 (time required for 90% of bacteria to disappear) can reach 14
days and exceptionally 40 days when conditions are favorable.
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7. CONCLUSIONS
7.1. MARINE WATERS

The analyzed samples have the following characteristics :

— The pH of a neutral nature.

— SSrates are very low

— TDS rates show continued mineralization.

— The low turbidity and consistent with the SS and confirms the bacteriological results E.Coli and
intestinal enterococci obtained.

— The concentration of Dissolved Oxygen shows a very aerated water is usually saturated with
oxygen in accordance with the results in organic matter and the biological diagnosis.

— Ammonium concentration mentions unpolluted water

Thus, the marine waters of the dredging site do not contain any contamination, on the contrary they are
well-aerated, oxygenated waters not mentioning any pollution.

7.2. SEDIMENTS
The analyzed samples have the following characteristics:
— Physico-chemical properties :
e The particle size distribution shows the predominance of fine to medium sands
e Very low amount of organic matter in the different samples. These parameters show a

very low contaminant adsorption potential.

— For the 16 samples, the concentrations of contaminants (heavy metals, PCBs, PAHs, TBT) are
all low or non-quantifiable and below the levels of the limit values adopted.

— The bacteriological population is absent in the majority of the stations except three stations and
the two core holes mentioning average and momentary concentrations indicating a perfect
concordance with the concentrations of the organic matter in the different samples.

Thus, the sediments to be dredged are not contaminated and can be treated and managed at sea or on
land without any risk of contamination or other.

MAGMA
Laboratory

| | |
E SYNTHESIS REPORT DC02019A197-01-00 : Feb2019  Page 41/42 :
i i i



ONSHORE AND OFFSHORE GEQTECHNICAL ENGINEERING IN AFRICA

WWW.MAGMA-GROUPE.COM

NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA
ESIA - Marine survey

8. APPENDIX

8.1 WATER ANALYSIS

8.2 SEDIMENT PARTICLES

8.3 SEDIMENT CHEMICAL ANALYSIS
8.4 SEDIMENT TBT ANALYSIS

8.5 BENTHOS ANALYSIS

MAGMA : |
: SYNTHESIS REPORT DC02019A197-01-00 : Feb2019  Page 42/42 :
Laboratory : : :




Les activités de MAGMA sont régies par le décret du Conseil des Ministres N°0105-2015 paru au Journal Officiel n°® 1337 de

[La]
=]
=1
=
=
o
e

la République Islamique de Mauritanie en date du 15/06/2015.

@,

01 | 28/03/2018 FINAL REPORT Laboratory Teams | S.HAMOUDY A.KHALIFA

00 | 25/02/2019 | TEMPORARY REPORT La?:;amtgry S.HAMOUDY AKHALIFA

Rev. Date Description Prepared Checked Approved
INGENIERIE
= C ONSHORE AND OFFSHORE GEOTECHNICAL ENGINEERING IN AFRICA A
I magma <" ARISE
CorTEoTe WWW.MAGMA-GROUPE.COM ‘ y

PROJECT

NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA

ESIA - Marine survey

Report appendices

PROJECT No.

DATE

DOCUMENT No.

REVISION

PAGE

2019-A-197

28/03/2019

DC02019A197-02-00

01

11132




ONSHORE AND OFFSHORE GEOTECHNICAL ENCINEERING IN AFRICA

WWW.MAGMA-GCROUPE.COM

NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA
ESIA - Marine survey

Sommaire

1.

2
3
4.
5

Water analysis

Sediment Particles
Sediment chemical analysis
Sediment TBT Analysis
Benthos Analysis



H m g m G NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA
WWW.MAGMA-GROUPE.COM ESIA - Marine survey

1. Water analysis
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Identification : 01/0299/0119

1- DEMANDEUR
MAGMA International

Adresse : Nouadhibou — Mauritanie.
Tél : 97418001.
Bon de Commande n°004-19 du 19-01-2019

2- DESCRIPTION DE(s) L’OBJET(s) SOUMIS A L’ESSAI

Quatorze échantillons d’eau de mer, prélevés a Nouakchott en Mauritanie et identifiés de ST1 a ST14.

3- ESSAI(s) DEMANDE(s)

pH, Conductivité, TDS, Turbidité, Oxygene dissous, Résidu Sec, MES, Nitrates, Nitrites, Azote Kjeldahl,
Azote ammoniacal, Phosphore total, Orthophosphates, Chlorophylle a, Entérocoques intestinaux, E. Coli.

4- METHODE(s) D’ESSAI(s)

Essai (s) Méthode (s)

Référence (s)

pH Electrochimie

Rodier, 9°™ édition

Electrochimie : Mesure effectuée a la température réelle

Conductivité, TDS « Ty °C » Résultat fourni aprés compensation a 25°C NF EN 27888 (199%4)

Oxygene dissous Electrochimie NF EN 25814

Turbidité Néphélométrie ISO 7027-1 (2016)

Résidu Sec Gravimétrie NF T 90-029 (2002)

Filtration sur filtre en microfibres de verre de marque

MES Sartorius MGC NF EN 872 (2005)

Nifrates Spectrophotométrie d’absorption moléculaire Méthode | Journal « Marine Chemistry
i par réduction au Résorcinol ». Vol. 99 (2006) p220-p226

Nitrites Spectrométrie d’absorption moléculaire NF EN 26777 (1993)

Azote Kjeldahl Titrimétrie NF EN 25663 (1994)

Azote ammoniacal ﬁ 'n'Sﬁqbt{ométrie d’absorption moléculaire

NF T 90-015-2 (2000)

Phosphore total e gf

ISO 6878 (2004)

gt 2,
o ‘ométrie d’absorption moléculaire
Orthophosphates( £ [ RS i% P
T
N

5 W HE ]
Chlorophylle a ’3‘1_ F % fiétrie extraction au Méthanol

%,

Escherichia Coli ] Mbrfbrane filtrante

ISO 9308-1 (2014)

Entérocoques

. ) Membrane filtrante
intestinaux

ISO 7899-2 (2000)

NB : Ce rapport d’essai ne concerne que le(s) objet(s) soumis a I'essai, il contient 5 page(s) et 0 annexe(s).
La reproduction de ce rapport n’est autorisée que sous sa forme intégrale et aprés approbation de GreenLab.

L aceréditation de notre laboratoire par le TUNAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N® : 1-0066, atteste de sa compétence

technique pour les prestations couvertes par I’accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (*).
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Laboratoire d'analyses environnementales, agricoles et industrielies

Identification : 01/0299/0119
5- RESULTAT(s)

5.1- Essais physico-chimiques

5.1.1- Stationsde 1a5:

MAGMA International — Eaux de mer
Essai (s) Unité
ST1 ST 2 ST3 ST 4 STS
q i 8,0a 8.1a 8,0a 8,1a 8,1a
p 18,4°C 18.4°C 18,4°C 18,1°C 18,0°C
*Conductivité Sjem | 34310° | 54510° | 54,110° | 54,610° | 54310°
a25°C H (Tm=18,0°C) | (Tm=18,0°C) | (Tm=18.0°C) | (Tm=18,3°C) | (Tm=17,4°C)
TDS mg/L 25210° | 27,110° | 32,810° | 27,710° | 31,910}
Turbidité NTU 0,57 3,0 0,27 0,16 0,10
*MES mg/L 4,5 5,6 4,9 4.8 4.8
Oxveene dissous Sl 793 a 8,02a 7,98 a 8,19a 793 a
e 18,2°C 17,7°C 17,7°C 17,4°C 17,8°C
T
el mg/l | 43,610° | 42,510° | 42910° | 42310° | 42,9103
a105°C
* Azote Kjeldahl mgN/L 4,74 4,00 1,13 3,33 2,09
*Azote N
oniacal pgNH4"/L 313 27,3 21,5 19,9 18,7
mgNO;7/L | <0,093 0,145 0,251 <0,093 <0,093
Nitrates
mgN/L <0,021 0,033 0,057 <0,021 <0,021
= mgNO2/L | <0,015 <0,015 0,018 <0,015 <0,015
*Nitrites
mgN/L <0,005 <0,005 0,005 <0,005 <0,005
*Phosphore total | mgP/L 0,028 0,030 0,034 0,029 0,035
mgP/L 0,025 0,029 0,020 0,026 0,020
Orthophosphates
mgPO*/L 0,077 0,088 0,061 0,080 0,061
Chlorophylle a pg/L 0,380 1,079 1.246 0 0,395

i
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Identification : 01/0299/0119 :31/01/19

5.1.2- Stations de 6 a 10 :

e
e

oy
»* 5 W

MAGMA International — Eaux de -
Essai (s) Unité
ST 6 ST 7 ST S8 STY ST 10

q i 8.1a 82a 82a 8.1a 8.2a
P 17,7°C 20,0°C 18.9°C 20,0°C 17,2°C
*Conductivité S/em 54310° | 52,310° | 50,510° 54,6 10° 54,5 10°
a25°C H (Tm=17,5°C) | (Tm=21,5C°) | (Tm=18,0°C) | (Tm=18,0°C) | (Tm=17,9°C)
TDS mg/L 31,7 10° 33.210° 30,2 10° 29.1 10° 303 10°
Turbidité NTU <0,05 0,36 1.1 <0,05 <0,05
*MES mg/L ¢ 35 45 4,1 3,2 2,8

Onvaioe dissaus | L Wb 8374 8552 8632 8392 828 a
Ve 17,0°C 16,5°C 16,5°C 16,1°C 15.8°C

s
Résidu Sec mgl | 43,010° | 43210° | 43310° | 43310° | 42910°

a 105°C
*Azote Kjeldahl mgN/L 3.89 <1 2,26 2.91 1.18
* Azote 3
\mmoniacal pgNH4"/L 15,2 27,1 28.6 25,6 16,8
mgNOs7/L 0,263 0,541 0,184 0,195 <0,093
Nitrates
mgN/L 0,059 0,122 0,042 0,044 <0,021
P mgNO27/L 0,015 <0,015 <0,015 <0,015 <0,015
*Nitrites
mgN/L 0,005 <0,005 <0,005 <0,005 <0,005
*Phosphore total | mgP/L 0,043 0,048 0,044 0,048 0,045
mgP/L 0,040 0,033 0,039 0,044 0,044
Orthophosphates
mgPO4*/L 0,123 0,100 0,119 0,134 0,134
Chlorophylle a ug/L 0,486 0,806 0,775 0,289 0,737
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5.1.3- Stations de 11 a 14 :

. MAGMA International — Eaux de mer
Essai (s) Unité
ST 11 ST 12 ST 13 ST 14
q i 8,24 8.1a 824 82a
P 17.6°C 17,1°C | 17.3°C | 19,7°C
*Conductivité S/em 544100 | 54,610° | 54,710° | 54,510°
a25°C H (Tm=19,5°C) | (Tm=18,0°C) | (Tm=18.0°C) | (Tm=18,0°C)
TDS mg/L 29,2 10° 28,110° | 30,010° | 304 10°
Turbidité NTU 0,14 0,18 1,0 1.4
*MES mg/L 3.6 2.4 5,0 5.1
. . 8,45a 831a 8,30a 8,47 a
Oxygene dissous |  mg/L 16,1°C | 163°C | 159°C | 17.2°C
*Résidu Sec 3 3 3 3
3 105°C mg/L 43,410 43,010 43,8 10 44,010
*Azote Kjeldahl mgN/L 1,02 <1 1,80 <1
* Azote N
\mmoniacal pgNH4/L 24,0 18.6 16,3 14,8
i mgNOs7/L 0,291 0,249 0,094 0,294
Nitrates
mgN/L 0,066 0,056 0,021 0,066
. mgNO;/L | <0,015 <0,015 <0,015 <0,015
*Nitrites
mgN/L <0,005 <0,005 <0,005 <0,005
*Phosphore total | mgP/L 0,035 0,035 0,048 0,034
mgP/L 0,033 0,024 0,026 0,014
Orthophosphates
mgPO4*/L 0,100 0,073 0,080 0,042
Chlorophylle a ug/L 2,72 0,395 0,486 0,547
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5.2- Essais bactériologiques

5.2.1- Stationde 1a7

:31/01/19

MAGMA International — Eaux de mer
Essai (s) Unité
ST1 ST2 ST3 ST4 STS ST6 ST7
E. Coli UFC/100ml 0 2 0 2 1 23 51
Entracogies UFC/100ml | 4 25 9 26 5 54 53
intestinaux
Essais réalisés du 31-01 au 04-02-2019.
5.2.2- Stationde 8 a 14
MAGMA International — Eaux de mer
Essai (s) Unité
STS8 STO ST 10 ST 11 ST 12 ST 13 ST 14
E. Coli UFC/100ml 58 /2 81 37 52 40 64
i UFC/100ml 24 48 65 22 28 64 52
intestinaux
Essais réalisés du 31-01au 04-02-2019.
. : 14 FEV.2019
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2. Sediment Particles



Les activités de MAGMA sont régies par le décret du Conseil des Ministres N°0105-2015 paru au Journal Officiel n® 1337 de la

République Islamique de Mauritanie en date du 15/06/2015.
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E m g m NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA
ESIA - Marine survey- PSA

- WWW.MAGMA-GROUPE.COM

1. CONTEXT

ARISE is planning to construct and operate a new container and hydrocarbon terminal in the Port of Nouakchott,
Mauritania (‘the Project’). A detailed understanding of the environment and social baseline (or existing) conditions

is required to predict the change and impacts that will be caused by the proposed Project.

For this objective main, ARISE company has requested to the Laboratory MAGMA International the execution of
survey for water quality, sediment quality and benthic fauna include the proposed entrance channel, the turning
basin and berth pocket, and the potential disposal site. This report provides the results of the particle size

analysis performed on the sediments samples.

2. SCOPE
According to the project specification, the particle size analysis should be carried out on 14 sediments samples.
This includes 2 sample stations along the length of the proposed access channel (assuming it will be
approximately 5km long) and 2 control stations (one upstream and one downstream of the access channel), 1
further sample station within the turning circle and 1 sample station within the berth pocket.
The sample location plan is given in the appendix. The list of samples with the coordinates of the locations is

given in the table below:

Table 1 : Program of tests and coordinates of sampling(Coordinates system WGS84 UTM28)

Sample ID X(m) Y(m) PSA
STO1 391201,23 1989520,71 1
ST02 390940,99 1989372,77 1
ST03 388418,23 1990084,07 1
ST04 389930,58 1988823,29 1
ST05 388479,28 1988901,56 1
ST06 387345,98 1988666,43 1
ST07 388241,6 1987822,18 1
ST08 390425,73 1986882,23 1
ST09 389274,79 1984028,27 1
ST10 387914,52 1985740,04 1
ST11 386894,57 1984683,59 1
ST12 387382,07 1981956,85 1
ST13 386390,65 1980863,92 1
ST14 388250,29 1979708,77 1

Total 14

© SedmentsSamplesPSAReport . |
DCO2019A197-02-00 | Feb2019 PagedB
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3. TESTS PROCEDURES

According the project specifications each sample acquired from the survey will each sample must be subjected to

the Particle size analysis (PSA). The sediments will be air dried and sieved over the range 64mm down to

0.063mm on the Wentworth scale. The particle size analysis is performed by the following the procedure:

Afterwashing sample with distilled water thru a 63um sieve; collect fine fraction in the bottom of the
sieve assembly.

Weigh a small plastic tray and label it by sample number; rinse the material retained in the 63jum sieve
and put it into the plastic tray; this is the coarse fraction.

Once the fractions are dry, obtain the dry weights of the trays.

Than weight the empty bottom trays of the sieve assemblies.

Shake the sieve, and collect the (<63mm) material in the bottom tray; weigh the bottom tray after sieving
is completed.

Transfer data into spreadsheet and determine relative weight of (<63mm, >63um)

RESULTS OF TESTS
4.1. FullParticle size

We have performed the particle size analysis on 14 sediments samples. The details of the tests with particle size

curves and the samples picture are given in annexes. The summary of the resultsof the particles range between

63 mm and 0.063mm is given in the following table.

The sieve diameters are in mm and they are converted to phi using the Wentworth scale.

Table 2 : Results of full Particle sizeof the particles range between 63 mm and 0.063mm

P. diameter Cumulative Retained %
mm | Phi | STO1 [ STO2 | STO3 | ST04 [ S05 | ST06 | STO7 | STO8 | STO9 | ST10 | ST11 | ST12 | ST13 | ST14
5 2,25 0 - 0 0 0 0 0 0 0 0 0 0 0 0
4 -2 0 - 0,76 | 6,74 0,4 0 0,38 | 2,94 0 0 0,63 0 0,62 0
3,15 1,7 0,73 - 1,01 | 7,55 | 0,54 0 0,5 3,23 0 0 0,71 0 0,73 | 0,78
2,5 -1,3 0,81 - 1,5 8,87 | 0,83 0 0,76 | 3,63 0 0 0,8 0 0,92 | 0,98
2 -1 0,9 - 1,95 | 99 | 1,08 | 0,45 ( 1,05 | 3,99 | 0,18 | 0,34 | 0,89 0,3 2,46 | 1,22
1 0 2,01 - 4,67 | 16,72 | 3,36 | 0,71 | 429 | 549 | 0,66 | 1,83 | 1,57 | 0,98 | 3,19 | 3,29
0,8 0,4 2,6 - 5,73 | 18,82 | 4,47 0,94 | 6,24 5,95 0,96 2,43 1,77 1,5 4,67 | 4,52
0,63 0,8 3,98 - 7,93 | 21,38 | 6,77 1,18 | 11,74 | 6,94 1,55 3,77 2,19 3,55 | 12,64 | 7,33
0,4 1,3 15,56 - 18,55 31,97 | 21,94 | 6,71 | 39,21 | 12,94 | 4,26 | 12,52 | 7,42 7,82 | 39,38 |17,29
0,32 1,8 36,12 - 24,37 | 43,21 | 52,56 11 54,58 | 16,88 | 6,46 | 28,85 16,88 | 9,88 | 71,16 | 31,33
0,25 2 74,73 - 51,46 | 84,34 | 88,84 | 19,87 | 66,23 | 41,31 | 19,35 | 46,89 | 87,76 | 29,66 | 76,51 | 66,17
0,2 2,3 76,58 - 51,69 | 84,91 | 89,57 | 20,76 | 66,55 | 42,37 | 20,7 | 59,41 | 88,5 | 35,96 | 87,89 | 72,56
0,16 31 84,61 - 53,07 | 87,17 | 92,39 | 32,52 | 73,05 | 58,73 | 47,38 | 74,08 | 95,81 | 78,13 | 98,7 | 82,78
0,1 3,2 98,83 - 90,95 1 99,02 | 99,38 | 96,37 | 98,54 | 96,38 | 95,71 | 99,08 | 99,8 | 98,9 | 99,7 | 98,86
99,91 | 99,351 99,81 199,14 | 98,8 | 99,74 | 99,91 | 99,88 | 99,92 | 99,73

Sediments Samples PSA Report
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P. diameter Cumulative Retained %

mm

Phi [ STO1 | ST02 | STO3 | ST04 | S05 [ STO6 | STO7 | STO8 | STO9 | ST10 | ST11 | ST12 [ ST13 | ST14

0,063

4 100 - 100 100 100 100 100 100 100 100 100 100 100 100

Mud % 3.6 98 | 37.7| 84 5 442 1 11.3 | 283 34 (224 | 7.7 | 29.2]16.3 | 30.8

NB: The sample ST02 has a fine texture, the almost particles have a diameter less than 0.063mm therefore the
analysis by sieving can not perform on this sample. The complete particle size can be perform by hydrometer test

4.2. Statistical parameters

These parameters inform us about the sample deposition mode and the deposition environment. The most used

parameters are:

>

The mean : The size corresponding to 50% of the grains on the cumulative curve, it's calculated by the

formula:

M =P +(p§0 T @y

The Skewness: is a measure of the degree of asymmetry of the grain-size distribution. Folk and Ward

(1957) proposedThe measure inclusive graphic Skewness, defined as:

Ok - Py + Qi — 2(P5[, % PDos + Qs — 2(P5(,
2(‘7984 "‘pm) 2((P95 "(ps)

Sorting Coefficient: An accumulation of sediment can also be characterized by the grain size
distribution. A sediment deposit can undergo sorting when a particle size range is removed by an
agency such as a river or the wind. The sorting can be quantified using the Inclusive Graphic Standard

Deviation

Sp=Pss =Pis  Pos = Ps
4 6,6

Kurtosis or peakedness of the distribution is computed by comparing the spread in the central part of
the distribution to the spread in the tails. Folknd Ward (1957) define graphic kurtosisas:

__ P~ s
2,44 @5 - @,5)

> Modal size: Is the most frequently-occurring particle diameter

The results of statistical parameters are given in the following table:

Sediments Samples PSA Report 1. !
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Table 3 : Statistical parameters

Sample | D16 D50 Ds4 D95 D5 D75 | D25 Mean Sk K so | Mod
ID phi phi phi phi phi phi phi phi phi
ST1 1,7 2,1 3,2 3,5 14 2,3 19 | 233 | 040 (215|069 | 2
ST3 11 2 3,2 34 0 3.2 18 | 210 |-0,02 (1,00 1,04 | 32
ST4 0 1,8 2 3,2 2,1 1,9 1 127 | -064 (241|130 | 2
ST5 1,1 1,8 2,00 3,10 0,00 1,90 | 140 | 163 |-0,36 |2,54| 0,70 | 2
ST6 1,9 3,1 3.2 3,2 1,2 3,1 26 | 2,73 | -0,87 |1,64] 0,63 | 32
ST7 0,9 1,6 3,1 3,2 0 31 1 187 | 0,18 0,62 1,04 | 13
ST8 1,6 2,6 3,2 3,2 0 3,1 19 | 247 |-044 (109|089 | 32
ST9 1,9 3,1 3,2 3,2 1,5 3,1 25 | 2,73 |-0,86 |1,16| 0,58 | 32
ST10 1,4 2,1 3,1 3.2 0,9 3,1 14 | 220 | 0,07 (0,55 0,77 | 32
ST11 1,6 1,9 2 2,9 1 2 1,8 183 |-0,22 (389|039 | 2
ST12 1,9 2,6 3,1 3,2 0,8 3 29 | 253 |-0,33 |9,84| 0,66 | 31
ST13 0,8 1,5 2,2 2,8 0,4 2 1 1,50 | 0,04 1098|071 | 18
ST14 1,2 1,9 3,1 3,2 04 2,6 16 | 207 | 0,10 [1,15] 0,90 | 2

© ScdimentsSamplesPSAReport .
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5. CONCLUSION
The results of the Particle size analysis show that the sediments consist of a dominant sandy texture (grain
diameter between 2 and 0.063mm) accepting the ST02 sample, except the sample ST02 which has a fine texture
(mud: silt and clay,diameter less than 0.063mm). This sand is generally fine to medium, with a mudfraction
(diameter, less than 0.063mm)varyingbetween 5and 44%. The statistical parameters calculated form the particles
size curves of the particles range between 63mm and 0.063mm (transformed on phi unity bay ), give the following
resultants:

- The mean(M), varies between, 1.27phi and 2.73 phi

- The Skewness(sk), varies between, -0,87 and 0.40

- Sorting coefficient(SO),varies between, 0.39 and 1.30

- Modal size(Mod), varies between, 2 and 3 phi

- Kurtosis(k), varies between, 0.55 and 9.84

© ScdimentsSamplesPSAReport . |
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ANNEXES
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Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-01-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
123833  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 0,00 0,00 0,00 100,00
-1,70 8,70 0,73 0,73 99,27
% FINER IN SIEVE -1,30 1,00 0,08 0,81 99,19
0,063 mm -1,00 1,00 0,08 0,90 99,10
364 0,00 13,30 1,11 2,01 97,99
0,40 7,00 0,59 2,60 97,40
0,80 16,50 1,38 3,98 96,02
TOTAL WEIGH IN SIEVE 1,30 143,40 11,58 15,56 84,44
63 mm-0,063 mm 1,80 245,30 20,56 36,12 63,88
2,00 460,80 38,62 74,73 25,27
1238,33 - . - : :
’ ( g ) 2,30 22,00 1,84 76,58 23,42
3,10 95,90 8,04 84,61 15,39
3,20 169,60 14,21 98,83 1,17
3,60 7,80 0,70 99,52 0,48
4,000 1,00 0,55 100 0,00
Particle Size Curve
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Project: NOUAKCHOTT CONTAINERS TERMINAL
Client: ARISE

N.° Sample: ST-03-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS COds : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
1014,20 (9)
-2,25 0,00 0,00 0,00 100,00
-2,00 4,80 0,76 0,76 99,24
-1,70 1,60 0,25 1,01 98,99
% FINERIN SIEVE -1,30 3,10 0,49 1,50 98,50
0,063 mm -1,00 2,80 0,44 1,95 98,05
37.70 0,00 17,20 2,72 4,67 95,33
0,40 6,70 1,06 5,73 94,27
0,80 13,90 2,20 7,93 92,07
TOTAL WEIGH IN SIEVE 1,30 67,10 10,62 18,55 81,45
63 mm-0,063 mm 1,80 36,80 5,82 24,37 75,63
2,00 171,10 27,08 51,46 48,54
1014,20 (9)
2,30 1,50 0,24 51,69 48,31
3,10 8,70 1,38 53,07 46,93
3,20 239,30 37,88 90,95 9,05
3,60 40,70 6,44 97,39 2,61
4,000 16,50 2,61 100,00 0,00
Particle Size Curve
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Project: NOUAKCHOTT CONTAINERS TERMINAL

Client: ARISE

N.° Sample:

