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TERMINLOGY AND DEFINATION

Terminology

Definitions

Weir

A weir is an underwater dam created to reduce, but not stop the flg
of water in a river or stream.

Headrace channel

Awatercourse that feeds water into a mill, water wheel, or turhine

Fore bay Tank

A reservoir or canal between a mill race and a water wheel; the
discharging end of a pond or mill race.

Surge Tank /Bay

Together with the headrace canal it provides a certzolume to
minimize the down surge.

Penstock

The penstock is a large pipe that will convey water for power
generation from the surge bay to the power house.

Power house

A facility for the generation of electric power

Tailrace This is the pathhrough which water is pumped out of the hydro
power plant after power generation.

Project Affected Those inhabitants of an ar.ea affected by a prgject who hav.e the m

Persons to lose and the most to gain from the completion of the project, anc

whose corerns must be addressed in an environmental assessme

Resettlement Action
Plan

An action plan prepared as part of an ESIA to address issues of
involuntary resettlement, compensation and rehabilitation of peopls
and communities affected by a road project.

Chainage Distance along a curved or straight survey line from a fixed
commencing point, similar to mileage. Usually presented in
G1Af2YSGNBa b YSGSNBE 6SPIDP My

Stakeholder Any person or group having interest in or being directly or indirectly

affected by a proposed or past project.
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EXECUTIVE SUMMARY

1.1 Introduction

River Nyamindi is one of the several perennial rivers that originate fronsabthern slopes of

Mt Kenya eventually joining the Riv&@ana system. ResponsAbility Renewable Energy Holding
(rAREHhas initiated exploring the feasibility of generating electricity from head waters of River
Nyamindi. They have also selected Hmver HoldingsLimited (EPHLYo provide technical
assistance tearry out the feasibility studies and the environmental impact assessnienh the
rAREH and Eco Power Holdingkich formsResponsiAbility Ecopower Holdinngs Company Ltd.
(rEHC), has sought approval from NEMA Kenya, to conduct the environmental and social
assessment for thproposed cascade developmentoject as per the statutory requirements

the Government of Keny#Environmental Management & Coordination Act of 199®)der the
proposedcascae development the head waters of River Nyamindi will be utilized to generate
electricity power when the river meanders through at least four sub locations o$ubecounty

of Kirnyaga Easbf Kirinyaga County nameljRungeto, Kabari, Ngiriambu and Ngerwhe
portfolio of the proposedcascade developmenprojects includes three small hydro power
projects along a stretch of 19 km of the Nyamindi Rilldére stretch under developmentill cut
across theabovesub locations.

1.2 Purpose of the project

The projects will be formulated and designed in a cascade formatidhdatevelopment othree
(03) small hydro poweplantsto generate a combined capacity 8.5 MW of electricity. The
annual generatiorns estimated to be to the tune &8,509 MWh oklectricity. Quitable locations
with reasonable access from the existing roadwlagge been earmarked for these projects.

1.3 Description of the project

Each project will have a Flow Diversion Wdigter Intake, Head Raceéh@nnel a Sedimentation

Tank, Forebay and a Power House together with a power evacuationgaah.projectvill have

a TailRace to ensure that the wateshalljoin the river after generation of poweAll the three
projectscan be accessed through the exigtimad network. They include highways, tarmac roads,

(A2 & B 6), gravel and earth surfaced all weather roads. The cascade of the projects can be
reached through the Embu Nairobi highway using A2 (to Kutus) and B6 highways for 120 km until
the Kianjuru Trad Center. From th&ianjuruTrade Center it is the gravel and earth surfaced
roads to the left along the gravel road towaslibiri.

It is most likely that power evacuatiomould bevia Kutus 132 / 33 kV Substation. Kutus 132/33
kV substation was estabied in 2013, intersecting the feeder from Sagana towards Embu
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Primary Sub StatioriThe Grid Studylated July 8 2017 has been submitted as a separate
document.

Generic description of each of the above mentioned structures will be provided followed by
specific dimensions of the same in the preceding tables. All projects will have access roads to
access to the main project infrastructuri@etails of each project arprovided in Chapter (11) of

the EIA Report. Following are the coordinates of the projects:

Main structures GPS Coordinates
Project (1)Gitie Project (1) Weicoordinates 0°23'59.00"S, 37°23'13.80"E
Forebay tank coordinates 0°24'15.25"S37°23'37.89"E
Power House coordinates 0°25'28.44"S, 37°23'42.06"E
Project (2) Kiamutugu Weir coordinates 0°26'12.53"S, 37°23'54.28"E

Forebay tank coordinates 0°27'12.83"S, 37°24'14.06"E
Power House coordinates 0°28'35.91"S, 37°23'53.70"E

Project (3) Mbiri Weir coordinates 0°29'12.20"S, 37°23'53.00"E
Forebay tank coordinates 0°30'18.10"S, 37°23'29.87"E
Power House coordinates 0°30'50.60"S, 37°23'30.28"E

Direct Impact (Influence) Area

The Direct Impact Area (DIA) is the area thdk receive primary impacts resulting from project

activities. The DIA includeWeir area (including its area of inundation), the area under the Head

Race Channel, the Forebay area, the Penstocks area, the Power House area, Rezelalil

Workers MainCay' LJZ G KS LINRP 2SO0 Qa aAaidsS 2FFAOS aBl AyOf
the power evacuation line with its way leave.

1.4 Associated facilities

The project will havesupportingfacilities suchas staff accommodation for the staff engaged
during the operational periogl There will be a temporary project office and temporary storage
facilities for the construction materials, temporary staff accommodation (labor camps) and a
parking area for constructiorehicles facilitated by a washing bay. The land for such facilities will
be obtained on lease. The land will be restored to its original state after the construction phase
will be completed and handed to the owrser
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1.5Alternatives considered
The followirg alternative aspects are considered for the proposed developments.

1 Technology: relates to improved efficiencohsrngoperation
1 Location: what is the best site for the proposed development and any infrastructure
associated with it.
 Project ImpactstopedpSa Q | aasSda FyR &a2dz2NOSa 2F tAQS
1 No-go option: implications of not preceding with the project
Abovealternatives were assessed on the basis of @lalable information and found that the
final lay out of the prposed projecs as well as the technolly to be applied are the viable
options In addition, the dNo Project Alternativet was considered not a \liée alternative for the
development initiative

1.6 Environmenta) socialand cultural heritagempact assessment

Baseline information was collected under following specialist studies

Specialist Study Study Limit

Terrestrial ecology Project footprint area and its immediate environs

Riverand associated riparian | River channel and associatagdarianzone specifically the
zoneecology microhabitats along the river of river run, water pools ang
rocky banks

Hydrology Project footprint area and its immediate environs; Project
catchment areasRain Fall gauge stations

Geology Project footprint area and its immediate environs
(Secondary information sought to establish regional
geology)

Soco Economic Project immediate Influence Area and Administrative

boundaries oKirinyagacounty (secondary datdg.qg.
Kiamutugu etc.)

Occupational Health and Safe Project footprint area and its immediate environs

Public safety Project area and immediate surroundings
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During the data collectioprocess several data collection methodsere adopted. They were
more pertinent to each of thepecialitystudy areasThese methods have been descrihauter
each of the special studies in the relevant chapter. The com@et#ogicalinvestigation report
as well as the Hydrological report has been given in the ameeb®12 and 13.3which explains
the methods adopted in conducting the respective studies.

M®T YS@& FTAYRAY3IA 2F GKS alLISOAlItAataqQ addzRASa
1.7.1 Biodiversity impacts

Bio diversity impacts have been assessed and documentbds was donainder different
components such abkigher and lower plants associated witiparian habitats which includes
among others AquaticMacro-invertebrates & FishTerrestrial ecology andhabitats include
among others, avifauna, herpetofauad InvertebrateFaura. In terms of the ecosystems, the
bio diversity studies revealed thdtere are tiree majorhabitatsnamely, natural forests, riparian
forest and farmland@ the project areaOf the three, forests and riparian forest were considered
as critical habitats for biodiversity conservation. The upper part of the project lies within Mt.
Kenya Forest, which is amportant Bird Area

The construction of theproject structures such athe powerhouseshead race canaldlow
diversionweirs, access roads arithe power evacuatioriine need land preparation which will
result incleaing existingvegetationthat will have an impact on théiodiversity habitat.The
uppermost part of the prject where the weir and part of the channel that directs water to the
penstock is within the forest reserve. Approximately 200m of the channel will go through the
forest. Forest trees are expected to be cleared to pave way for construction dietdd race
canal

There are no likely impacts to higher plants in tigarian zoneHowever, lower plants may be
adversely affected by increased levels of sedimentation that are likely tdemately affect
photosynthesif water submerged liverwortsChis will also affect fish as a result of decreased
water quality and reduction in the food baddosses and hornworts are not likely to be affected.

Some forest birds may be affected by thisedification. Thisvill result in loss of breeding sites for
amphibians which congregate aiparian zonewhere the actual powerhouse building location
will be. These impacts have been explained under each of the components in the body of the
report.
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1.7.2 Impacts on soils

The project will require land clearingné excavatiorand will generate a large quantity of spoils.
Once excavation is done, the newly excavated areas will be promeitislides during the rainy
seasons. The tipping of spoils on the river banks can csaikerosion Sediments will flovinto
the river. These construction activitiesould adversely affect the water quality of theer and
surroundingdrainagesystemwhich willalsoimpedeefficientstorm waterdrainagerelief. Impacts
on the soils have been also explained in respect ohemnstruction site as follows:

Weir sites

All weir sites inspected have fresh outcrops of olivine basalt on the river bed and the flanks. The
rock mass is sparsely jointed and forms stable abutments. Very favorable geotechnical conditions
were assessefibr all selected weir sites in terms of foundation and abutment rock mass condition
and water tightness.

Powerhouse sites

Selection criteria for the powerhouse locations include favorable geotechnical conditions,
favorable topography for access, stdtljilof the slopes, minimizing the excavations and the ease
of locating the penstocks and other structures. With these facts in mind some river terraces
consisting of alluvial deposits have been selected where foundation rock does not outcrop at
surface butexpected to be found at a shallow depth.

Water conveyance routes

The physiography of the area is characterized by low hills, small ridges and spurs and small
plateaus. Steep slopes were observed only on some sections of the river Vgjpesallythe soil

cover is thin. Some old earth slips and one recent slide were observed but confined to the river
valley only.

1.7.3 Surface and ground water impacts

RiverNyamindiis a source of water (for daily consumption) andifdgation. Waterquality tests
carried out revealed that the bacteriological components are present in excess of the required
standards.There will bethree (03)number of flow diversion weirs constructed crossing the river
at three locations, requiring rock blasting, deep excavatioth eearing of vegetation. There will

be machinery working in the middle of the river engaged in removing bouldergxral/aton.
Gonstruction of the weimeeds diversion of river flonusing coffer dam materialewatering
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processesnay affect theriver water if not properly filtered There will also be liquid wastes such
as the waste from sewage system (temporary toiletgyste water from the kitchen of the
temporary labor campsif received by water bodiedeadsto pollution. The result of these
activities will be that the water will be further polluted and the dovgiream water users will be
impacted as a result.

