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1. | NTRODUCTI ON

1.1. PROJECT BACKGROUND

Faced with growing needs for energy, in 2006 the Government of Cameroon developed a long-term
Electricity Sector Development Plan by the year 2030 and updated the plan in 2014 till year 2035 (PDES
2035). The plan is a technical, environmental and economic framework for the development of electricity
production. According to the ranking of the 54 potential hydroelectric production sites in Cameroon
established by the ESDP 2035, the Nachtigal site (dubbed Nachtigal Upstream) is one of the most
interesting hydropower sites in the country, in economic and environmental terms. It is therefore listed
among the priority facilities in the overall development strategy. The development of this project is one of
the main tools that would help address, in a sustainable manner Cameroon's, development needs.

Technical and economic studies conducted in 2005 and 2006 demonstrated that the project is feasible but
dependent on building the Lom Pangar upstream regulation dam. It required waiting for the Lom Pangar
project to get to an advanced stage before relaunching the Nachtigal Hydroelectric Project in 2011. Five
years after the initial ESIA of 2006 and in accordance with Cameroonian regulations, the ESIA was updated
in 2011. This later is the baseline ESIA of the project including the preliminary ESMP.

Fig. 1. The Nachtigal — Upstream site

On 8 November 2013, a joint development agreement (JDA) was signed between a Group of Investors
including the Government of Cameroon (GoC), EDF, the International Finance Corporation (IFC) and Rio
Tinto Alcan (RTA)* for the development of the project.

*RTA has meanwhile left the project development.

The project is a response to the energy needs of Cameroon and electric production by the project is for the
South interconnected network (RIS) through ENEO, the Cameroonian operator. The objective is that the
project development phase ends in 2017. The commissioning of generators will take place between 2021
and 2022.

1.2. PURPOSE OF THE DOCUMENT

An environmental compliance certificate was obtained in April 2014 based on the 2011 ESIA baseline.
However, the preliminary ESMP attached to the ESIA showed that it was not detailed and accurate enough
to the new co-developers and the Ministry in charge of the environment in Cameroon (MINEPDED). It was
therefore necessary to provide more details to make it more operational and adapted to new realities of the
Project. In this regard, the co-developers have outlined a complementary environmental and social studies



program, some of which are envisioned by the ESIA to complement the latter and develop a detailed ESMP,
which has been validated July 2016.

The purpose of this document is to present in an organized manner the summaries of environmental and
social studies as a continuation of the 2011 ESIA.

After a presentation of the project (§ 2) and the summary of the 2011 ESIA (8 3), this document presents,
in three sections, complementary studies conducted:

4: POST-ESIA ADDITIONAL Baseline studies: METEOROLOGY, AIR QUALITY, NOISE LEVELS
AND SEDIMENT TRANSPORT ;

5: ADDITIONAL INVENTORIES AND STUDIES on IMPACTS ON THE NATURAL ENVIRONMENT

6: ADDITIONAL STUDIES ON THE HUMAN ENVIRONMENT

The table below gives the list of complementary studies presented in these sections.

Tabl. 1 - List of complementary studies conducted to complete the 2011 ESIA

Section Title / Object | Authors

POST-ESIA ADDITIONAL Baseline studies: METEOROLOGY, AIR QUALITY, NOISE LEVELS AND
SEDIMENT TRANSPORT

4.1 Local Meteorology CARFAD
4.2 Air Quality Baseline CARFAD
Ambient Noise Baseline iN VILLAGES near THE
4.3 PROJECT CARFAD

Expertise of hydro sediment impact on the
Sanaga river.

ADDITIONAL INVENTORIES AND STUDIES on IMPACTS ON THE NATURAL ENVIRONMENT

4.4 ARTELIA

51 Update of the fauna and flora CARFAD
59 study on the distribution and flowering of|Dr. Ghogue (IUCN /
' Ledermanniella CARFAD)
Dr. Bitja-Nyom
5.3 Fish population base line study (University of
Ngaoundere
54 Minimum environmental flow ARTELIA

STUDY On the need to clear vegetation in the
NACHTIGAL reservoir area prior to reservoir
filling

55 EDF

ADDITIONAL STUDIES ON THE HUMAN ENVIRONMENT

Economic and social study and management

6.1 . EGIS Cameroun
plan for sand-mining sector.

6.2 health study and action plan CARFAD

6.3 Local Capacity and manpower study and action CAREAD

plan.

