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Introduction

The Lom Pangar dam is under construction in theeuf$anaga river basin (Cameroon). The owner istfidag
Development Corporation (EDC), a state-owned comppa@he project has been planned in order to opgntie
yield of the several hydropower plants located o $anaga River. It includes a 45 m high dam argati6 billion
cubic meters reservoir, 540 knim area. It also includes a 30 MW power plant artD5 km long transmission line.
The dam and reservoir are located in a sensitirest@nd savanna area, in a poorly developed ptre @ountry.

The Lom Pangar project is, to the authors’ knowedge first large dam project in Africa whose damstion works
are financed by the World Bank through an IDA creifice the World Commission on Dams (1998-2000)ef®s
its context, the Lom Pangar project is associatigll substantial environmental, social and reputetizisks.

During the preparation phase of the project, theeBament of Cameroon carried out an environmentdl social
impact assessment (ESIA) which led to the comptetiban environmental and social management pl&WE)
and a resettlement action plan (RAP). The envirorieieand social documentation was produced in c@ampé
with the World Bank and other donors policies.

During the detailed design study, a close collatimmawas organized between Tractebel Engineerirgnge) /
Coyne et Bellier, the consultant in charge of taenddesign, and the consortium ISL Consulting Ergisi©réade
Breche/Sogreah, in charge of the environmentalsathl documentation preparation. Frequent exclmahgaveen
the two teams helped preparing a better projecbath technical and socio-environmental perspectividgs

collaboration fruitfully carried on, the consortiufimactebel Engineering (France)/Coyne et Belligsl- Consulting
Engineers having been hired to carry out the sugierv of the dam construction works, with the assise of
Oréade Bréche.

The paper focuses on the contributions of the sacid environmental assessment to the dam designvarksite
organisation, and on the contributions of the mj® conservation of biodiversity, living standsrdf local
populations, and culture history.



1. Background
1.1 The electricity sector in Cameroon

Taking into account the commissioning of the gawegroplant in Kribi (216 MW) in early 2013, over 60&
Cameroon's electricity is produced by the hydrdeleplants in Song Loulou (384 MW) and Edea (26@/Mon the
Sanaga river, and by the Lagdo plant (72 MW) orBaroue.
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Fig. 1. Map showing the Lom Pangar project witliia Sanaga hydropower system.

The development of Cameroon's hydroelectric paagnthe second largest in Africa behind the Demticra
Republic of Congo, started with the progressivel@gpent of the Edea plant between 1954 and 1958 its
extension in 1970. The Song Loulou and Lagdo plamse both commissioned in the 1980s. Alongside the
development of production capacities, the threeeriesr dams in Mbakaou, Bamendjin and La Mapé were
progressively brought into service in 1970, 1978 4888, in order to increase the water flow of $amaga river
during the dry season, thereby increasing the gteed power production at the Song Loulou and Fdkeats.

Nonetheless, starting in the middle of the 1980d amtil the early 2000s, Cameroon had to deal aitbevere
economic crisis, which led the Government to etfaetstructural adjustment policy proposed by thet®n Woods
institutions. It was obliged to: i) postpone pladnstrategic investment in the energy sector, inti@dar
hydroelectric facilities, and ii) privatise the grection, transport, distribution and sale of elecfrower. The
privatisation of Sonel led to the creation of tloenpany AES-Sonel in 2001.

Due to the postponement of the investment, Camésqmwer production system can not cope since #nky 2000s
with the growing demand of the public sector andustry, causing frequent load shedding during ttyeséason.
The economic cost of this energy shortage is egtighat 1-2% of the annual Gross Domestic Productbout CFA
1,000 billion over the 2002-2011 period.



Faced with this energy crisis, the Cameroon govemtrthas made the expansion of the country's edégtri
production capacity a national priority and hasadraip an Energy Sector Development Plan for 208D 2030),
in which the choice of hydroelectric power is aabilie long-term solution whatever the developmeanatrio.

1.2 Lom Pangar reservoir dam

The Lom Pangar dam project is located in the Eagtesvince on the Lom river, approximately 4 km astveam
from the confluence with the Pangar, and 13 kmrepst of the confluence with the Djerem. It is ateagion of the
development of the Sanaga electric power produdimiem and its main purpose is to significantigréase the
hydrological regulating capacity of the catchmergtaa The project will increase the minimum watemflat Song
Loulou from 600 to 950 fis, thereby ensuring an additional guaranteed pofv&20 MW to the Song Loulou and
Edea plants, and also to supply water to futuredpalwer facilities, including the Nachtigal hydreedric plant.