ST-04-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (@) %) (%) (%)
OF DRYED SAMPLE
677,40  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 41,80 6,74 6,74 93,26
-1,70 5,00 0,81 7,55 92,45
% FINER IN SIEVE -1,30 8,20 1,32 8,87 91,13
0,063 mm -1,00 6,80 1,10 9,96 90,04
844 0,00 41,90 6,76 16,72 83,28
0,40 13,00 2,10 18,82 81,18
0,80 15,90 2,56 21,38 78,62
TOTAL WEIGH IN SIEVE 1,30 65,70 10,59 31,97 68,03
63 mm-0,063 mm 1,80 69,70 11,24 43,21 56,79
2,00 255,10 41,13 84,34 15,66
677,40  (g)
2,30 3,50 0,56 84,91 15,09
3,10 14,00 2,26 87,17 12,83
3,20 73,50 11,85 99,02 0,98
3,60 5,10 0,82 99,84 0,16
4,000 1,00 0,16 100,00 0,00
Particle Size Curve
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Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-05-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS COds . FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
1183,90 (9)
-2,25 0,00 0,00 0,00 100,00
-2,00 4,50 0,40 0,40 99,60
-1,70 1,60 0,14 0,54 99,46
% FINERIN SIEVE -1,30 3,20 0,28 0,83 99,17
0,063 mm -1,00 2,90 0,26 1,08 98,92
0,00 25,60 2,27 3,36 96,64
4.95
0,40 12,50 1,11 4,47 95,53
0,80 25,90 2,30 6,77 93,23
TOTAL WEIGH IN SIEVE 1,30 170,70 15,17 21,94 78,06
63 mm-0,063 mm 1,80 344,60 30,62 52,56 47,44
2,00 408,20 36,27 88,84 11,16
1183,90 (9)
2,30 8,20 0,73 89,57 10,43
3,10 31,80 2,83 92,39 7,61
3,20 78,60 6,98 99,38 0,62
3,60 6,00 0,53 99,91 0,09
4,000 1,00 0,09 100,00 0,00
Particle Size Curve
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Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-06-BIS-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SEVE | WEIGHT | ___ . = RETAINED FINER
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (@) (%) (%) (%)
OF DRYED SAMPLE
804,40 (g9)
225 0,00 0,00 0,00 100,00
2,00 000 0,00 0,00 100,00
4,70] 0,00 0,00 0,00 100,00
% FINER IN SIEVE 1,30 000 0,00 0,00 100,00
0,063 mm 1,000 200 0,45 0,45 99,55
4419 0,00 120 027 0.71 99,29
0,40 1,00 022 0,94 99,06
0,80 110 025 118 98,82
TOTAL WEIGH IN SIEVE 1,30]  24.80 552 6.71 93,29
63 mm-0,063 mm 1,80 1930 430 11,00 89,00
2,00 3980 8.87 10,87 80,13
804,40 (g9)
230 400 0,89 20,76 79,24
310] 5280 1176 32,52 67,48
320] 286,60 63,84 96,37 3,63
3.60] 1340 2.99 99,35 0,65
40000 290 0,65 100,00 0,00
Particle Size Curve
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4,00 -3,00 -1,00 0,00 1,00 2,00 3,00 4,00 5,00
phi en mm
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“Mogma

Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-07-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS COdg : FO/PRS/0
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
938,50  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 3,20 0,38 0,38 99,62
-1,70 1,00 0,12 0,50 99,50
% FINER IN SIEVE -1,30 2,10 0,25 0,76 99,24
0,063 mm -1,00 2,40 0,29 1,05 98,95
11.32 000 27,00 3,24 4,29 95,71
0,40 16,20 1,95 6,24 93,76
0,80 45,80 5,50 11,74 88,26
TOTAL WEIGH IN SIEVE 1,30 228,60 27,47 39,21 60,79
63 mm-0,063 mm 1,80 127,90 15,37 54,58 45,42
2,00 97,00 11,66 66,23 33,77
938,50  (g)
2,30 2,60 0,31 66,55 33,45
3,10 54,10 6,50 73,05 26,95
3,20 212,13 25,49 98,54 1,46
3,60 10,60 1,27 99,81 0,19
4,000 1,60 0,19 100,00 0,00
Particle Size Curve
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“Mogma

Project: NOUAKCHOTT CONTAINERS TERMINAL
Client: ARISE

N.° Sample:

ST-08-F

Material Nature :

Code : FO/PRS/10

TEST DATE PRARTICLES SIZE ANALYSIS °
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
768,00  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 17,40 2,94 2,94 97,06
-1,70 1,70 0,29 3,23 96,77
% FINER IN SIEVE -1,30 2,40 0,41 3,63 96,37
0,063 mm -1,00 2,10 0,35 3,99 96,01
2293 0,000 890 150 549 94,51
0,40 2,70 0,46 5,95 94,05
0,80 5,90 1,00 6,94 93,06
TOTAL WEIGH IN SIEVE 1,30 35,50 6,00 12,94 87,06
63 mm-0,063 mm 1,80 23,30 3,94 16,88 83,12
2,00 144,60 24,43 41,31 58,69
768,00  (g)
2,30 6,30 1,06 42 37 57,63
3,10 96,80 16,35 58,73 41,27
3,20 222,90 37,66 96,38 3,62
3,60 16,30 2,75 99,14 0,86
4,000 5,10 0,86 100,00 0,00
Particle Size Curve
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r Project: NOUAKCHOTT CONTAINERS TERMINAL N.° Sample: ST-09-F
‘ m mG Client: ARISE
: Material Nature :
TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
947,00 (9)
2,25 0,00 0,00 0,00 100,00
2,00 0,00 0,00 0,00 100,00
1,70 0,00 0,00 0,00 100,00
% FINER IN SIEVE 1,30 0,00 0,00 0,00 100,00
0,063 mm -1,00 1,10 0,18 0,18 99,82
34.08 0,00 3,00 0,48 0,66 99,34
0,40 1,90 0,30 0,96 99,04
0,80 3,70 0,59 1,55 98,45
TOTAL WEIGH IN SIEVE 1,30 16,90 2,71 4,26 95,74
63 mm-0,063 mm 1,80 13,70 2,19 6,46 93,54
2,00 80,50 12,89 19,35 80,65
947,00 (9)
2,30 8,40 1,35 20,70 79,30
3,10 166,60 26,69 47,38 52,62
3,20 301,70 48,33 95,71 4,29
3,60 19,30 3,09 98,80 1,20
4,000 7,50 1,20 100,00 0,00
Particle Size Curve
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“Mogma

Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-10-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS COdg : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE | WEIGHT RETAINED RETAINED FINER
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
123530  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 0,00 0,00 0,00 100,00
1,70 0,00 0,00 0,00 100,00
% FINER IN SIEVE -1,30 0,00 0,00 0,00 100,00
0,063 mm -1,00 3,30 0,34 0,34 99,66
2238 0,00 14,20 1,48 1,83 98,17
0,40 5,80 0,60 2,43 97,57
0,80 12,80 1,34 3,77 96,23
TOTAL WEIGH IN SIEVE 1,30 83,90 8,75 12,52 87,48
63 mm-0,063 mm 1,80 156,60 16,33 28,85 71,15
2,00 173,00 18,04 46,89 53,11
123530  (g)
2,30 120,00 12,52 59,41 40,59
310 140,70 14,67 74,08 25,92
320 239,70 25,00 99,08 0,92
3,60 6,30 0,66 99,74 0,26
4,000 2,50 0,26 100,00 0,00
Particle Size Curve
100 "—mi}——4>
96
80
70 /,/
£ 60 ’/
=5
b 50 /
: f
2 4p
()
14
= 36
20 |
/
10 >
- _..._._!gg#-*",
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‘m mG Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample: ST-11-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT @ (%) %) (%)
OF DRYED SAMPLE
1257,90  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 7,30 0,63 0,63 99,37
-1,70 1,00 0,09 0,71 99,29
% FINER IN SIEVE -1,30 1,00 0,09 0,80 99,20
0,063 mm -1,00 1,00 0,09 0,89 99,11
770 0,000 7.0 0,68 157 98,43
0,40 2,30 0,20 1,77 98,23
0,80 4,90 0,42 2,19 97,81
TOTAL WEIGH IN SIEVE 1,30 60,80 5,24 7,42 92,58
63 mm-0,063 mm 1,80 109,80 9,46 16,88 83,12
2,00 823,00 70,88 87,76 12,24
125790  (g)
2,30 8,60 0,74 88,50 11,50
3,10 84,90 7,31 95,81 419
3,20 46,30 3,99 99,80 0,20
3,60 1,30 0,11 99,91 0,09
4,000 1,00 0,09 100,00 0,00
Particle Size Curve
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ogne

Project: NOUAKCHOTT CONTAINERS TERMINAL
ARISE

Client:

N.° Sample:

ST-12-F

Material Nature :

Code : FO/PRS/10

TEST DATE
PRARTICLES SIZE ANALYSIS =
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED FINER
RETAINED
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
1185,40 (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 0,00 0,00 0,00 100,00
41,70 0,00 0,00 0,00 100,00
% FINERIN SIEVE 1,30 0,00 0,00 0,00 100,00
0,063 mm -1,00 2,50 0,30 0,30 99,70
29.21 0,00 5,70 0,68 0,98 99,02
0,40 4,40 0,52 1,50 98,50
0,80 17,20 2,05 3,55 96,45
TOTAL WEIGH IN SIEVE 1,30 35,80 4,27 7,82 92,18
63 mm-0,063 mm 1,80 17,30 2,06 9,88 90,12
2,00 166,00 19,78 29,66 70,34
1185,40 (9) 230 52,90 6,30 35,96 64,04
3,10 353,90 42,17 78,13 21,87
3,20 174,30 20,77 98,90 1,10
3,60 8,20 0,98 99,88 0,12
4,000 1,00 0,12 100,00 0,00
Particle Size Curve
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) Project: NOUAKCHOTT CONTAINERS TERMINAL Client: |N.° Sample: ST-13-F
, m mO ARISE
: Material Nature :
TEST DATE PRARTICLES SIZE ANALYSIS COdg . FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
1415,60 (9)
-2,25 0,00 0,00 0,00 100,00
-2,00 7,40 0,62 0,62 99,38
-1,70 1,30 0,11 0,73 99,27
% FINER IN SIEVE -1,30 2,20 0,19 0,92 99,08
0,063 mm -1,00 18,20 1,54 2,46 97,54
16.27 0,00 8,70 0,73 3,19 96,81
0,40 17,50 1,48 4,67 95,33
0,80 94,50 7,97 12,64 87,36
TOTAL WEIGH IN SIEVE 1,30 317,00 26,74 39,38 60,62
63 mm-0,063 mm 1,80 376,70 31,78 71,16 28,84
2,00 63,40 5,35 76,51 23,49
1415,60 (9)
2,30 134,90 11,38 87,89 12,11
3,10 128,10 10,81 98,70 1,30
3,20 11,80 1,00 99,70 0,30
3,60 2,60 0,22 99,92 0,08
4,000 1,00 0,08 100,00 0,00
Particle Size Curve
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) Project: NOUAKCHOTT CONTAINERS TERMINAL Client: |N.° Sample: ST-14-F
‘ m mG ARISE
: Material Nature :
TEST DATE PRARTICLES SIZE ANALYSIS COdg : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
962,80 (g)
2,25 0,00 0,00 0,00 100,00
-2,00 0,00 0,00 0,00 100,00
-1,70 5,20 0,78 0,78 99,22
% FINER IN SIEVE -1,30 1,30 0,20 0,98 99,02
0,063 mm -1,00 1,60 0,24 1,22 98,78
30.81 0,00 13,80 2,07 3,29 96,71
0,40 8,20 1,23 4,52 95,48
0,80 18,70 2,81 7,33 92,67
TOTAL WEIGH IN SIEVE 1,30 66,40 9,97 17,29 82,71
63 mm-0,063 mm 1,80 93,50 14,03 31,33 68,67
2,00 232,10 34,84 66,17 33,83
962,80 (g)
2,30 42,60 6,39 72,56 27,44
3,10 68,10 10,22 82,78 17,22
3,20 107,10 16,08 98,86 1,14
3,60 5,80 0,87 99,73 0,27
4,000 1,80 0,27 100,00 0,00
Particle Size Curve
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C: Modal of particle size


HP
Typewritten text
C: Modal of particle size
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ST-1 Particle Size Curve
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% Retained

% Retained

% Retained

ST-5 Particle Size Curve
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% Retained
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% Retained

ST-8 Particle Size Curve
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% Retained
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ST-11 Particle Size Curve
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ST-14 Particle Size Curve
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D: Pictures of samples
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1. CONTEXT

For this objective main, ARISE company has requested to the Laboratory MAGMA International the execution of
survey for water quality, sediment quality and benthic fauna include the proposed entrance channel, the turning
basin and berth pocket, and the potential disposal site. This report provides the results of the particle size

analysis performed on the sediments samples.

2. SCOPE
According to the project specification, the particle size analysis should be carried out on 19 sediments samples,
along the Nouakchott beach, especially at the locations specified by DHI.The sample location plan is given in the

appendix. The list of samples with the coordinates of the locations is given in the table below:

Table 1 : Program of tests and coordinates of sampling (Coordinates system WGS84 UTM28)

Profile Sample ID X(m) Y(m) Z(m) PSA
P1-1 391367.385 1993461.222 3.109 1
Profil 1 P1-2 391361.513 1993461.590 2.421 1
P1-3 391379.766 1993460.763 3.594 1
Profil 2 P2-1 390704.340 1990468.159 3.328 1
P2-2 390696.208 1990469.386 2.522 1
Profil 3 P3-1 391374.024 1989271.869 3.770 1
P3-2 391357.350 1989272.061 2.605 1
Profil 4 P4-1 391896.715 1988991.289 2.541 1
P4-2 391892.444 1988985.861 1.992 1
P5-1 391987.232 1987680.604 2.820 1
Profil 5 P5-2 391980.742 1987680.871 2.253 1
P5-3 392034.781 1987657.926 3.131 1
Profil 6 P6-1 391920.667 1986519.705 2.979 1
P6-2 391905.271 1986520.883 1.752 1
P7-1 391579.566 1985280.437 3.416 1
Profil 7 P7-2 391560.037 1985284.097 1.776 1
P7-3 391621.848 1985274.066 3.212 1
Profil 8 P8-1 391193.600 1983943.585 3.413 1
P8-2 391187.201 1983944.739 2.748 1
Total 19
2nd Sediments Samples PSA Report 1: March 2019 Page 3/11 :
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3. TESTS PROCEDURES
According the project specifications each sample acquired from the survey will each sample must be subjected to
the Particle size analysis (PSA). The sediments will be air dried and sieved over the range 64mm down to
0.063mm on the Wentworth scale. The particle size analysis is performed by the following the procedure:
- Afterwashing sample with distilled water thru a 63um sieve; collect fine fraction in the bottom of the
sieve assembly.
- Weigh a small plastic tray and label it by sample number; rinse the material retained in the 63um sieve
and put it into the plastic tray; this is the coarse fraction.
- Once the fractions are dry, obtain the dry weights of the trays.
- Than weight the empty bottom trays of the sieve assemblies.
- Shake the sieve, and collect the (<63mm) material in the bottom tray; weigh the bottom tray after sieving
is completed.

- Transfer data into spreadsheet and determine relative weight of (<63mm, >63um)

4, RESULTS OF TESTS
4.1. FullParticle size
We have performed the particle size analysis on 14 sediments samples. The details of the tests with particle size
curves and the samples picture are given in annexes. The summary of the resultsof the particles range between
63 mm and 0.063mm is given in the following table.

The sieve diameters are in mm and they are converted to phi using the Wentworth scale.

I
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Table 2 : Results of full Particle size of the particles range between 63 mm and 0.063mm

P. diameter Cumulative Retained %

mm Phi P1-1 P12 P13 P2-1 P22 P3-1 P32 P4-1 P4-2 P5-1 P52 P53 P6-1 Pe2 | P71 | P72 | P73 | P81 [ P82

540

37.5

- 4,70 8

N 440 ol

B 4,00 43

145 8 45

125 0 46

10 320 48 9,2 76

5 3,00 53 03 107 81

63 240 58 0,6 13,3 85

5 225 63 1,0 13 14,8 88

4 200 67 19 34 16,3 92

3,15 .70 7,0 21 48 17,2 9,3

2 1,00 01 1.2 77 33 0,2 12,0 193 | 05 94

1 0,00 09 02 22 1,2 87 5,6 03 209 01 215 | o6 | 97

08 0,40 0,14 0,2 0,4 33 0,3 1,6 13 9,3 73 0,4 24 0,3 21 | 07 9,9 0,7
0,63 0,80 05 0,5 0,9 8,9 0,2 6,9 71 1,6 10,3 10,0 0,6 293 10,3 20 | o7 | 102 [ 11 12
0,4 130 64,3 252 14,4 44,9 17,4 454 97,1 14,0 39,3 229 10,0 398 273 13,6 311 | 67 | 144 | 116 | 404
0,32 1,80 84,9 45,0 436 78,8 35,1 773 98,4 326 82,6 409 24,7 521 89,2 483 650 | 494 | 319 | 246 | 738
0,25 200 97,6 96,1 94,9 98,7 95,4 95,7 99,1 84,6 97,5 93,6 96,6 959 94,0 95,8 946 | 983 | 932 | 826 | 960
0,2 230 98,4 98,2 96,1 99,0 97,1 97,2 99,5 90,4 98,9 95,2 97,5 96,7 98,6 96,7 956 | 990 | 947 | 857 [ 971
0,16 310 99,6 99,4 98,9 99,6 99,7 98,8 99,6 98,0 99,6 97,9 98,9 98,5 99,7 98,4 975 | 995 | 968 | 949 | 986

""""""""""""""" 1o A
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P. diameter Cumulative Retained %
mm Phi P11 P1-2 P1-3 P2-1 P2-2 P3-1 P3-2 P4-1 P4-2 P5-1 P5-2 P5-3 P6-1 P6-2 P7-1 P72 | P73 | P81 | P8-2
0,1 320 99,9 99,8 99,8 99,8 99,8 99,7 99,8 99,5 99,8 99,8 99,7 99,8 99,8 99,7 997 | 998 | 994 | 994 | 998
0,08 3,60 99,9 99,9 99,9 99,9 99,9 99,9 99,9 99,8 99,9 99,9 99,9 99,9 99,9 99,9 99,9 | 999 | 998 | 998 | 99,9
0,063 4,000 100,0 100,0 100,0 100,0 100,0 100,0 100,0 99,9 100,0 100,0 100,0 100,0 100,0 100,0 100,0 | 1000 | 1000 | 1000 | 100,0
Mud % 17 1.2 16 2.7 1.4 1.4 18.2 21 1 2.4 15 12 2 1 11 1 27 | 144 | 254
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4.2, Statistical parameters

These parameters inform us about the sample deposition mode and the deposition environment. The most used

parameters are:

» The mean : The size corresponding to 50% of the grains on the cumulative curve, it's calculated by the

formula;

» The Skewness: is a measure of the degree of asymmetry of the grain-size distribution. Folk and Ward

M = @i +(P350 + Py

(1957) proposedThe measure inclusive graphic Skewness, defined as:

» Sorting Coefficient: An accumulation of sediment can also be characterized by the grain size
distribution. A sediment deposit can undergo sorting when a particle size range is removed by an

agency such as a river or the wind. The sorting can be quantified using the Inclusive Graphic Standard

Deviation

2(@g — @)

Sk = Py + @i — 205 s o5 + Qs — 25,

2(@ys — @5)

So=Vss " Pis | Pos —Ps

4

6,6

» Kurtosis or peakedness of the distribution is computed by comparing the spread in the central part of

the distribution to the spread in the tails.FolkndWard(1957)definegraphickurtosisas:

@os — Qs

2,44(@,5 — @y5)

» Modal size: Is the most frequently-occurring particle diameter

The results of statistical parameters are given in the following table:

Table 3 : Statistical parameters

Sample | D16 | D50 | Ds4 | D95 | D5 | D75 | D25 Mean Sk K So Mod
ID phi | phi | phi | phi | phi | phi | phi [ phi phi

P1-1 1 09| 12| 18| 19| 09| 15| 1|1,300] 0,367 0,820 0,377 1,30

2| 09| 1,9|1,3|1,633|-0,596 0,751 0,392 2,00

2 1] 1,9|1,5|1,683|-0,569 1,025 0,314 2,00

Sediments Samples PSA Report
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Sample | D16 | D50 | Ds4 | D95 | D5 | D75 | D25 Mean Sk K So Mod
ID phi | phi | phi | phi | phi | phi | phi [ phi phi
P2-1 09| 14| 19 2| 06| 1,8 111,400 |-0,071 0,717 0,462 1,30
P2-2 | 09| 1,8/1,95| 2,00/ 1,00/ 1,90]1,50| 1,550 |-0,657 1,025 0,414 2,00
P3-1 09| 14| 1,9 2| 08| 1,7 111,400 | 0,000 0,703 0,432 1,30
P3-2 | 0,4/0,65 1| 1,3| 0,2| 0,9|/05(0,683| 0,174 1,127 0,317 0,80
P4-1 08| 14| 18| 22| 05| 1,7|1,1|1,333|-0,129 1,161 0,508 1,80
P4-2 | 09| 1,4/1,85 2| -24| 1,7|1,1|1,383|-0,390 3,005 0,904 1,80
P5-1 1| 1,8 2| 2,4 2| 1,9|1,4|1,600 | 0,700 0,328 0,311 2,00
P52 | 1,5(1,85|1,95 2 1/1,95|1,8|1,767 |-0,628 2,732 0,264 2,00
P53 |-0,8| 1,8| 1,9 21-19| 1,9|/0,4(0,967 |-0,912 1,066 1,266 2,00
P6-1 09| 15| 1,7| 2,1| 06| 1,7|1,2|1,367 |-0,350 1,230 0,427 1,80
P6-2 | 1,3] 1,8| 1,9 2 1| 1,9|1,5]|1,667 |-0,633 1,025 0,302 2,00
P71 |-22] 16| 1,9 21-34| 19 110,433 |-0,853 2,459 1,843 1,88
P72 | 14| 18| 1,9|1,95| 1,2| 1,9|1,5| 1,700 |-0,600 0,768 0,239 2,00
P7-3 | 1,3 1,8|1,95| 2,3|-3,5| 19|1,6|1,683|-0,683 7,923 1,041 2,00
P8-1 1,4| 1,9 2 3 1 2|1,8|1,767 |-0,283 4,098 0,453 2,00
P8-2 | 09| 1,3| 1,9 2/0,85| 1,8(1,1|1,367| 0,209 0,673 0,424 1,30
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5. CONCLUSION

The results of the Particle size analysis show that the sediments consist of a dominant sandy texture with shell
trace in some locations (grain diameter between 2 and 0.063mm). This sand is generally fine, with a lowmud
fraction (diameter, less than 0.063mm) generally less than 5%accepting the sample, AP3.2 AP8.1 and AP8.2 has
a mud fraction varying between 14 and 25% (mud: silt and clay, diameter less than 0.063mm).The statistical
parameters calculated form the particles size curves of the particles range between 63mm and 0.063mm
(transformed on phi unity) give the following resultants:

- The mean(M), varies between, 0.43phi and 1,76 phi

- The Skewness(sk), varies between, -0,85 and 0.70

- Sorting coefficient(SO),varies between, 0.2and 1

- Modal size(Mod), varies between, 2 and 3 phi

- Kurtosis(k), varies between, 0.2 and 2 phi

Sediments Samples PSA Report 1| i
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ogne

Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-01-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
123833  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 0,00 0,00 0,00 100,00
-1,70 8,70 0,73 0,73 99,27
% FINER IN SIEVE -1,30 1,00 0,08 0,81 99,19
0,063 mm -1,00 1,00 0,08 0,90 99,10
364 0,00 13,30 1,11 2,01 97,99
0,40 7,00 0,59 2,60 97,40
0,80 16,50 1,38 3,98 96,02
TOTAL WEIGH IN SIEVE 1,30 143,40 11,58 15,56 84,44
63 mm-0,063 mm 1,80 245,30 20,56 36,12 63,88
2,00 460,80 38,62 74,73 25,27
1238,33 - . - : :
’ ( g ) 2,30 22,00 1,84 76,58 23,42
3,10 95,90 8,04 84,61 15,39
3,20 169,60 14,21 98,83 1,17
3,60 7,80 0,70 99,52 0,48
4,000 1,00 0,55 100 0,00
Particle Size Curve
100 f*
96
4
70
£ 60
=
(8]
o 50
2
g 40
Q
['4
R 30
26 /
10
/
S—o—0—0 ptp—0—
-4,00 -3,00 -2,00 -1,00 0,00 1,00 2,00 3,00 4,00 5,00
phi en mm
SILT FINE MEDIUM COARSE FINE | COARSE
SAND GRAVEL
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Project: NOUAKCHOTT CONTAINERS TERMINAL
Client: ARISE

N.° Sample: ST-03-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS COds : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
1014,20 (9)
-2,25 0,00 0,00 0,00 100,00
-2,00 4,80 0,76 0,76 99,24
-1,70 1,60 0,25 1,01 98,99
% FINERIN SIEVE -1,30 3,10 0,49 1,50 98,50
0,063 mm -1,00 2,80 0,44 1,95 98,05
37.70 0,00 17,20 2,72 4,67 95,33
0,40 6,70 1,06 5,73 94,27
0,80 13,90 2,20 7,93 92,07
TOTAL WEIGH IN SIEVE 1,30 67,10 10,62 18,55 81,45
63 mm-0,063 mm 1,80 36,80 5,82 24,37 75,63
2,00 171,10 27,08 51,46 48,54
1014,20 (9)
2,30 1,50 0,24 51,69 48,31
3,10 8,70 1,38 53,07 46,93
3,20 239,30 37,88 90,95 9,05
3,60 40,70 6,44 97,39 2,61
4,000 16,50 2,61 100,00 0,00
Particle Size Curve
100 *4
90 +’
80
70
£ 60
=
o
k-] 50
: r
3 40
Q
: /
B 30
20 J
10 _T/
(A 5]
-4,00 -3,00 -2,00 -1,00 0,00 1,00 2,00 3,00 4,00 5,00
phi en mm
SILT FINE |  mEDIUM COARSE | FINE | COARSE
SAND GRAVEL
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Project: NOUAKCHOTT CONTAINERS TERMINAL

Client: ARISE

N.° Sample:

ST-04-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (@) %) (%) (%)
OF DRYED SAMPLE
677,40  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 41,80 6,74 6,74 93,26
-1,70 5,00 0,81 7,55 92,45
% FINER IN SIEVE -1,30 8,20 1,32 8,87 91,13
0,063 mm -1,00 6,80 1,10 9,96 90,04
844 0,00 41,90 6,76 16,72 83,28
0,40 13,00 2,10 18,82 81,18
0,80 15,90 2,56 21,38 78,62
TOTAL WEIGH IN SIEVE 1,30 65,70 10,59 31,97 68,03
63 mm-0,063 mm 1,80 69,70 11,24 43,21 56,79
2,00 255,10 41,13 84,34 15,66
677,40  (g)
2,30 3,50 0,56 84,91 15,09
3,10 14,00 2,26 87,17 12,83
3,20 73,50 11,85 99,02 0,98
3,60 5,10 0,82 99,84 0,16
4,000 1,00 0,16 100,00 0,00
Particle Size Curve
100 —’——’
96 r—
80
70
£ 60 I
=
O
- 50
2
s 40
e e
ES 30
201 1] L
”,*
T[40
T J
-4,00 -3,00 -2,00 -1,00 0,00 1,00 2,00 3,00 4,00 5,00
phi en mm
FINE MEDIUM COARSE FINE | COARSE