1.7.4 WasteManagement

Waste generated from construction sites is usually of-hamardous natureConstruction wastes
includespaper,plastic bottles (mostly drink/ water bottles), excess fill materials from excavation
activities, scrap wood, sawdust, waste concrete, scrap metal, paper, cloths and food 3treyps
can be recyclableand can bedisposed properlyOther hazardousvastes sgh as chemicals,
containers used for pairdnd usedoil, empty cement bags Theycan be a risk for the workers
who are exposed to the work environmenithere is a possibility that the vehicle lubricants, oil
and wash bay effluents can contaminate the adjatcwater sources during the construction
period. Oils and fuels from machines, generators and vehicles plus other chemicals used during
construction and in the operation may accidentally spill on the Jites spillagef collected by
rainwater will evetually accumulate and if not well disposed will end up in the river or in other
habitats.

1.7.5 Sociakconomic andQultural Heritage Impacts

The project will have positive impactpeciallyby way of providing employment opportunities.
During the construction phase it is expected that tkieree proijevcyts will commence
construction parallel to each other hence the number of workers required for construction phase
will be high. Bbor requirenents for all three projectswill be around 400 ¢ 500 unskilled and
semiskilled labarThey will be recruited from the local area& present the unemployment is
verysignificant in the local villageshe base line information revealed thtite employablevork
forceisabout 60% of the local population.

As far asiegativesocialimpacts are concerned, land acquisition for the project will deprive the
the subsistencencome and permanent income from tretsthe project affected personghere

will be local community membersvhose cropswill be affected by the excavation warkock
blasting, and storageof materialswhich may affecttheir crops / animals The community
memberswill face crop damages due to the movements of machin@fgensome of theland
plots will berequired for the temporary structures on long leasehglttee owners willlosetheir
seasonal incomalthough they get a lease income from the Developer or the Civil Contractor

The fisherman can lose subsistence income from the fishttigities during the construction as
well as operational phaseSince thdocal community dependsn river waterespeciallyduring
the dry season, they mayot have adequate water from the river when the construction wisrk
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in progress|t is expectedhat during constructiontime there maybe a greater probability that
the river water may beolluted.

Thebaseline study revealed that the schoalsse to the riverlso fetch water from the river
Shool children come to the water pointthrough footpaths, it appearedSafety of the children
should be ensured asére will be obstruction to access to the water points and crop lands when the
construction will be in progress.

The public receptors such as the schools, trade centers will be affectedrisyruction traffic

with increased dust during the dry spelBuring the rains, the gravel roads become slippery and
will affect badly when the heavy machinery and trucks are required to be moved along those
roads.These impacts are temporary in natuaed can be mitigated.

Motoristswill be affected when theoads are blocked whilstructures are constructed across the
roads Irrigation waters areabstractedat the downstream of theiver close toMbiri project
where there is garallelcommunity road running towards the irrigation water points. During the
construction these community roads may be temporarily blocked.

1.7.6 Inmigration of Workers

The project during the construction phase will engage a large work force. While somenof th
will be from the local areas othemwill be migrating to the local areas frofacations or sub
locationselsewhere Inaddition, there will be irnmigrating labowho may offervarious support
services. The suppliers of construction materials send difassistants to the site areagho will
spend at least one or two days in the locakas. Their presence wilhdirectly attribute to
increagdincidenceof HIV Aids. Already the area has recorded a growth of the prevalent®/of
AIDS by 15% according to the health officials. Lack of awareness and not having any strict
measurego control unethical social integrationill lead to this situation. The impact will be that
the children and the population general in the project area lbarexposed tdHIVAIDS The area
has very limited facilities for HIV tests and one needs to travel at leasb10n for a suitable
hospital.

1.7.7 LandAcquisition Involuntary Resettlement

The proposed development wikquire at leas2 haof land(60acres)or the construction of its
structures under the proposed projects in the cascade. Land belongs to the individu&sftee

and tea factories and / or the Kenya Forest Services. The land acquisition will deprive the people
income from them and thereby cause economic displacement. The project will not expect to
cause any physical displacement. After completing a cadastredy, it is necessary to identify

the project affected persons, who need to be compensated. There should be Resettlement Action
Plan prepared thereafter, on which basis the payment of compensation can be effected.

1.7.8 Occupationafafety andHealth
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Espeally working in an environmemnwhere there idorest, workerswill exposeto threats from

wild life. Working on highise platforms when constructing the weirs, power houses, can have
the risks of falls unleshe workforce isprovided with required traimg and safety equipment
(PPE) In summary, the workeshould be protected from been exposed to

Burns (Welding/hot works, etc

Falls from working at heights or wet surfaces
Electrocution

Injury from fly rocke.g. at quarry sites or debris
Noiseand body vibration from equipment

= =4 4 4 A

1.7.9 Climate change an@reen Housd&as(GHG)mpacts

The projectarea has a tropical climate and an equatorial rainfall pattern. This climatic condition

Aa AyTFTidzSYOSR o6& (GKS 02 dzy lipostian ohdheawind wagdysidelof 2 y' 3
Mt. Kenya.The project will beenvironmental friendly with no GHG emissiomsrpon zer.

Therefore, the project wilbe compatible with renewable energy. However, the vegetation

clearing will have temporary impacts oarbon sequestration process, which can be mitigated by

the proposed improvisation of the project catchment areas.

1.8 Mitigation measures

A series of mitigation measures have been proposed under each of the abpaet occurng
areas. They have been debed more in detail in the respective chapselhe brief descriptions
of the mitigation action under each area of impact are provided as follows:

1.8.1 Location of the project

Locations of the projesthave been surveyed and finalized to ensure that tashould not be any
houses displaced as a result of the siting ofgtractures of the respectiverojects. The cadastral
survey willreveal,if any houses will fall in the wagdve. If found, they will be compensated
according to the negotiated pricegeeed with the house occupants.

1.8.2 Design of the project

All three projectsn the cascade developmehtive beerdesigned to ensure that they are run of
the river projecs with no extensive inundatioon the impounded areasThehydrology of the
projects hasbeen sufficiently assessednd the optimum water requirements for each of the
project havebeen determined The design of each of tHw diversionweir will be such that
they will have eachan environmental flow pipeto allow an environmenal flow (free flow)
sufficient to sustain the ecosystem functions and the community water needs.

1.8.3 Climate change an@reen House Gases
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It will be necessary to protethe immediate catchments of the project by planting trees. This
should be carried out with WRMA and WRUAs and the communggneral. The hydro power
projects have the advantage of nchusing GH@&missions.

1.8.4 Biodiversity

With a view to conservingitidiversity, a range of mitigation actions have been proposed which
include themeasures such as minimizing the vegetation cleareamtaining the forest areas as
much as possible so that the environmental foot print affected by the project will be rainim
Translocaing animals that move slowljtave been proposeddowever, due to water pollution
there could betemporaryimpacts on the aquatic fauna and flora whicén bemitigated by not
polluting the river waters.

In order to protect fish species following measures have been proposed:
1 Construction of fish passes to reduce the entrainment and also allow way for migratory fish

1 Installation of fish and eel passes (including bypass channels), so the pumps can be safely

avoided
1 Installing systems to discourage fish from entering abstraction equipniecitiding acoustic
barriers, lighting barriers and bubble curtains.

1.8.5 Soils

To prevent erosion of soils, several mitigation measures have been suggested, namely:

1 Excaation shouldoe limitedduring the rainy (wet) season when animals are breeding

1 All spoils should be dumped intine or moredesignated spoil yard and they should be
graded and compacted if they are not used fmdfilling purposes.

1 Top soil to be kat aside for use in replanting and landscaping

1 Reestablish original habitat patterns to improve surface water runoffs before commencing
operations

1 Establish erosion prevention measures on sloping areas to prevent soil erosion on loose soils

after excavation.

1 Avoid using heavy machinery especially in the forest areas to prevent extensive damage to
the forest

1 Where possible use already established tracks and roads

1 Use of human labour (nemechanized) during construction inside the forest to minimize
damage to the forest habitat.

1 Paving/tarring the roads andaater sprinklingsheeting of spoil stockpiles are other measures.

1.8.6 Surface an@roundwater
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In order to ensure that surface water is free from padints, construction ofsettlementponds,
tanksetc. hasbeensuggested prior t@llowing dewatered effluents back into the rive8imilarly,

the wash bay and other chemical storage areas (including fuel storage areas) have been required
to equip with silt traps and settlement tanks. All the temnary toilets need to be sited according

to the local regulations that require minimum distance frearfacewater bodies.A water quality
monitoring programme should be implemented at least every six months to ensure that
construction and operational actties of the project will not interfere withmiver water quality.

1.8.7 WasteManagement

Wastemanagement is important aspect duribgth the construction phase as well dsiringthe
operational phase. Migation measures suggested are that:

1 During constructiorphase avaste managemenplanthat include: Separation of wastes
according to their hazardous and ndiazardousature & treatmentand disposabf solid
wasteswith special attention paid to any hazardous wastascording to the standards
stipulatedby NEMA)has been proposed. It will include such interventions as:

0o Wastes from construction work should be minimized by reusing most of the
recyclable materials.

o Pollution prevention and waste minimization shallrhade key aspects of a wider
construction waste managemepblicy.

o Implement inrhouse waste managemenprogramme by installindacilities e.g.
waste containerfins etc.on site during constructiophase This should be based
on a procedure for aste segegation

o0 The contractor should work hand in hand with the Lo&athority of the sub
location for the collection of sewage and other hazardous waste appropriately as
per the NEMA stipulated regulations.

o NEMA Registered/endors should beecruited to managehazardous wast®
(example Cement Bagdsed oiljand ther final diposal.

1.8.8 Sociakconomic and cultural heritage
A number of mitigation measures have been suggested which include among.other

1 Comply withstatutory requirementssuch as théand Act and pay compensation to the
project affected persos

1 Payment of prompt compensation to the community members whose crops will be
damaged due to theonstruction temporaryacquisition of crop lands, and due tocio
blastingactivities

1 Implementation of a proper traffic management plemease public inconveniences
when the construction of the structuresill have an impact on the road users.
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1 Provide alternative water sources when the construction at the weir points can increase
turbidity of theriver water which is used by peopkgownstream

1 Provide public safety by way of road humps, sign boards and no access limits for the
public.

1 Appointment of a Grievance Committee and implement grievance handling mechanism.

1.89 Land acquisitiorand involuntary resettlement

AResettlement Action PlafRAPWill be preparedto address issues arising fraanyinvoluntary
resettlement. Ths can be completednce the land extent and ownershgs land impacted will

be determined.Compensation for the acquisition of land will be made based on the RAP. It is also
essential to forma GrievanceManagement Systenm each of theproject sublocation

1.9 Environmental and Social Management Plan (ESMP)

Environmental& Social Minagementllan (ESMPand EnvironmentalMonitoring Plan (EMPhas

0SSy LINBLI NBR (2 AR (KS sQrbjesistaff t@igyleimbdiit vario@gsNJ | y R
impact mitigationmeasures ira specified time periodrhe ESMP has taken into consideration the

IFC perdrmance standards. Theompliances will be based on more stringent standards after
comparing the country standards and IFC standaR&sponsibilities of implementing the ESMP

and theEMP will be with the Civil Contractor and thev@loper.