6.4 social influx management plan EGIS Cameroun




2. DESCRI PTOBNTHROJET

2.1 BRIEF HISTORY

The site of the Nachtigal upstream dam was identified in the 1950s, and described more explicitly in 1974
under pre-project studies carried out by EDF-Dafeco on behalf of Electricité du Cameroun (later known as
SONEL).

The possibility to equip the site with a high power hydroelectric facility has since been reviewed severally,
especially on behalf ALUCAM between 2006 and 2012. These studies identified the main features of the
facility (RN ranking, dam axis, main functions, ...) taking into account technological developments since the
first studies of the 1970s and Cameroon's growing energy demand.

In 2013, following the change of the Project developers, the co-developers (the Government of Cameroon,
EDF, RTA and SFI) decided to launch a detailed pre-project study (PPS) to refine previous studies
mentioned above and optimize the design. Without questioning the fundamentals, the PPS carried went far
more in depth into certain aspects and revised others. The main changes to the project at the PPS stage
concerned:

the possibility to generate state-of-the-art energy for the RIS, including an increase of the tidal range
of the reservoir and an hydropeaking operation of generator units ;

the establishment of a minimum in-stream flow to preserve certain habitats;

closing the left bank of the reservoir using a secondary dam to prevent interaction with the
embankment of the Transcam?2 railway and have ample space in relation to high water level;

evacuation of floodwaters mainly through free threshold (more robust);

readjustment and optimization of the main structures (dams, canal, plant, production point) for
easier, faster, less expensive construction, better hydraulic operation or easier maintenance.

Project modifications on the 2011 design can minimize certain impacts or create new ones, and thus require
new measures. A downstream and cumulative impact assessment reviews the environmental and social
implications of these minor design and operational changes.

2.2. KEY PROJECT FEATURES
The project is developed by four* partners (the State of Cameroon, EDF, IFC and RTA), under a

joint development agreement signed on 8 November 2013; *three since the departure of RTA from the project

The consortium has exclusive rights to develop the project under an agreement signed with the
State of Cameroon on 10 July 2014;

The project is a national priority to further secure the electrical system of Cameroon;

The project is to design, build and operate for the duration of the lease a dam and a hydroelectric
plant on the Sanaga RiverSanaga River at the Nachtigal Falls upstream (located at 65 kilometers
northeast of Yaoundé) and an evacuation line of 50 kms of 225 kV in technical terms up to Nyom2
(north of Yaoundé);

The total capacity installed stands at 420 MW, with 7 generators with an electric power unit of 60
MW, corresponding to a 980 m3/s design flow.

Hydrology is regulated by the upstream Mbakaou and Lom Pangar dams providing an objective
turbinable dry season flow of 650 m3/s and an average annual energy yield of 2.85 TWh at Nyom2;

The run-of-river dam operates on small land and limited environmental and social impacts;

The investment is funded under Project finance;



Construction is expected to start in 2018 and operational commissioning of the 7 turbines will be
between 2021 and 2022.

Fig. 2. View of upstream facilities

2.3. OPERATION METHODS

There are two clearly marked seasons in a hydrological year at Nachtigal: a period of 32 weeks (dry season)
during which hydrological intake is regulated at 650 m3/s by upstream reservoirs (Lom Pangar and
Mbakaou) and a period of 20 weeks (wet season) during which the inflow may exceed significantly the
design flow of the facility by 980 m3/s. Several operating methods have been retained, as follows.:
During the wet season, inflow is well above the design flow of the facility, thus a run-of-the-river
maximum operation flow has been retained,;

During the dry season, two operational methods will be possible:

Run-of-the-river operation, the

facility instantaneously turbining all
the water inflow at a constant RECONSTITUTION DE VOLUME EN ECLUSEES

) débit
reservoir level;

Solution 1 : trait plein :  reconstitution @ Quepperiyrion MAX Niveqy amont]
Solution 2 : trait pointillé : reconstitution & Qupgement max < Qrecanstiytin MAX

Daily hydropeaking operation
helps to provide maximum power
to the g”d during peak pointe reconstitution
consumption hours by slightly  psom¥s
deepening the reservoir, and |C..cm

limiting production during the rest
of the day to replenish the

RN

hydraulic stock. Journédtype
2.4, PROJECT _ - cinal of hvd y .
FEATURES AND Fig. 3. Principal of hydropeaking operation
LAYOUT

The table below provides the technical factsheet of the facility and the figures that follow show the location
and the layout of the project