SILT

SAND

GRAVEL
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Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-05-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS COds . FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
1183,90 (9)
-2,25 0,00 0,00 0,00 100,00
-2,00 4,50 0,40 0,40 99,60
-1,70 1,60 0,14 0,54 99,46
% FINERIN SIEVE -1,30 3,20 0,28 0,83 99,17
0,063 mm -1,00 2,90 0,26 1,08 98,92
0,00 25,60 2,27 3,36 96,64
4.95
0,40 12,50 1,11 4,47 95,53
0,80 25,90 2,30 6,77 93,23
TOTAL WEIGH IN SIEVE 1,30 170,70 15,17 21,94 78,06
63 mm-0,063 mm 1,80 344,60 30,62 52,56 47,44
2,00 408,20 36,27 88,84 11,16
1183,90 (9)
2,30 8,20 0,73 89,57 10,43
3,10 31,80 2,83 92,39 7,61
3,20 78,60 6,98 99,38 0,62
3,60 6,00 0,53 99,91 0,09
4,000 1,00 0,09 100,00 0,00
Particle Size Curve
100 ———¢
90
80
70 I
£ 60 I
=
g 4
k-] 50
2
3 40
Q
14
R 30
20
10 //
-* N ] *{
-4,00 -3,00 -2,00 -1,00 0,00 1,00 2,00 3,00 4,00 5,00
phi en mm
SILT FINE |  mEDIUM COARSE | FINE | COARSE
SAND GRAVEL
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Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-06-BIS-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SEVE | WEIGHT | ___ . = RETAINED FINER
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (@) (%) (%) (%)
OF DRYED SAMPLE
804,40 (g9)
225 0,00 0,00 0,00 100,00
2,00 000 0,00 0,00 100,00
4,70] 0,00 0,00 0,00 100,00
% FINER IN SIEVE 1,30 000 0,00 0,00 100,00
0,063 mm 1,000 200 0,45 0,45 99,55
4419 0,00 120 027 0.71 99,29
0,40 1,00 022 0,94 99,06
0,80 110 025 118 98,82
TOTAL WEIGH IN SIEVE 1,30]  24.80 552 6.71 93,29
63 mm-0,063 mm 1,80 1930 430 11,00 89,00
2,00 3980 8.87 10,87 80,13
804,40 (g9)
230 400 0,89 20,76 79,24
310] 5280 1176 32,52 67,48
320] 286,60 63,84 96,37 3,63
3.60] 1340 2.99 99,35 0,65
40000 290 0,65 100,00 0,00
Particle Size Curve
100 *—0
90
80
70
£ 60
=
(8]
o 50
2
g 40
Q
['4
= 30
/,
20 o
10
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C=O—A—A=C= === =
4,00 -3,00 -1,00 0,00 1,00 2,00 3,00 4,00 5,00
phi en mm
FINE MEDIUM FINE | COARSE
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Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-07-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS COdg : FO/PRS/0
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
938,50  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 3,20 0,38 0,38 99,62
-1,70 1,00 0,12 0,50 99,50
% FINER IN SIEVE -1,30 2,10 0,25 0,76 99,24
0,063 mm -1,00 2,40 0,29 1,05 98,95
11.32 000 27,00 3,24 4,29 95,71
0,40 16,20 1,95 6,24 93,76
0,80 45,80 5,50 11,74 88,26
TOTAL WEIGH IN SIEVE 1,30 228,60 27,47 39,21 60,79
63 mm-0,063 mm 1,80 127,90 15,37 54,58 45,42
2,00 97,00 11,66 66,23 33,77
938,50  (g)
2,30 2,60 0,31 66,55 33,45
3,10 54,10 6,50 73,05 26,95
3,20 212,13 25,49 98,54 1,46
3,60 10,60 1,27 99,81 0,19
4,000 1,60 0,19 100,00 0,00
Particle Size Curve
100 e
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80
70
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=
o EN
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Project: NOUAKCHOTT CONTAINERS TERMINAL
Client: ARISE

N.° Sample:

ST-08-F

Material Nature :

Code : FO/PRS/10

TEST DATE PRARTICLES SIZE ANALYSIS °
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
768,00  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 17,40 2,94 2,94 97,06
-1,70 1,70 0,29 3,23 96,77
% FINER IN SIEVE -1,30 2,40 0,41 3,63 96,37
0,063 mm -1,00 2,10 0,35 3,99 96,01
2293 0,000 890 150 549 94,51
0,40 2,70 0,46 5,95 94,05
0,80 5,90 1,00 6,94 93,06
TOTAL WEIGH IN SIEVE 1,30 35,50 6,00 12,94 87,06
63 mm-0,063 mm 1,80 23,30 3,94 16,88 83,12
2,00 144,60 24,43 41,31 58,69
768,00  (g)
2,30 6,30 1,06 42 37 57,63
3,10 96,80 16,35 58,73 41,27
3,20 222,90 37,66 96,38 3,62
3,60 16,30 2,75 99,14 0,86
4,000 5,10 0,86 100,00 0,00
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r Project: NOUAKCHOTT CONTAINERS TERMINAL N.° Sample: ST-09-F
‘ m mG Client: ARISE
: Material Nature :
TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
947,00 (9)
2,25 0,00 0,00 0,00 100,00
2,00 0,00 0,00 0,00 100,00
1,70 0,00 0,00 0,00 100,00
% FINER IN SIEVE 1,30 0,00 0,00 0,00 100,00
0,063 mm -1,00 1,10 0,18 0,18 99,82
34.08 0,00 3,00 0,48 0,66 99,34
0,40 1,90 0,30 0,96 99,04
0,80 3,70 0,59 1,55 98,45
TOTAL WEIGH IN SIEVE 1,30 16,90 2,71 4,26 95,74
63 mm-0,063 mm 1,80 13,70 2,19 6,46 93,54
2,00 80,50 12,89 19,35 80,65
947,00 (9)
2,30 8,40 1,35 20,70 79,30
3,10 166,60 26,69 47,38 52,62
3,20 301,70 48,33 95,71 4,29
3,60 19,30 3,09 98,80 1,20
4,000 7,50 1,20 100,00 0,00
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“Mogma

Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample:

ST-10-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS COdg : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE | WEIGHT RETAINED RETAINED FINER
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
123530  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 0,00 0,00 0,00 100,00
1,70 0,00 0,00 0,00 100,00
% FINER IN SIEVE -1,30 0,00 0,00 0,00 100,00
0,063 mm -1,00 3,30 0,34 0,34 99,66
2238 0,00 14,20 1,48 1,83 98,17
0,40 5,80 0,60 2,43 97,57
0,80 12,80 1,34 3,77 96,23
TOTAL WEIGH IN SIEVE 1,30 83,90 8,75 12,52 87,48
63 mm-0,063 mm 1,80 156,60 16,33 28,85 71,15
2,00 173,00 18,04 46,89 53,11
123530  (g)
2,30 120,00 12,52 59,41 40,59
310 140,70 14,67 74,08 25,92
320 239,70 25,00 99,08 0,92
3,60 6,30 0,66 99,74 0,26
4,000 2,50 0,26 100,00 0,00
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|
‘m mG Client: ARISE

Project: NOUAKCHOTT CONTAINERS TERMINAL

N.° Sample: ST-11-F

Material Nature :

TEST DATE PRARTICLES SIZE ANALYSIS C°d: : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT @ (%) %) (%)
OF DRYED SAMPLE
1257,90  (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 7,30 0,63 0,63 99,37
-1,70 1,00 0,09 0,71 99,29
% FINER IN SIEVE -1,30 1,00 0,09 0,80 99,20
0,063 mm -1,00 1,00 0,09 0,89 99,11
770 0,000 7.0 0,68 157 98,43
0,40 2,30 0,20 1,77 98,23
0,80 4,90 0,42 2,19 97,81
TOTAL WEIGH IN SIEVE 1,30 60,80 5,24 7,42 92,58
63 mm-0,063 mm 1,80 109,80 9,46 16,88 83,12
2,00 823,00 70,88 87,76 12,24
125790  (g)
2,30 8,60 0,74 88,50 11,50
3,10 84,90 7,31 95,81 419
3,20 46,30 3,99 99,80 0,20
3,60 1,30 0,11 99,91 0,09
4,000 1,00 0,09 100,00 0,00
Particle Size Curve
100 o
90 A_—‘—‘
80
70
£ 60
=
(8]
3 50
2
g 40
Q
['4
ES 30
20
10
o
= — P
-4,00 -3,00 -2,00 -1,00 0,00 1,00 2,00 3,00 4,00 5,00
phi en mm
FINE MEDIUM COARSE FINE | COARSE
SILT

SAND

GRAVEL

OBSERVATIONS:



HP
Typewritten text
7.70


ogne

Project: NOUAKCHOTT CONTAINERS TERMINAL
ARISE

Client:

N.° Sample:

ST-12-F

Material Nature :

Code : FO/PRS/10

TEST DATE
PRARTICLES SIZE ANALYSIS =
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED FINER
RETAINED
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
1185,40 (g)
-2,25 0,00 0,00 0,00 100,00
-2,00 0,00 0,00 0,00 100,00
41,70 0,00 0,00 0,00 100,00
% FINERIN SIEVE 1,30 0,00 0,00 0,00 100,00
0,063 mm -1,00 2,50 0,30 0,30 99,70
29.21 0,00 5,70 0,68 0,98 99,02
0,40 4,40 0,52 1,50 98,50
0,80 17,20 2,05 3,55 96,45
TOTAL WEIGH IN SIEVE 1,30 35,80 4,27 7,82 92,18
63 mm-0,063 mm 1,80 17,30 2,06 9,88 90,12
2,00 166,00 19,78 29,66 70,34
1185,40 (9) 230 52,90 6,30 35,96 64,04
3,10 353,90 42,17 78,13 21,87
3,20 174,30 20,77 98,90 1,10
3,60 8,20 0,98 99,88 0,12
4,000 1,00 0,12 100,00 0,00
Particle Size Curve
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) Project: NOUAKCHOTT CONTAINERS TERMINAL Client: |N.° Sample: ST-13-F
, m mO ARISE
: Material Nature :
TEST DATE PRARTICLES SIZE ANALYSIS COdg . FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
phi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
1415,60 (9)
-2,25 0,00 0,00 0,00 100,00
-2,00 7,40 0,62 0,62 99,38
-1,70 1,30 0,11 0,73 99,27
% FINER IN SIEVE -1,30 2,20 0,19 0,92 99,08
0,063 mm -1,00 18,20 1,54 2,46 97,54
16.27 0,00 8,70 0,73 3,19 96,81
0,40 17,50 1,48 4,67 95,33
0,80 94,50 7,97 12,64 87,36
TOTAL WEIGH IN SIEVE 1,30 317,00 26,74 39,38 60,62
63 mm-0,063 mm 1,80 376,70 31,78 71,16 28,84
2,00 63,40 5,35 76,51 23,49
1415,60 (9)
2,30 134,90 11,38 87,89 12,11
3,10 128,10 10,81 98,70 1,30
3,20 11,80 1,00 99,70 0,30
3,60 2,60 0,22 99,92 0,08
4,000 1,00 0,08 100,00 0,00
Particle Size Curve
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) Project: NOUAKCHOTT CONTAINERS TERMINAL Client: |N.° Sample: ST-14-F
‘ m mG ARISE
: Material Nature :
TEST DATE PRARTICLES SIZE ANALYSIS COdg : FO/PRS/10
rovenance:
31/01/2019 EN 933-1 NKC-PORT
SIEVE WEIGHT RETAINED RETAINED FINER
ohi REFUS CUMULATED CUMULATED
TOTAL WEIGHT (9) (%) (%) (%)
OF DRYED SAMPLE
962,80 (g)
2,25 0,00 0,00 0,00 100,00
-2,00 0,00 0,00 0,00 100,00
-1,70 5,20 0,78 0,78 99,22
% FINER IN SIEVE -1,30 1,30 0,20 0,98 99,02
0,063 mm -1,00 1,60 0,24 1,22 98,78
30.81 0,00 13,80 2,07 3,29 96,71
0,40 8,20 1,23 4,52 95,48
0,80 18,70 2,81 7,33 92,67
TOTAL WEIGH IN SIEVE 1,30 66,40 9,97 17,29 82,71
63 mm-0,063 mm 1,80 93,50 14,03 31,33 68,67
2,00 232,10 34,84 66,17 33,83
962,80 (g)
2,30 42,60 6,39 72,56 27,44
3,10 68,10 10,22 82,78 17,22
3,20 107,10 16,08 98,86 1,14
3,60 5,80 0,87 99,73 0,27
4,000 1,80 0,27 100,00 0,00
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: Modal of particle size
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B: Modal of particle size
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ST-5 Particle Size Curve
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ST-8 Particle Size Curve
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ST-11 Particle Size Curve
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ST-14 Particle Size Curve
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D: Pictures of samples
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3. Sediment chemical analysis
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Laboratoire d'analyses environnementales, agricoles et industrielles

RAPPORT D’ESSAIS

Identification : 01/0300/0119

1- DEMANDEUR

MAGMA International

Adresse : Nouadhibou — Mauritanie.

Tél : 97418001.

Bon de Commande n°004-19 du 19-01-2019

2- DESCRIPTION DE(s) L’'OBJET(s) SOUMIS A L’ESSAI

Date de réception : 31/01/19

Quatorze échantillons de sédiments marins, prélevés a Nouakchott en Mauritanie et identifiés comme
suit : (ST1, ST2, ST3, ST4, STS bis, ST6 bis, ST7, ST8,........... et ST14).

3- ESSAI(s) DEMANDE(s)

pH, Matiére séche, Perte au feu, COT, Azote total, Phosphore total, Aluminium, Cadmium, Cuivre,
Plomb, Zinc, Nickel, Chrome, Etain, Arsenic, Mercure,Indice des hydrocarbures, HAP, PCB, E. Coli.

4- METHODE(s) D’ESSAI(s)

Essai (s) Méthode (s) Référence (s)

pH Electrochimie NF EN 15933 (2012)
Matiére Séche Gravimétrie NT 91.32 (2003)
Perte au feu Gravimétrie - Calcination Rodier, 9°™ édition
COT Oxydation sulfochromique NT 91.38 (2003)
Azote total Titrimétrie NT 91.15 (2003)
Indice des - Extraction Liquide/Solide au solvant - ISO/TR 11046 (1994)
hydrocarbures - Chromatographie en Phase Gazeuse - NT 09.124-2 (2007)
Pt, Al, Cd, Cr, Cu, Ni, Digestion a |’eau régale dans un systéme fermé | NT 09.143 (2009)
SO Emission optique - ICP NT 09.193 (2010)

Digestion a I’eau régale dans un systéme fermé | NT 09.143 (2009)
Mercure

ICP avec systéme hydrures PERKIN ELMER (2008)

- Extraction solide/Liquide
HAP - Chromatographie en phase gazeuse couplée a | EPA 3550 C

la spectrométrie de masse

Extraction solide/Liquide EPA 3550 C
PCB

Chromatographie en phase gazeuse (ECD) NT ISO 6468 (1996)
E. Coli Nombre Plus Probable ISO 9308-2 (1990)

NB : Ce rapport d’essai ne concerne que le(s) objet(s) soumis a I’essai, il contient 5 page(s) et 0 annexe(s)
La reproduction de ce rapport n’est autorisée que sous sa forme intégrale et aprés approbation de GreenLab.

L’accréditation de notre laboratoire par le TUNAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N° : 1-0066, atteste desa compétence
technique pour les prestations couvertes par I’accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (*).

EG-085 - VOI - Juin 2016

Page 1/5

50, rue de I’artisanat 2035, Charguia 2, Tunis. Tél. : +216 71 942 518 - 71 942 528, Fax : +216 71 942 604.
E-mail: contact@greenlab.com.tn, Site web: http://www.greenlab.com.tn.
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Laboratoire d'analyses environnementales, agricoles et industrielles

RAPPORT D’ESSAIS

Identification : 01/0300/0119

5- RESULTAT(s)

5.1- Stationsde1a7:

5.1.1- Essais physico-chimiques et microbiologiques

Date de réception : 31/01/19

MAGMA International — Sédiments marins
Essai (s) Unité
ST 1 ST 2 ST 3 ST4 | ST5bis | ST6bis | ST7
85a 8.4a 8,54 8,64 8.82a 8,62 902
pH r 19,8°C | 20,0°C | 19,9°C | 21,1°C | 21,3°C | 214°C | 21,5°C
*Humidité % 0,3 10,3 0,3 0,2 0,2 0.4 0,2
*Matiére Séche % 99,7 89,7 99,7 99,8 99,8 99,6 99,8
Perte au feu mg/kgMS 3,1 61,6 52 4,9 3,5 9,1 4,5
*COT g/kgMS <2 29,2 4,7 2,5 2,2 4,6 3,1
*Azote total mgN/kgMS | 158 4,39 10° 293 276 192 514 275
*Phosphore total | mgP/kgMS 119 1,18 10° 153 170 150 291 201
L‘;‘gf:cgf;ms mg/kgMs | 180 410 200 | 240 | 240 82 140
E. Coli UFC/g 0 0 0 0 0 0 1,510°
5.1.2- Métaux lourds
MAGMA International — Sédiments marins
Essai (s) Unité
ST 1 ST 2 ST 3 ST4 | ST5bis | ST6bis | ST7
* Aluminium mg/kgMS 739 19.510° | 1,5410° | 1.24 | 12110° | 34710° | 1,5410°
*Cadmium mgkgMS | <0,250 | 0,635 <0250 | <0,250 | <0250 | <0250 | <0,250
*Chrome mg/kgMS 3,08 49,5 8,98 7,20 28,8 10,8 37,7
*Cuivre mgkgMS | <2,00 22,3 <2,00 | <2,00 | <2,00 <2,00 <2,00
*Nickel mgkgMS | <1,50 20,3 1,86 1,52 11,4 4,05 15,8
*Plomb mgkgMS | <225 8,54 <225 | <25 | <25 <2,25 <225
*Zinc mgkgMS | <225 44,1 2,65 2,63 <2,25 6,43 2,71
* Arsenic mgkgMS | <225 <225 <225 | <225 | <225 <225 <225
Etain mgkgMS | <1,25 1,27 <125 | <1,25 | <I,25 <1,25 <1,25
Mercure mg/kgMS <0,090 0,222 <0,090 | <0,090 | <0,090 <0,090 <0,090

Date d’exécution : du 31-01au 12-02-2019

NB : Ce rapport d’essai n&me que le(s) objet(s) soumis a I’essai, il contient 5 page(s) et 0 annexe(s) - \/UJ .y

La reproduction de ce rapport n’est autorisée que sous sa forme intégrale et aprés approbation de GreenLab.
L’accréditation de notre laboratoire par le TUNAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N° : 1-0066, atteste desa compétence 2

technique pour les prestations couvertes par I’accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (*).

EG-085 - VOI - Juin 2016 Page 2/5

50, rue de I’artisanat 2035, Charguia 2, Tunis. Tél. : +216 71 942 518 - 71 942 528, Fax : +216 71 942 604.
E-mail: contact@greenlab.com.tn, Site web: http://www.greenlab.com.tn.
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greenl_ab RAPPORT D’ESSAIS

Laboratoire d’'analyses environnementales, agricoles et industrielles

Identification : 01/0300/0119 Date de réception : 31/01/19

5.1.3- Hydrocarbures aromatiques polycycliques « HAP »

' g | _— MAGMA International — Sédiments marins
Compapcs Unité | dexéeution | g71 | sT2 | sT3 | 'sTa | ST | ST6 | g14
bis bis
Naphtaléne <10 <10 <10 <10 <10 <10 <10
1-Méthyl Naphtaléne <10 <10 <10 <10 <10 <10 <10
2-Méthyl Naphtaléne <10 <10 <10 <10 <10 <10 <10
Acénaphthyléne <10 <10 <10 <10 <10 <10 <10
Acénaphtene <10 <10 <10 <10 <10 <10 <10
Fluoréne <10 <10 <10 <10 <10 <10 <10
Phénanthréne <10 <10 <10 <10 <10 <10 <10
Anthracéne <10 <10 <10 <10 <10 <10 <10
Fluoranthéne hgkgMS | 1200219 007" <10 | <10 | <10 | <10 | <10
Pyréne <10 <10 <10 <10 <10 <10 <10
Benzo (a) anthracéne <10 <10 <10 <10 <10 <10 <10
Chrysene <10 <10 <10 <10 <10 <10 <10
Benzo (b) fluoranthéne <10 <10 <10 <10 <10 <10 <10
Benzo (k) fluoranthéne <10 <10 <10 <10 <10 <10 <10
Benzo (a) pyréne <10 <10 <10 <10 <10 <10 <10
Indeno (1,2,3-cd) pyréne <10 <10 <10 <10 <10 <10 <10
5.1.4-Résidus de PCB
Date MAGMA International — Sédiments marins
Essai (s) Unité | d exflcuuo ST 1 - oy <S4 S'I: 5 s']: 6 ST 7
bis bis
PCB 28 <3 <3 <3 <3 <3 <3 <3
PCB 31 <3 <3 <3 <3 <3 <3 <3
PCB 52 <3 <3 <3 <3 <3 <3 <3
PCB 101 <3 <3 <3 <3 <3 <3 <3
pCB 115 | MEKEMS | 1302719 7y 3 | s | < <3 <3 <3
PCB 138 <3 <3 <3 <3 <3 <3 <3
PCB 153 <3 <3 <3 <3 <3 <3 <3
PCB 180 <3 <3 <3 <3 <3 <3 <3

NB : Ce rapport d‘g ne concerne que le(s) objet(s) soumis a I’essai, il contient 5 page(s) et 0 annexe(s).

La reproduction de ce rapport n’est autorisée que sous sa forme intégrale et aprés approbation de GreenlLab.
L’accréditation de notre laboratoire par le TUNAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N° : 1-0066, atteste desa compétence

technique pour les prestations couvertes par I’accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (*).
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Laboratoire d'analyses environnementales, agricoles et industrielles

RAPPORT D’ESSAIS

Identification : 01/0300/0119

5.2- Stations de 8 a 14 :
5.2.1- Essais physico-chimiques et microbiologiques

Date de réception : 31/01/19

MAGMA International — Sédiments marins
Essai (s) Unité

ST8 ST9 ST 10 ST 11 ST 12 ST 13 ST 14

89a 89a 88a 8.9a 8,7a 8.7a 8.7a
i i 21,0°C | 20,8°C | 21,3°C | 21,3°C | 21,1°C | 21,9°C | 21,2°C
*Humidité % 0.4 0,4 0,3 0,2 0,4 0,2 0,4
*Matiére Séche % 99.6 99.6 99,7 99.8 99.6 99.8 99.6
Perte au feu mg/kgMS 113 10,3 7.2 12,0 9.5 5.3 4,5
*COT g/kgMS 43 4,5 42 <2 4,6 4.4 3.4
* Azote total mg/kgMS 598 429 347 140 525 240 254
*Phosphore total | mg/kgMS 243 272 197 92,1 254 177 211
L‘;‘gf:cgfgms mg/kaMs [ 53 160 35 18 134 95 83
E. Coli UFC/g | 1,510° 0 1,510° 0 0 0 0

5.2.2- Métaux lourds
MAGMA International — Sédiments marins
Essai (s) Unité
ST 8 ST9 ST 10 ST 11 ST12 | ST13 ST 14

*Aluminium | mgkgMS | 3.2810° | 9,8310° | 23810° | 957 21’336 1,53 10° | 2,48 10°
*Cadmium mg/kgMS | <0,250 0,635 <0,250 | <0,250 | <0,250 | <0,250 | <0,250
*Chrome mg/kgMS 10,9 10,3 11,0 7.84 12,0 9,04 9,70
*Cuivre mg/kgMS <2,00 <2,00 <2,00 <2,00 <2,00 <2,00 <2,00
*Nickel mg/kgMS 3.84 4,09 3.10 <1,50 3,90 2,14 3,26
*Plomb mg/kgMS <2,25 <2,25 <2,25 <2,25 <2,25 <2,25 22,25
*Zinc mg/kgMS 6.88 7Y 4,60 <2,25 5,80 2,55 4,60
*Arsenic mg/kgMS <2,25 <2,25 <225 <2,25 <2,25 <2,25 <2,25
Etain mg/kgMS <1,25 <1,25 <1,25 <123 <] 29 <1,25 <1,25
Mercure mg/kgMS | <0,090 <0,090 | <0,090 | <0,090 | <0,090.| <0,090 | <0,090

Date d’exécution : du 31-01au 10-02-2019

NB : Ce rapport d essai ne gongérne que le(s) objet(s) soumis a I’essai, il contient 5 page(s) et 0 annexe(s). - ‘|JJ )
La reproduction de ce mppEjn n’est autorisée que sous sa forme intégrale et aprés approbation de GreenLab. ’>/‘;wg&

L’accréditation de notre laboratoire par le TUNAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N° : 1-0066, atteste desa compétence
technique pour les prestations couvertes par I’accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (*). — W —
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Laboratoire d'analyses environnementales, agricoles et industrielles

RAPPORT D’ESSAIS

Identification : 01/0300/0119

cycliques « HAP »

Date de réception : 31/01/19

5.2.3- Hydrocarbures aromatiques pol
. Date MAGMA International — Sédiments marins
Composés Unité | ., ccution
ST8 |ST9 | ST10 | ST11 | ST12 | ST13 | ST 14

Naphtaléne <10 <10 | <10 <10 <10 <10 <10
1-Méthyl Naphtaléne <10 <10 <10 <10 <10 <10 <10
2-Méthyl Naphtaléne <10 <10 | <10 <10 <10 <10 <10
Acénaphthyléne <10 <10 <10 <10 <10 <10 <10
Acénaphténe <10 <10 <10 <10 <10 <10 <10
Fluoréne <10 <10 | <10 <10 <10 <10 <10
Phénanthréne <10 <10 <10 <10 <10 <10 <10
Anthracéne <10 <10 <10 <10 <10 <10 <10
Fluoranthéne hghkeMS | 1202719 10107 <10 | <10 | <10 | <10 | <10
Pyréne <10 <10 | <10 <10 <10 <10 <10
Benzo (a) anthracéne <10 <10 <10 <10 <10 <10 <10
Chrysene <10 <10 <10 <10 <10 <10 <10
Benzo (b) fluoranthéne <10 <10 <10 <10 <10 <10 <10
Benzo (k) fluoranthéne <10 <10 <10 <10 <10 <10 <10
Benzo (a) pyréne <10 <10 <10 <10 <10 <10 <10
Indeno (1,2,3-cd) pyréne <10 <10 <10 <10 <10 <10 <10

5.2.4-Résidus de PCB

. ) Date MAGMA International — Sédiments marins
Essai (s) Unité d’exécution
ST8 | ST9 | ST10 | ST11 | ST12 | ST13 | ST 14

PCB 28 <3 <3 <3 <3 <3 <3 <3

PCB 31 <3 <3 <3 <3 <3 <3 =3

PCB 52 <3 <3 <3 <3 <3 <3 <3

PCB 101 <3 <3 <3 <3 <3 <3 <3

pcB 11g | MEEMS | BBOYID Ty <3 <3 <3 <3 <3 <3

PCB 138 <3 <3 <3 <3 <3 <3 <3

PCB 153 <3 <3 <3 <3 <3 <3 <3

PCB 180 <3 <3 <3 <3 <3 <3 <3

D Brare AN Habib GHANNOUCHI Tunis, le 15 FEV. 2019
Responsablé Technique Responsable du Lab!ratoire
18- cuomt N o, i ) o

L’accréditation de notre laboratoire par le TUNAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N° : 1-0066, atteste desa compétence

technique pour les prestations couvertes par I’accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (¥).
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Les activités de MAGMA sont régies par le décret du Conseil des Ministres N°0105-2015 paru au Journal Officiel n° 1337 de

la République Islamique de Mauritanie en date du 15/06/2015.
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Laboratoire d'analyses environnementales, agricoles et industrielies

RAPPORT D’ESSAIS

Identification : 01/0726/0319 Date de :;ccpﬁqn : 07/03/19

il . ‘/v o (-/. LY

)

1- DEMANDEUR / .