The Lom Pangar dam, which has a maximum heighbah4is a mixed-type dam composed of a central redac
structure with embankment wings and a saddle d&smb40 km? reservoir offers an active storage dapat 6
billion cubic metres (kr) at normal operating level (672.7 m NGC). The ecojalso features the construction of a
dam toe powerhouse which in time will be equippethviour generator turbines, each with an individpawer
rating of 7.5 MW, and a 105 km long 90 kV transnaedine connecting the plant to the Eastern NeknairBertoua
substation.

1.3 History of design and environmental studies

The Lom Pangar site was identified in 1980 durirgeaeral programme to inventory the hydroelecesources of
Cameroon. The design studies were initiated in 1880 self-financed by Sonel, before its privatmatiA full

geological and geo-technical reconnaissance campeds carried out in 1992, followed by a feasipibtudy for
the dam and plant in 1993, simulation work on thedya system in 1995 and basic design studiesmalk@n5. A
preliminary Environmental Impact Assessment (ElAgswcarried out in 1997 and 1998. The basic dedigties
were updated in 1999, but the detailed design studych should have been done after this update mat
launched due to the privatisation of Sonel, ingtihin 1999.

A detailed environmental and social impact assessifiESIA) composed of 25 thematic studies and aagement
plan, was carried out in 2004-2005 by the conserti$L/Oréade Bréche/Sogreah, based on the the Hasign
updated in 1999.

A new updated version of the basic design was cereglin 2006, integrating part of the recommendatio
contained in the ESIA 2005. The detailed design thas prepared by Coyne et Bellier, a draft beimgnstted in
February 2007.

On the basis of the ESIA 2005 and the 2007 detaiésign and on the observations of the Ministrigofironment
and Protection of Nature, the independent panekpérts and the international funding agenciesitiaddl studies
(reservoir capacity optimisation, large primatepylation viability, environmental study of the asseaoute) were
required to meet the highest international starglafthese studies were carried out in 2007 and 20@Bled to
frequent exchanges and a close collaboration betwzmyne et Bellier in charge of the project desigmd the
consortium ISL/Oréade Breache/Sogreah in chardieeo$ocial and environmental studies.

Following those additional studies, the detailedigie was updated in 2009 and the final version psdished in
April 2010. In parallel with the finalization of ¢hdam engineering studies, environmental and sstidies resumed
in late 2008: at the request of the internationabfng agencies and in particular the World Bahk, Environmental
and Social Assessment (ESA) and the resettleméohgdan (RAP) were updated and reformulated tly fromply
with their requirements. The final documents wedtgegl in early 2012 after integration of the obsdions of the
different stakeholders.

The call for tenders for the dam construction wonkess launched in August 2010, following a pre-dicdtion

process that led to the selection, after noticeabbjection from the international funding agescief five Chinese
companies, one Italian company, one Brazilian com@and one French company. The works contract wasded
in May 2011 at the Chinese company China Water Eledtric Corporation (CWE) and was put into effatt
September 2011.



1.4 Requirements for the environmental and social studis

The environmental and social assessment processomdsicted in accordance with:

- the national legal, regulatory and institutiofiemework, and in particular the Environmental Mgement
Framework Law (Law n°96/12, 5 August 1996);

- the World Bank safeguard policies requirementsn@ with the ones of the other main donors (Agence
Frangaise de Développment — AFD, European InvestBeamk - EIB, African Development Bank — AfDB).

The World Bank safeguard policies triggered by tloen Pangar project are: Environmental AssessmeR{E®
4.01), Natural Habitats (OP/BP 4.04), Forests (®P4B36), Pest Management (OP 4.09), Physical Gliltur
Resources (OP/BP 4.11), Involuntary ResettlemeR{BO 4.12), Safety of Dams (OP/BP 4.37).

The safeguard policies requirements that are beyational laws and decrees were identified andughedl in the
environmental and social assessment process im trdielly comply with the donors’ policies and @i for project
appraisal.

2. Contributions of the social and environmental assasnent to the project design
2.1 Contributions to the dam design

Optimisation of the reservoir storage capacity

The 2006 update of the basic design studies indlagieactive storage capacity of 7 %kmt a normal operating level
of 674.50 MNGC. At the request of the financial contributors, atoreomic and environmental optimisation
assessment of the reservoir storage capacity weedaut by ISL/Oreade Breche.

The optimisation assessment for the active stocagecity of the Lom Pangar dam was based on firdeltiog of
the Sanaga river basin. All the hydrological datailable were taken into account. The assessmeswssthat
management of the Sanaga river must be optimisdzk table to analyse the optimisation of the storgEcity
appropriately.