1.10 Public /Stakeholders consultation

Stakeholders havieeen identified and thenethods of their engagement hale=en
documented

1.11 Conclusion

TheNyamindi Rive€ascadeDevelopmentproject intends to generatd8.5MW of electricityon
completion ofits constructian. The elelctrcty will be stepped uptthe national grid.The land
required for the total project(include ng the project corridordpr construction purposes is
approximately60 acres. EIA reveals that the project will have impacts which are both positive and
negative. Those negative impacts can be managed either through mitigation actions or through
avoidance. In view of the long term sustainable developmebjectivesthat need to be
cherished, the proposed project will be beneficial to the country in general. Since there are
statutory instruments that require the developer to comply with in mitigating the negative
impacts, subject to same and subject to the implementatiortiiermitigation actions in the A

report the project is recommended for environmental clearances.
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1 INTRODUCTION

Kenya has a population 46.5 million, growing at a rate of%. Gross Domestic Produ@@&DP pf

Kenya idJS $0.8 billion.! The average electricity consumption per capitas 167kW in 2014
(World Bank 2014ndapproximately58% (745MW) of this energy is obtained from hydroelectric
sources. The economy of Kenya is growing at an average rat&%fger annum and this has
implications on the demand for electricity, which is currently inadequate. To fill this gap, the
Kenyan Government has put in place the necessary legal, regulatory and institutional framework
to encouragespeacilly the private sectanvestors o the power gaeration sector

Government fundecdknergy sectofeasibility studeshave shown that Kenya has the capacity to

produce 6,000MW of hydropower with half of it (3,000MW) being generated from sualé

installations or Small Hydro Power (SHP). SHPs ardlstegenerate less than 30 M\Vihdeed,

the government recognizes the value of SHPs, which can: (i) be used to supplement the
D2OSNYYSyiQa NUzNIt St SOGNARFTFAOIGAZY LINPINF YT 0.
resource to make substantissavings in their electricity bills; and (iii) add excess electricity
generated from the small hydro schemes to the National Grid.

Challenges facing SHP have been identified as high installation cost averaging US$ 3,000 per KW,
inadequate hydrological da, effects of climate change, unsustainable use of the environment,

and limited local capacity of companies to manufacture small hydro power components.
However, SHPs are environmentally friendly and categorized as Clean Development Mechanisms
(CDM) soures of energy; implying thahoseinvesting in CDMs sources of energy are eligible to

earn carbon credits. In addition, their products are favorably rated in the markets because of
embracing green economy principles.

ResponsAbility Renewable Energy HoldiP§REH)has initiated exploring the feasibility of
generating electricity from head waters of River Nyamindi. They have also selected Eco Power
Holdings Limited to provide technical assistance to carry out the feasibility studies and the
environmental im@ct assessmenBoth the rAREH and Eco Power Holdings which forms rEHCL
has soughtaipproval from NEMA Kenya, to conduct the environmental and social assessment for
the projects as per the statutory requirements (Environmental Management & Coordination Act
of 1999).

This request was made in the month of January 2017 and the same was approved by NEMA by
letter dated 20.012017. This report is therefore prepared according to the TOR approved by
NEMA. The letter of approval received from NEMA is anneRefe(Appendix B.1).

! http://www.focus-economics.com/countries/kenyéKenya Economy Data)
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Upon approval of the EIA report, thHdREH will be able tdesign develop and construct three
small hydro power plants cascade formatiowith a capacity to produce a total of approximately
18.5MW of electricity using the watersf River Nyamindi in Kirinyaga County (Figufie&l11.2).
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Figurel.1: A map showing the locations of the proposed small hydro power plants
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2 PROJECT DESCRIPTION AND LAYOUT PLAN

The Kirinyag&ountyis blessed with six06) rivers, which originate fromMount Kenya. River
Nyamindiis one of the several perennial rivers that originate from woathern slopes of Mt
Kenyaandeventually joirngthe River Tana systeniheriver has beera principal source of water

for irrigation, micro hydro generation ana consistentportable water sourcefor the county.
Under the proposedascade developmemiroject,the head waters of RNyamindiwill be utilized

to generateelectricity power with three small hydro power projectdhecombined capacity of

the three SHPHs 18.5MW. The annual generation is estimated to be to the tune of 98,509 MWh
of electricity. Quitable locations with reasonable access from the existing roadways have been
earmarked for these projects.

The project will coverfour sub locationsn the Sub County of Kimyaga East dKirinyagaCounty
Theyarethe Qub Location ofRungeto, Kabari, Ngiriambu and NgerwaeR Nyamindiemerges
from Mt Kenya atKathandenieForest and traverses through a number of villagesich are
human dominated landscapes. The river channel is charactdnizeeveraldistinctive geological
features such as level drops, waterfalls, mountains, valleys and several tributadeasional
swampy areaarefound along the river channelheundulatedland formatiorsand manyrapids
and level dropgresenttopography suitable to harness cascadatersto develop rurofctheg
river hydro power projects.

A small section of the first proje¢Gitie Projec) in the cascadés within the forest area. The rest
of the projecf) &neandering pathtraverses through a number ofhuman settled areasThe
surroundings is entirely human settled, modified and cultivated, predominantly with caiee
maize beans,arrowroot and other cropshat comprisesof landscape of ridges and stesmled
valleys There can be impacts ongacultural cropsthat local populationdepends on for
livelihoods and the natural environmentdue to the construction of the project$élowever with
mitigation mesures introducegthe adverseimpacts can be reduced.

Adetailed environmental and socio economic assessments were conduaseline information
gathered andanalyzed Thelikely impacts have been identifiedhe EIA report has included all
relevant information. Al potential impacts appraisedor their significancewith a view to
mitigatingthem (where avoidance is not possibl®uring the initial topographical survey$et
project corridorshave beenselectedwith the aim of avoidingadverseeffects on the village
communitiesin terms of physical displacememnt

As mentioned above, there will be thre€3) hydro power rurof-the-river projects under this
cascade developmemirogramme Detailsof the studescarried outare provided in the follaing
sections.The initial land survey was concluded, the hydrological assessments were carried out
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and the appropriate sites for the Weir, Power Houses and other major structures have been
identified along the cascade

The locations of the three projectsider the NCare provided inTable2.1 and Figure2.1 and
Figure2.2

Table2.1: GP<oordinates of the project main structures
Main structures GPS Coordinates
Project (1)Gitie Combined Project (1) Weir coordinates 0°23'59.00"S, 37°23'13.80"E
Forebay tank coordinates 0°24'15.25"S, 37°23'37.89"E
Power House coordinates 0°25'28.44"S37°23'42.06"E
Project (2) Kiamutugu Weir coordinates 0°26'12.53"S, 37°23'54.28"E

Forebay tank coordinates 0°27'12.83"S, 37°24'14.06"E
Power House coordinates 0°28'35.91"S, 37°23'53.70"E

Project (3)Mbiri Weir coordinates 0°29'12.20"S, 37°23'53.00"E
Forebay tank coordinates 0°30'18.10"S, 37°23'29.87"E
Power House coordinates 0°30'50.60"S, 37°23'30.28"E
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2.1 Generalcharacteristics of the proposed projects:

Each project will have Bow DiversionWeir, Water Intake, Headrace Canal,a Sedimentation
Tank,Forebay and &ower House together with a power evacuation plan.TAil Race will be
constructed to ensure that the watershall join the river after generation of powelGeneric
description of each of the above mentioned structurase provided followed by specific
dimensionsof the same in the tablebelow. All projects will have access roads to access to the
main project infrastructure.

Weir Characteristics General)

TheFlow DiversioWeir of the respectivésHPRvill be an Ogee type mass concrete section. The
selection of the location of the weir is based on topographical, hydrological, sociological and
geological consideration as well as cost considerati@ngable foundation conditionave been
assessed inhe geological studiedt is observed that bed rock is exposed at some parts of the
bank downstream of selected location of the weir but not visible at selected locatiors Btdre
investigation including geological strata of the banks of the river atdiversion structure has
been carried out in order to find out the type of rock and the stability of the bankiseaseir has

to be anchored to the banks while founding on a quermeable stable base.

Theconcretegravity sectiorof the weiris made toallow overflowin of watersduringfloods and
during machine shutdowns without inundation of the surrounding and upstream banks. In
addition to the main concrete weir a gated intake structure combined wittsittang structure

has been designedppropriately. Manually operated slide gates will be installed in the intake
structure as they would be closed only for the maintenance of the diversion canal and
downstream civil structures.

The methodology adopted in the hydraulic design of the weir is thatyibie should be able to
pass floods over its crest without flooding large area outside the river banks by limiting the flood
heights to the natural conditions. The extended spill section is provided on left bank of the weir
to ensure that no effect of excewe pounding occurs as a result of the weir. Accordingly, the weir
is designed so as to be hydraulically efficient to get rid of floods whilst structurally sound to
withstand the considerable water pressures under extreme conditions.

Further, even duringlow flow periods, a certain minimunenvironmental flow must be
maintained between the weir and the tail water point at the power house. Therefore, to facilitate
this requirement, an uncontrolled opening is provided as gags with pipes of the diameter of
(100mm) steel to ensure release ehvironmentalflow to satisfy environmental regulations.
Environmental flow pipe will be fitted to the weir at 1.5m high from the bottom of the river at the
same level of the intake gate bottom levelowever,there will be additional flow into the river
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diverted reachto sustain its ecological function since there are a few natural streams laid to fall
in between. Fencing and Steel railings will be erected along the left bank from the point of the
possible inundated area up to the Forebay to prevent public enter figtyga

Intake

The intake structure will be designed as a reinforced concrete structure. For the dfsign
concrete structure, it is necessary to determine the forces which are expected to affect the
strength and stability of the structure. The loads thatve to be considered in the strength and
stability analysis of the intake structure are:

a) Water pressure

b) Soil pressure

c) Uplift pressure depending on the foundation conditions; and
d) Weight of the structure.

e) Impact due to floating debriand

f) Sability of the stucture underl00-yearflood condition

At the detailed design stagall these forces will be evaluated with the relevant factors of safety
to design the structure to perform the duties without any problem.

The Structural Design of the Intake Structurs babe carried out according to the guidelireasl
recommendations given in international design codes.