[ 4
| [
(<1

{

J

MAGMA International

Adresse : Nouadhibou — Mauritanie.

Adresse : 7 bis, Rue Rachid EL Ayachi-2037-Ennasr.
Tél: 71 813107 /31532004 /97 418 001.

Bon de Commande n°007-19 du 07-03-2019.

2- DESCRIPTION DE(s) L’'OBJET(s) SOUMIS A L’ESSAI
Deux échantillons de sédiments marins, identifiés comme suit : (MBH 1 (0-3m) et MBH 2 (0-3m)).
3- ESSAI(s) DEMANDE(s)

pH, Matiére séche, Perte au feu, COT, Azote total, Phosphore total,Aluminium, Cadmium, Cuivre,
Plomb, Zinc, Nickel, Chrome, Etain, Arsenic, Mercure,Indice des hydrocarbures, HAP, PCB, E. Coli.

4- METHODE(s) D’ESSAI(s)

Essai (s) Méthode (s) Référence (s)

pH Electrochimie NF EN 15933 (2012)
Matiere Seche Gravimétrie NT 91.32 (2003)
Perte au feu Gravimétrie - Calcination Rodier, 9°™ édition
COT Oxydation sulfochromique NT 91.38 (2003)
Azote total Titrimétrie NT 91.15 (2003)
Indice des - Extraction Liquide/Solide au solvant - ISO/TR 11046 (1994)
hydrocarbures - Chromatographie en Phase Gazeuse - NT 09.124-2 (2007)
Pt, Al, Cd, Cr, Cu, Ni, | Digestion aI’eau régale dans un systeme fermé | NT 09.143 (2009)
D20, ol i Emission optique - ICP NT 09.193 (2010)

Digestion a I’eau régale dans un systeme fermé | NT 09.143 (2009)
Mercure 7 d{l\ <

ICP avec systéme hydrures,, . PERKIN ELMER (2008)

- Extraction solide/Liquide
HAP - Chromatographie en phase gazeuse couplée a | EPA 3550 C

la spectrométrie de masse

Extraction solide/Liquide EPA 3550 C
PCB

Chromatographie en phase gazeuse (ECD) NT ISO 6468 (1996)
E. Coli Nombre Plus Probable ISO 9308-2 (1990)

NB : Ce rapport d’essai ne concerne que le(s) objet(s) soumis & I’essai, il contient 3 page(s) et 0 annexe(s).
La reproduction de ce rapport n’est autorisée que sous sa forme intégrale et aprés approbation de GreenLab.

L’accréditation de notre laboratoire par le TUNAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N° : 1-0066, atteste desa compétence
technique pour les prestations couvertes par I"accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (*).
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Laboratoire d'analyses environnementales, agricoles et industrielies

Identification : 01/0726/0319 Date de réception : 07/03/19
5- RESULTAT(s) P
5.1.1- Essais physico-chimiques et microbiologiques ' / _
| ey
. _ Date MAGMA International — Sédiments marins’
Essai (s) Unité e —

MBH 1 (0-3m) MBH 2 (0-3m)
pH - 14/03/19 9,0a18,9°C 9,04 19,0°C
*Humidité % 11/03/19 0,1 0,2
*Matiére Séche % 11/03/19 99.9 99.8
Perte au feu g/kgMS 11/03/19 3,5 4,1
*COT g/kgMS 13/03/19 1.5 0.4
*Azote total mgN/kgMS | 08/03/19 854 532
*Phosphore total | mgP/kgMS 15/03/19 .7 43,0
Indice des
hydrocarbures mg/kgMS 14/03/19 110 24
E. Coli UFC/g 07-11/03/19 3,5 107 2 10?

5.1.2- Métaux lourds

; J Date MAGMA International — Sédiments marins
Essai (s) Unité Axication
MBH 1 (0-3m) MBH 2 (0-3m)
* Aluminium mg/kgMS 1,43 10° 2,23 10°
*Cadmium mg/kgMS <0,250 <0,250
*Chrome mg/kgMS 3,33 4,04
*Cuivre mg/kgMS | 13/03/19 <2,00 <2,00
*Nickel mg/kgMS <1,50 1,87
*Plomb mg/kgMS <225 <225
*Zinc mg/kgMS <2,25 3,50
* Arsenic mg/kgMS 15/08/19 <2,25 <225
Etain mg/kgMS <1,25 <1,25
Mercure mg/kgMS | 14/03/19 <0,05 <0,05

ngué\k(s) objet(s) soumis a I"essai, il contient 3 page(s) et 0 annexe(s).
autorisée que sous sa forme intégrale et aprés approbation de GreenLab. ——
toire par le ll; ,NAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N° : 1-0066, atteste desa compétence

vertes.pdr I"accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (¥).

NB : Ce rapport d’essai né
La reproduction de ce rappo
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Laboratoire d'analyses environnementales, agricoles et industrielles

Identification : 01/0726/0319 Date de récegtion 07/03/19
5.1.3- Hydrocarbures aromatiques polycycliques « HAP » (/A \ '
) Date MAGMA International — Sedlments marms '
Composés Unité | . ccution
MBH 1 (0-3m) MBH 2 (0-3m)
Naphtaléne <10 <107~
1-Méthyl Naphtaléne <10 <10
2-Méthyl Naphtalene <10 <10
Acénaphthyléne <10 <10
Acénaphtene <10 <10
Fluoréne <10 <10
Phénanthréne <10 <10
Anthracene <10 <10
Fluoranthéne PEkgMS | 15/03419 <10 <10
Pyréne <10 <10
Benzo (a) anthracéne <10 <10
Chrysene <10 <10
Benzo (b) fluoranthéne <10 <10
Benzo (k) fluoranthéne <10 <10
Benzo (a) pyréne <10 <10
Indeno (1,2,3-cd) pyréne <10 <10
5.1.4-Résidus de PCB
) gl Date MAGMA International — Sédiments marins
Essai (s) Unité &' exécution
MBH 1 (0-3m) MBH 2 (0-3m)

PCB 28 <3 <3

PCB 31 <3 <3

PCB 52 <3 <3

PCB 101 <3 <3

PCB 118 nug/kgMs | 13/03/19 = 3

PCB 138 <3 <3

PCB 153 <3 <3

PCB 180 <3 <3

ﬂé.' ZA\ANI
| 18 NS 799
Tunis, le

NB : Ce rapport d’essai ne cqp y me que Ie(s) objet(s) soumis a I’essai, il contient 3 page(s) et 0 annexe(s).
La reproduction de ce rapport autorisée que sous sa forme intégrale et aprés approbation de GreenLab.
L'accréditation de notre labbratoire par le TUNAC suivant la norme ISO/CEI 17025 : 2005 et acquise sous le N° : 1-0066, atteste desa compétence

technique pour les prestations couvertes par I’accréditation. Celles-ci sont identifiées au sein de ce document par le symbole (*).
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g.\ eurofins EUROFINS ANALYSES POUR L'ENVIRONNEMENT
FRANCE SAS

MAGMA INTERNATIONAL
Monsieur KHALIFA
7, Rue Rachid Ayachi
2001 TUNIS
TUNISIE

RAPPORT D'ANALYSE

Dossier N° : 19E014726 Version du : 25/02/2019
N° de rapport d'analyse : AR-19-LK-028011-01 Date de réception : 08/02/2019
Référence Dossier :

Coordinateur de projet client : Andréa Golfier / AndreaGolfier@eurofins.com / +33 3 88 02 33 86

N° Ech Matrice Référence échantillon

001 Sédiments (SED) ST7

002 Sédiments (SED) ST6c

003 Sédiments (SED) ST2c

004 Sédiments (SED) ST10c

005 Sédiments (SED) ST4c

006 Sédiments (SED) ST8c

007 Sédiments (SED) ST9c

008 Sédiments (SED) ST3c

009 Sédiments (SED) ST5¢

010 Sédiments (SED) ST1c

o1 Sédiments (SED) ST13c

012 Sédiments (SED) ST11

013 Sédiments (SED) ST12

014 Sédiments (SED) ST14

cofrac

Eurofins Analyses pour I'Environnement - Site de Saverne ACCREDITATION
5, rue d'Otterswiller - 67700 Saverne N° 1- 1488
Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env Site de saverne
SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971 Portée disponible sur

www.cofrac.fr ESSAIS
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EUROFINS ANALYSES POUR L'ENVIRONNEMENT

RAPPORT D'ANALYSE

Dossier N° : 19E014726
N° de rapport d'analyse : AR-19-LK-028011-01
Référence Dossier :

N° Echantillon 001
Référence client : ST7
Matrice : SED

Date de prélevement :
Date de début d'analyse :

12/02/2019

Version du : 25/02/2019
Date de réception : 08/02/2019

002 003 004 005

STéc ST2c ST10c ST4c

SED SED SED SED
12/02/2019  12/02/2019  12/02/2019  12/02/2019

Préparation Physico-Chimique

XXS06 : Séchage a 40°C * = - * - * - * - *
XXS07 : Refus Pondéral 4 2 mm % P.B. * 3.31 7.59 * 241 * 14.6 * 11.9 *
Organoétains
LS2GL : Tributylétain cation-Sn Mglkg M.S.  * <25 <25 * <25 * <25 & <25 *
(TBT)
Eurofins Analyses pour I'Environnement - Site de Saverne ACCREDITATION
5, rue d'Otterswiller - 67700 Saverne N° 1- 1488

Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env
SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971

Site de saverne
Portée disponible sur
www. cofrac.fr

006
ST8c
SED

12/02/2019

<25

cofrac

ESSAIS
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EUROFINS ANALYSES POUR L'ENVIRONNEMENT

RAPPORT D'ANALYSE

Version du : 25/02/2019
Date de réception : 08/02/2019

Dossier N° : 19E014726
N° de rapport d'analyse : AR-19-LK-028011-01
Référence Dossier :

N° Echantillon 007 008 009 010
Référence client : ST9c ST3c ST5¢c ST1c
Matrice : SED SED SED SED

Date de prélevement :

Date de début d'analyse : 12/02/2019  12/02/2019  12/02/2019  12/02/2019
Préparation Physico-Chimique
XXS06 : Séchage a 40°C * = * - * - *
XXs07 : Refus Pondéral a 2 mm % P.B. * 8.29 * 5.22 * 2.96 * 1.76
Organoétains
LS2GL : Tributylétain cation-Sn Mglkg M.S.  * <25 * <25 * <25 * <25

(TBT)

Eurofins Analyses pour I'Environnement - Site de Saverne

5, rue d'Otterswiller - 67700 Saverne

Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env
SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971

011 012
ST13c ST11
SED SED
12/02/2019 15/02/2019
* 5.28 * 5.68
i3 <25 * <25
cofrac
ACCREDITATION
N° 1- 1488

Site de saverne
Portée disponible sur
www. cofrac.fr

ESSAIS
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g.\ eurofins EUROFINS ANALYSES POUR L'ENVIRONNEMENT
FRANCE SAS

RAPPORT D'ANALYSE

Dossier N° : 19E014726 Version du : 25/02/2019

N° de rapport d'analyse : AR-19-LK-028011-01 Date de réception : 08/02/2019
Référence Dossier :

N° Echantillon 013 014

Référence client : ST12 ST14

Matrice : SED SED

Date de prélevement :

Date de début d'analyse : 15/02/2019  15/02/2019

Préparation Physico-Chimique

XXS06 : Séchage a 40°C * = * -

XXS07 : Refus Pondéral @ 2 mm % PB. * 7.66 * 5.84
Organoétains

LS2GL : Tributylétain cation-Sn Mglkg M.S.  * <25 * <25

(TBT)

D : détecté / ND : non détecté

La reproduction de ce document n'est autorisée que sous sa forme intégrale. Il comporte 6 page(s). Le présent rapport ne concermne que les objets soumis a l'essai.

*

Seules certaines prestations rapportées dans ce document sont couvertes par I'accréditation. Elles sont identifiées par le symbole

L'information relative au seuil de détection d'un paramétre n'est pas couverte par l'accréditation Cofrac.

Les résultats précédés du signe < correspondent aux limites de quantification, elles sont la responsabilité du laboratoire et fonction de la matrice.

Tous les éléments de tragabilité sont disponibles sur demande.
Pour les résultats issus d'une sous-traitance, les rapports émis par des laboratoires accrédités sont disponibles sur demande.

Laboratoire agréé par le ministre chargé de I'environnement - se reporter a la liste des laboratoires sur le site internet de gestion des agréments du ministére chargé de
I'environnement : http://www.labeau.ecologie.gouv.fr

Laboratoire agréé pour la réalisation des prélévements et des analyses terrains et/ou des analyses des paramétres du contréle sanitaire des eaux — portée détaillée de
'agrément disponible sur demande.

Laboratoire agréé par le ministre chargé des installations classées conformément a l'arrété du 11 Mars 2010. Mention des types d'analyses pour lesquels I'agrément a été
délivré sur : www.eurofins.fr ou disponible sur demande.

Gilles Lacroix
Coordinateur Projets Clients
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Annexe technique

Dossier N° : 19E014726 N° de rapport d'analyse :AR-19-LK-028011-01
Emetteur : Commande EOL :
Nom projet : Référence commande :
Sédiments
Code Analyse Principe et référence de la méthode Lal Unité Prestation réalisée sur le site
de :
LS2GL  Tributylétain cation-Sn (TBT) GC/MS/MS [Dérivation, extraction Solide/Liquide] - 25 Hg Sn/kg M.S. Eurofins Analyse pour I'Environnement
XP T 90-250 France
XXS06 Séchage a 40°C Séchage [Le laboratoire travaillera sur la fraction <a

2mm de I'échantillon sauf demande explicite du
client] - NF ISO 11464 - NF EN 16179 (sol)
XXS07 Refus Pondéral a 2 mm Tamisage [Le laboratoire travaillera sur la fraction 1 % P.B.
<a 2mm de I'échantillon sauf demande explicite du
client] - NF ISO 11464 - NF EN 16179 (sol)

Eurofins Analyses pour I'Environnement - Site de Saverne

5, rue d'Otterswiller - 67700 Saverne

Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env
SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971
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EUROFINS ANALYSES POUR L'ENVIRONNEMENT

FRANCE SAS

Annexe de tracabilité des échantillons
Cette tracabilité recense les flaconnages des échantillons scannés dans EOL sur le terrain avant envoi au laboratoire

Dossier N° : 19E014726

N° de rapport d'analyse : AR-19-LK-028011-01

Emetteur : Commande EOL :
Nom projet : Référence commande :
Sédiments

Référence Eurofins

Référence Client

Date&Heure Prélévement Code-barre Nom flacon

19E014726-001
19E014726-002
19E014726-003
19E014726-004
19E014726-005
19E014726-006
19E014726-007
19E014726-008
19E014726-009
19E014726-010
19E014726-011

19E014726-012
19E014726-013
19E014726-014

ST7
STéc
ST2¢
ST10c
ST4c
ST8c
ST9c
ST3c
ST5¢
ST1c
ST13c
ST
ST12
ST14

Eurofins Analyses pour I'Environnement - Site de Saverne

5, rue d'Otterswiller - 67700 Saverne
Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env
SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971
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o5 eurofins EUROFINS ANALYSES POUR L'ENVIRONNEMENT
FRANCE SAS

MAGMA INTERNATIONAL
Monsieur KHALIFA
7, Rue Rachid Ayachi
2001 TUNIS
TUNISIE

RAPPORT D'ANALYSE

Dossier N° : 19E029739 Version du : 22/03/2019
N° de rapport d'analyse : AR-19-LK-044073-01 Date de réception : 14/03/2019
Référence Dossier :

Coordinateur de projet client : Andréa Golfier / AndreaGolfier@eurofins.com / +33 3 88 02 33 86

N° Ech Matrice Référence échantillon

001 Sédiments (SED) MBH01 0-3

002 Sédiments (SED) MBHO02 0-3

003 Sédiments (SED) MBHO02 2-3

004 Sédiments (SED) MBHO1 1-2

005 Sédiments (SED) MBHO02 0-1

006 Sédiments (SED) MBHO02 1-2

007 Sédiments (SED) MBHO01 2-3

008 Sédiments (SED) MBHO01 0-1

cofrac

Eurofins Analyses pour I'Environnement - Site de Saverne ACCREDITATION
5, rue d'Otterswiller - 67700 Saverne N° 1- 1488
Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env Site de saverne
SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971 Portée disponible sur

www.cofrac.fr ESSAIS
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o:\ eurofins EUROFINS ANALYSES POUR L'ENVIRONNEMENT
FRANCE SAS

RAPPORT D'ANALYSE

Dossier N° : 19E029739 Version du : 22/03/2019

N° de rapport d'analyse : AR-19-LK-044073-01 Date de réception : 14/03/2019

Référence Dossier :

N° Echantillon 001 002 003 004 005 006

Référence client : MBHO01 0-3 MBH020-3 MBH022-3 MBHO011-2 MBH020-1 MBHO021-2

Matrice : SED SED SED SED SED SED

Date de prélévement :

Date de début d'analyse : 14/03/2019  14/03/2019  14/03/2019  14/03/2019  14/03/2019  14/03/2019
Administratif

LSOIR : Mise en réserve de
I'échantillon (en option)

Préparation Physico-Chimique
XXS06 : Séchage a 40°C * = * - * - * - * - *
XXS07 : Refus Pondéral 8 2 mm % P.B. * 19.4 * 7.48

Mesures physiques

LSO08F : Granulométrie laser a pas variable (0 a 2
000 pm) - Tranches : 2/20/63 /200 /2000 pm

Pourcentage cumulé 0.02um a 2um % * cf détails ci-joint
Pourcentage cumulé 0.02um a 20pym % * cf détails ci-joint
Pourcentage cumulé 0.02um a 63um % * cf détails ci-joint
Pourcentage cumulé 0.02um a 200um % * cf détails ci-joint
Pourcentage cumulé 0.02um a 2000um % * cf détails ci-joint
Organoétains
LS2GL : Tributylétain cation-Sn Hg/kgM.S. * <2.5
(TBT)
Eurofins Analyses pour I'Environnement - Site de Saverne ACCREDITATION
5, rue d'Otterswiller - 67700 Saverne N° 1- 1488
Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env Site de saverne
SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971 Portée disponible sur
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Page 3/5

<& eurofins EUROFINS ANALYSES POUR L'ENVIRONNEMENT
FRANCE SAS

RAPPORT D'ANALYSE

Dossier N° : 19E029739 Version du : 22/03/2019
N° de rapport d'analyse : AR-19-LK-044073-01 Date de réception : 14/03/2019
Référence Dossier :
N° Echantillon 007 008
Référence client : MBHO01 2-3 MBHO01 0-1
Matrice : SED SED
Date de prélévement :
Date de début d'analyse : 14/03/2019  14/03/2019
Administratif

LSOIR : Mise en réserve de
I'échantillon (en option)

Préparation Physico-Chimique

XXS06 : Séchage a 40°C * = * -
D : détecté / ND : non détecté

La reproduction de ce document n'est autorisée que sous sa forme intégrale. Il comporte 5 page(s). Le présent rapport ne concerne que les objets soumis a I'essai.

*

Seules certaines prestations rapportées dans ce document sont couvertes par I'accréditation. Elles sont identifiées par le symbole

L'information relative au seuil de détection d'un paramétre n'est pas couverte par l'accréditation Cofrac.

Les résultats précédés du signe < correspondent aux limites de quantification, elles sont la responsabilité du laboratoire et fonction de la matrice.

Tous les éléments de tragabilité sont disponibles sur demande.

Pour les résultats issus d'une sous-traitance, les rapports émis par des laboratoires accrédités sont disponibles sur demande.

Laboratoire agréé par le ministre chargé de I'environnement - se reporter a la liste des laboratoires sur le site internet de gestion des agréments du ministére chargé de
I'environnement : http://www.labeau.ecologie.gouv.fr

Laboratoire agréé pour la réalisation des prélévements et des analyses terrains et/ou des analyses des paramétres du contréle sanitaire des eaux — portée détaillée de
I'agrément disponible sur demande.

Laboratoire agréé par le ministre chargé des installations classées conformément a l'arrété du 11 Mars 2010. Mention des types d'analyses pour lesquels I'agrément a été
délivré sur : www.eurofins.fr ou disponible sur demande.

F; |

e, gt

-

Anne-Charlotte Soulé De Lafont
Coordinateur Projets Clients
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EUROFINS ANALYSES POUR L'ENVIRONNEMENT

Annexe technique

Dossier N° : 19E029739

N° de rapport d'analyse :AR-19-LK-044073-01

Emetteur : Commande EOL :
Nom projet : Référence commande :
Sédiments
Code Analyse Principe et référence de la méthode LaQl Unité Prestation réalisée sur le site
de :
LS08F Granulométrie laser a pas variable (0 a 2 000 pym) - Spectroscopie (Diffraction laser) - Méthode interne Eurofins Analyse pour I'Environnement
Tranches : 2/20/63 /200 /2000 pm France
Pourcentage cumulé 0.02um & 2um %
Pourcentage cumulé 0.02um a 20pm %
Pourcentage cumulé 0.02um a 63um %
Pourcentage cumulé 0.02um & 200pm %
Pourcentage cumulé 0.02um & 2000pum %
LSOIR Mise en réserve de |'échantillon (en option)
LS2GL Tributylétain cation-Sn (TBT) GC/MS/MS [Dérivation, extraction Solide/Liquide] - 25 Hg Sn/kg M.S.
XP T 90-250
XXS06 Séchage a 40°C Séchage [Le laboratoire travaillera sur la fraction <a
2mm de I'échantillon sauf demande explicite du
client] - NF ISO 11464 - NF EN 16179 (sol)
XXS07 Refus Pondéral @ 2 mm Tamisage [Le laboratoire travaillera sur la fraction 1 % P.B.

<a 2mm de I'échantillon sauf demande explicite du
client] - NF ISO 11464 - NF EN 16179 (sol)

Eurofins Analyses pour I'Environnement - Site de Saverne
5, rue d'Otterswiller - 67700 Saverne
Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env

SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971
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& eurofins EUROFINS ANALYSES POUR L'ENVIRONNEMENT
FRANCE SAS

Annexe de tracabilité des échantillons
Cette tracgabilité recense les flaconnages des échantillons scannés dans EOL sur le terrain avant envoi au laboratoire

Dossier N° : 19E029739 N° de rapport d'analyse : AR-19-LK-044073-01
Emetteur : Commande EOL :

Nom projet : Référence commande :

Sédiments

Référence Eurofins Référence Client Date&Heure Prélévement Code-barre Nom flacon
19E029739-001 MBHO01 0-3

19E029739-002 MBH02 0-3

19E029739-003 MBHO2 2-3

19E029739-004 MBHO01 1-2

19E029739-005 MBHO02 0-1

19E029739-006 MBH02 1-2

19E029739-007 MBHO01 2-3

19E029739-008 MBHO01 0-1

Eurofins Analyses pour I'Environnement - Site de Saverne

5, rue d'Otterswiller - 67700 Saverne

Tél 03 88 911 911 - fax 03 88 916 531 - site web : www.eurofins.fr/env
SAS au capital de 1 632 800 € - APE 7120B - RCS SAVERNE 422 998 971
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LSO8F : Granulométrie laser a pas variable
prestation réalisée sur le site de SAVERNE

NF EN ISO/IEC 17025:2005 COFRAC 1-1488

Pagel sur 1

Annexe au rapport d'analyse

Référence de I'échantillon (Matrice) :

19e029739-002 (SED) - Average

Date de l'analyse :
mardi 19 mars 2019 17:18:45

Méthode interne T-PS-W022915 Opérateur: Résultat de la source :
fib4 Moyenne de 2 mesures
Données statistique
Surface spécifique : Moyenne : Médiane : Variance : Ecart type : Rapport moyenne/mediane : Mode :
0.0881 m?3/g 268.313 MM 255344 pm 15592.271 Hm? 124.869  pm 1.05 pm 272.973 pm

Pourcentages cumulés :
Percentage between 0.02 um and 2.00 um : 0.75%
Percentage between 0.02 um and 20.00 pm : 2.94%
Percentage between 0.02 um and 63.00 pm : 4.78%
Percentage between 0.02 um and 200.00 pm : 30.97%
Percentage between 0.02 pm and 2000.00 pm : 100.00%

Pourcentages relatifs :
Percentage between 0.02 um and 2.00 um : 0.75%

Percentage between 2.00 pm and 20.00 um : 2.19%
Percentage between 20.00 um and 50.00 um : 1.63%
Percentage between 50.00 um and 200.00 pm : 26.40%
Percentage between 20.00 um and 63.00 um : 1
Percentage between 63.00 pum and 200.00 pm : 2¢
Percentage between 200.00 pm and 2000.00 pm : 69.03%

Parficle Size Distribution Particle Si
100
Q < 4
> 10 > 80 /
N N
g g 60 /
5 ° 3 /
8.01 0.1 1 10 100 1000 8.01 0.1 1 10 100 1000
L Particle Size (pm) Particle Size (pm)
. 19e029739-002 (SED) - Average mardi 19 mars 2019 17:18:45
Size (um) | Volume In % Size (um) | Volume In % Size (um) | Volume In % Size (um) | Volume In % Size (um) | Volume In % Size (um) [ Volume In %
0.020 8.000 30.000 150.000 500.000 1500.000
0.17 0.25 0.61 15.89 411 0.00
1.000 10.000 40.000 200.000 600.000 2000.000
0.58 0.40 0.41 17.27 051
2.000 15.000 50.000 250.000 800.000
0.16 0.06 021 15.32 0.00
2.500 16.000 63.000 300.000 900.000
0.37 0.22 1.19 21.24 0.00
4.000 20.000 100.000 400.000 1000.000
072 0.61 9.11 1059 0.00
8.000 30.000 150.000 500.000 1500.000
Size (um) | Vol Under % Size (um) | Vol Under % Size (um) | Vol Under % Size (um) | Vol Under % Size (um) | Vol Under % Size (um) | Vol Under %
0.020 0.00 8.000 2.00 30.000 355 150.000 15.08 500.000 95.38 1500.000 100.00
1.000 0.17 10.000 225 40.000 4.16 200.000 30.97 600.000 99.49 2000.000 100.00
2.000 0.75 15.000 265 50.000 457 250.000 48.23 800.000 100.00
2.500 0.91 16.000 271 63.000 478 300.000 63.56 900.000 100.00
4.000 128 20.000 2.94 100.000 5.97 400.000 84.80 1000.000 100.00
Parameétre d'analyse
Type diinstrument : Malvern Mastersizer 2000 Durée d'analyse : 2X 30 secondes
Gamme de mesure : Préparateur Hydro MU Indice de réfraction : 1.33
0.020 um a 2000 pm
Liquide : Water 800 mL
Logiciel : Malvern Application 5.60
Obscuration : 591 %
Modele optique : Fraunhofer
Vitesse de la pompe : 3000 rpm - L'alignement du laser est effectué avant chaque mesure

La Reproduction de ce document n'est autorisée que sous sa forme intégrale, en complément du rapport d'analyse auquel il est annexé. Il comporte 1 page. Le présent rapport ne concerne que les objets soumis a

l'essai.