From a hydraulic standpoint, simulations show theteasing the storage capacity from 5°’km6 kn? will increase
the guaranteed 90% water flow during low water leperiods by 5 to 10%, therefore increasing therguized
power available on the Sanaga plants. Increasigapacity from 6 to 7 kironly increases this water flow by 1 to
2%. We can therefore identify a significant hydiaefficiency for the increase from 5 to 6 kisut only a marginal
one for the extension from 6 to 7 &m

From an economic point of view, the optimisatiortted storage capacity was done in an effort to mise the cost

of meeting the energy demand of the South Interected Network for the 2005-2030 period. The comptse

taken into consideration are:

- Investment costs to meet demand on the basredtEDP 2030;

- Network operation costs, including fuel expenditfior thermal units along with operating and mematnce
spending;

- Cost per tonne of carbon generated by greenhgases by the thermal plants and by the Lom Paegarvoir;

- Cost of environmental measures according toekerroir capacity.

The results of the optimisation in the median eooicodevelopment scenario with the assumptions efESDP
2030 produce an optimal capacity slightly belown' k

The assessment highlights a high sensitivity of dbéimal capacity in relation to the value per termf CO2
(equivalent), with the optimum changing from 6.6 3d kn? when the cost per tonne of CO2 (equivalent) is
increased from €5 to €15.

The other economic parameters taken into considarbaive a less significant influence:

- a33% increase in fuel costs pushes the optiag@dity from 5.7 up to 6.0 kin

- doubling the environmental flow from 25 to 56/snlowers the optimum capacity from 5.7 to 5.3km

- the u:?e of a "wet" hydrological time series (1:28003) also lowers the optimum capacity from 5.7ess than
5.0 k.



Furthermore, the economic assessment highlights high sensitivity of the results to the energy dedha
assumptions: the most pessimistic scenario woutitiyre a storage capacity below 5 °kwhatever the cost
associated with greenhouse gases.

The environmental costs have been integrated heoetonomic assessment. Nonetheless, this appdogshnot
take into consideration the wider environmentalaetp. Specifically, the impact on the tail endha teservoir area
on the Lom river is sensitive to the choice of tleemal operating level.

The assessment highlights a clear difference irofiegation of the reservoir according to the sekkctapacity. Full
refilling is effective four years out of five forsknT capacity but less than one year out of two forkan? capacity.
A 7 km?® reservoir entails hence severe restrictions ontalleend of the reservoir area on the Lom riveheve
agricultural land will be lost by the local popudats and inefficiently valued by power productidrhe measures
necessary to maintain the living standards of {680 people affected are not easy to implement.

For the intermediate capacity of 6 krthe impact of the drawdown on the tail end of ixgervoir area persists, but
is limited as the tail end is located near Mbamj®elaré and the number of directly-affected inraati# is lower.

Optimisation of the spillway design

As part of the Environmental Impact Assessmentyigies associated with the dam were analysed. araysis led
to the recommendation, which was supported by #reelpof independent experts, to add a fusegateetstillway
as its initial design featured only radial gates.

An uncontrolled emergency spillway equipped witfiusegate was designed on the right bank of theraibed
service spillway, serving to compensate for the-apening of one of the four planned radial gatestdasing the
discharge capacity in extreme flood conditions byt 20%. The fusegate crest allows also to defingsically the
normal operating level, 672.70 m NGC, resultingrfriine optimisation of the active storage capacity.

It was also decided to retain the dam crest levahaelevation of 677 m NGC, thereby offering aditdnal flood
control volume of one billion fhand increasing the hydrological safety of the dgnas much.

Re-oxygenation weir

Experience feedback on large storage reservoiexjiratorial zones and the specific assessment dbtkeasted
quality of water done as part of the 2005 Environtaklmpact Assessment demonstrated the need ¢ésdera
downstream weir to reoxygenate the water turbingkedugh the powerhouse (environmental flow) durthg
annual filling period of the reservoir, corresparglio the wet season.

The construction of a re-oxygenation weir is nowt g the project. It will be located on one of thacky weirs
marking the river topography between the dam amdcdnfluence with the Djerem. The site locatiortdsbe
optimised, in order to restrict the length of tiver reach between the dam and the weir, and tid the negative
impact of the weir on the hydroelectric productairthe dam toe powerhouse.

The purpose of this structure is to produce a mimintoncentration of 5 g/l within the flow rangeGfo 100 n¥s.