Head Race Can@HRC)

There will be concrete channel section with a freeboard to convey water to the Forebay from the
Intake for each of the hydro power plant. The length and the approximate path of ke
DiversionCanal have already been fixed (details are given in the respective tables below) and
much deviation from the fixed meandering path is not expected. Thisoreed concrete channel

will be covered with a concrete reinforced section to avoid falling of debris and also for the public
safety. The velocities computed from the flow simulations for different discharges are checked to
ensure that the correct velocés are obtained.

Sedimentation (Desilting) Tank

It is necessary to have@dimentationTank in run- of- river hydropower projects to settle the

sand particles which is harmful to the turbine blades. As the slopes are considerably steep and
the ground inthe upstream catchment area @itie SHP# the forest area lot of sediment can

be expected during rainy periods and high flow conditidriserefore at the end of the Hea&ace
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Canal, a desilting structure shall be constructed to settle the sand des The DeSiltTank shall
also be incorporatedvith flush gateto wash out the settled silt in the tank. A short concrete
canal up to the riveor a streamwill be constructed to pass water during flushing time3hAash
rack with a platform for remaad of trash will be provided at the end section of the silting area
and the layout of the dsilt structure.

ForebayTank

Fore bay structure will be provided at the end of thiater conveyance structures from tWgater
Intakeandwill be areinforced concrete structure to store and maintastoragebefore water is
conveyed to the PH.

Penstock Pipes

Water will be conveyed to th€ower Houseof each of the projecwith a single pnstock. Pipe

will be bifurcated close to the power house and will banstructed using spiral welded
steel pipes. Each of thgpenstock will be supported with anchor blocks at all directional change
points and with support piers at each 6m intervals. The detailed hydraulic and structural design
of the penstock will be carried out according to the accepted design standards astdraiiling

and painting procedures will be maintained during constructAmeas where footpaths and roads
are crossingthe pipe will be buried. iSce the excavation islimited to the size of he pipe,no
significantimpads will be encountered. Furthermore, it is proposed to turf the soil exposed
sections around all anchor supports to form better stabilization for structures and soil erosion
could be controlled. Asthe penstock endsat the Power House, the uphil wall of the Power House

will be designed to supporPenstock.

Power House

An open air typdPower House (PH)shall be constructedinder each of the projedio house all
electromechanical equipment, control panels, operator roorisch PHwill have facilities to
accommodate two turbines, generators and other equipment and auxiliaries. It will have a space
for loading bay, other auxiliary equipment, switch gear, control panels etc. The setting level of
turbine will also be determined by pameters of turbineas well as thélood levels of thaiver
downstream of the power house.

Level and the locatioffior each of the PH hee beenidentified considering the high flood level of
the riverand other relevant hydrological and geological consatiens.The main axis of thBH

along the turbine centers, will lie parallel to the river, while the main entrance and the loading
bay will be directed to the access road and the elevations are maintained to suit the ground
topography.
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There will be Higioltage (HV) switciiard and gantry located on the penstock entry side of the
PH which will contain the transformers, HV isolators lightening arrestors and other associated
components. The area shall be leveled with suitable concrete retaining wallfeaced with
plasticcoated steel fencing. The entire floor area of the swiyelnd shall be covered with a 300

mm layer of 15 mm aggregate with suitable drainage in case of transformer oil leakage. All
supporting structures and foundations for the transfters shall be imeinforced concrete, while

all mounting brackets, poles and other steel components shall be in Galvanized Mild Steel. A
lockable gate shall be incorporated to provide access to the gantry.

TailRace Canal

The discharge from the generating unit is led to aé Race which carriesvater back toRver
Nyamindi TheTail Race Channeill be perpendicular to the river, and the length of the tail race
will depend on the distance between the power house andritier. The tailrace will be designed
to ensure minimum tail water level required for operating the Turbine. In order to prevent
scouring of the river bank, the river bank at this point will be stone pitched and concrete lined.

2.1.1 Project Influence Area

The Direct Impact Area (DIA) is the area that will receive primary impacts resulting from project
activities. The DIA includeWeir area (including its area of inundatiaf)the respective project

the area under the Head Race Channel, the Forebay ared&¢hstocks area, the Power House
area, the Tail race, workers Main Camp, R 2S00 Qa &aAiS 2FFA0S | NBI
stockpiled areaand the power evacuation line with its way leave.

The project influence area consists of teab county of Kirinyaga East which consists of 3
Divisions, 10 locations and 27 sub locations. In terms of political administration, the Gichgu
Constituency has several county assembly wards. Those villages subhications within
Kirinyaga Easire cansideredthe indirect area of influence.

2.2 Specificcharacteristics of each of the proposed projects:

Brief description of each of the project is provided below.

2.2.1 Project(1) Gtie SHPP

Hrst project in the cascadis Gtie. Thiswill facilitate generatind.5 MWof electricity. TheFlow
DiversionwWeir and the Intake of this project will be locatedstream of the rivewithin the forest
area. Exact weir location is close tbe confluence of River Nyamindi with a tributary (River
Rumindu). The project codor or the HeadraceCanal will meander along thBight Bank almost
parallel to the electric fence and the perimeter for the forest land. Heack @nal(about 1 km)
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will cross through the forest bordemhe Fore bay will be located on a land outsideftirest but
on a land which is also partly under tea cultivatitirwill be on a lanéh the village calle#ithima.
The HRC will be equipped with one or margieducts due to thealleyswithin the Section. The
2.2 km long penstock pipes will convey waterthe power houseand will meander through
croplands {ea and other cultivated lands including macadani@nana andcoffee) owned by
private individuals.

Belowin Table2.2 providesadditionaland very specific detailsith a few visuals of th€INR 2 S Ol Q &
locations(Figures Z to 2.10)and engineering drawings showing the correct dimensions of the
structures(Figure2.3 to 2.6).

Table2.2: Descriptiors of Project @mponents
Components Quantity
Design Flow (r#is) 5.50
Gross Head (m) 120.00
Capacity (MW) 5.00
Plant Factor (%) 61%
Total Energy (MWh) 27,012
Weir
Spill Level(msl) 1774.00
Length (m) 13
Height (m) 4.32

E flow pipe diameter

To e determined

Head Race Channel

Length (m) 1110.64

Internal Width (m) 2.40

internal height with freeboard (m) 1.60

Slope 0.001645
SedimentationTank

Length (m) 47.60

Internal Width (m) 6.00
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Height (m) 5.00

Forebay Tank
Length (m) 32.20
Internal Width (m) 6.00
Height (m) 6.80
Penstock line
Penstock Diameters (m) 1.4/1.6/1.8
Penstock Length (m) 2284.00
No of Anchors 41.00
No of Supports 245.00
Power House
Length (m) 30.00
Width (m) 9.00
No of turbines(Francis) 2.00
Tail Water Level (msl) 1654.00
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Figure2.4:

Drawing of the Weir

46




B CHAMNEL E

GATE STRUCTURE

]

T

— TS T e o D T R T I g et T aTs " i
4‘“4J LONGITUDANAL SECTION
SOALE 1680
‘ ,E BFILLivhY GREST LEVEL
| —
:&: E BOULDER PACKING
RN =
aa 400
MOTEE
M 1 AL [IMERSIONS ARE 1N VILOMETRES AND ALL
SECT|ON X1«x1 ELEWATIONS ARE M METRES
ERALETE 1 CHARACTESETIC STRENGTH OF COMCRETE SHALL BF
e UNLESS SO OTHERMEE.
|
— T
Py F ECO POWER BOLIINGS [FYTILTE
: E — T ] K | ——
. ; = T
[ - T NYAMINDI HYDROPOWER PROJECT
LA GTA COMEINED PROJECGT
HEADRACE CHANNEL & INTANE SPILLWRY
Sornem THICK Gr. 18 BEREED CONCEETE DUTLINE
O CALCE 1000 -
FOLYTHEKE - DEROMED BT, Rag [F M Fewa
BOX CHANNEL DPEP:_\.E_'_:“;HNEL = nasa |
BCALE 100 - — rE [====
e e

ECD/NY&ETCHE CO00 RO

Figure2.5:

Cross profile of the channel section
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Figure2.7: Weir Location

Figure2.10: Location for the Power House

Figure2.9: Land use along the penstock
pipe laying areas
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2.2.2 Project (2) KiamutuguSHPP

This project falls in the middle of the cascadbe Weir and the Intake of this projeutill be
located justupstream of the position where the river transforms into a waterfall. This would be
at a site aboubne (1) km downstream from the power house location of th# droject About

400 m downstream further is amall tributary called Kirimbo Streamhich feeds into River
Nyamindi.Access to the weir and the intake will require developing a new 200m long road. A
sedimentation tank will also be constructed at cha 0+260 point. The project cowitldraverse
along theleft bankof the river. The proposed éhdrace Channel (2.3 km long) together with the
2.8 km long penstock pipes will cross the main raadeveral pointsThe HRC will intersect the
main road at least three locations.

In addition, the structures also will cross several community r@adkcrop lands There will be

at least two aqueductto be builtsince the water conveyance will pass through valléenstock
pipeswill be laid underground at certain point§he access to the Power House can be obtained
by developing a new road from themmunity road, which is located about 300m away. Following
figures inin Table2.3 provides specific detailsf major componentsAlso providel aredetailsof

the structuresFigure2.11 to 2.14, with picturesof Figure2.15 and 2.16showing thevisuals of
the proposed locations.

Table2.3: Descriptionsof Major Components

Components Quantity
Design Flow (r#is) 8.00
Gross Head (m) 151.00
Capacity (MW) 9.20
Plant Factor (%) 61%
Total Energy (MWh) 49,118
swetwes
weir
Spill Level (msl) 1637.00
Length (m) 16.3
Height (m) 6.5
E flow pipe diameter 0
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Head Race Channel

Length 2350.00
Internal Width (m) 2.70
internal height with freeboard (m) 1.70
Slope 0.001431
Sedimentation Tank
Length (m) 52.60
Internal Width (m) 7.00
Height (m) 6.50
Forebay Tank
Length (m) 33.20
Internal Width (m) 7.00
Height (m) 8.70

Penstock line

Penstock Diameters (m)

1.6/1.8/2.0/2.2

Penstock Length (m) 2864.00
No of Anchors 53.00
No of Supports 305.00
Power House
Length (m) 30.00
Width (m) 9.00
No of turbines(Francis) 2.00
Tail Water Level (msl) 1486.00
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Figure2.11: Weir Lay out
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FOREBAY' FANK LOCATION

Figure2.15: Weir Location Figure2.16: Fore bay Location

2.2.3 Project(3) Mbiri SHPP

This is the 8 projectin the cascadand will be located on the downstream in Mbidis shown in

the visuals irthe tables 24 below,and the drawing®elow (Figure2.21to Figure2.22), the Weir

and thelintake of the projecwill be locateddownstream of the two irrigation weirs located in

this river at coordinate§°29'12.20'N, 37°23'53.00"E¢ KS LINP 2S00 Q& 6SANI gAf f
the irrigation schemes in ordéo facilitate uninterrupted water for the irrigation requirements.