Seules certaines prestations rapportées dans ce document sont couvertes par I'accréditation. Elles sont identifiées par le symbole *

EUROFINS Analyses pour I'Environnement France - Site de Saverne
5, rue d'Otterswiller 67700 SAVERNE -
Telephone 03 88 911 911 - Fax : 03 88 91 65 31 - Site Web : www.eurofins.fr/lenv
SAS au capital de 1 632 800 € - APE 7120B - RCS Saverne 422 998 971

Malvern Instruments Ltd.
Malvern, UK
Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.60
Serial Number : MAL1064835

File name: 1203

Record Number: 213
19/03/2019 17:43:13
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H m g m NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA
WWW.MAGMA-GROUPE.COM ESIA — Marine survey- Benthic Fauna

1. Introduction

Contexte

ARISE envisage de construire et d’exploiter un nouveau terminal pour conteneurs et hydrocarbures dans le
port de Nouakchott, en Mauritanie. Une compréhension détaillée de I'environnement et des conditions
sociales de base (ou existantes) est nécessaire pour prévoir le changement et les impacts qui seront
causés par le projet proposé. De larges volumes de matériaux provenant du bassin portuaire et du chenal
doivent étre excaveés, transportés et déposés en toute sécurité. Un nombre de sites de stockage potentiels
adjacents situés a proximité des installations du PANPA ont été identifiés pour ce matériau. Cette opération
de dragage et la mise en place de matériaux de dragage peuvent affecter la faune benthique par le biais
des mécanismes suivants : (1) il entrainera une perte directe de la faune dans I'empreinte du dragage ; (2)
la mise en place de matériaux de dragage entrainera I'étouffement de la plupart de la flore et de la faune
benthiques au sein de la zone de dépdt des sédiments.

L'objectif général de cette étude est de caractériser les patterns spatiaux des assemblages de la faune
benthique du PANPA, afin de mettre au point un I'élaboration d’'un programme de surveillance de
I'environnement récepteur permettant d’évaluer les impacts du dragage et du dépdt de matériaux de
dragage.

Les objectifs spécifiques de cette zone d’étude sont les suivants: (1) caractériser la structure de la
communauté de la faune benthique (abondance, richesse spécifique, diversité et similitude) dans les zones
d’excavation et réceptrice des rebus du dragage et (2)fournir des recommandations concernant la
conception et la mise en ceuvre de ce programme de développement, y compris la réplication spatiale (site
et échantillon) et temporelle, et les principales considérations concernant les influences environnementales
confondantes.

La mission consiste a réaliser les activités suivantes : (1) Préparer et réaliser la campagne
d’échantillonnage (eau, sédiment, paramétres physicochimiques in situ ; (2) Analyser les échantillons d’eau
et de sédiments prélevés en mer et (3) Elaborer un rapport de situation par rapport a I'état de référence et
les études des suivis précédents.

—_

) Location d’un navire

) Expertise pour Echantillonnage et mesure des paramétres physico-chimiques
) Analyse de la Granulométrie et description macroscopique des sédiments
)
)

B w N

Analyse biologique (Benthos)
Rédaction du Rapport final.
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2. Moyens et Méthodologie de travail

2.1. Moyen nautique et humain

Lors des opérations de prélévements nous avons utilisé deux navires de la Capitainerie du Port Autonome
(Pilotine et remorqueur). Les prélévements d’eau de mer et de sédiments sont faits manuellement, les
navires ne disposaient pas d’équipements de treuils permettant la mise en ceuvre de bennes et de la
bouteille a renversement. Nous avons utilisé un GPS portable pour le positionnement des stations.

Photo 1Le navire utilisé pour les prélévements et I'équipe a bord qui conduit les travaux

2.2. Matériels utilisés a bord

1 benne Van veen de 225 cm?

2 sondes une multiparamétres (T°C, Turbidité, Oxygéne dissout) et une autre uniqguement pour le pH
permettant la mesure des différents paramétres physico-chimiques.

Des flacons pour les échantillons

Des sachets en plastiques

Des fiches de collectes

Un tamis 1 mm (pour benthos)

Deux glaciéres et des caisses isothermes remplies de glace

-------------------------------------------------------------------------------------------------------------------------------
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Photo 2 Matériel de prélevements de sédiments et d’eau de mer utilisé a bord

2.3. Localisation des stations de prélévements

Le nombre de stations d’étude est fixé a 14 a la suite d’'une réunion tenue dans les locaux du MAGMA/IRC.
Cette réunion a permis de rediscuter des positions des stations et leur distribution dans les sites
d’excavations, les sites témoins et ceux dans lesquels les dépbts sédimentaires seront effectués. Le
nombre de stations par site est reparti de la sorte : (1) le bassin eux stations (ST01 et ST02), sites témoins
trois stations (en aval et en amont du chenal ST04 et STO7). Trois (3) stations sont positionnées le long du
chenal de navigation en eau profonde et en eau peu profonde afin de couvrir le maximum de superficie
pouvant étre affectée par les activités excavations. Trois zones de dépdts de rebus de sédiments sont
localisées au sud-est du port, dans chacune des zones deux (2) stations d'échantillonnage sont
positionnées pour avoir une bonne dispersion des stations dans ces sites. Une derniere station témoin
(ST14) est positionnée a I'extréme sud de la zone C, la localisation des stations et les sites sont illustrés a
la figure 1.

g g g g g g g g g
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Figure 1 Localisation des sites et des stations d’échantillonnage
3. Echantillonnage

3.1. Sédiment-Benthos

L’échantillonnage des sédiments et du benthos a été réalisé a I'aide d’'une benne de type Van veen de
0,0225 m? de surface. Cette benne est bien adaptée et fait remonter de petits volumes (environ1.5 kg) et

------------------------------------------------------------------------------------------------------------------------------
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dans les rares cas ou elle fait défaut d’'autres essais sont effectués. Au moins six prélévements de
sédiments sont réalisés dans une station, une fois le sédiment a bord, nous procédons d’abord a
I'échantillonnage pour la chimie, puis la granulométrie et le reste servira pour I'étude du benthos. Le
sediment du benthos est ainsi tamisé a travers 'un tamis de 1 mm de diamétre. Le refus est conservé dans
au frais dans des flacons en plastique de 100 ml de volume avec toutes les indications sur la station.

Les flacons de plastique fournis par le laboratoire ont été remplis a ras bord pour limiter la présence d’air.
Afin d’éviter toute contamination croisée, la benne était soigneusement lavée entre chaque station.

Les échantillons de la granulométrie sont conservés dans des sachets numérotés correspondant aux
stations.

3.2. Eau de surface

Les échantillons d’eau de mer ont été réalisés a trois niveau de profondeurs (surface, mi- profondeur et
prés du fond) in situ aprés récupération avec une bouteille a renversement. Les mesures des paramétres
environnementaux ont été effectuées a I'aide d’'un appareil multifonction (T°, Sal, 02, TDS, Cond. Etc.) et
un autre pour le pH. Ces mesures sont réalisées en deux (2) prises a mi- profondeur, la premiére pour les
analyses in situ et la deuxiéme pour des analyses chimiques a réaliser aux laboratoires (en Tunisie, Green
Lab).

3.3. Analyses fauniques

Au laboratoire, les 42 échantillons ont été triés du sédiment restant et les animaux contenus, ont été
observés au moyen d'un stéréo-microscope (KRUSS: MSZ5000-T-IL-TL) avec un grossissement de 7-45X.
Tous les organismes marins ont été retirés de tous les échantillons et ont ensuite été déterminés. Les
organismes récoltés dans les échantillons ont été identifiés au niveau de la classe, de l'ordre ou du sous-
ordre pour la plupart des organismes. Les annélides ont été identifiés pour la plupart jusqu’au niveau
générique ou spécifique lorsque la documentation disponible le permet, dans le cas contraire l'identification
sarréte a la famille. Plusieurs sources bibliographiques et Internet ont été utilisées pour identifier les
individus dans le but de déterminer I'organisme observé au niveau taxonomique le plus bas possible
Biodiversité de la faune benthique en générale (Campbell et al., (1979 ; Bos et al., 1998; Hayward &
Ryland 2017 ; Ardovini & Cossignani, 2004 ; Fauvel, 1923, 1927) , des annélides polychétes (Fauvel &
Rullier 1957, 1959; Intes & Le Loeuff, 1975, 1977; Bellan, 1960) et les mollusques (Pasteur-Humbert,
1962; Gonzalez Pérez, 1995; Falciai, 1996; Hernandez & Rolén, 2011). La nomenclature a été vérifiée et
uniformisée a partir du registre mondial des espéces marines (WoRMS), I'encyclopédie de la vie (EOL),
Systeme d'information taxonomique intégré (ITIS) et le catalogue de la vie (Catalogueofiife).

Les spécimens identifiés ont d’abord été comptés puis pesés avec une balance de précision (Sartorius
analytic, AC 120 S, max 202 g et d 0.0001g) pour détecter le nombre d'individus, la masse humide et
seche individuelle de chaque espece observée dans les prélévements. En outre, des photos des espéces
les plus représentatives et celles qui nécessitent une identification ont été prises. Pour cela, un stéréo-
microscope avec une caméra connectée (VOPC93, Video-Okular fiir PC) a été utilisé.

------------------------------------------------------------------------------------------------------------------------------

o i Caractérisation de la faune benthique Report ! !
MAGMA Laborato Feb 2019  Page 5/31
v DC02019A197-02-00 ! g !




H m g m NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA
WWW.MAGMA-GROUPE.COM ESIA — Marine survey- Benthic Fauna

4. Analyses des données

Toutes les informations enregistrées sur le nombre de taxons et leur poids humide et sec ont été saisies
dans une feuille MS Excel qui a été utilisée pour les analyses statistiques. Les données collectées ont été
standardisées en abondance (individus / m?) et la biomasse (poids humide ou sec / m?) des communautés
ont été calculées par station comme étant la moyenne des sommes du poids et du nombre de tous les
individus.

4.1. La diversité spécifique

Il a été procédé au calcul des descripteurs biologiques des communautés benthiques de la zone d’étude (la
richesse, la diversité et I'équitabilité). La diversité spécifique a été mathématiquement caractérisée par :

(a) la richesse spécifique (S) :

(b) l'indice de diversité de Shannon-Weaver (H') :

Shannon et Weaver (Shannon & Weaver, 1949) H =-Y5_p;log.p
(c) lindice de diversité de Simpson (Simpson, 1949) 1-2=1-(%i_p?)
(d) l'indices d’équitabilité de Pielou (J') ont été calculé comme suit :
. . g _ H o
Pielou (Pielou 1975) S =0 =g

ou S = nombre total d’espéces dans une station, p; = abondance relative de iemeespéce.

Pour les estimations de la richesse spécifique, de l'indice de diversité de Shannon, de lindice de diversité
de Simpson et de I'équitabilité de Pielou, les différences de ces indices de diversité entre les stations ont
été comparées a I'aide d’'une ANOVA et de tests post hoc de Tukey HSD.

4.2. Les analyses multivariées

La structure de la communauté benthique a été calculée a partir de la matrice de similarité de Bray-Curtis,
les densités ont été transformées en utilisant la transformation de la racine carrée pour égaliser le poids de
toutes les espéces présentes dans I'analyse et de réduire I'effet des espéces dominantes (Clarke 1993 ;
Clarke & Warwick, 2001). Des analyses de similarités (ANOSIM, Clarke 1993) ont été utilisées pour tester
d’éventuelles différences dans la structure de la communauté benthique entre les types d’habitats. En plus,
I'analyse de la variance semi-paramétrique permutationnelle (PERMANOVA ; Warwick & Clarke, 1995
Anderson & Robinson, 2003 ; Anderson et al., 2008) a été utilisée pour tester I'effet des stations
d’échantillonnage sur la composition faunistique de la communauté benthique.

Deux analyses multivariées de la communauté benthique ont été réalisées sur les mémes données
normalisées pour comparer la structure de la communauté entre les stations. La premiére, une analyse de
classification ascendante hiérarchique (CAH), utilisant le coefficient de similarité de Bray-Curtis (Bray &
Curtis, 1957). La CAH basée sur la distance moyenne non pondérée (UPGMA : Ludwig & Reynolds, 1988 ;
Romesburg, 1990) calculée sur I'abondance a été appliqué pour lier les échantillons dans de groupes de
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communautés benthiques. La seconde, une approche d’ordination multidimensionnelle non métrique
(MDS) utilisant également I'indice de Bray Curtis, a été effectuée.

Une analyse SIMPER (Clarke 1993) a été réalisée (avec un seuil de 90%) sur les données transformées
afin de déterminer quelles especes étaient les plus responsables de la dissimilarité dans la structure de la
communauté benthique entre les types d’habitats.

5. Analyses de I'imagerie des habitats et de I'épifaune benthique

Deux plongeurs ont effectué des prises photos ont été réalisée a chaque stations et pour celles impaires
(STO1, STO03, STO5, STO7, STO9, ST11 et ST13) des enregistrements vidéos ont été réalisés. Des profils
verticaux de sédiments aux stations d'échantillonnage ont été utilisés pour obtenir des images des habitats
du fond et les organismes présents. Jusqu'a 6 déploiements ont été effectués a chaque station, sur un
linéaire de 200 m. Les principaux paramétres évalués étaient la nature sédimentaire du fond, les types
d’habitats et a présence d’organismes marins (toute faune visible, signes de remaniement du sédiment ou
de bioturbation).

------------------------------------------------------------------------------------------------------------------------------
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6. Résultats

6.1 Benthos

6.1.1 Estimations de la densité et de la biomasse des communautés benthiques

Au cours de cette campagne d'échantillonnage dans le port autonome de Nouakchott, la densité de la
faune dans tous les stations de prélévements était de 19111 individus par m2, pour une biomasse totale de
2754 g par m2. Les individus des taxons collectés sont répartis en 86 espéces différentes comprenant 62
familles, 34 ordres, 11 classes et 7 phylums (Annexe 1).La plus forte densité d'organismes benthiques
(5200 indiv. x m-2) et la biomasse la plus élevée (836 g x m=2) ont été observées dans les stations
réparties dans le chenal. Les valeurs de celles-Ci dans les autres sites de prélevements étaient les
suivantes :4578 indiv. x m-2 et 297 g x m2 dans la zone C ;2667 indiv. x m-2et 5659 x m-2 dans la zone B
;1911 indiv. x m-2 et442 g x m-2 a 'aval du chenal ;1822 indiv. x m=2 et 144 g x m-2 dans le bassin ; 1511
indiv. x m=2 et 212 g x m=2 dans la zone A et 1422 indiv. x m-2 et 258 g x m-2 en amont du chenal (tableau
1 et figure 2A-B).

L’analyse des coefficients de corrélation de Spearman entre la densité de la faune benthique du port et les
sites de prélevements révéle une faible dépendance entre ces variables entre le bassin, le chenal, 'aval,
les zones B et C (r négatif et compris entre -0.23 et -0.04), mais aucune dépendance de ce type n'a été
constatée. La densité est positivement corrélée aux sites sensés recueillir les rebus de dragage, les
coefficients de corrélation sont compris entre 0.60 et 0.99, (tableau 1).

Tableau 1 densité, de biomasse et coefficients de corrélation de Spearman entre les sites étudiés

Bassin | Amont | Chenal | Aval | Zone A | Zone B | Zone C

Densite de la findiv.xm-2] | 1822 | 1422 | 5200 | 1911 | 1511 | 2667 | 4578
faune benthique
du Port Autonome | Bassin 1
de Nouakchott en
individus x m2 Amont 0.59 1

Chenal -0.20 0.40 1

Aval -0.23 0.35 0.94 1

Zone A 0.58 0.58 0.61 0.60 1

Zone B -0.23 0.38 0.97 0.99 0.60 1

Zone C -0.04 0.39 0.86 0.89 0.62 0.86 1
Biomasse dela | 1 x m- 2] 144 258 836 | 442 | 212 565 297
faune benthique
du Port Autonome | Bassin 1
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de Nouakchotten | Amont 0.50 1
gxm-2
Chenal 0.68 0.69 1
Aval -0.37 0.32 0.14 1
Zone A 0.60 085 095 032 1
Zone B 075 0624] 098] -004] 0.0 1
Zone C 0.76 0.69 0.75| 028 0.80 0.70 1
m Arthropode Annélides Mollusque Sipuncula = Arthropode Annélides Mollusque Sipuncula
Echinoderme = Chordé m Algues m Echinoderme  mChordé m Algues

100% T E— T — 100%
90% - g - - - - 90% - - :
80% - - - . - : 80% - - -

70% 70%

60% 60%

50% 50%
40% 40%
30% 30%

20% 20%

Densité en m2 de la faune benthique du PAN

10% 10%

Biomasse en m2 de la faune benthique du PAN

0% - 0% -
Bassin Amont Chenal Aval Zone A ZoneB Zone C Bassin Amont Chenal Aval Zone A ZoneB Zone C

Sites de prélévements Sites de prélevements

Figure 2 Pourcentage de la densité (A) et de la biomasse (B) de la faune benthique d'invertébrés des sites
de prélévements

La densité totale, la biomasse totale et le pourcentage des individus composant les groupes taxonomiques
sont indiqués dans le tableau 2 et les figure 3A-B. Les arthropodes représentent le groupe le plus abondant
(45.35%) a raison de 8667 individus au métre carré et il est composé de 31 espéces. Le groupe
taxonomique représentant les annélides vient en seconde position en densité (30.93%), dont les siponcles
(2489 individus/m?) et le polychéte genre Nephtys (1911 individus/m2). Les autres groupes peuvent étre
classés dans l'ordre décroissant suivant la densité par : Mollusques (13.26%) avec une diversité d’une
trentaine d’espéces, puis les échinodermes (8.14%) et d’autres organismes marins (2.33%) regroupant des
chordés (ascidies et 'amphioxus) et des débris d’algues, Figure 3A.

Suivant les stations, celle de ST05 présente la plus abondante densité (20.93%) par rapport a I'ensemble
des stations échantillonnées et la station ST13 est la moins abondante en densité (1.40%).

La densité et la biomasse moyenne de la faune benthique totale étaient de 97 individus au métre carré et
13.91 g au metre carré de poids humide. Les échinodermes et les arthropodes étaient les groupes
dominant avec des densités moyennes de 141 et 108 individus au métre carré, respectivement.
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Cependant, les biomasses moyennes des mollusques et des échinodermes prédominaient avec des
valeurs de de 33.09et 10.68 g au métre carré, respectivement.

En termes de biomasse spécifique, le crustacé décapodeAnapagurussp (biomasse : 16.43%) est le plus
dominant (sa densité : 10.00%) sur 'ensemble des autres especes (en moyenne respectivement de 452.35
g/m2 et 1911 individus/m2). L’annélide polychéte (Cirratulus cirratus) est présente en faible quantité en
masse (0.001 g/m2) et en nombre (44 individus/m?).

Dans la littérature il a été plusieurs fois souligné I'importance des polychetes dans les environnements
marins benthiques. Ce groupe taxonomique est un choix représentatif dans I'analyse de la santé des
communautés benthiques, puisqu'il est généralement composé d’espéces les plus abondantes pris dans
les échantillons benthiques (Dean, 2008).

Tableau 2 Nombre total d’especes et le pourcentage des principaux groupes taxonomiques.

Groupe taxonomique Densité % numérique Biomasse % pondéral

Arthropodes 8667 13.26 829.63 51.67
Annélides 5911 45.35 332.72 30.13
Mollusques 2533 30.93 1422.78 12.08
Echinodermes 1556 8.14 117.46 4.27
Chordés 31 1.63 49.77 1.81
Algues 133 0.70 1.42 0.05
Totaux 19111 100 2754 100

Chordés

\
Algues
B ; \

\ Mollusques

52%

Algues
1%

Arthropodes
5%

Figure 3 Composition taxinomique (A) de la densité (nombre d'individus/m?) et (B) de la biomasse en
(poids humide en g/m2) dans le Port Autonome de Nouakchott.

6.1.2 Indices de diversité spécifique

La diversité des especes de la faune benthique dans les écosystémes aquatiques est liée a son
abondance. Une diversité élevée pourrait indiquer une chaine alimentaire plus large, une interaction
interspécifique et une stabilité au sein de la communauté benthique marine. Dans toutes les stations
échantillonnées au niveau du port autonome de Nouakchott, un total de 84 especes d'invertébrés
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benthiques a été dénombré. Ces especes ont été subdivisées en six principaux groupes taxonomiques
(Mollusques, Arthropodes, Annélides, Echinodermes, Chordés et Algues). Les indices de diversité calculés
au niveau des stations d’échantillonnage (richesse spécifique, les indices hétérogénes de Shannon (H') et
de Simpson, et I'équitabilité de Pielou de la faune benthique sont résumés dans le Tableau 3 et illustrés
aux figures 4A-D.

Tableau 3 Indices de la diversité spécifique calculés pour les stations considérées : la richesse spécifique ;
indice de Shannon-Wiener, indice de Simpson et I'indice d’équitabilité de Pielou.

Stations Indices de diversité
Richesse spécifique (S) | Shannon (H') Simpson (1-A) | Pielou (J))

STO1 7 2.44 0.77 0.87
ST02 3 1.19 0.47 0.75
STO03 11 2.95 0.83 0.85
ST04 10 3.15 0.87 0.95
ST05 34 4,63 0.95 0.91
ST06 6 2.04 0.66 0.79
ST07 11 2.78 0.81 0.8
STO8 12 3.27 0.86 0.91
ST09 11 3.24 0.88 0.94
ST10 12 3.17 0.86 0.88
ST 4 1.44 0.58 0.72
ST12 11 2.99 0.85 0.86
ST13 5 2.25 0.78 0.97
ST14 21 3.44 0.83 0.78

La plus grande diversité a été observée a la station ST05, la richesse spécifique s’éléve a un nombre total
de 34 espéces, la plus faible richesse (3 espéces) est observée au niveau des stations ST02 et la
moyenne est de 11 espéces (£7.95). Les polycheétes, les arthropodes et les mollusques sont présents dans
plus de dix stations et constituent les groupes les plus occurrents (figure4A et tableau 3).

L'indice de diversité de Shannon, montre de valeurs trés élevées supérieures a 3.10 au niveau des stations
ST04, ST05, ST08, ST09, ST10 et ST14 (valeurs comprises entre 3.15-4.63). La plupart de ces stations
sont profondes (>10 m), elles sont caractérisées par un sédiment de type sable moyen a fin sauf pour la
station ST14 ou le substrat est de type rocheux. Pour le reste des stations, les valeurs varient entre 2.04 et
2.99 et sont communes (ST01, ST03, ST06, STO7, ST12 et ST13). Les types sédimentaires constituant
ces stations sont du sable finet de la vase sableuse. Par contre les plus faibles valeurs de cet indice ont été
observées au niveau de deux statons (ST02 et ST11) dont la richesse spécifique est la plus
basse,(Figure4B et tableau 3).

Les valeurs les plus élevées de l'indice de diversité de Simpson ont été obtenues dans 9 stations et il varie
entre 0.81 et 0.95 (0.8611+0.041). Les faibles valeurs de l'indices ont été enregistrées dans quatre stations
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(STO1, ST02, ST06, ST11 et ST13), les richesses spécifiques et les abondances dans ces stations sont
aussi les plus basses (Figure 4C et tableau 3).

L’équitabilité de Pielou (J) n’était pas significativement différente dans les stations échantillonnées (p =
0.065). Néanmoins, les valeurs maximales ont été observées au niveau des douze stations (0.48-
0.57~0.53+ 0.063), et minimales aux stations ST02 et ST11 (0.72~0.75+ 0.021). Les valeurs de cet indice
d’équitabilité est proche de l'unité suggérant que ces stations abritent des especes équitablement
distribuée et auraient des abondances sensiblement similaires, (Figure 4D et tableau 3).

L’analyse de la variation (ANOVA) n’a pas détecté d'effets significatifs du facteur station sur la variabilité
des quatre indices de diversité pris en compte dans cette étude.
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Figure 4 Indices de diversité spécifique calculés au niveau des stations d’échantillonnages : (A) Richesse
spécifique, (B) Indice de diversité de Shannon (C)Indice de dominance de Simpson (D) et Indice
d’équitabilité de Pielou

6.1.3 Analyse multivariée de la diversité de la communauté benthique

Les résultats de I'analyse de similarité (ANOSIM) a priori basés sur la densité des espéces n'ont révélé
aucune différence significative de la communauté benthique parmi les types d’habitats au niveau de
chaque station échantillonnée (R=1 et p=1 ns). Les différences de la composition de la communauté
benthique entre les stations d’échantillonnages n’ont pas aussi été significatives (test PERMANOVA : les
comparaisons des stations, df = 13, p =1=), par contre en tenant compte des sites abritant les différentes
stations d’échantillonnage une partde la variation est observée au sein de la structure des communautés
:,, | AR v | Feb2019 Page 1231 i
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benthiques (test PERMANOVA : la variable site explique 45 % de la variance et les comparaisons des
sites, df = 6, pseudo-F=0.954 et p =0.609 ns).

En se positionnant a un niveau de similarité de 87%, le dendrogramme des similitudes entre les stations
met en évidence deux groupes de stations clairement différenciés le long de la zone d’échantillonnages
(Fig.5A). Quatre stations individuelles distinctes (ST03, ST04, ST05 et ST14) des deux premiers groupes.
Le premier groupe constitué de trois stations (ST07, ST10 et ST12) et le second groupe de sept stations,
figure 5B.