Tabl. 2 - Technical factsheet of the facility

General
Nominal power of the installation 420 MW (7*60MW)
Design flow 980 mé/s
NR reservoir area 4.21 km?
NR reservoir volume 27 800 000 m®
Useful volume between NR and MOL 6 100 000 m®
Hydrolog y
Target flow (95 % of the time) 650 m3/s
Exceptional flood (Qi10 000) 7 500 m3/s
Ten-year flood (Q10) 4 400 m%/s
Characteristic levels
More extreme high waters (MEHW) 514,7 NGC
Highest waters (HW) 514,5 NGC
Normal reservoir (NR) 513,5 NGC
Minimum Operation Level MOL 512,0 NGC

Main release dam

Dam type

Dam weights BCRd Upstream face BCRE

Spillway type

Free airy maze threshold on dam ridge with a
developed length of 4 710 m

Full length of the dam

1 455 m (of which 1 380 m long pouring)

Maximum height on foundation 13,6 m
Ridge elevation pad on the right bank 516,00 NGC
Upstream face Vertical

Downstream face

Staircase;1V/0,5 H

Ridge width

7 m at the ridge 512,1 NGC

Maze threshold ridge elevation

513,60 NGC

Left bank close -up dam Barrage

Dam type

Dam weight BCRd Upstream face BCRE

Total dam length 553 m

Maximum height from foundation 16 m

Upstream face Vertical

Downstream face Staircase1V/0,4 H

Ridge width 5m

Ridge Varying from 516,0 NGCto 518,5 NGC

Temporary by -pass opening

Type 5 Conventional vibrated concrete floodways
Opening threshold 501 NGC
Floodways 5x17 x 16,2 m

Cofferdam construction phase

Metal cofferdams

Final closure

Concrete plugs

Gated flood spillway

Type 2 gated floodways with vibrated conventional concrete
floodways 2x17x142m

Floodways threshold 503 NGC

Floodgate 2 valves segment 17 x 10,7 m

Valves Installed on valves segment & 2,5 x 14m

Floodgate flow under RN

2 x 980 m3/s = 1960 m 3/s

Floodgate flow under PHE

2x 1110 m3/s = 2220 m 3/s

Floodgate flow under CME

2 x 10 m¥/s

Valves flow under RN

2 x 80 m3/s

Operation cofferdam

Metal cofferdams

Upstream water intake canal

Type

3 Conventional vibrated concrete floodways

floodways

3x17x11,2m

Floodway threshold

506 NGC

Operation cofferdam

Metal cofferdams




Inlet canal

Length 3067 m

Width of invert Varying from 60 m to 20 m
Maximum depth 15m

Internal slopes 2.1H/1V

External slopes

2.1H/1V 8 berms all 7 m

Waterproofing

Conventional vibrated concrete 8 0.2 m

Water inlet by-pass

Length 250 m
Width of invert Varying from 20 m to 70.20 m
Maximum depth 21,5m

Power water inlet

Type

7 Conventional vibrated concrete sluices

Width of sluices

5,60 m

Height of sluices

Gradual from 15.10m to 5.60 m

Head valves

7 valves winch wagon 5.6m x 5.75m

cofferdams

1 metal cofferdam 7,00m x 5.875 m

Wire rack

63 mx 15, 5mad slanted at 15°

Penstock pipes

Type 7 separate piping
Embankment slope 45°

Internal diameter 5.60 m

Length From 74.5 m to 80.5 m
Velocity (at turbined Qmax) 5.7 m/s

Hydropower plant

External d imensions:

Height above foundations

35.75m atthe ridge

Width 46.75m

Length 142 .2 m
Turbine (Francis vertical  axis) & Water power 7 x 62 MW
Electric power at transformer outputs 60 MW
Rotation speed 136 .4 tr/min
Alternat or 10,3kV, 50 Hz 7 x 73 MVA

Three -phase power transformer 10,3/225 kv

8 x 73 MVA, ONAN/ONAF
(a spare transformer )

Cofferdam

14 sets of cofferdams  6.7x6.2 m

Outlet ¢ anal

Length

800 m




Transport post and lines

Liaison Plant i Production post

Type Aster 228 & 7 x single -beam and single conductor
Length 7 x 800m

Production post
Type 225 KV open to 2 sets of busbar

Line 225 kV
Supply poi nt Connection station of  Nyom 2
Type Aster 570 0 double -beam & double conducto r
Length 50.3 km

Width of the DUP allowance area

50m

Corner pylon

10 (+ start and finish  gantries )
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Flg. 4. Location  of the project



Fig. 5. Layout of the project



















































































































