The project corridor would be located on the I&fink andwill cross the main road and several
other community roads. ThideadRaceCanal which is about 2.7 km long will crdbs mainroad
within a distance of 420 m from the weir site. The section of the lieaéry close to the bridge
The roadheeds to be elevated from the present level considering the elevation of theaslR@
HRC will cross the road at this poiithe 1.67 km bng Penstock also crassa valley andheed
to be provided with high pier supports and aqueducts. The Foraebdythe Power Houseill be
on privatelands. Thd®H will need to have a new sectionaatess road of about 200 m.

Table 25 below provides dimensions of the major componerfigyures 2.17 to 2.2@rovide
drawings for the weir location (with additional details, a cross section of the weir, a cross section
of the HRC and the Forebayisuals irof location for the Weirand Forebay, the typical stretch

of landuse affectedby areador the pipe laying and the location of the Power Hoase provided

in Hgures 2.21 and 2.22.
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Table2.4: Description of Major Components

Components Quantity
Design Flow (rfis) 8.88
Gross Head 67.00
Capacity(MW) 4.50
Plant Factor (%) 57%
Total Energy(MWh) 22,379

weir
Spill Levelgmsl) 1474.60
Length (m) 10
Height (m) 2.2
E flow pipe diameter 0
Head Race Channel
Length 2771.00
Internal Width (m) 2.80
internal height with freeboard (m) 1.80
Slope 0.001353
Sedimentation Tank
Length (m) 56.60
Internal Width (m) 7.00
Height (m) 6.50
Forebay Tank
Length (m) 33.00
Internal Width (m) 7.00
Height (m) 8.90
Penstock line
Penstock Diameters (m) 1.6/1.8/2.0
Penstock Length (m) 1057.00
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No of Anchors

22.00

No of Supports 111.00
Power House

Length (m) 30.00

Width (m) 9.00

No of turbines(Francis) 2.00

Tail Water Leve{msl) 1407.60
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Figure2.18:

Cross section of the Weir
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Figure2.19: Cross section of the HRC
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Figure2.20: Drawing of the Forebay
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Figure2.21: Weir Location

Figure2.22: Power Housd.ocation
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2.3 Land requiremens

Total land required for therojectsin the cascadeavill be approximately60 acres (Table2.5).
Land will be purchased from tleecupants who are privatend ownersLandin the forest area
belonging to theKenyaForestAuthority will be negotiated orleaseholdand compensation will
be paid to the Forest Authoritie?No houses are expected to be affected due to tascade
developmentproject, howeverdepending on the cadastral (strip) mapmy other structures if
affected will be paid compensatio®\ separate Resettlement Action Plan will be prepared after
conducting the cadastral survey.

Table2.5: Land required folNyaminidi Cascade Development SHPPs

Nyamindicascade development Land Area

Gitie Kiamutugu
Project Project Mbiri Project
1.0 Intake 430 1,086 311
2.0 HR Channel 17,684 35,558 37,291
3.0 Channel Spill - 1,441 1,246
4.0 Forebay Tank 2,303 2,591 990
5.0 Penstock 31,320 38,810 13,265
6.0 Power house 3,674 19,667 20,493
7.0 Access Roads 2,000 1,200 800
8.0 Material yard 3,300 8,400 6,000
Total insguaremeters 60,711 108,753 80,396
Total inacres 15.00 26.87 19.87

2.4 Supporting facilities

Supporting facilities will includsonstruction ofstaff accommodation for the staff engaged during
the operational period. Suitable land will be purchased for such purposes. In addition, for the
construction phase, there will betamporary project office andemporarystorage facilitiegor

the constructon materialstemporary staff accommodatioriabor camp$anda parking areaas

well aswashing bayor construction vehicles heland for sucHacilities willbe obtained onlease

The land will be restored to its original state after the constructibage andvill be handedover

to the owness.
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2.5 Project AccesRoads

All the threeprojects can be accessed through the existing road netwditkey include highways
and tarmac roads, ClassA2 and B6 roadsg, gravel and earth surfaceall weatherroads. The
projectscan be reached througthe EmbuNairobihighwayusing A2 (to Kutus) and B6 highways
(drivefor 120 km) until the Kianjuru Trade Centdfrom the Trade Center it is the gravel and earth
surfaced roads to the letilong thegravelroad towards Mbiri.

Mbiri SHPRan be accessduy travellingalong the gravednd earth surfaced publioad. One has
to turn to the left from Kianjuru Trade Centeand travel about 3.6 knadistance to the weir
location The power house location can be accessedn before thatlong theweir location. A
stretch ofabout 200 mof land needs tde opened up as new access to the Power House.

Proceeding further from the Mbirbne can reaclGitie 1SHPRravelling along the sammad to
some distance until one readKiamutugu / Kamwana Road at Kiamutugu Junciibe.projecQ a
weir location areacan be reachedorth east passing Kiamutuga Trade Cemileng Kiamutugu /
Kamwana Roadrrom the point othighway to theGitie SHPRveir, the distance isbout 18 km.
Kiamutugu / Kamwana Road an all-weather (gravel) roadTo reach theweir location, the
existing foot path within the forest area (about 500m) needs to be improvisbd.Forebay can
be reached through the community access road to the KithimaCidigction Center.

The access to KiamutuggHPRProject11) is easy from existing B6 main road. The project is
located parallel to the river and can be accessed after driving about 10 km along Kianyaga /
Kiamutugu Road. From Kiamutugu trade center to the Power House of the project is about 5 km.
This road is leadg to Giture. The intake is about 900 m close to Kainamuri Coffee Factory.

Allgravelroads are not suitable fanotor traffic during the rainy periodss they become slippery
Nevertheless almost all the three projects are easily accesssihgexising road network.

2.6 Material spoik

There will be material spoils both rock and soil due to construction related excavalaiis2.6
shows quantity of spoils estimated from such excavation for all three projects. Adktteated
materialscan be used to fill the depressed areas and for the construction activities. Any spoils
which will be left in the spoil yasdill be gradedcompacted andhe land will berestored with
natural vegetationSpoil dumpingyard's will be identified immediately &fore the construction
phase.
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Table2.6: Quantities of spoils to be excavated:

Excavations
Project (1) Project @) Project @)

Soiland Soiland Soiland

Soft Rock Soft Rock Soft Rock

rock Excavati | rock Excavati | rock Excavati

excavati | on excavati | on excavati | on

on on on

m? m? m? m? m? m?

Weir Access road 100 25 200 25 100 25
Forebaytank Access road 100 15 100 25 100 20
PH Access road 525 225 1050 450 630 270
Total Excavation for Access Roads 725 265 1350 500 830 315
Weir 10 5 13 4 5 13
Pipe line orHRC including Access 8129 3484 25274 10832 10112 4334
Forebay tank 102 44 181 77 242 104
Anchors 732 81 1361 151 1228 136
Forebay Tank to Power house Traj cion | 5905 | 8275 | 3546 | 2489 | 1067
including Access
Power House 900 600 900 600 900 600
Total excavation for project 17377.7| 7384.8 | 37353.3 | 15710.7 | 15804.8 | 6568.2

(Source: Eco Power Engineering Estimates)
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2.6.1 Construction materials

The projects will require substantial quantities of constructinaterialsand quantities that will

be required for each projeare shown irfTable2.7.

Table2.7: ConstructionMaterials
Project Gravel Required | Sand Required Aggregates Cemfent
Required Required
Project (1) 300 Cu.m 3714 Cu.m 6190Cu.m 55000 Nos
Project (2) 400 Cu.m 4800 Cu.m 8000 Cu.m 75000 Nos
Project (3) 350 Cu.m 3360 Cu.m 5600 Cu.m 66192 Nos
Other facilities 350 Cu.m 300 Cu.m 250 Cu.m 2500 Nos

(Source (Eco Power Engineering Estimates)

No borrow pits will be envisaged #te excavated spoils could be used to supplement the gravel
required for filling depressedareas All other construction materials will be sourced from
vendors. There will not be any stone crushing plainthe site but rock boulderssalvaged from
the excavation will be broken to small pieces through breakers and through manual [abisr
will be used for construction of the anchors, anchor piers etc.

A materialsyard to storeaggregates, sand and other constructioraterials will beobtained on
leasehold. Mcessary security and dugirevention and spill protection measuresvill be
introduced

2.6.2 Equipment to be used for construction

The project will use a fleet of heavy vehicles for transport purposes and, heavy machinery for
excavation and for construction work. There will be a wash bay which will have required facilities
for the vehicleservigng. Other than the vehicleeswned by tle companythere will be hired
vehicles for passenger transport and for other purpo3é car parking facilities will be provided

in the office compoundand will have a capacitp parkleast15 vehicles of long wheelbasge,

high cab otand vehiclesTheheavy machinery and other equipment will be manned by expatriate
staff as well as local staff. The adequacy of their training and experience to operate such
machinerywill bewell established in order to prevent accidents.

During the construction phse, it is expected that the following construction machinery and
equipment wil be used (but not limited to).

1 Land vehicles

1 Dump trucks and lorries

1 Pump cars

1 Ready mixed Concrete pumping trucks
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Excavators and Wheel Loaders (for the excavation of thedation trenches)
Road rollers and Compactors

Motor Grader

Compactors such as trench plate compactors (plate tampers)

Concrete mixers

Poker vibrators

Compressors

Electric drills and saws

Mobile Cranes (to install the roofing material and Equipment

Hectricity generators and Welding Transformers

E R NN

2.6.3 Transmissiorline and Grid Connection

A power evacuation studhas already been undertaken and completed. This had evaluated
several options anduitable recommendationsave been madas to the evacuation of power to
the national grid.Option (4) of the report , that isGitie SHPfKainamo JuctiofKamwangi
Road(Green RoeRRyamathakwa Junctigegoo JunctiorKiamutugu SHPP B&biri -Kiamutugu
RoadKiri Junction(RIGHT TURN Coffee faatoag}Mbiri SHPP BBKUTUS132 (Using West of
R.Nyamindi) has been recommendethe lines will be erected along the public roaBayment

of compensation for the way leave (only to erect poles) has been assessed and said to be
approximately US $ 8925There will be new switching statioto be introduced at the
interconnection points between the lines coming from each plditte lines will have following
distancesGitie SHPFKiamutugu SHPE .8km) Kiamutugu SHRRbiri SHPR5.3km) Mbiri SHRP
Kutus132K\{5.1km)

2.6.4 Other keyProject Attributes

No. | Project activity Project attributes

2 Method of construction Prequalified Contractors selected based on
competitive bids (for civil works)

International manufacturerand suppliers for
Electro Mechanical works

3 | Additional services (electricity, | Will have Backup Facilitissich as generators.
emergency services etc.) There will be proper occupational health agafety
arrangements for thevorkers engaged in the civil
and mechanical works of theroject

4 |t N22SOi0Qa LJ23GSYy Policy of the Developer is to ensure Zero Accide
hazards and emergencies
(construction and operation)
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5 Estimated land take up by the | Around60acres(22 ha)with additional
project requirements yet to be assesséal temporary
buildings.
6 Estimated number of Local labor force400-500
construction workers and visitor{ Visitors: D-15 per week
both constructionand Total labor forceduring operations (provided
Operations separately)
7 Means of transporting Using transport (land vehicles from the close by
construction of workers Trade Centers / Villages
Material transport By means of medium to small construction
equipmentandmachinery combined with manual
means
8 Proposed waste management | See Waste Management Chapter
including disposal.