En effet, la séparation des stations selon le site n'apparait pas clairement dans nos analyses (CAH et
nMDS). Ces observations indiquent qu'aucun effet espace ne contribue au groupement de stations selon
les communautés benthiques. En d’autres termes I'assemble des communautés benthiques dans la zone
d’étude pourrait étre di a d’autres facteurs du milieu. Nous pouvons en citer entres autres la nature
sédimentaire du fond et probablement les conditions environnantes des sites.

Le coefficient de contrainte (s) de I'ordination de nMDS est de 0.1293, il indique une ordination adéquate
(le Stress < 0.2). Les espéces Dosinia lupinus, Euclymene lumbricoide et Nephtys spsontresponsables de
la structure de la communauté benthique au sein des stations, elles ont été identifiées par une analyse des
pourcentages de similarité (SIMPER) sur les données d’abondance transformées. L'analyse SIMPER a
démontré qu’en termes de pourcentage de contribution, les trois espéces ont expliqué la plupart de
similarité moyenne (21.46 %) entre les différents types sédimentaires des stations d’échantillonnages. Les
contributions moyennes de ces espéces étaient Dosinia lupinus (9.21 %), Euclymene lumbricoide(7.53 %)
et Nephtys sp(4.72 %).
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Figure 5 Dendrogramme (A) et Ordination MDS (B); les groupes obtenus a partir d’'une analyse de
classification des stations de prélévements des communautés benthiques.
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6.1.4. Interprétation des analyses photos et vidéos des habitats et de I'épifaune benthique du
PANPA

Durant cette campagne des plongées sous-marines ont été effectuées par des spécialistes pour I'obtention
des images photos et vidéos pour caractériser les types d’habitats et les 'occurrence des espéces dans
ces écosystémes. Des prises photos ont été prises dans toutes les 14 stations dans les différents sites du
PANPA et seulement la moitié pour les vidéos. Le dérushage des photos et des vidéos de la plongée
effectuée lors de cette campagne a permis de qualifier le substrat aux différentes stations (Tableau 4).

Ces informations scientifiques sont de tres bonne qualité, les observations issues de ce dérushage ont
permis aussi d'identifier des espéces présentes en collaboration avec les spécialistes du domaine dans le
laboratoire. Sur 'ensemble des images collectées aux différentes stations de prélévements, seulement la
moitié a été exploitable et I'autre moitié était floue, la visibilité était faible pour observer les habitats et les
espéces.

Le type sédimentaire le plus frequemment rencontré est du sable fin attestant de 'activité d’érosion et de
I'hydrodynamisme de la zone (Kidé & B&, 1994). Les fonds meubles sablonneux présentent de signes de
présence d’habitats de crabes (ST01, ST03, ST0S et ST07) et de débris de coquilles de bivalves, ce type
d’habitat est propice pour des organismes fouisseurs.

------------------------------------------------------------------------------------------------------------------------------
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ST04, blocs rocheux avec des éponges encroutant

STO04, Espece d’éponge du genre Phakellia sp

ST05, gastéropode de I'especes Cymbium cymbium

ST06, une colonie de corail et des éponges STO07, des brins d’algues

Photo 3 Communautés des fonds meubles, présence de massifs d’éponges et de coraux blancs vivants,
des blocs rocheux, concrétionnés ou non, formant de nombreuses cavités et identification d'un genre
d’éponge Phakellia et du mollusque gastéropode Cymbium cymbium (cercle blanc).

Dans les stations ST04, ST05, ST06, STO7 et ST11, des organismes dressés et encroutant ont été
observée sous différents états, ils sont composés d’algues, d'éponges et du corail. L'exploitation des
vidéos nous a permis d’observer des poissons en activité dans le milieu et des oursins prés des
affleurements rocheux constituant I'essentiel du fond de la ST11.

------------------------------------------------------------------------------------------------------------------------------
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ST11, poisson osseux de l'espece Chaetodipterus gorrensis
F

-

ST11, Oursin (Paracentrotus lividus) ST11, poisson osseux du genre Chaetodon

Photo 4 Prises sur la vidéo de la ST11, un fond rocheux abritant une diversité d’espéces de poissons
(Cercles en bleu) et deux individus d’oursin (cercle en blanc).

L’analyse selon I'échelle de SACFOR, montre que les éponges, les crabes et les poissons sont les
occurrentes classes d’organismes épibenthiques observés dans ces vidéos et photos, ils constituent des
communautés abondantes dans cet écosystéme. Les classes formant les coraux, les bivalves et les
échinodermes sont communes dans cet écosystéme et les algues et gastéropodes sont rares dans ces
stations, voir Tableau 4 et Photos 3 et 4.
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tableau4 Analyses photos et vidéos des habitats et I'épifaune benthique du PANPA selon I'échelle de SACFOR

Statio Types d’habitats et la nature sédimentaire Algues
ns brunes

Fond meuble Sablonneux + Habitats
ST01 |, )
d'organismes
ST02 Non exploitables, visibilité trop faible
ST03 fond meuble sablonneux + Débris de
mollusques
Fond meuble Sablonneux + roches +
Habitats d'organismes
Fond meuble Sablonneux + rochers +
ST05 [ habitats d'organismes fouisseurs
+Habitats de Bernard I'Hermite

Fond meuble Sablonneux + roches +
ST06 . " ,

organismes en crodtes et dressé
ST07 F'ond meuble Sablonneux + bruns
d'algues

Poissons

Coraux |Crabes | Echinodermes |Eponge |Bivalves |Gastéropodes
0SSeux

ST04

ST08 Non exploitables, visibilité trop faible

ST09 Non exploitables, visibilité trop faible

ST10 Non exploitables, visibilité trop faible

ST11 | Rochers + colonies d'éponges | | | | T

ST12 Non exploitables, visibilité trop faible

ST13 Non exploitables, visibilité trop faible

ST14 Non exploitables, visibilité trop faible

Abondante - Commune ok

Frégquente b Occasionnelle | **
Rare *

] ' Caractérisation de la faune benthique Report i
MAGMA Laboratory : DC02019A197-02-00 ' Feb 2019  Page 1/31 :

__________________________________________________________________________________________________________________




H m g m NOUAKCHOTT CONTAINER TERMINAL IN MAURITANIA
WWW.MAGMA-GROUPE.COM ESIA — Marine survey- Benthic Fauna

7.Conclusion

L’abondance et la diversité des espéces d’Annélides (polychétes) et la dominance des mollusques dans les
écosystémes benthiques sont connues pour étre des indicateurs d’'un milieu en bon état de
fonctionnement. Les valeurs des paramétres écologiques, la densité, la biomasse totale et les indices de
diversité, sont dans de bonnes limites d’'une communauté benthiques qui n’a pas subi trop de stress.
L’absence de variabilité de la diversité spécifique des stations échantillonnées montre que ces espéces
benthiques sont distribuées suivant d’autres facteurs du milieu, entre autres le substrat, les conditions
physico-chimique du milieu etc.
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Annexe Composition spécifique de la faune benthique du PANPA

Tableau 5 Composition taxonomique, la densité (indiv.*m-2)et la biomasse (g*m-2) de la faune benthique du PANPA.

DC02019A197-02-00

Embranchement Classe Ordre Famille Nom taxonomique E]Zn*srgi en S;O$;S‘;e

Algues Algues Algu brune** 267 2.84
Echiuroinea Echiuridae Echiurus sp 89 4.88

Eunicida Onuphidae Diopatra neopolitana 178 18.27

Nephtyidae Nephtys sp 489 30.44

Phyllodocida Nereididae Nereis sp 1422 37.64
Polynoidae Polynoe sp 178 0.71
Polychete Polychete Polychetes errante™* 44 4.71

Sabellide Oweniidae Owenia fusiformis 89 38.22

Arenicolidae Arenicola sp 89 24.31
Annélides Polychéte Dorvellidae Annélide polychéte 44 0.40
Hesionidae Annelide speculien 44 0.31
Euclymene lombricoides 44 0.93

Sedentaire Maldanidae Euclymene sp 44 13.51
Euclymene veccili 44 0.04
Oweniidae Owenia sp 89 1.33

Spionidae Annélides sédentaire™* 44 11.56

Streblospio benedicti 178 12.32
Terebellida Cirratulidae Cirratulus cirratus 44 0.00
Branchiopode | Anomopode Daphniidae Daphnia magna 133 1.92

Arthropode Crustacs Crabe™ 89 1019

[ AE= o 'L;'b'o'r;'t;y"E"'"'""'c';r;c'tééi;;a{i{n'ae"la;};;L'n;'ééﬁih}qaé'é;&}{'"'""i """" et '2;1;":,;;1' 6
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Ampeliscidae Ampelisca brevicornis 1689 13.88
Amphilochidae Amphilocus neopolitanus | 844 7.29
Aeginina longicoris 444 0.22
Caprella scaura 44 0.04
Amphipode Caprellidae Caprella sp 44 0.04
Pseudaeginella
colombiensis 31 051
Corophiide Corophiidae 89 0.09
Gammaridae Gammarus sp 44 0.44
Leucothoidae Leucothoe ubouhu 44 0.44
Cumacea Diastylidae Diastylis bradyi 1067 1.76
Crangonidae Pontophilus sp 178 3.47
diogenidae Dardanus sp 44 10.44
Malacostraca Epialtidae Pisa tetraodon 133 10.64
leucoscidae llia nucleus 44 0.49
Majidae Maja squinado 44 23.47
Munididae Munida pilorhyncha 89 1.07
Decapoda
Pagruridae Anapagurus sp 1911 452.35
Pagurus sp 755 232.86
Pilumnidae Pilumnus hirtellus 44 1.67
Pinnotheridae Pinotheridae 44 0.20
Porcellanidae Pisidia longicornis 133 46.25
Thoridae Thoralus sp 44 3.87
Euphausiacea Euphausiidae Euphausiacea 44 1.89
isopodes Sphaeromatidae Paracerceis sculpta 44 0.93
Leptostraca Nebaliidae Nebalia bipes 44 2.00
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Tanaidacea Tanaissuidae Tanaissus lillieborgi 222 1.19

Chordé Ascidiacea Phlebobranchia Ascidiidae Ascidiidae 89 44 .34
Cephalocordé | Amphioxipome Branchiostomitidae | Branchiostoma lanceolatum | 222 5.43

Ophioscolecida Ophiohelidae Ophiolepus sp 1244 76.47

, o Ophioclenella acies 222 39.68
Echinoderme ophiuroida ophiurida ophiuridae Ophiura ophiura 44 1.00
Ophiura sp 44 0.31

Cardiidae Cerastoderma edule 44 306.09

Donacidae Bivalve** 44 6.00

Cardiida Donax sp 133 21.20
Solecurtidae Solecurtus strigilatus 44 1.33

Bivalve carditidae Cardiocardita ajar 133 82.13
Lucinida Lucinidae Ctena orbiculata 44 3.13
Nuculoida Nuculidae Nucella lapillus 44 3.55

Dosinia histria 44 103.78

Veneroida Veneridae Dosinia lupinus 89 10.80
Mollusque Dosinia sp 44 0.50
Caenogastropode | Turritellidae Turritela sp 133 2.31

Naticidae Natica lineata 89 31.98

Natica fulminea 44 47.29

Litorinimorpha Barleeiidae Barleeia sp 44 48.67
Gastéropode Charoniidae Charonia lampas 44 4.22

Naticoidea 44 47.29
marginella glabella 44 7.40

Neogastropoda Marginellidae Marginella simeri 44 31.56

Marginella sp 44 10.00
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Muricidae Tritonalis aciculata 44 4.91
Fasciolaridae Pustulatirus 222 1447
Marginellidae Volvarina ampelusica 311 222.76
Nassarius reticulatus 133 165.90
Nassaridae Nassarius sp 267 62.52
Nassarius vaucheri 222 145.68
neotaemioglossa | hydrobiidae Peringia ulvae 44 2.32
Trochida Phasianellidae Phasianella sp 44 6.42
GAST99* 44 13.60
Polyplacophora | Chitonida Acanthochitonidae | Acanthochitona crinita 44 2.29
Sipunculiens Sipunculidé Golfingiida Golfingiidae Thysanocardia nigra 2489 119.91
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1 Introduction

DHI has been requested to provide a proposal for modelling services to MAGMA to support the project
development of a new quay at Port de ’Amitié in Nouakchott, located in Mauritania.

These modelling studies include:

A wave agitation study

* A hydro-sediment study

*  Animpact assessment of sediment discharge into ambient environment during:
o dredging operations (excavation);
o offshore disposal (dumping) of dredged material.

018 TerraMetrics
18 Google
018 DigitalGlobe
Data SIO, NOAA, U.S. Navy, NGA, GEBE

Figure 1.1:  Site location
This document is the second progress report issued at this early stage of these studies. It contains:

. Updated data basis: from the provided documents, inhouse database;

*  Wave propagation analyses;

*  Wave agitation: model setup and results;

. Dredging impact assessment; high level study results (2D) and 3D modelling results;
. Hydro-sediment: shoreline evolution analysis and model results.
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2 Data basis

2.1 Literature

MAGMA provided the following documents which will be exploited fir this mission:
. IRC/DHI: final report: étude de I'agitation dans le bassin du port de Nouakchott- december2009 ;

. IRC/ST-MARTIN PAYSAGE : revue de I'état des risques d’inondation de la ville de Nouakchott,
rapport préliminaire volume 2 : modélisation numérique;

* Ahmed Ould ELMOUSTAPHA, thése de l'université de Caen. Influence d'un ouvrage portuaire sur
I'équilibre d'un Littoral soumis a un fort transit sédimentaire : L'exemple du port de Nouakchott
(Mauritanie).

2.2 Topography and bathymetry

The following datasets have been used to describe the bathymetry and topography of the area:

+  Data from the bathymetric survey of the port basin, the navigation channel and the dredge spoil
disposal sites carried out in February 2019 (see Figure 2.1 and Ref. /5/);

+  Data from surveys carried out in 2013 (see Figure 2.2);

. Data from a wave disturbance study carried out in the port of Nouakchott in 2009 (see Figure 2.3 and
Ref. /6/).

+  Data from CMAP, a worldwide bathymetric database of digital nautical charts (see Figure 2.4).

m) Bathy_Data.mdf
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Figure 2.1:  Bathymetric survey of 2019.
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Figure 2.2:  Bathymetric survey of the 2013.

m Bathy_Data

Figure 2.3:  Topographic data from the 2009 study.

m Bathy_Data

Figure 2.4: CMAP data.
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2.3 Sediment analysis

MAGMA has provided in “PARTICLE SIZE ANALYSIS ON SEDIMENT SAMPLES, RESULTS REPORT,
2019 » data regarding the sediment size distribution along the Nouakchott shoreline and it shallow water
area.

Except sample ST02 which is mainly composed by fine sediment (diameter < 0.063mm), the distribution
of the sediment size is relatively similar all along the studied area.

Further sample have been analysed to complete the coverage of the area, especially along the beach (see
section 6.1.2). Results have been exploited to calibrate the sediment transport model.

Figure 2.5:  Location of sediment samples.
Table 2.1: Particle size distribution.

Table 2 : Results of full Particle size of the particles range between 63 mm and 0.063mm

P. diameter Cumulative Retained %
mm | Phi | STO1 | ST02 | STO3 | STO4 | S05 | STO6 | STO7 | STO8 | STO9 | ST10 [ ST11 | ST12 [ ST13 | ST14
5 -2,25 0 - 0 0 0 0 0 0 0 0 0 0 0 0
4 -2 0 - 076 | 6,74 04 0 038 [ 294 0 0 0,63 0 0,62 0
3,15 1.7 0,73 - 1,01 | 755 | 054 0 0,5 3,23 0 0 0.7 0 073 | 0,78
2,5 -1,3 0,81 - 1,5 887 | 0,83 0 076 [ 363 0 0 08 0 092 [ 098
2 -1 09 - 195 | 986 | 1,08 | 045 | 1,05 | 399 | 018 | 0,34 | 089 0,3 246 | 122
1 0 2,01 - 467 [1672)] 2,36 | 071 | 429 | 549 | 066 | 182 | 1,57 | 098 | 3,19 | 329
0,8 04 26 - 573 | 1882 447 | 0,94 | 624 | 505 | 096 | 243 1,77 15 4,67 | 452
0,63 08 398 - 793 | 2138 | 677 | 118 [ 11,74 ] 694 165 | 3,77 | 219 | 3,65 (1264 | 7,33
0,4 13 | 15,56 - 18,55 31,97 | 21,94 | 6,71 (3921 | 1294 426 | 1252 742 | 7,82 | 3938 [ 1729
0,32 18 36,12 - 24 37 | 4321 | 52,56 11 5458 (1688 | 646 2885|1688 988 | 71,16 | 31,33
0,25 2 7473 - 5146|8434 | 88,84 | 19,87 | 66,23 | 41,21 | 19,35 | 46,80 | 8776 | 29,66 | 76,51 | 66,17
0,2 23 | 76,58 - 51,69 | 8491|8957 [ 20,76 | 66,65 | 4237 | 20,7 | 5941 | 88,5 | 3586 | 87,80 | 72,56
0,16 31 | 8461 - 5307 | 8717 192,39 | 3252 | 7305|5873 | 4738 | 7408 | 95817813 | 987 [8278
0,1 32 | 98,83 - 90,95 | 99,02 | 99,38 [ 96,37 | 98,54 9638 | 9571 | 9008 | 998 | 989 | 997 | 98,86
0,08 36 | 99,48 - 97,39 | 99,84 | 9991 [ 99,35 ) 99,81 [ 9914 | 98,8 | 89,74 | 99,91 | 99,88 | 99,92 | 99,73
P. diameter Cumulative Retained %
mm | Phi | STO1 | STO02 | STO3 [ STO4 | S05 | ST06 | STO7 | STO8 | STO9 | ST10 | ST11 | ST12 | ST13 | ST14
0,063 4 100 - 100 100 100 100 100 100 100 100 100 100 100 100
Mud % 3.6 98 | 377 | 84 5 4421113 | 23 34 | 224 | 77 | 29.2 ]| 16.3 ] 308
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Water levels have been extracted from /2/ and are referenced to Nouakchott Port’s reference, which is
located 0.256 m above Chart Datum.

2.4 Water level

Table 2.2: Characteristic astronomical values of Water Level (Ref. /7/).

Highest Sea Level 2.05
Mean High Water Level 1.44
Mean Sea Level 0.97
Mean Low Water Level 0.51
Lowest Sea Level 0.03
Maximum Tide Range 1.66
Mean Tide Range 0.93
Minimum Tide Range 0.22

Further analysis were undertaken based on the Global Tide Model. This model is available on a
0.125*0.125 degree resolution grid for the major 10 constituent in the tidal spectra. The model is utilising
the latest year's multimission measurement from TOPEX/Poseidon, JASON 1 and JASON 2 satellite
altimetry for sea level residual analysis. Based on these measurements, harmonic coefficients have been
calculated. The provided constituents consider the semi diurnal M2, S2, K2, N2, the diurnal S1, K1, O1,
P1, Q1 and the shallow water constituent M4.

To avoid uncertainty with the mean sea level taken from the literature, we needed to get more data of the
mean water level provided by the Permanent Service for Mean Sea Level (PSMSL).

tation Information

Station ID: 2036 n

Latitude: 17.989556 = ~
Longitude: -16.036958

Coastline code: 385

Station code: 1

Country: MAURITANIA

Time span of data: 2007 - 2015 Y

Completeness (%). 82
Date of last update: 30 Nov 2017

Green Arow: Current Station
Neighbouring RLR Station
Neighbouring Metric Station

Please note: In many cases, the station position in our database 4 Sources: @ OpenSireetMap contributors, Esri,
is accurate to only one minute. Thus, the tide gauge may not
appear to be on the coast.

Figure 2.6:  Information of the PSMSL station located in the harbour of Nouakchott
(https://lwww.psmsl.org/data/obtaining/stations/2036.php).

The PSMSL has provided sea level data with a time span between 01/05/2007 and 02/09/2015.
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It is important to point out that the zero of the series is the local Chart Datum. It is also worth mentioning
that sea level measures were interrupted during shorts periods of time but, as the values of sea level have
been interpolated before further work, it was not too annoying.

Then, a harmonic analysis of the sea level has been conducted for the purpose of getting mean water level
(see below).

Maregraphe Nouakchott
Harmonic Analysis of WL|(2007-01-05 - 2007-12-31{ 1h)

22 T T I | i | \ |
2 N = 8650
Total
5 N
Prodictac Method =108
Residual Type = Semidiurnal

HSWL  =+1.88

HRL =128
HAT = 4087
jary
£ | MHWS = +155
5 I | MHWN = +1.21
2 Z =+0.98
g a
= | (i ‘ | | MLWN = +0.70
“ ‘ ' | MLWS =038
Il ‘
1 ‘ ‘ { ‘ LAT =074
‘ ‘\ ‘ | | . ‘ LRL =+0.70
|| ol 1 ‘ | ‘\ ] | T
{ I ‘ I Rayleigh = 1.0
o o,
e _\)o“ o -0
s « 06\ & ¢ ons =58
o+ & P
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22 Harmonic Analysis of WL 2012 01-01 - 2012 12-31 1h)
I T
¥ N = 8784
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013
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SNR =00
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Figure 2.7:  Harmonic analysis of the water level extracted from the PSMSL data during 3 periods of time.
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The mean sea level can be obtained through the analysis: it has been evaluated to 1.03 meters. The
results constitute a pretty constituent estimation of the mean water level; as a matter of fact; the time span
is large enough to be pretty accurate and, in addition, the evaluation is very close to the 0.97 meters
reference acquired in 1995. The slight increase of the value can be explained because of sea-level rise
between 1995 and 2015.

Table 2.3: Comparison between characteristic astronomical values of Water Level from reference and evaluated.

Ref. [7/ DHI 2019

Highest Sea Level 2.05 2.11
HAT - 2.01
MHWS - 1.63
Mean High Water Level 1.44 -

MHWN - 1.29
Mean Sea Level 0.97 1.03
MLWN - 0.78
Mean Low Water Level 0.51 -

MLWS - 0.44
LAT - 0.19
Lowest Sea Level 0.03 0.09
Maximum Tide Range 1.66 1.82
Mean Tide Range Spring - 1.19
Mean Tide Range 0.93 -

Mean Tide Range Neap - 0.51
Minimum Tide Range 0.22 -

HAT / LAT is the highest / lowest level that can be expected to occur under average meteorological
conditions and under any combination of astronomical conditions.

MHWS / MHWN is the average of the two successive high waters during those periods of 24 hours when
the range of the tide is at its greatest / least.

MLWS / MLWN is the average of the two successive low waters during those periods of 24 hours when
the range of the tide is at its greatest / least.
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3 Wave propagation from offshore to the shore

3.1 DHI’'s wave hindcast model of Cape Verde

DHI developed a wave hindcast model of Cape Verde (Figure 3.1). This wave model provides wave data
(Hs, Tp, MWD, ...) for a 20-year period (from 1997 to 2016) with a time step of 1 hour. This model was
forced by wave conditions extracted from DHI’s global wave model, and by CFSR wind data. This model
was not intialy constructed to study the Mauritanian coast. Therefore, its resolution around Nouakchott has
been adjusted and refined to be considered reliable for a proper characterisation of the local wave
conditions for the purpose of the present study.

[m]
2500000 ‘J
2400000 :
2300000
2200000 :
2100000 :
2000000 j
1900000
1800000

;j Bathymetry (m)
1700000 E

1600000

1500000 3

1400000 f

1300000 :

1200000

3 W Below -4750
1100000 [_1 Undefined Value

-1200000 -1 DOﬁUOO -800000 —606000 -400000 -200000 0 200000 400‘000 600000
[m]

Figure 3.1:  Extension of DHI's wave hindcast model of Cape Verde.

3.2 Statistical analysis

Time series of waves were extracted on three points in front of Nouakchott, shown on Figure 3.2,
by -11 m LAT, -70m LAT and -123 m LAT.

The wave roses at these three points are shown on Figure 3.3. They illustrate how the wave heights
decrease when getting closer to the coast, and how the main wave directions significantly turn from NW
offshore to WNW closer to the coast.

The frequency of occurrence of wave heights and peak periods depending on the mean direction of the
incoming waves are shown from Table 3.1 to Table 2.8 respectively for the point at -123 m LAT, -70m LAT
and -11m LAT.
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Figure 3.2:  Location of the time series of waves extracted.

Main mean wave directions

*  Waves from West-North-West are largely dominating, they represent 63% of the waves at the point
at -11m LAT. It is also the main direction of the highest waves reaching the site (only 0.1% of
significant wave heights exceed 2.5 m, and they are associated with the WNW direction).

*  Waves from NW and NNW represent around 16% of the wave conditions.

*  Waves from West represent 15.92% of the wave conditions.

*  Waves from WSW are less frequent, they represent 2.32% of the wave conditions.

Main significant wave heights
The most frequent wave heights are between 0.5 and 1 m (~51% of the time), and between 1 and 1.5 m
(~40.5% of the time).

Main peak periods
The most frequent peak periods are between 6 and 8 s (~46% of the wave conditions) and between 8 and
10 s (~40.5% of the wave conditions).

3.3 Selection of the wave conditions for the wave agitation model

The layout of the harbour protects the port against the predominant wave conditions from NWN and NW.
Therefore, the wave agitation study focuses, at least on a first stage, on wave conditions from West (270°N)
and from South-West (247.5°N). These waves conditions are associated with a significant wave height of
1 mat-11 m LAT and a peak period of 8 s (see Erreur ! Source du renvoi introuvable.).
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Figure 3.3:  Wave roses in front of Nouakchott at -123mLAT (top), -70mLAT (middle) and -11 m LAT (bottom) for
the period 2007 — 2016.
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DA

Table 3.1: Frequency of wave heights per incoming wave direction in front of Nouakchott at -123mLAT.

Hs/Dir N NNE NE ENE
<0.5m 0.03 0.02 0.02 0.01
0.5-1m 0.88 0.35 0.17 0.04
1-1.5m 1.72
1.5-2m 0.32
2-2.5m

NW NNW
0.01 0.07

2.5 2.49
8.85
9.28
5.04
1.26

TOTAL

15.99

Table 3.2: Frequency of wave peak periods per incoming wave direction in front of Nouakchott at -123mLAT.

Tp/Dir
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Table 3.5: Frequency of wave heights per incoming wave direction in front of Nouakchott at -70mLAT.

1.5-2m

Hs/Dir N NNE NE ENE
<0.5m 0.03 0.03 0.04 0.02
0.5-1m 1.01
1-1.5m 0.7

Table 3.6: Frequency of wave peak periods per incoming wave direction in front of Nouakchott at -70mLAT.

Tp/Dir
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Table 3.7:

DA

Frequency of wave heights per incoming wave direction in front of Nouakchott at -11mLAT.