Nevertheless, most of the outflow will be dischargering the dry season through the regulatingsgateated at the
bottom of the dam. The aeration of the flow wilkthbe insured by flip buckets allowing for dispensof the water
jets and extensive contact with the surrounding air

Abandonment of fishway option

Prior studies demonstrated the high risk of anawicditions in the reservoir due to the minimum agienal level,
defined as 649 m NGC, which could be reached et@mryyears in light of the regulating charactertaf tam, as
well as the predominance of a fish reproductioategly in the Sanaga river network that essentiefiyures lateral
migration (and not downstream - upstream) to bregdiones, tributaries or the flood plain. Thesailteded to
abandon the option of creating a fishway.



2.2 Contributions to the worksite organisation

Access route

As part of the Environmental Impact Assessment, ditee access routes were studied. Four possiblesouere
analysed and compared using a multi-criteria approa’he Bertoua-Belabo-Santalo-Mansa-Deng Deng-Site
solution was retained due to the multiple advargdageresented compared to the other possibilitteavoids the
direct Bertoua-Deng Deng road which is surroundedumerous villages. It bypasses the Deng DengoNatiPark
and provides an optimal solution in terms of cdstorks and deadlines.

Location of camp facilities

The camp facilities for Contractor management andkforce were shifted from the left to the righhkaof the Lom
river, to ensure the separation of the work sitenfithe villages located on the left bank closeh® Deng Deng
National Park. A temporary bridge will be used toss the Lom during the construction work. A cohbarrier will
be located in Ouami, between Deng Deng and the sitelaccess point.

Location of rock quarry

The quarry initially intended to supply aggregafies concrete, filters, drains, rockfill and riprapas the Kouma
dome located on the left bank downstream of the. ddnis quarry is located on land inhabited by Igpgenates and
is now part of the Deng Deng National Park. Anottpgarry, located upstream of the dam and mostiasat] below
the reservoir's normal operating level, has beamtified and selected, thereby minimising the esvinental
impact.

Environmental and Social Conditions of Contract

All contractors participating in work relating thet Lom Pangar project shall respect the organisaitiand technical
obligations specified in the Environmental and 8b&pecifications appended to the Tender documdrttese

obligations are based on ISO 14001 (Environmen@h&@ement System) and OHSAS 18001 (Health & Safasy)
well as on commonly observed construction besttimes concerning the environment.

3. Project contributions to conservation of biodiversiy

The dam, its associated infrastructures and therves are located in the heart of the Deng Dengdt which
spreads over 500,000 hectares. In light of thectimed indirect impacts on this zone, during bbih ¢onstruction
and operational phases, the project has led tctbation of the Deng Deng National Park, the extdnivhich
should reach 60,000 hectares by the end of theadmsiruction phase. Beyond the traditional rolésbatted to a
protected area, in the context of the Lom Pangejept, the Deng Deng National Park has a more 8pedbuble
purpose:

- Constitute an environmental compensatory measyseoportion to the natural habitats destroyedhgyproject
and in particular, those flooded by the reservdinis objective includes the effective protection tbe
ecosystems and biodiversity of the Park, especialtgugh rigorous control of encroachment on forfest
agricultural lands, illegal felling of trees, poaul etc.

- Ensure viability of large primates populationstably gorillas and chimpanzees) by protectingrthabitats in
the Deng Deng forest, which are close to the danstcoction zone, its access routes and a portiothef
transmission line.

Furthermore, in order to ensure suitable contrahlbfmpacts of the Lom Pangar project on the DBegg forest
region, the administrative zones of the area wevésed, to structure the forest space accordirntpedoreseeable
evolution of usage, by (i) permitting local popidats to use the designated forest areas in a sablaimanner, and
(i) maintaining biodiversity in the Forest andparticular the large primate populations. Spedificéhe revisions
concerned the following points: adaptation of then® Deng National Park boundaries, creation ofBk&abo
communal forest area, modification of the boundaré the Forest Management Unit 10 065, creatiorarof
agricultural forest area, creation of the Deng DE€agnmunity Forest.

The management of the reservoir and impacts doeenstiof the dam on water quality, down to the Saeasgaary,

represents a major environmental issue for the IRangar project, especially during the operatiorf@dsp. In

addition to the water oxygenation systems featurdéle structure itself, in order to control théspacts the project
foresees:

- aforced drawdown for the first three years moitlithe decomposition of organic matter in an aobiermedium;



- the production of Social and Environmental Caodis appended to the dam operations and reservoir
management manual, setting out the social and @mwiental specifications for day-to-day operationsl a
exceptional operations of the power plant and tire;d

- various monitoring programmes concerning: (i) liyerology of the catchment area, (ii) the quatitthe water
in the reservoir and downstream of the dam thratglconfluence with the Djerem, (iii) the developmef
invasive species in the reservoir, (iv) net greeisleagas emissions.