2.7 Manpower requirements duriig construction and @erationsphases

The construction phasesill take about three years from 2018here will be an overlapping period
of constructionof all three projectsWhen the construction overlaps in all the three projects there
need to be around 500 workers needed to be engaged.

The operatiorphaseis expected to be at least 20 years after dwmpletion of the construction
phase Operationswill be commenced immediately after the completion of the individual plants.
Recruitment of staff, arrangement of all tieckup facilities will be ready by thefhe bllowing
cadre of staffwill be therequired for the daily operations of the three powglants

1 Gitie Project - Three (3)Operators andix (6)Helpers
1 Kiamutugu Project Three (30Operator andwelve (12)Helpers
1 Mbiri Project Three (30perator andsix (6)Helpers

In addition three (3) SitePlant Superintenderstand Driversas well as supporting staff including

an Accountantwill be engaged. Staff will be provided with health care facilities and necessary
training. Staff will have permanent accommodation dining andcooking facilitiespther basic
utilities such asdrinking waterandrunning water fortoilets will be provided

All toilets will beof permanentnature with sewage directed to the septic tardnd soakagepit
system Rainwater harvesting will barranged which will adevater forlandscaping work.There
will be domestic wastes and wastes from annual and regular maintenance work of the plant and
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machinery. Therewill also be wastes from the Trash Tracksproper waste collection and
disposal systemwill e introduced during theperational phaselicensedVendors will be selected
for the disposal of all recyclable wastes such as paper, plastic, glass and oils.

A contingency management plan will be developed in order to ensure that specific contingencies
during the operational phasare properly managedt will address among other, contingencies
such as sudden plant shut down, floods, break downs Etere will be backup generators to
supply minimum power during the plant shut down.

Maintenance and running repairs of the plant and equipment and monitorafigthe
implementation of all the environmental and social impact mitigation actions which are expected
during the operational phases will be the key responsibilities for the develdpprogramme of
monitoring the environmental and social mitigation actsowhich are due in the operational
phase will be monitored and reported under the monitoring and reporting plan.

2.8 Decommissionindg’hase

Decommissioningieans the decommissioning of the construction phastvities All temporary
structures built tofacilitate the construction activitiewill be dismantled and materials salvaged
and disposed during the decommissioning phdsandwhich will betemporarily held or leased
for such purposewill be reinstatedand will be given to the ownertands useddr spoil yards,
borrow pits (if any}hat will need to be retoredaccordingly Temporary roadwill be closed and
any obstruction made to divert the natural gulliesll be cleared andopened up. All salvaged
materials and wastes collectenll be properly disposed.

The labor engaged during the construction phask be phased out. The statutory paymerntis

staff willbe paid and the cadre of the workers should be down sized to ensure that only the staff
needed for the operational phaseill be retainedIn addition aldues owned tdahe suppliers will

be settled and contracts will be terminated.

A proper EnvironmentalManagement Plan[EMP) for the Decommissioning®hase will be
prepared It is expected that thelecommissioning will take for more thaix(6) months in order
to ensue that all three projects complete the decommissioning activities.

2.9 Construction Schedule

A construction scheduléantt chart) isprovided in Fig4.23) below. According to the same,
total of three years will be required to complete the civil works and electro mechanicalafork
the cascade development with SHPFPhe onstruction of the projectwill start with Gite in
Kiamutuguwwith the other two to follow thereatfter.
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Constructionschedule
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Construction Schedule for all three projects
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3 POLICY LEGAL AND ADMINISTRATIVE FRAMEWORK

This ESIA study will be prepared in accordamitiethe requirements of both national policy, legal
and institutional frameworkand and in keeping with international established practices
Therefore, this section assesses relevant existing policies, régukg and laws that govern
establishment and management of infrastructural projects at different stages in Kenya.

3.1 POLICY PROVISIONS

3.1.1 Constitution of Kenya

Article 42 of Bill of Rights of the Kenyan Constitution provides that every Kenyan has a right to a
clean and healthy environment, which includes the right:

(@) To have the environment protected for the benefit of present and future generations
through legislative and other measures, particularly those contemplated in Article 69; and

(b)  To have obligtons relating to the environment fulfilled under Article 70.

The Constitution of Kenya provides for sound management and sustainable development of all of
Y S y &éve@légpment pojects, both public and private investments. It calls for the duty given to
the ProjectProponent to cooperate wittstate organs and other persons to protect and conserve
the environment as mentioned in Pa(Ll). Tke proposed project should benvironmental
friendly and any adverse effect will be addressed as outlined in the iidtigplan.

3.1.2 Kenya Vision 2030

Kenya Vision 2030 is the current national development blueprint for period 2008 to 2030 and was
developed following the successful implementation of the Economic Recovery Strategy of Wealth
and Employment Creation which revivadd restored economy growth from 0.6% in 2002 to 7%

in 2007. Vision 2030 is the national letegm development policy that aims to transform Kenya
into a newly industrialied, middleincome country by 2030. The Vision comprises of three key
pillars: econmic, social, and political. The economic pillar aims to achieve an average economic
growth rate of 10 per cent per annum and sustaining the same until 2030.The social pillar seeks
to engender just, cohesive and equitable social development in a cleareandesenvironment,

while the political pillar aims to realize an isdo@sed, peopleentered, resukoriented and
accountable democratic system. This project is expected to contributed positively to two of the
three key pillars; economic and social p#lahrough creation of employment and thereby
improving the living standards of communities living in project area.
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3.1.3 National Environmental Policy (NEP)

The NEP (2013) set out important provisions relating to management of ecosystems and
sustainable use of atural resources. Specifically NEP recognizes the intense pressures the
environment is facing du¢o inappropriate human activities; including issues and problems
relating to environmental governance, loss of biodiversity, valuation of environment andahatu
resources; rehabilitation and restoration of environmentally degraded areas; urbanization, waste
management and pollution; climate change, energy, security and disaster management; public
participation, environmental education and awareness; data amfdrmation; poverty; and
chemical management. The NEP observed that better quality of life for present and future
generations is achievable through sustainable management and use of the environment and
natural resources. Production of clean energy is thdénhark of this project as it will produce
energy with minimal impacts on the environment such as emission of grease gases and
environmental destruction and loss of biodiversity.

3.1.4 National Land Policy 2009

Chapter(3) of the National Land Policy is Kied to constitutional reforms; regulation of land
ownership and property rights. It is vested in the government by the Constitution with powers to
regulate how private land is used in order to protect the public interests. The government
exercises these peers through compulsory acquisition and development control. Compulsory
acquisition is the power of the State to take owned private land for public purposes. However,
the Government must make prompt payment for compensation that the ESIA will alied

under Resettlement Action Plan Strategy (RAPS). This overall aim is to secure and conserve
affectedK 2 dza S KdtirtceR 61 fvelihoods and cultural beliefs.

3.1.5 Education Sector Policy on HIV and AIDS 2013

HIV and AIDS is one of the key threats not only to etlucal achievements but also to the
general population. This Policy recognizes that HIV and AIDS prevalence deplete resources meant
for individuals, families, communities and society as a whole. Managing HIV and AIDS require the
whole society and this paly document discuss it in several thematieas. Thdirst theme
discusses the prevention of new HIV infections among learners and education stafesaeksll

The second theme deals with comprehensive treatment, care and support for learners, youth
below 24 years and education staff living with HIV. The third theme is on the HIV and AIDS at the
work place with focus on stigma and discrimination. The fourth compbdeals with managing

HIV and AIDS response with reference to the management and leadership structures and
programs at all levels within the education sector. This policy borrows heavily from all previous
HIV and AIDS management approaches in Kenya ingli¢enya Vision 2030, Constitution of
Kenya 2010), the Public Sector Workplace Policy on HIV and AIDS (2010), The HIV and AIDS
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Prevention and Control Act (2006), National Aids Control Council Act (2006), and the Kenya
National HIV and AIDS Strategic Pllanof 2009/2010. All the above policies and strategies of
combating and managing HIV and AIDS in Kenya will be invoked during this project; considering
HIV prevalent tend to be high in areas with high rates immigration.

3.1.6 Gender Policy 2011

The overall aim othe Gender Policy 2011 is to mainstream gender concerns in the national
development process in order to improve social, legal/civic, economic and cultural conditions of
women, men, girls and boys in Kenya. The policy has identified priorities areasof @me
priorities is to ensure that all ministerial strategies and their performance frameworks integrate
gender equality objectives and indicators and identify actions for tackling inequality. Moreover,
each program will develop integrated gender equaditsategies at the initiative level in priority
areas. Within selected interventions, the policy will also sc@lespecific initiatives to advance
gender equality. This policy will be referred to during project implementation especially during
hiring of $aff to be involved in the project, procuring of suppliers and sub consultants as well as
sub-contractors of the project.

3.1.7 Kenya Legislations

3.1.8 Environmental Management and Coordination Act (EMCA) 1999

This act provides for the establishment of legal and institutional framework for the management

of the environment and for matters connected therewith and incidental thereto. The new

[ 2yataAiddziazy FyR 9a/! 206f A3l (S actofitdwdrk in Al@eanS OG Q&
environment and not to contravene the right of any person within its zone of influence to the
environment. Below are relevant EMCA subsidiary legislations and guidelines to govern
environmental management during implementation ofSNCDSHP project.

1 The Environmental (Impact Assessment and Audit) Regulations, 2009 Legal Notice No.
101.

1 The Environmental Management and Coordination (Waste Management) Regulations,
2006 Legal Notice No. 121.

1 The Environmental Management and Coordiaati\Water Quality) Regulations, 2006
Legal Notice No. 120.

1 The Environmental Management and Coordination (Noise and Excessive Vibration
Pollution) (Control) Regulations, 2006 Legal Notice No. 61.

1 The Environmental Management and Coordination (Conservatiddiological Diversity
and Resources, Access to Genetic Resources and Benefit Sharing), Regulations, 2006.
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1 Environmental Management and Coordination (Wetlands, River Banks, Lake Shores, and
Sea Shore Management), Regulations, 2009.