Hs/Dir

N

NNE

NE

ENE

<0.5m

0.35

0.2

0.12

0.5-1m
1-1.5m
1.5-2m
2-2.5m
2.5-3m
3-3.5m
3.5-4m
TOTAL

0.26

0.61

0.09

0.29

0.02

0.14

0.02

0.02

Table 3.8:

E

ESE SE SSE S SSW

SW

0.04

WSW

WNW

NW

NNW

TOTAL

0.11

0.13

0.87

1.19

0.67

1.5

9.89

30.75

7.51

1.03

0.02

0.07

0.67

5.15

29.89

4.79

0.04

2.32

0.69

3.28

0.54

0.07

15.92

Frequency of wave peak periods per incoming wave direction in front of Nouakchott at -11mLAT.

0.04

0.01

14.03

0.06

1.76

3.66

4.55

100

Tp/Dir
<2s
2-4s

4-6s5

6-8s

8-10s
10-12s
12-14s
14-16s
TOTAL

NNE

0.29

NE

ENE

0.02
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3.4 Impact of the future channel on the wave propagation

3.4.1 Model domain and computational model

14

To simulate properly the local wave conditions around the harbour with the 15.7m-depth drilled channel,
the bathymetry had to be changed. The channel used for the model is 150m-wide and flat at the depth of
15.7m. The slope at the two sides of the deep channel has been set at about 15% over its entire length.
Therefore, the width of the channel at its outset | is 150m and reaches about 380m at the entrance of the
harbour.

Figure 3.4: Bathymetry around the channel in the existing Nouakchott port (up) and the project case (down).

Py 20m W t0m

Figure 3.5: Section of the bathymetry around the channel in the existing Nouakchott port (left) and the project case
(right).

An unstructured triangular mesh covering the wave model area (domain) was prepared based on the
available bathymetry data. To increase accuracy of the results (which leads to better identify the influence
of the channel), the resolution was graduated using finer resolutions in the area covering the channel and
the areas around. The finest mesh resolution, in the channel (smallest element side lengths) is about 25-
30m. The bathymetry and mesh are shown in Figure 4.4 and Figure 4.5.

21803264 _port_amitie_progress_report_v4.docx / FABG /2019-05-06



[m]
1994000

1993500

1993000

1992500

1892000

1991500

1891000

1890500

1990000

1989500

1989000

1988500

1988000

1987500

1987000

1986500

1986000

1985500

1985000

1984500
381000 382000 383000 384000 385000 386000 387000 388000 389000 390000 391000 392000

[m]

00:00:00 Time Step 0 of 0.

Figure 3.6: Nouakchott’'s harbour model mesh with the extension of the channel included
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Figure 3.7: Nouakchott's harbour bathymetry area with the extension of the channel included
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The deepening of the channel is expected to induce the dredging of about 6 billion of m3 which will be
dumped in two areas south of the port. The locations of the dumping zones are shown in Figure 4.8. The
bathymetry has been updated to take account at disposal of about 6 billion of m3 spread in these two
areas (bathymetry reduced by about 0.75m.

1993000
1992000
1991000
1990000
1989000
1988000
1987000

1986000

PWG_PLAN_DES_LEV._-_0|

1985000

1984000

1983000

~] Undefined Value

— -
379000 380000 381000 382000 383000 384000 385000 386000 387000 388000 389000 390000 391000 392000 393000

Figure 3.8 Dumping areas near the shoreline

3.4.2 Modelling results
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To illustrate the impact induced by the channel on the wave propagation, Figure 3.9 and Figure 3.10
present the difference of Significative wave height Hs (project case — present situation) for a specific
timestep. Figure 3.9 correspond to WNW waves. The simulations show that the channel induces an
increase of the wave heights where waves reach the area near the channel. It can be attributed to the
variation of depth due to reflection on the slope of the channel. Concerning the wave direction parameter,
the model indicates a significant variation of the wave direction (Figure 3.10).

The change in wave height and direction is significant inside the harbour and around the breakwater.
However, it can be seen on these figures that a wall stretch of coastline is concerned by this change of
wave climate.

The processes which induce such changes on the wave propagation are presented in more details in the
following section on the wave agitation.
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Figure 3.9::  Subtraction of the Hs coming from WNW direction in the current situation from the project case.
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Figure 3.10 Subtraction of the wave direction coming from WNW direction in the current situation from the project
case.
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4 Wave agitation

In order to investigate the impact of the project on the wave agitation in Nouakchott harbour, the model
MIKE 21 BW (described in 4.1), has then been implemented .

4.1 MIKE 21 BW

MIKE 21 BW can be applied to the study of wave dynamics in ports and harbours and coastal areas. It is
a time-domain, phase-resolving model capable of reproducing the combined effects of most wave
phenomena including refraction, shoaling, diffraction, breaking, partial reflection and transmission, non-
linear wave-wave interaction, frequency dispersion, and directional dispersion. The model simulates
three-dimensional (3D) natural irregular waves (sea states). The model is a so-called Boussinesq type of
wave model.

- features 2D wave generation in relaxation zones;

- features sponge layers for wave damping;

- features porosity for breakwaters etc;

. includes non-linearity as well as frequency dispersion;

. handles wave breaking;

. much faster computation than MIKE 3 Wave FM model.

Wave agitation modelling in the present and future situations, using MIKE 21 BW

4.1.1 Project situation

18

The project layout and dredging plan are shown on Figure 4.1 and Figure 4.2.

PROPOSED - NCT

f

Berths 4 - 7: Containers
& general cargo

Figure 4.1:  Existing Nouakchott port and project case.
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Figure 4.2:  Dredging plan in the project case.

4.1.2 Model setup

Bathymetry
The domain extent and bathymetry for the current situation is shown on Figure 4.3.

The model extends over 10 km * 10 km, down to the natural depths around -15.7 m LAT, in order to
entirely include the dredged channel in the project situation. Please note that areas North and/or South
of the harbour (depending on the modelled incoming wave direction) have been truncated from the
computational domain in order to reduce the computation time. The mesh is composed of regular
elements of 4 m.

Three configurations of Nouakchott harbour have been modelled using MIKE 21 BW:

1. Current situation;

2. Project situation (as described in Section 4.1.1);

3. Project situation, with a 100 m extension of the breakwater which is directed southwards
at the entrance of the harbour.

lllustrations of these three cases are shown on Figure 4.4,
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[m]

Figure 4.3:
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MIKE 21 BW model extent and bathymetry for the current situation.
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Figure 4.4:  lllustration of the three configurations simulated: current situation (upper), project situation (middle),
project situation with extension of the breakwater (lower).

The expert in WATER ENVIRONMENTS 21



Wave generation

Waves are generated in the model along a generation line, which is shown in red on Figure 4.5. They are
irregular waves, based on a JONSWAP spectrum with a standard deviation of 30° around the main wave
direction. The input waves characteristics simulated are given in Table 4.1.

Table 4.1: Wave conditions modelled with MIKE 21 BW.
Scenario | Wave conditions Hs (m) Tp (S) MWD (°N) DSD (°) WL (m LAT)
1 WNW 1 8 2925 30 1.7
2 WNW 1 10 292.5 30 1.7
3 WSW 1 8 2475 30 1.7
4 WSW 1 10 247.5 30 1.7
5 W 1 8 270 30 1.7
6 W 1 10 270 30 1.7
7 w 1 8 270 30 0.5

Sponge layers

Sponge layers have been applied in the model at the open boundaries as well as at the boundaries used
to truncate the model and at the beaches. They are applied in order to dampen the waves reaching these
areas and to avoid parasitic reflexions. In the current situation, a sponge layer has been applied to the
beach situated inside the port.

Porosity layers

Porosity layers have been applied to the rocky features shown on Erreur! Source du renvoi
introuvable.. They have been set in order to apply a reflection coefficient of 0.5 for each of them. The
other elements of the harbour have been considered as fully reflective (vertical walls). In the current
situation, a porosity layer has been applied to the rocky features located inside the port, North of the
beach. In the project situation, a porosity layer has been applied along the whole new quay.
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Figure 4.5:  Positions of the wave generation line (red), sponge layers (yellow) and porosity layers (orange) for
the current situation.

The expert in WATER ENVIRONMENTS 23



[m]

2000

8000

7000

6000

5000

4000

3000

2000

1000

0 2000 4000 6000 8000 10000

[m]
5800

5600

5400

5200

5000

4800

4600

8000 8500 92000 9500

[m]

Figure 4.6:  Positions of the wave generation line (red), sponge layers (yellow) and porosity layers (orange) for
the project situation.
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4.1.3 Model results

The key output from the wave agitation modelling is the significant wave height, Hmo, in the model area.
As the incident wave height at the channel entrance was 1 m, the values can also be regarded as wave
disturbance coefficients, defined as the wave height relative to the incident wave height.

4.1.3.1 Wave fields
Example of contour plots of the significant wave height (or wave disturbance coefficient) are presented in
Figure 4.8 and Figure 4.9 for the wave condition n°5 (Tp =8 s, MWD = 270°N, WL = 1.7 m).

The maps of the wave attenuation coefficient for the two project situations relatively to the current situation
are shown in Figure 4.10 and Figure 4.11. It should be noted that on these plots, the beach in the harbour
appears in red because it is dry in the current situation while it will be in the water in the project situation,
therefore it should not be understood as a deterioration of the wave conditions at this place, but simply
as the extension of the port.

The same results for the other wave conditions simulated are shown in Appendix A.

General impact of a channel on the wave fields

As waves propagate over the channel slopes from shallow water along the channel to the deeper water
in the channel, they refract so that the wave direction relative to the channel orientation decreases
(refraction occurs as waves propagate faster in deeper water than in shallower water, causing the waves
to turn). As the incident wave angle relative to the channel orientation decreases, the refracted wave
direction in the channel becomes parallel with the channel. This is the so-called critical angle. Waves with
an incident angle smaller than the critical angle are reflected away from the channel slope. This is
illustrated on Figure 4.7.

Angle > critical angle Angle <= critical angle Angle =0

Figure 4.7:  Sketch showing the effect of a channel on wave propagation. Depth in channel is 20 m. surrounding
seabed is 10 m. Wave period is 15 s.
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Impact of the project layout on the wave fields
Itis clear from the modelling that the dredged entrance channel plays a large role in the wave propagation
towards the port.

Here, it is seen that a large part of the wave energy is reflected at the channel slopes and cause
concentration of wave energy along the Northern part of the channel (Figure 4.10 and Figure 4.11).

Moreover, the reflexion of the incoming waves at the channel slopes close to the entrance of the harbour
lead to a concentration of wave energy inside the harbour (Figure 4.10), increasing significantly (up to
~ +30% locally) the wave disturbance in the Northern part of the harbour.

The increase of Hmo inside the port in the project situation is observed for all wave scenarios with an
incoming wave of 270°N and 292.5°N. For the 270°N incoming waves, the increase of Hmo is located
along the North-West part of the port (berths 1 — 3 : dry bulk on Figure 4.1). For the 292.5°N incoming
waves, the increase of Hmo is more widespread inside the port and can be seen also along the southern
quay of the port (berths 5 — 8 : containers and general cargo on Figure 4.1). The incoming wave direction
of 247.5°N on the contrary shows a positive effect of the project in terms of wave disturbance inside the
port.

Impact of the project with extension of the breakwater on the wave fields

The overall adverse effect of the project could be mitigated by extending the breakwater directed
southward which is located at the channel entrance, as it can be seen from Figure 4.11. The extension of
this breakwater prevents the waves reflected away from the channel slopes to enter the harbour.

In all the simulated cases, the extension of the breakwater shows a significative improvement of the wave
conditions inside the port compared to the initial project layout. Moreover, in all the simulated cases with
an incoming wave direction of 270°N and 247.5°N, the project with extension of the breakwater shows an
improvement of the wave conditions inside the port compared to the current situation. For the 292.5°N
incoming waves, the project with extension of the breakwater still shows a tendency to increase the wave
heights in the NW of the port, between the berths 1 — 3 and the oil berth (Figure 4.1).

Except for the areas mentioned above where the concentration of wave energy induces higher significant
wave heights, the channel has a significant impact in decreasing the significant wave heights in the
channel (down to ~ - 30%). Moreover, the coastal area behind the channel gets sheltered from the
incoming waves by the channel.
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Figure 4.8:  Hmo in the model area for the current situation, project situation and project situation with extension of
the entrance breakwater, for Hmo = 1m ,Tp = 8 s, MWD = 270°N.
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Figure 4.9:  Hmo in the port for the current situation, project situation and project situation with extension of the
entrance breakwater, for Hmo = 1m,Tp = 8 s, MWD = 270°N.

21803264 _port_amitie_progress_report_v4.docx / FABG /2019-05-06



[m]
9500
9000
8500
8000
7500
7000
6500
6000
5500
5000
Differential [m]
4500 - I Above 0.50
B 0.45- 0.50
4000 B 0.40- 045
= 0.35- 0.40
E 1 0.30- 0.35
3500 [ 0.25- 0.30
[ 0.20- 028
3000 1 0.15- 0.20
[ 010- 045
2500 [ 0.05- 010
[_]-0.05- 0.05
2000 1 0.10 - -0.05
[ 1-015-0.10
] [_1-0.20-0.45
1500 [ ] 025 020
[ -0.30-0.25
1000 I -0.35-0.30
I -0.40-.0.35
500 B -0.45 - -0.40
Il 0.50- 045
0 : Il Below -0.50

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

0.40 - -0.35
0.45 - -0.40
.50 - -0.45
Il Below -0.50

AR (] (11 ]

7000 7500 8000 8500 9000 9500 10000
[m]

Figure 4.10: Wave attenuation coefficient between the project situation and the current situation. Whole domain
(upper) and detail of the port (lower). Red (blue) colour reflects a higher (lower) significant wave
height compared with the current situation.
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Figure 4.11: Wave attenuation coefficient between the project situation with extension of the breakwater and the
current situation. Whole domain (upper) and detail of the port (lower). Red (blue) colour reflects a
higher (lower) significant wave height compared with the current situation.
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Figure 4.12: Examples of wave patterns around the channel, from top to bottom: current situation, project
situation, project situation with extended breakwater. Wave direction: 270°N, Tp = 8 s.
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4.1.3.2 Wave disturbance in the port

32

The wave disturbance inside the port has been investigated for six reference areas corresponding to
current and/or future berth locations. The six reference areas are marked in Figure 4.13.

Within each area, the mean value of wave disturbance coefficient was calculated for each incident wave
scenario. It should be noted that for areas being influenced by local reflections (and/or partially sheltered),
there may be relatively large variations of disturbance coefficient within the area.
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Figure 4.13: Reference areas.

The wave disturbance coefficient calculated within each of the reference areas for the different wave
conditions and configurations of the port are given in Table 4.2 to Table 4.7. “Project 2” refers to the
project layout with the 100m extension of the entrance breakwater. No wave disturbance coefficient
was calculated for area 4 and area 5 in the current situation because these berth areas do not exist yet.

It is seen that on average, the project situation tends to increase the wave disturbance coefficients. This
is particularly the case in Area 2 which corresponds to the most critical area of the port in the project
situation. In Area 3 and in Area 6 the project layout tends to decrease a bit the wave disturbance
coefficient for incoming wave directions of 270°N.

On the opposite, on average the project situation with the extension of the breakwater tends to decrease
the wave disturbance coefficients compared to the current situation and to the other project situation. It
can be noted that for incoming waves of 292.5°N, the wave disturbance is higher in Area 1 and 2 in the
project situation with the breakwater, which corresponds to the observation made in the previous section
before, based on the observation of the wave fields. This increase of the wave disturbance is a lot reduced
compared to the one observed for similar wave conditions in the project situation.

It can be noted as well that the most critical incoming wave direction with this layout is 247.5°N. In Areas
3, 4, and 5 (depending on the peak period concerning the last one) the extension of the breakwater does
not improve the wave disturbance compared to the project situation for this incoming wave direction. In
area 6, none of the project layouts improve the current situation for 247.5°N waves. These waves are
however relatively rare (see rose plot on Figure 4.14)

The project layout with extension of the breakwater would improve the wave disturbance in Area 3, would
offer satisfying wave disturbance coefficient in Area 4 and 5, but it would slightly increase the wave
disturbance in Area 1, 2 and 6. Nouakchott port would mostly benefit from an improvement of the wave
conditions associated to the much more frequent 292.5°N waves.
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Table 4.2: Wave disturbance coefficient in area 1. Table 4.5: Wave disturbance coefficient in area 2.
Areal Area2
Current | Project | Project 2 Current | Project | Project 2
1: MWD=292.5°N, T,=8s, WL=1.7m 1: MWD=292.5°N, T,=8s, WL=1.7m 1.16 0.55
2: MWD=292.5°N, Tp=10s, WL=1.7m 2: MWD=292.5°N, Tp=10s, WL=1.7m 0.50 1.14 0.58
3: MWD=247.5°N, Tp=8s, WL=1.7m 3: MWD=247.5°N, Tp=8s, WL=1.7m 0.96 0.71
4: MWD=247.5°N, T,=10s, WL=1.7m 4: MWD=247.5°N, T,=10s, WL=1.7m 0.96 0.76
5: MWD=270°N, T,=8s, WL=1.7m 5: MWD=270°N, T,=8s, WL=1.7m 0.49 1.15 0.46
6: MWD=270°N, Tp=10s, WL=1.7m 6: MWD=270°N, To,=10s, WL=1.7m 0.64 1.05 0.44
7: MWD=270°N, Tp=8s, WL=0.5m 7: MWD=270°N, T,=8s, WL=0.5m 0.53 1.11 0.45
Table 4.3: Wave disturbance coefficient in area 3. Table 4.6: Wave disturbance coefficient in area 4.
Area3 Aread
Current | Project | Project 2 Current | Project | Project 2
1: MWD=292.5°N, T,=8s, WL=1.7m 0.53 0.62 0.37 1: MWD=292.5°N, T,=8s, WL=1.7m - 0.43 0.28
2: MWD=292.5°N, Tp=10s, WL=1.7m 0.55 0.67 0.48 2: MWD=292.5°N, Tp=10s, WL=1.7m - 0.51 0.28
3: MWD=247.5°N, Tp=8s, WL=1.7m 0.78 0.81 3: MWD=247.5°N, Tp=8s, WL=1.7m -
4: MWD=247.5°N, T,=10s, WL=1.7m 0.81 0.70 4: MWD=247.5°N, T,=10s, WL=1.7m -
5: MWD=270°N, Tp=8s, WL=1.7m 0.71 0.57 5: MWD=270°N, T,=8s, WL=1.7m -
6: MWD=270°N, Tp=10s, WL=1.7m 0.75 0.58 0.35 6: MWD=270°N, Tp=10s, WL=1.7m -
7: MWD=270°N, Tp=8s, WL=0.5m 0.70 0.63 7: MWD=270°N, T,=8s, WL=0.5m -
Table 4.4: Wave disturbance coefficient in area 5. Table 4.7: Wave disturbance coefficient in area 6.
Area5 Areab
Current | Project | Project 2 Current | Project | Project 2
1: MWD=292.5°N, T,=8s, WL=1.7m - 0.53 0.31 1: MWD=292.5°N, T,=8s, WL=1.7m
2: MWD=292.5°N, Tp=10s, WL=1.7m - 0.53 0.34 2: MWD=292.5°N, Tp=10s, WL=1.7m
3: MWD=247.5°N, Tp=8s, WL=1.7m - 3: MWD=247.5°N, Tp=8s, WL=1.7m
4: MWD=247.5°N, T,=10s, WL=1.7m - 4: MWD=247.5°N, T,=10s, WL=1.7m
5: MWD=270°N, Tp=8s, WL=1.7m - 5: MWD=270°N, Tp=8s, WL=1.7m
6: MWD=270°N, Tp=10s, WL=1.7m - 6: MWD=270°N, T,=10s, WL=1.7m
7: MWD=270°N, Tp=8s, WL=0.5m - 7: MWD=270°N, Tp=8s, WL=0.5m
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4.1.3.3 Exceedance of wave disturbance

34

To provide information for mooring analysis studies and port operability evaluation, we included as
additional task in our mission: the production of exceedance curves of wave disturbance.

Methodology
An estimation of the wave statistics at the selected areas has been made, based on:

1. the wave disturbance coefficients calculated for the incident wave scenarios;
2. the long-term wave conditions at the channel entrance coming from the wave propagation modelling.

This estimation was done by:

1. establishing relationships between the incoming wave direction and the wave disturbance coefficient
in the port for each area;

2. scaling the wave heights in the port by the incoming wave height at the channel entrance (assuming
that the wave processes here are linear, i.e. no wave breaking).

Limitations of the current methodology

As only a few incident wave conditions were modelled, certain assumptions were made to
extrapolate the wave disturbance for these few scenarios to wave disturbance for the full long-
term time series of wave conditions:

. For wave directions in between the directions actually modelled, linear interpolations were made;
. For wave directions below 247.5°N, the results for 247.5°N were applied;

. For wave directions above 292.5°N, the results for 292.5°N were applied;

. For wave periods, the results for Tp = 8 s were applied.

It should be noted that not all the possible wave scenarios (combinations of wave direction and wave
period) are covered by these assumptions. In particular, the rose plotin Figure 4.14 shows that waves
from NW occur 20% of time, therefore at least an additional scenario with an incoming wave
direction of 315°N would be required to extrapolate correctly the wave disturbance coefficient for
these conditions where waves come from NW.

Moreover, the scatter plot on Figure 4.14 shows that peak periods can reach 12 to 15 s, therefore
modelling additional scenarios with peak period above 10 s would also allow for a better extrapolation of
the wave disturbance to the complete long-term time series of waves. Finally, the analysis carried out
here only relies on the relation between Hmo in the port and the mean wave direction of the incident waves,
and not between Hmo in the port and the peak period of the incident waves (only Tp = 8 s was considered),
whereas this parameter can have a significant impact on the wave disturbance in the port.
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Figure 4.14: Wauve statistics at the channel entrance: wave rose of Hmo and MWD (left), correlation between Hmo
and Tp (right).
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However, at this stage of the study, the assumptions described above already allow to get a first
estimation of the wave statistics in the harbour and to highlight trends.

Results
Figure 4.15 shows the estimated exceedance frequency in % of the mean Hmo in the 6 areas.

From this plot, the percentage of time where a certain wave height is exceeded can be read. As an
example, it can be seen that in Area 1, Hmo = 0.5 m is exceeded 1.2% of time in the current situation, 11%
of time in the project situation and 0.16% of time in the project situation with the extension of the
breakwater. These percentages correspond respectively to 4.4 days/year, 14 h/year and 40 days/year.
However it should be noted that due to the assumptions described above, these values should only be
considered as first estimations at this stage of the study.

It is important to note as well that the exceedance analysis does not provide any information about the
number of events where a certain wave height is exceeded, but only a total duration of these events. A
given exceedance frequency could thus represent both a few events of long duration and a large number
of events of short duration.

It is seen that the project situation mostly results in higher significant wave heights inside the harbour

(except in Area 3 where the current situation is the most critical one). On the opposite, the project layout
with the extension of the breakwater results in the lowest Hmo (except only in area 2 and for low Hmo).
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Figure 4.15: Estimation of the exceedance frequency of mean Hmo for each selected area in the current situation,
in the project situation and in the project situation including the breakwater extension.

21803264 _port_amitie_progress_report_v4.docx / FABG /2019-05-06



The expert in WATER ENVIRONMENTS

DHI)

37



5 Turbidity plume dispersion due to dredging operations

Dredging works and dumping activities leads to the generation of sediment plumes, caused by the
spillage/release of fines materials from the dredging equipment, and disturbance of the seabed by the
mechanical dredging/dumping activities. It is a general requirement by authorities to quantify the possible
footprint of the sediment plume excursions and the related impacts to sensitive receptors.

In order to estimate the impact of the dredging operations in term of turbidity plume, and its dispersion, a
hydrodynamic and sediment transport numerical modelling (fine sediments) was undertaken.

5.1 General information

The current circulation offshore the Mauritanian coast is characterized by the northward Mauritanian
current. Large scale horizontal circulation is schematized Figure 5.1. To the west, the North Equatorial
Current (NEC) and the Canary Current (CC) forms the eastern boundary of the North Atlantic subtropical
gyre. Near-shore, a strong wind-induced coastal upwelling is active, its extension depending on season,
and a density front develops that generates the coastal jet, also hamed Canary upwelling Current
(CanUC). South of the region, the circulation is dominated by the North Equatorial Counter-Current
(NECC), which has a large seasonal cycle. It is located near 5°N in winter and reaches 10°N in summer.
During this season, it continues north as the Mauritania Current (MC), which flows northward until about
20°N.

The Atlantic North-eastern Tropical Upwelling System is characterized by permanent currents (dark gray),
seasonal currents in winter-spring (green), seasonal currents in summer-autumn (blue) and upwelling
area (gray shading). Dash line corresponds to currents not evidenced by in-situ measurement, but visible
in circulation derived from altimetry.
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Figure 5.1 Map showing the schematic oceanic circulation pattern along the NW African Margin
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To illustrate the upwelling phenomena intensity variation along the year, Figure 5.2 presents the seasonal
variation of the surface wind sea surface, the temperature and near surface and the near surface
chlorophyll intensity along the Mauritania coast. The sea temperature near Nouakchott appears to vary
from 15-17°C in winter-spring, up to 25-27°C in summer-autumn.

40,

8

-25 20 -15 -10 5 = 25 20 15 -10 5 20 15 -10 5

Longitude (€]

LW (€] Longitude [E]

Figure 5.2 Map Distribution of surface wind (left), sea surface temperature (middle) and near surface chlorophyll
(right). From top to bottom: winter, spring, summer, autumn)
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5.2 Large scale 3D Hydrodynamic model model setup

As presented in the previous section, oceanic currents and winds generate strong wind-induced coastal
upwelling along the Mauritanian coast, which can play a significant role on the local current offshore
Nouakchott.

A three-dimensional current model, based on the MIKE 3 Flow Model FM module, has been setup to
represent the general current climate along and offshore the Mauritanian coast. MIKE 3 Flow Model FM
is a modelling system based on a flexible mesh approach. The modelling has been developed for
applications within oceanographic, coastal and estuarine environments. This module simulates the water
level variations and flows in response to a variety of forcing functions.

The model has been developed to take into account tidal processes, large-scale current influence and
wind forcing effects trough 3D density gradient processes.

5.2.1 Model setup

40

The domain extent and bathymetry are shown on Figure 5.3. The red rectangle (dashed line) present the
model extent on Figure 5.1.

It extends approximately over 300 km along the coast, and 280 km offshore, down to a depth of
approximately -2900 m LAT. The mesh is composed of flexible triangular elements from 15 km to 4km
(with the size reducing from offshore to the coast). The vertical mesh is composed of 6 “sigma” layers
down to -120m LAT and 10 “z’-layers from -120m LAT to -3000m LAT (approximately 290m per layer).
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Figure 5.3 Bathymetry of the 3D Hydrodynamic (HD) model

Boundary and initial conditions

Tidal elevations are applied at offshore boundaries North, West and South of the mesh model. Tidal signal
is extracted from the MIKE21 Global Tide model (DHI / DTU Space), using 10 astronomical main
constituents.
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Current, temperature and salinity conditions along the boundary, and initial conditions, were extracted
from the HYCOM data.