4. Project contributions to restoring/improving the living standards of local populations

The Lom Pangar project will have an economic immacapproximately 1,600 households, 400 of which lvdve

to be physically resettled. Relocation and resettiet plans have been prepared for the project, sitesccordance
with World Bank safeguard policy OP 4.12 on invaary resettlement. These plans provide information(i) the

populations affected, (ii) the legislative contef) the methods used to identify Persons Affectey the Project
(PAPs), (iv) the methods and objective of considtet with PAPs on the issues surrounding loss opeity,

compensation and resettlement, (v), the propossstttement and compensation project, (vi) the nitheed and
schedule of resettlement and compensation, (Mé)itistitutional organisation for deployment of thgdans, (viii)

the cost of compensation and resettlements, (sist@sce to vulnerable people, (x) external anerivetl monitoring
of the plans, (xi) the independent audit system.

The project represents an opportunity for socia amonomic development for the Eastern region eh&raon, but
will also have negative impacts on populations bitirag its area of influence. The project thereftgatures several
measures which intend to attenuate the negativaétan the local economy and living conditions] eamease the
load on local infrastructures and services caugedtidrelocation of populations under the project.

The influx of people attracted by the constructigorks is likely to have a durable effect on theitsap situation of

villages surrounding the project site. The projeettures measures to maintain or improve the ggnifile of

populations in the area of influence of the Lom dgarproject both in the construction phase and aijmer phase.

These measures include:

- the drilling of wells, the construction of stapighes and draw wells in fifteen villages;

- the ramping up of health infrastructures: renmvaif health care centres, enhancement of regibaspital
equipment;

- the completion of epidemiological and sociologjmarveys;

- the production of sanitary maps.

The project features the flooding of a part of guodd resources in the Lom valley and it is essétitiat the gold
mining activities that will follow upstream of tieservoir when the dam is brought into service atocause chronic
pollution of the reservoir, notably due to the grese of mercury. In light of these facts, the prbjatends to
accompany the development of this activity throughhe development of mining techniques that respke

environment, ii) the structuring of the local migisector, iii) support for professional reconvensio

Although the fishing sector is not highly develop#dwvill be permanently affected by the projeair fwo reasons:
the transformation of a river environment into kel&nvironment and the risks of stratification ambxia in the
reservoir during the operation phase. The projelittherefore offer direct assistance to fishernadfected by the
operation of the dam. Moreover, fish stocks andiifig activities will be monitored before, during damfter
construction of the dam, to enable us to understhedactual impact that the reservoir will have @aoadadapt
supervision of the fishing activity throughout fife of the dam.

For agricultural and animal breeding sectors thilitsge their most fertile land either temporariy permanently
submerged, the project will provide aid to devedmpicultural and breeding activities elsewhere rideo to restore
the living standards of the directly-affected p@pians. This support will concern the improvemehprduction
yields and the introduction of high added-valudwngls when the soils enable it.

The seasonal flooding of the tail end of the resierwill cover roads and commercial routes, inchglithe
traditional breeder migration routes, all of whithe populations living to the north of the Lom a®ongly
dependent on. In light of these impacts, the ptqjamns to restore the continuity of the main ecoiworoutes by the
construction of a major bridge crossing the Lori@traké, which is currently served by a small ferry



The consultations carried out throughout the prielary design phase demonstrated a strong demantbdat
populations to benefit from the energy generatedhgyLom Pangar project. To this end, a rural efeztion

project has been integrated into the project ineortd help improve the quality of life of a largarp of the
populations affected. In particular, the projech@erns the electrification the villages along arsel to the high
voltage transmission line. This component of thejgut includes the extension of the low voltagetritigtion

network and the connection of households to the/ordt

5. Project contributions to culture history

The inventories carried out at the time of theiprlary design work revealed the presence of maclyaeological
sites, with strong cultural, historical and scifatvalue, indicating traces of ancient human Iifehe Lom valley.
Therefore, in accordance with the requirements ofldvBank safeguard policy OP 4.11, the projectuess the
completion of full inventories and safeguard digs al land affected by the work and the reservaiomto the
reservoir being filled, in order to conserve a esgntative sample of the artefacts and to safegpartihent
historical data. The initial results of the archiagial digs are of great interest, as they provides information on
the origins of iron production in sub-Saharan Adri@ subject that remains hotly debated within gbientific
community. In fact, it was recently suspected thatvery ancient use of iron (3000 - 2500 BC) cchdddentified
in the North West region of the Central African Rblic.
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