1 Environmental Manageménand Coordination (Air Quality), Regulations 2014, Legal
Notice No. 34.

1 Environmental Management and Coordination (Fossil Fuel Emission Control) Regulations
2006, Legal Notice No. 131.

1 Environmental Management and Coordination (Controlled Substance) &iegsl 2007,
Legal Notice No. 73.

3.1.9 Water Act 2002

TheaterAct of 2002 is being reviewed to align the water sector with the new Constitution under
Water Bill 2014. The Water Act of 2002 is guided by three main aspects:

1 The management, conservation, use arahtrol of water resources
1 The acquisition and regulation of rights to use water, and
1 Theregulation and management of water supply and sewerage services.

Meanwhile the Water Act creates various institutions with separate functions/ mandates and
starts byfirst removing the Government from service provision and leaving it with the role of
making policies. A product of the Water Act is Water Resources Management Rules 2007, which
provides rules and procedures for obtaining water use permits and the condifidaced on
permit holders. Sections 54 and 69 of the Water Resources Management Rules 2007 impose
certain statutory requirements on water infrastructure, owners and users. This project will be
guided by these legislations especially before abstractingmieom River Nyamindi by obtaining
relevant licenses from Water Resources and Management Authority (WRMA).

3.1.10 County Government Act No. 17 of 2012

¢KS ! OG SadlrofAaKSR GKS /2dzyiGeé D2OSNYYSyd | Fi
of 2010. Part 1 of the Act empowers the county government to be in charge of functions
described in Article 186 of the constitution (county roads, water and sanitation, health). Part XI

of the Act vests the responsibility of planning and development facilitation to dbenty
government in collaboration with the national government. This arrangement has been adopted

for interventions in order not to conflict with provisions of the Kenyan Constitution.
Implementation of this project will also seek goodwill and approvaCofinty Government of

Kirinyaga because the project will affect lives of population of this county.
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3.1.11 Physical Planning Act 1996 (286)

Section 29 of the Physical Planning Act 1999 empowers Authorities (now county governments) to
reserve and maintain all lanhplanned for open spaces, parks, urban forests and green belts as
well as land assigned for public social amenities. The same section allows prohibition or control
of the use and development of an area. Section 30 states that any person who carries out
development with development permission will be required to restore the land to its original
condition. It also states that no other licensing authority shall grant licenses for commercial or
industrial use or occupation of any building without a developmesrmission granted by the
respective Local Authority. As observed abaveunty Government Act No. 17 of 2012) approval
from County of Kirinyaga will be required before implementation of this project.

3.1.12 Occupational Health and Safety Act (OHSA 2007)

This Igislation provides for protection of workers during the construction and operation phases.
The Environmental Social Management Program (ESMP) to be prepared in the ESIA has provided
specific health and safety aspects to be complied with during implememtati the project.

3.1.13 The Public Health Act (Cap. 242)

Part IX, section 115 of the Act states that no person / institution shall cause nuisance or condition
liable to be injurious or dangerous to human health. Section 116 requires local authorities to take
all lawful, necessary and reasonably practicable messto maintain in their jurisdiction clean

and sanitary conditions to prevent occurrence of nuisance or condition liable for injurious or
dangerous to human health. Such nuisance or conditions are defined under section 118 and
include nuisances caused a&gcumulation of materials or refuse that include in the opinion of the
Medical Officer of Health, are likely barborpests. All measures will be outlined in ESMP so that
all Public Health Aqirovisions are complied with during implementation of the jij

3.1.14 Eviction Wayleave and Rehabilitation Bill (2014)

This Bill of 2014 is building on the revised Wayleave Act of 2010. Chapter 292, which if passed
provides procedures for the eviction of unauthroised occupants from private or public land and
the resettlement of displaced persons coerced or involuntaryldisgd and for matters incidental

or related thereto.The areas zoned for communication lines, sewer lines, power lines, water pipes
etc are known as wayleaves. The Wayleave Act prohibits development of any kind in these
designated areas. Thus adgveloperis bound by this Act to see to it that no development takes
place in these areas. This project will be guided by these regulations provisions when ctegting
leave.
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3.1.15 The Forest Act 2005

The Actprovides for the establishment, development and sustainabfeanagement,ncluding
conservation andational utilization offorest resources for the socieconomic development of

the country, TheAct recognise thatorestsprovide habitats foly Sy &ibl6éyial diversity and
amajor habitat for wildanimals Meawhile Kenyas comnitted to the intersectoraldevdopment
andsustainable use dbrestryresourcesunderinternationalconventionsand other agreements

to promote the sustainable management, conservation and utilization of forests and biological
diversity. Thereforethis NCD projectwill observethe Internation Finance CooporationF(
Performance Standards (R8)conserving biodiversity

3.2 Institutional Structure of the Water Sector

The Water Act 2002 and several other policies guide water resouneemgement in Kenya. The
Water Bill 2014 will realign Water Act 2002 with the requirements of the new constitution. Water
management in Kenya is under the Ministry of Environment, Water and Natural Resources that is
primarily responsible for policy develoent, sector coordination, monitoring and supervision.
The ministry executes its mandate through the following institutions:

1 Water Services Regulatory Board (WSRB): provides general oversight of service provision
and regulate water allocation.

1 Water AppeadBoard (WAB): an independemistitution that solve disputes and conflicts
that may not be solved by WRMA and WSRB.

1 Water Services Trust Fund (WSTF): is mandated to help finance the provision of water in
areas without adequate water supply. It is supposedhobilize funds from the Exchequer
or donors. The Fund will help finance provision of water in marginalized and poor areas
and thus increase water and sanitation access.

1 Catchment Areas Advisory Committees (CAACS): their work is to help the WRMArin wate
and environmental conservation activities through the regional managers.

1 Water Resources Management Authority (WRMA): is charged with responsibility for
managing, regulating, protecting, apportioning and conserving water resources naturally,
includingtransboundarywaters.

1 Water Service Boards (WSBs): These Boards have been established at the regional level
and delineated on the basis of catchments, administrative boundaries and economic
viability. They are responsible for efficient and economical watel sewerage service
provision in their areas of jurisdiction. To support their role, they are to maintain and
I OljdZANBE FaasSdas LIy RS@St2L) FyR YIylF3sS i
mandate by contracting the Water Service Providers (W&®sgents for this purpose.

They are to monitor and enforce provisiagreements wittthe WSPs in accordance with
the license requirements.
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1 Water Services Providers (WSPs): contracted by WSBs to provide water and sewerage
services. Thegre commercial agganizations with the sole mandate of retailing water and
sewerage services to consumers.

1 Water Resources User Associations (WRUAS): are at the basin level and their main work is
to harmonize water with agriculture and other competing uses and upstream and
downstream users to avoid conflicts over water. This means that some base flows have to
be maintained for sustenance of the ecological systems downstream. Since Water Act
2002 has taken the management of water resources down to the communities, it is
expeded that communities will act as policing agents /custodians within their areas and
be active participants in water resource management.

3.3 International Policies, Guidelines and Standards

Environmental and Social Management Plan (ESMP) will strictly obdery&C Performance
{01 YRINRa o0t{0®d ''a y20SR Ay aSO0A2Yy odnodm (K
AYFEdzSyOS AyOfdzZRAY3a | 3a20AFGSR FILOAfAGASE | YR
that will be triggered and compliedith to guide the ESIA process, include the Resettlement

Action Plan (RAP) and the ESMP.

Applicable PSs for this project are:

1 PS 1: Social and Environmental Assessment and Management Systems

PS 2L aborand Working Conditions

PS 3: Pollution Preventiand Abatement

PS 4: Community Health, Safety and Security

PS 5: Land Acquisition and Involuntary Resettlement

PS 6: Biodiversity Conservation and Sustainable Natural Resource Management
PS8: Cultural Heritage

= =4 4 4 -4 2

Specific objectives of the ESMP as per IECLPare as follows:

1. To identify and evaluate environmental and social risks and impacts of the project
including cumulative impacts as the case may be.

2. To adopt a mitigation hierarchy to anticipate and avoid, or where avoidance is not
possible, mininde, and, where residual impacts remain, compensate/offset for risks
and impacts to workers, Affected Communities, and the environment.

3. To promote improved environmental and social performance of clients through the
effective use of management systems.

4. Toensure that grievances from Affected Communities and external communications
from other stakeholders are responded to and managed appropriately.
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5. To promote and provide means for adequate engagement with Affected
Communities throughout the project cycle dssues that could potentially affect
them and to ensure that relevant environmental and social information is disclosed
and disseminated.

Performance Standard (2) recognizes that the pursuit of economic growth through employment
creation and income geamation should be accompanied by protection of the fundamental rights
of workers. Specific objectives are:

P wnpRE

o 0

To promote the fair treatment, nordiscrimination, and equal opportunity of workers.

To establish, maintain, and improve the workeanagement relationship

To promote compliance with national employment and labor laws

To protect workers, including vulnerable categories of workeich asvomen, migrant

workers, workers engaged by third NI A S&a > FyR 62N]J SNBA Ay (KS
To promote safe and healthy working conditions, and the health of workers.

To avoid the use of forced laband childiabor.

Performance Standard (3) recognizes that increased economic activity armuiaatian often
generate increased levels of pollution to air, water, and land, and consume finite resources in a
manner that may threaten people and the environment at the local, regional, and global levels.
Specific objectives are:

To avoid or minimizadverse impacts on human health and the environment by avoiding
or minimizing pollution from project activities.

To promote more sustainable use of resources, including energy and water.

To reduce projectelated GHG emissions.

Performance Standard (4¢cognizes that project activities, equipment, and infrastructure can
increase community exposure to risks and impacts. Specific objectives are:

1.

2.

To anticipate and avoid adverse impacts on the health and safety of the Affected
Community during the project life from both routine and rooutine circumstances.

To ensure that the safeguarding of personnel and property is carried out in accordance
with relevant human rights principles and in a manner that avoids or minimizes risks to
the Affected Communities.
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Performance Standard (5) recognizes that project related land acquisition and restrictions on
land use can have adverse impacts on communities@ersons that use this land. Specific
objectives are:

1. To avoid, and when avoidance is not possible, minimize displacement by exploring
alternative project designs.
2. To avoid forced eviction.
3. To anticipate and avoid, or where avoidance is not possibileimize adverse social and
economic impacts from land acquisition or restrictions on land use by
a. providing compensation for loss of assets at replacement cost and
b. Ensuring that resettlement activities are implemented with appropriate
disclosure of infamation, consultation, and the informed patrticipation of those
affected.
4. To improve, or restore, the livelihoods and standards of living of displaced persons.
5. To improve living conditions among physically displaced persons through the provision of
adequate housing with security of tenure at resettlement sites.

Performance Standard (6) recognizes that protecting and conserving biodiversity, maintaining
ecosysten services, and sustainably managing living natural resources are fundamental to
sustainable development. Specific Objectives are:

1. To protect and conserve biodiversity.

To maintain the benefits from ecosystem services.