Parametrization of the hydrodynamic model

Flood and dry areas are taken into account with specific numerical resolutions. Horizontal dispersion is
dependent on velocity gradients, according to Smagorinsky (1963) with reference coefficient of 28 m?/s.
Vertical mixing into water column are resolved by a “k-epsilon” turbulence model, that resolves equations
of transport, generation and dissipation of kinetic turbulence energy. This model is parametrized with
empirical standard coefficients and has been extended to take into account buoyancy effects (Rodi 1980).
Bottom friction is parametrized by Nikuradse rugosity ks ~30*z0. The default value of roughness height
of 0.05 m is considered

5.2.2 Modelling results

This large-scale model allows to represent the general current climate offshore the Mauritanian coast.
The model was run to represent one year (2016) of current climate.

Figure 5.4 presents an example of sea surface current pattern obtained for the winter period. The
southward current along the Mauritanian coast, indicated on Figure 5.1 (green arrow, nhamed CJ) is
represented. Figure 5.5 presents an example of sea surface current in the summer period showing, on
the contrary, the absence of CJ current.

Figure 5.6 and Figure 5.7 show examples of sea temperature profiles, extracted from the 3D HD model
along a profile extended from Nouakchott to 120 km offshore. These figures represent respectively an
example of sea temperature profile for the winter and summer season, illustrating the coastal upwelling
phenomena variation over a 1-year period. As detailed in section 5.1, the upwelling is intense along the
Mauritanian coast in winter, leading to sea temperature of about 15 to 17°C in winter-spring. This
upwelling phenomenon reduces in summer-autumn, allowing for sea temperature of about 25 to 27°C.

Figure 5.8 presents the variation of sea surface temperature (-5m under surface) over the year 2016 at
points three points named by their corresponding water depth, -2800m, -1350m and -25m, and located
respectively 240km, 80km and 20km offshore Nouakchott. The nearshore sea surface temperature (point
-25 — black line) varies over the year from 15°C in March to May, up to 25°c in August -September.

In the absence of local measured data that would allow to validate the model, one can conclude that,
compared to the information in the literature, the model results show good agreements in term of capability
to represent the general current climate in this area while

The 3D HD model results are then exploited to analyse the annual current climate near the
Nouakchott port are in order to determine two 2 week-periods which are representative of the local
hydrodynamic conditions.
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Figure 5.4  Example of surface current pattern showing the southward current along the Mauritanian coast -

winter season
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Figure 5.5 Example of surface current pattern along the Mauritanian coast -summer season
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Figure 5.6

Example of sea temperature profile in winter season: profile from Nouakchott to 120km offshore
Nouakchott.
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Figure 5.7

Example of sea temperature profile in summer season: profile from Nouakchott to 120km offshore
Nouakchott.
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Figure 5.8 Variation of sea surface temperature (-5m under surface) over the year 2016 at points -2800m,
1350m and -25m (top) and associated wind direction at Nouakchott.
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5.2.3 Current roses

Figure 5.9 presents the annual sea suface current roses for the points -2800m, -1350m and -25m.
Logically, while the offshore current (point -2800m) is characterised by north-westward currents
representative of the MC current, the nearshore conditions (point -25m) is characterised by southward
currents representative of the CJ current. However, due the seasonal variability of this CJ current,

northwards components are noticeable on the corresponding rose.

Figure 5.10 presents the seasonnal sea suface current roses for point -25m only. In spring season, the
current is significantly oriented southward. Winter and autumn roses show a similar climate with current
speed less intense. On the opposite, in summer, the current is reltaiveley low and is mainly oriented

northward

It is therfore decided to consider one “representative” period in spring, with southward currents, and

another representive period in summer, with northward currents.
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Figure 5.9  Annual sea surface current roses for points -2800m (left), -1350m (middle) and -25m (right)
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Figure 5.10 Seasonal sea surface current roses for point -25m: winter (left) spring (middle left), summer (middle

right), autumn (right)
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5.3 Local 2D hydrodynamic model

A 2D local hydrodynamic model was first setup to calculate the hydrodynamic conditions near the port
area. It was decided to setup a 2D HD model in order to obtain preliminary information in a reduced period
of time. Indeed, the objective of this task is to provide general information on the impact of these marine
works, though a high-level approach.

The use of a 2D HD model does not allow to take into account current stratifications and the sediment
plume generation and evolution cannot be totally represented. Moreover, the wave effect (induced
nearshore currents and sediment resuspension) was not considered at this stage of the study.

A 3D HD local model has been setup in a later stage of the mission, described in section 5.4.

5.3.1 Model setup

46

The domain extent and bathymetry are shown on Figure 5.11.It extends approximately over 90 km along
the coast, and 50 km offshore, down to a depth of approximately -260 m LAT. The mesh is composed of
flexible triangular elements from 1 km to 100m (with the size reducing from offshore to the coast). Along
the channel, inside the port and along the shore, the element size is reduced to 30m (see Figure 5.12).

Boundary and initial conditions
Tidal elevations and current conditions are applied at offshore boundaries North, West and South of the
mesh model. Boundary and initial conditions are excreted from the large-scale 3D HD model.

Parametrization
Flood and dry areas are taken into account with specific numerical resolutions. In the absence of local
measured data in the area, defaults values have been considered for all the parameters.
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Figure 5.11 Bathymetry and mesh of the 2D Hydrodynamic (HD) local model
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Figure 5.12 Mesh size reduction the channel and port area and along the shore

5.3.2 Hydrodynamic scenarios

The modelling is performed for two 15 days periods:

. 16/03/2016 to 31/03/2016: winter to spring period

. 16/07/2016 to 31/07/2016: summer period

For each period, 1 day of model initialisation is considered before the indicated start day. Note that waves
are not included in the simulations at this stage.

5.3.3 Model results and comparison 3D vs 2D

A comparison of the results obtained with the large-scale 3D HD model and with the local scale 2D HD
model has been performed. The times series of current speed and direction were extracted at the point -
25m, located about 20km offshore Nouakchott (see location on Figure 5.11). Figure 5.13 and Figure
5.14present, for the two hydrodynamic scenarios, these times series for different depths (-5m, -12m -20m
— from the 3D model) and the depth averaged values (from the 2D model). Current roses are also
presented for each depth and the depth averaged values.

Currents are quite weak in this area. The mean depth-averaged current speed over the period is 10 cm/s
for the 2D HD model, the maximum depth-averaged current speed is 20 cm/s. The 2D model results show
good agreements in term of current direction compared to the 3D model results, especially for the first
scenario (winter period). However, the 2D model calculate lower current speed values when looking at
the 3D model results. Indeed, according to the 3D model, currents vary in the water column and the
surface current can two times higher (up to 40cm/s) than the near bottom current

Moreover, it should be noticed that the 3D model shows a clear change in current direction near the sea
bed, compared to the rest of the water column, especially in winter scenario.
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Figure 5.13 Period 16/03/2016 to 31/03/2016: Time series of current speed (top) and current direction (middle) at
the point “-25m”, from the 3D model at different depths (-5m, green line, -12m red line and -20m blue
line) and from the 2D local model (black line).

Bottom: Current roses from the 3D model (left: -5m, middle left: -12m, middle right: -20m) and from
the 2D model (right)
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Figure 5.14 Period 16/07/2016 to 31/07/2016: Time series of current speed (top) and current direction (middle) at
the point “-25m”, from the 3D model at different depths (-5m, green line, -12m red line and -20m blue
line) and from the 2D local model (black line).

Bottom: Current roses from the 3D model (left: -5m, middle left: -12m, middle right: -20m) and from
the 2D model (right)
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Figure 5.15 Period 16/03/2016 to 31/03/2016: Surface current charts during flood (up) and ebb (bottom), during
spring tide. Existing channel layout in black line,
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Figure 5.16  Period 16/07/2016 to 31/07/2016: Surface current charts. Existing channel layout in black line,
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5.4 Local 3D hydrodynamic model

A three-dimensional HD local model has been then setup to improve the representation of the
hydrodynamic and sediment transport phenomenon.

5.4.1 Model setup

Like the local 2D model, the domain extents approximately over 90 km along the coast, and 50 km
offshore, down to a depth of approximately -260 m LAT. The mesh is composed of flexible triangular
elements from 1 km to 100m (with the size reducing from offshore to the coast). Along the channel, inside
the port and along the shore, the element size is reduced to 30m. The vertical mesh is composed of 10
“sigma” layers. The mesh and and bathymetry are shown on Figure 5.11.

Boundary and initial conditions
Tidal elevations and current conditions are applied at offshore boundaries North, West and South of the
mesh model. Boundary and initial conditions are excreted from the large-scale 3D HD model.

Parametrization
Flood and dry areas are taken into account with specific numerical resolutions. In the absence of local
measured data in the area, defaults values have been considered for all the parameters.

5.4.2 Hydrodynamic scenarios

52

The modelling is performed for two 15 days periods:

. 16/03/2016 to 31/03/2016: winter to spring period

. 16/07/2016 to 31/07/2016: summer period

For each period, 1 day of model initialisation is considered before the indicated start day. Note that waves
are not included in the simulations at this stage.

The wind speed and direction, as well as the water levels associated to each period are presented Figure
5.17 and Figure 5.18.
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Figure 5.17 Wind speed and direction and water level for the period 16/03/2016 to 31/03/2016
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Figure 5.18 Wind speed and direction and water level for the period 16/07/2016 to 31/07/2016
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5.4.3 Model results

54

Model results are presented below. They show a relatively strong variability of the current over the water
column, especially in the winter season when the wind is blowing southward.

A comparison of the results obtained with the large-scale 3D HD model and with the local scale 3D HD
model has been performed. The times series of current speed and direction were extracted at the point -
25m, located about 20km offshore Nouakchott (see location on Figure 5.11).

Figure 5.19 and Figure 5.20 present, for the two hydrodynamic scenarios, these times series for different
depths (-5m, -12m -20m) from the two 3D models. Current roses are also presented for each depth for
the local 3D model.

It appears that the local model represents stronger and more variable currents at the sea surface
compared to the large-scale model. This can be explained by a finest vertical and horizontal resolution.
Near bottom currents and middle depth currents from the large-scale model and the local scale model
have same order of magnitude. The local 3D model gives higher vertical gradient, thanks to higher vertical
resolution.

Wave roses show similar results for the period 15/03-31/03/2016, with a southward current over the upper
part of the water column and a south-eastward current near the seabed. For the period 15/07-31/07/16,
current roses from the local model show mainly southward currents over the whole water column, while
the large-scale model was indicating a predominant northward component.
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Figure 5.19

Period 16/03/2016 to 31/03/2016: Time series of current speed at the point “-25m”, from the 3D local
model (blue lines) and from the 3D large scale model (red lines at different depths (-5m top, -12m
middle, -20m bottom).

Bottom: Current roses from the 3D local model (left: -5m, middle left: -12m, middle right: -20m)
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Figure 5.20 Period 16/07/2016 to 31/07/2016: Time series of current speed at the point “-25m”, from the 3D local
model (blue lines) and from the 3D large scale model (red lines at different depths (-5m top, -12m
middle, -20m bottom).

Bottom: Current roses from the 3D local model (left: -5m, middle left: -12m, middle right: -20m)
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Figure 5.26 sea bottom current
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Figure 5.27 current profile along the channel: 21/03/2016 22h40
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Figure 5.29 current speed and direction (horizontal) over the period 15/03-15/03/2016 at point 1
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Figure 5.30 current speed and direction (horizontal) over the period 15/03-15/03/2016 at point 2
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Figure 5.31 current speed and direction (horizontal) over the period 15/03-15/03/2016 at point 3
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Figure 5.32 current speed and direction (horizontal) over the period 15/03-15/03/2016 at point 4
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Figure 5.38 sea bottom current
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[m] Vertical profile from (391582,1989369) to (382814,1988343)
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Figure 5.39 current profile along the channel: 19/07/2016 06h40
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Point 1 - horizontal current speed
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Figure 5.40 current speed and direction (horizontal) over the period 15/07-15/07/2016 at point 1
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Figure 5.41 current speed and direction (horizontal) over the period 15/07-15/07/2016 at point 2
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Point 3 - horizontal current speed
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Figure 5.42 current speed and direction (horizontal) over the period 15/07-15/07/2016 at point 3
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Figure 5.43 current speed and direction (horizontal) over the period 15/07-15/07/2016 at point 4
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5.5 Sediment plume Dispersion

1984000 |

The mud transport model

Simulations of plume dispersion were realized with the Mud Transport module (MT) of MIKEbyDHI®. It
simulates sediment transport in suspension and processes of erosion-deposition at water-sediment
interface.

In the absence of data to calibrate the fine sediment model, the model parameters were defined based
on DHI expertise. Critical sheartresses of erosion and deposition are taken with value 0.2 N/m?, classical
value for muddysediment. Bed roughness is ks =0.1 mm. Settling velocity is set constant to 0.02 mm.

The considered points for dredging operations in the port and along the channel as well as for the disposal
operations in areas A and B are located on Figure 5.44. The depths in this area are between -30m LAT
and -20m LAT. The sediment disposal is simulated at the central point of this area, thereafter referred as
the “offshore disposal point”, and located at a depth of -25m LAT.

Bathymétrie (NGF)
Bl Avove O
-

boudbhbbdbio

MRRNRREAC e

y ) T T T T
383000 384000 385000 386000 387000 388000 389000 390000 391000 392000 393000 394000

[m]

00:00:00 Time Step 0 of 0.

Figure 5.44  Location of the points considered for the modelling for the dredging and offshore operations.
Disposal areas A and B are indicated (black box).
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5.5.1 Dredging equipment and cycles

As provided by ARISE:

. Method of Dredging: “As of now with the sole bore hole field data (close to the breakwater and the
neck of access channel) available it appears to be cemented sands. So, it is envisaged that the
dredging contractor may deploy a TSHD to achieve higher rates of production. So the discharge
would be bottom discharge.”

. Rate of dredqging: “7,500-10,000 cum/hr.”
o As a conservative approach, a rate of 10,000cum/hr is considered
. Time of completion: “5 months including mobilization +demobilisation for a total volume of 6-million
cum”.
. Location of dredging: “Initially, port basin, access channel shall be deepened and extended. The
location of disposal shall be Zone-A and Zone-B as indicated in the bathymetric survey”.
o For this 15-day periods of modelling, zone A is associated dumping of materials
dredged on the port and zone B to materials dredged in the channel.

Regarding the TSHD operation cycles, it has been assumed the following:

. Duration of one cycle: 180 minutes (3 hours);

. For each cycle:
o duration of the dredging operations: 60 minutes (1 hour);
o dumping operations: 1 minute.

A 24/7 operation is assumed; therefore 8 cycles are considered per day.

The in-situ sediment along the channel is composed of 44% of fines (see section 2.3, sample ST06). Its
density inside the dredger is considered to be 1700 kg/ms.

Regarding the in-situ sediment in the port, two samples were analysed. Sample STO01, with less than 3%
of fines and sample ST02 mainly composed by fines. An average value of 50% of fines is considered as
a first approach. The in-situ density is considered to be 1700 kg/ms.

The modelling was performed at first using the 2D hydro-sedimentary model. Simulations were performed
for the two 15-day periods (15/03/1 -31/0/2016 and 15/07/2016-31/07/2016). At a later stage of the
mission, simulations were then performed using a 3D hydro-sediment model.

In the model, the operation cycles are continuously repeated all over the 15-day simulation periods to
have a conservative approach.

The modelling focuses on the plume dispersion in the offshore disposal area. The natural turbidity here
has not been considered in the modelling. The measured turbidity is however very low.

5.5.2 Modelling approach

68

The sediment load and discharges are implemented in the model at the dredging and Disposal Points (A
& B) using timeseries with a timestep of 1 min, in order to correctly describe the TSHD discharges.

Assuming spill rates of 3% during the dredging operations and of 10% during the disposal, sediment
conditions give a fine sediment flux of approximately:

. Sediments from the port:
o 70 kg/s during the dredging operations in the port
o 4417 kg/s during the discharges in zone A

. Sediments from the channel:

o 62 kg/s during the dredging operations in the port
o 3887 kg/s during the discharges in zone B
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5.5.3 2D Modelling results

Period: 15/03/2016 to 31/03/2016

The extent and concentration of the mean and maximum (over the 15-day period simulated) depth-
averaged turbidity plumes induced by the disposal operations are shown on Figure 5.45 and Figure 5.46
and for both dredging and disposal scenarios: inside the port and area A for one scenario, along the
channel and area B for the second scenario, Figure 5.47 shows the bed thickness change (deposition)
over the 15-day period.

The turbidity plume is mainly located south of the dredging operation area and of the disposal areas, due
to the currents which mainly drive the plume. To be noted that the plume from the dredging operations
inside the port does not extent too much outside the basins, due to calm conditions.

e On average, the extent of the 5mg/L threshold contour is 4km southward,;

e Considering the maximum value, the extent of the 50mg/L threshold contour is about 2km in
southward;

e For the bed thickness variation, the 5mm threshold contour is about 3.5 to 4km south of the
dredging and disposal sites.
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Figure 5.45 Mean depth-averaged turbidity plume over the 15-day simulation period (period 15/03/2016 to
31/03/2016) — dredging in the port and deposition in area A (left) — dredging in the channel and
deposit in area B (right)
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Figure 5.46 Maximum depth-averaged turbidity plume over the 15-day simulation period (period 15/03/2016 to
31/03/2016) — dredging in the port and deposit in area A (left) — dredging in the channel and deposit
in area B (right)
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Figure 5.47 Total bed thickness change over the 15-day simulation period (period 15/03/2016 to 31/03/2016) —
dredging in the port and deposit in area A (left) — dredging in the channel and deposit in area B (right)

Period: 15/07/2016 to 31/07/2016

The extent and concentration of the mean and maximum (over the 15-day period simulated) depth-
averaged turbidity plumes induced by the disposal operations are shown on Figure 5.48 and Figure 5.49
for both dredging and disposal scenarios: inside the port and area A for one scenario, along the channel
and area B for the second scenario.

The turbidity plume is mainly located North and south of the dredging operation area and of the disposal
areas, due to the currents which mainly drive the plume. To be noted that the plume from the dredging
operations inside the port does not extent too much outside the basins, due to calm conditions.
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e On average, the north ward and southward extent of the 5mg/L threshold contour is 1km in both
directions;

e Considering the maximum value, the northward and southward extent of the 50mg/L threshold
contour is about 1km in both directions

e For the bed thickness variation, the 5mm threshold contour is about 2km north and south of the
dredging and disposal sites.
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Figure 5.48 Mean depth-averaged turbidity plume over the 15-day simulation period (period 15/07/2016 to
31/07/2016) — dredging in the port and deposit in area A (left) — dredging in the channel and deposit
in area B (right)
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Figure 5.49 Maximum depth-averaged turbidity plume over the 15-day simulation period (period 15/07/2016 to
31/07/2016) — dredging in the port and deposit in area A (left) — dredging in the channel and deposit

in area B (right)
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Figure 5.50 Total bed thickness change over the 15-day simulation period (period 15/07/2016 to 31/07/2016) —
dredging in the port and deposit in area A (left) — dredging in the channel and deposit in area B (right)

5.5.4 3D Hydro sediment modelling results

72

Sediment plume modelling was performed, in a later stage, using a 3D hydro-sediment model. Same
scenarios were reproduced. Results are detailed hereinafter.

For each meteorological and dredging scenario, are presented:
e The total bed thickness change (after the 15-day period simulated);

e The extent and concentration of the mean and maximum (over the 15-day period simulated)
turbidity plumes induced by the dredging and disposal operations, near the bottom layer, and
averaged over the water column.

Compared with the 2D modelling results, the order of magnitude of the sediment plume extent is similar
(2 to 4 km), mainly dispersed southward of the dredging and disposal areas. The plume is spreader than
with the 2D models thanks to a better representation of the distribution of sediment sources in the water
column and the associated current speed structures.

Moreover, the 3D modelling provides a better representation of the sediment concentration near the
bottom layer. Indeed, most of the sediments spill will be generated near the bottom, due to the dredging
methods, and will then be spread around in the water.

In addition, a more accurate current modelling details how dredging operations in the port can potentially
generate a plume extending beyond this facility boundaries.

To provide additional information to better estimate the potential impact of the dredging operations on the
environment, the percentage of time exposure is provided in the following figures. The percentage is
provided compared to the total duration of the 15-day duration, for different thresholds of suspended
sediment concentration (SSC): 5mg/l, 10mg/L, 25mg/l and 50mg/L.
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Figure 5.51 Total bed thickness change over the 15-day simulation period (period 15/03/2016 to 31/03/2016) — dredging in the port and deposition in area A
(left) — dredging in the channel and deposition in area B (right)
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Figure 5.52 Mean (top) and maximal (bottom) turbidity plume over the 15-day simulation period (period 15/03/2016 to 31/03/2016) — dredging in the port
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and deposition in area A.

Left: bottom layer — Right; depth averaged
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Figure 5.53 Bottom layer: exposure (% of the total duration) over the 15-day duration (period 15/03/2016 to 31/03/2016) — dredging in the port and deposit
in area A. Exposure relative to the SSC thresholds of 5mg/l, 10mg/l, 25mg/l and 50mg/I
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Figure 5.54 Depth averaged: exposure (% of the total duration) over the 15-day duration (period 15/03/2016 to 31/03/2016) — dredging in the port and
Exposure relative to the SSC thresholds of 5mg/l, 10mg/l, 25mg/l and 50mg/I
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Figure 5.55 Mean (top) and maximal (bottom) turbidity plume over the 15-day simulation period (period 15/03/2016 to 31/3/2016) — dredging along channel
and depositin area B.  Left: bottom layer — Right; depth averaged
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Bottom layer: exposure (% of the total duration) over the 15-day duration (period 15/03/2016 to 31/03/2016) — dredging along channel and
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Figure 5.57 Depth averaged: exposure (% of the total duration) over the 15-day duration (period 15/03/2016 to 31/02/2016) — dredging along channel and
deposit in area B. Exposure relative to the SSC thresholds of 5mg/l, 10mg/l, 25mg/I and 50mg/I
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Figure 5.58 Mean (top) and maximal (bottom) turbidity plume over the 15-day simulation period (period 15/03/2016 to 31/03/2016) — dredging in the port

and deposit in area A.
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Figure 5.59 Bottom layer: exposure (% of the total duration) over the 15-day duration (period 15/03/2016 to 31/03/2016) — dredging in the port and deposit
in area A. Exposure relative to the SSC thresholds of 5mg/l, 10mg/l, 25mg/l and 50mg/I
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Figure 5.60 Depth averaged: exposure (% of the total duration) over the 15-day duration (period 15/03/2016 to 31/03/2016) — dredging in the port and
deposit in area A. Exposure relative to the SSC thresholds of 5mg/l, 10mg/l, 25mg/I and 50mg/I
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Figure 5.61 Total bed thickness change over the 15-day simulation period (period 15/07/2016 to 31/07/2016) — dredging in the port and deposit in area A
(left) — dredging in the channel and deposit in area B (right)
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Figure 5.62 Mean (top) and maximal (bottom) turbidity plume over the 15-day simulation period (period 15/07/2016 to 31/07/2016) — dredging along channel

and deposit in area B.
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Figure 5.63 Bottom layer: exposure (% of the total duration) over the 15-day duration (period 15/07/2016 to 31/07/2016) — dredging along channel and
deposit in area B. Exposure relative to the SSC thresholds of 5mg/l, 10mg/l, 25mg/I and 50mg/I
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Figure 5.64 Depth averaged: exposure (% of the total duration) over the 15-day duration (period 15/03/2016 to 31/02/2016) — dredging along channel and
deposit in area B. Exposure relative to the SSC thresholds of 5mg/l, 10mg/l, 25mg/I and 50mg/I|
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6 Hydro-sediment study

The aim of this study is to analyse the impact of the project (new quay and potential deepening of the
entrance channel or existing turning basin) on sedimentation inside the existing port and shoreline stability
near the port.

The work includes analysis of thte shoreline retreat, supported by mathematical modelling of waves,
currents, sediment transport and coastal morphodynamics.

6.1 Site characterisation

At first, a site characterisation has been undertaken. It was based on available data and documents. This
step is necessary to insure an adequate calibration and validation of the hydro-sediment model.

6.1.1 Evolution of the shoreline

88

First works for the Port de '’Amitié development started in 1979, completed in 1986. The second phase
of development was engaged in 2031 with the construction of the southern jetty.

The construction of the Port on the Nouakchott coast has led to a rapid coastline evolution that has
resulted in:

. a strong accretion of the coast north of the port;
. a significant erosion south of the facilities, that has required the implementation of protective
measures, which include:
o construction of a groyne south of the port and a protective seawall
o construction of a detached breakwater about 2km south of the port in 2012.
In addition, the northern jetty was completed by an additional extent in order to reduce the sediment input
from the north.

The following picture present the shoreline position in 1991, illustrating the beach erosion issue that the
part of the shoreline is facing, and the maritime structures (jetty and groyne).
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Figure 6.1:  Aerial view of the port of Nouakchott in 1991.

The beach evolution of Nouakchott has been the subject of some studies including /1/and /8/. The
following figure is extracted from /8/. It illustrates the shoreline mobility for the period 2004 to 2010, with
a rate of accretion of about 14m/year north of the harbour and 20m/year south of the harbour
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Figure 6.2:  Shoreline mobility during the period 2004-2010.

To update the shoreline evolution understanding, data from previous studies have been completed by the
analysis of more recent aerial views. Results of this analysis are illustrated on Figure 6.3 where shoreline
position from 1980, 1998, 2003, 2009, 2012, 2016 and 2018 are compared. The addition of the recent
shoreline position confirms the past trend of evolution, with a continuation of accretion north of the harbour

an erosion south of it.

However, it has to be noted that after the contrition of the breakwater about 2km south of the harbour, the
erosion has been significantly reduced between this structure and the harbour. In return, the hot spot for

intense erosion has been reported south of the breakwater.
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Figure 6.3:
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To confirm this observation, the evolution of the shoreline position, relative to the position in 1980, has
been reported for 6 profiles, illustrated Figure 6.4.

. Profiles 1 and 2 located north of the harbour
. Profiles 4 and 5: located between the harbour and the breakwater
. Profiles 6 and 7: located south of the breakwater

The following graph shows the results of this analysis.
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Figure 6.4:  Shoreline position evolution, relative to 1980, for 6 profiles along the coast.
For the period 1980-2018, we note the following:

. The accretion trend is retirement stable, with a slight reduction of intensity in the recent year, for
profiles 1 and 2: 800m of accretion for profile 1 and 200m of accretion for profile 2

. A significant erosion for prof