3. To promote the sustainable managent of living natural resources through the
adoption of practices that integrates conservation needs and development priorities

no

IFC Performance Standard (8) on Cultural Heritage deals with Graves and other objects of cultural
significance. This will gaire preparing a Chance Firfocedure. Relevansupplemental
management plans to cover the performance standards (based on the guidelines provided) will
be prepared in the ESMP under section (4).

3.4 Relevant Multinational Environment Agreements (MEA&pnvetions
and treaties

SHPs are classical examples of renewable energy sources that are key to green economy.
Undertaken in the framework of IFC standards, SHP projects are consistent with several
international and regional agreements that seek to consehe environment; including:
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The United Nations Framework Convention on Climate Change (UNFCCQOhi®8tan
overall framework for intergovernmental efforts to tackle the challenge posed by climate
change. It recognizes that the climate system shared resource whose stability can be
affected by industrial and other emissions of carbon dioxide and other greenhouse gases.
Convention on Biological Diversity (CBD) 199% was inspired by the world community's
growing commitment to sustainable delepment. CBD has three main objectives:
conservation of biological diversity, the sustainable use of its components, and the fair
and equitable sharing of benefits arising from the use of genetic resources. Mt Kenya is
endowed with rich biodiversity and OBjuide activities associated with this project.

World Heritage Convention 1972: The Convention links together in a single document the
concepts of nature conservation and the preservation of cultural properties. The
Convention recognizes the way in whople interact with nature, and the fundamental

need to preserve the balance between the two. The upper sections of Mount Kenya
National Park have been designated as a World Heritage Site.

Convention on International Trade in Endangered Species of Wilthrnd Flora (CITES)
1960: It is an international agreement between governments and aims to ensure that
international trade in wild animals and plants, or their parts, does not threaten their
survival. Mumber of animals found in Mount Kenya are protatiender CITES including
African Elephants, all species of orchids, Bndnnusafricana,this project willadvocate

for conservation of their habitats and ecosystems in case they are interfered with.

The IUCN Red List of Threatened Species 1994: widdy recognized as the most
comprehensive, objective global approach for evaluating the conservation status of plant
and animal species. From its small beginning, the IUCN Red List has grown in size and
complexity and now plays an increasingly prominent nolguiding conservation activities

of governments, NGOs and scientific institutions. As observed above and under IFCs, all
species recorded in the project area will be assessed using IUCN Red List of Threatened
Species.
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4 ENVIRONMENT AND SOCIAL SETTINGS

This chapter will presenihe general environmental characteristic in the projecéa. Specifically

it will describe the physical, biological, social and cultural environment. The ESIA study will discuss
the likelihood of the hydropower project to alter or impact the aforementioned environmental

settings.

4.1 Setting the study limits

The study limits fortte proposed small hydropower system vary from onegigsical and social

element to another. Each specialist study has required setting up of its own study limit based on

the project design, site reconnaissance giséind secondarydata sought from thditerature

reviews FollowingTable4.1 presents the study limit for each type of specialist study undertaken

in the ESIA.

Table4.1: Setting the Study Limits for the ESIA

Specialist Study

Terrestrial ecology

Study Limit

Project footprint area and its immediate environs

River endRiparian

River channel and associatadarian zonespecifically the

ecology microhabitats along the river of river run, water pools and rocky
banks
Hydrology Project footprint area and its immediate envirgridroject
catchment areas; Rain Fall gauge stations
Geology Project footprint area and its immediatnvirons(Secondary

information sought to establish regional geology)

Soco Economic

Project immediate Influence Area and Administrative boundarie
KirinyagaCounty (secondary datge.g. Kiamutugu etc.)

OccupationaHealth
and Safety

Projectfootprint area and its immediate environs

Public safety

Project aea and immediate surroundings
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4.2 Physical settings

4.2.1 Climate

The project area has a tropical climate and an equatorial rainfall pattern. This climatic condition
Aa Ay Tt dzSy O Spositivrdalorigkhs eq@edodayidiitd @sition on the wind ward side of
Mt. Kenya. Mount Kenya has two rainy seasons, the long rains that occur from March to May and
the short rains which occur from October to December. The long rains averager8@thile the

short rains average 658m. The amount of rainfall received declines from the high altitude slopes
of Mt. Kenya towards the serairid zones in the Eastern part of Mwea Division. The temperature
ranges from a mean of 8°C in the upper zones of Mt Keny@1G & the lower zones during the

hot season.

4.2.2 Drainage andlopography

The project area is characterized by steep slopes and deep valleys, with the physiographic
conditions influenced by Mount Kenya. Kirinyaga County slopes from the Mée#t towards
Eastand SouthEast, with a few isolated hills such as Kiambere, Kianjiru and Kiang'dimée.
County lowlands are at about 5% above sea level at the Tana river basin in the East and raises
to steep highlands of over 4,570 above sea level in the North Wehkht are part of Mt. Kenya.
Steep slopes are attributed to strong erosion capacities of rivers aided by heavy rains and deep
soils. Where rivers encountered intrusive rocks along the vallegginificent and spectacular
water cascades and falls afemed. The Southern part of the County is covered by the Mwea
plains.

4.2.3 Noise

The noiselevels in the project area weraot measured but thereprevailsa very tranquil
environmentfree of any noiseas the area is far away from any noise making recep{Sese
Appendix 13.10)The only noise that could be heard was the noise from the vidmm the waters
clatter whileflowing on areas Were there aredrops,and occasional noise of the birds.

4.2.4 Geology andils

A preliminary geological investigation was undertaksg the ProjecProponent(Appendix 13.2)

It covers the aspects of regional geology and the geology in respect of each of the locations
demarcated for the associated structures of the three projects. The repeunsnarized herein
below:
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4.2.4.1 Physiography of the region

The project area lies on the southern slopes of Mount Kenya. The Mt Kenya Ecosystem represents
one of the most important pristine mountain ecosystems in the world and the most impressive
landscapes in East Africa due to its mtaum peaks with rugged glacietad summits and diverse

forests. Mt. Kenya was formed as a result of volcanic activity and it has a base diameter of
approximately 1200 Y® ¢ KS az2dzydl Ay A& GKS O2dzy iNEQa KA3
Africa. Its twohighest peaks Batian (5,199 m) and Nelion (5,188 m) are located in the Mt Kenya
National Park. It is broadly conshaped with deeply incised valleys radiating from the peaks.

There are significant differences in altitude within short distances, which deter significant

variations in climate over relatively small distances.

As shown irFigure4.1 below, the upper Tana Catchment has all its perennial riverginaing

from the Aberdare Range and Mt. Kenya. The Mt. Kenyacatdihment drains the Mt. Kenya side

of the upper Tana catchment. The main rivers in this sub catchment include the Rupingazi,
Nyamindi, Thiba, Rwamuthambi, Ragati, Sagana, Thego and Nairobihaketributaries within

their systems. These rivers flow through the forests, tea and coffee zones, joining the other rivers
downstream. Thet | y | WIA KeBydBub catchment comprises Kiriny&@anty, and parts

of Nyeri, Mbeere and Embu counties.

Projectareaq. .
@

§°\

Landforms Other features Water bodies and rivers
- Mountains Upper Tana boundary .~ Permanent rivers
{ Footslopes, hills,and mountain footridges /\/ Districtboundaries - Water bodies
- Plains

Figure4.1 Upper Tana River Catchment
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4.2.4.2 Physiographic zones

Mt Kenya slopes can be divided into three broad physiographic/ecological zones. The lowland
areas fall between 1,158 meters to 2,000 meters absea level, the midland areas lie between
2,000 meters to 3,400 meters above sea level and the highland comprising areas falling between
3,400 meters to 5,200 meters above sea level. The lowland area is characterized by gentle rolling
plains. The midlandraa is characterized with rolling low hills, ridges and some plateau like
landscapes. The highland area covers the whole steep mountainous alpine and glaciated zones.

4.2.4.3 Geology of the Nyamin&iver @scade(NRC)

An enlarged section of the Mt Kenya geolagimap showing the RC is presented ifigure4.2,

which shows that erosion has exposed the underlying rock; porphyritic basalt and olivine basalt
in the bottom of the river valley along the entire length of the NyamRer @scade envisaged

for hydropower development.
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Figure4.2: Geology of the study area

(Source: Chief Geologist Mines a@ological Department, Nairobi.)
The upper section of the valley consists of the overlying porphyritic phonolites and agglomerates

(PIp3) and the residual soils derived from in situ weathering. A schematic geological section is
presented inthe Figure4.3 below.
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THIBA BASALTS

GTA 1-Weir (1774 masl) - Microporphyritic basalts and ashes
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T ic tuffs and rates
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E Alkali trachytes

PLEISTOCENE

aat  Kiamutugu-Weir (1635 masl)

Mugearites, alkali t es, olivine trachytes
- [-basalt flow at base; hyte at top of seq
?? Kenytes and kenyte agglomerates

Porphyritic phonolites and agglomerates
(2gglomerate outcrops on|lower slopes shown thus 2¢%)

Fissile phonolites

ffs and aggh

Project area
(extends further south)

Ll Kiamutugu-PH (1485 masl)

&
=

Embri Weir & PH (1475 & 1385 masl)
(further downstream)

Figure4.3: Schematic Geological sections of the cascade of the project area

4.2.4.4 Rock types
The rocks in the NHC are described in the following sections.

Olivine basalt (Plb3)Fresh, dark to pale grey, fine grained, olivine basalt which characteristically
outcrops all the way along the entire Nyamindi cascade. They generally appear as massive
outcrops with some widely spaced joints. Flow structures and layering were obsergeta

areas. It is a very hard rock. Several blows from the geological hammer are required to break a
hand specimen.

Phonolite and agglomerate (Plp3fresh rock outcrops were not observed but moderately
weathered outcrops where found in several placeseylkary from greygreen to medium and

RFN)J] 3INBez IYyR INB 2FGSy FAySte Y2004t SR® . NR gy
K2Y23SyS2dzaé¢ 3INRdzZLIP ¢KS& FINB AyOFNARIo6fe& LN
phenocrysts in greenish grey to greompact finegrained matrices. No agglomerates were
observed in the project are®umice Boulders of pumice were observed in some areas. They are
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generally moderately to highly weathered, light brown to pale greycabor, and highly
vesiculated. It prbably occurs within the phonolites.

4.2.5 Geological structure

Approximately 150 km west of Mt Kenya, there are few significant tectonic structures in Kenya,
most notably; some north west, south east trending regional shear zones (Mulawa 2012). The
structure d the Mt. Kenya volcano and its satellites is that of a large volcanic pile with radial
outward dipscenteredon the plug, which forms the present peak of the mountain. It appears
that the young volcanic rocks in the Mt Kenya area have not been subjeotetgnificant
tectonism or deformation and hence are devoid of major structures. Baker (1967) suggests a
fracture or fissure running across the southern slopes of the mountain by the occurrence of ten
of the basaltic craters of this area nearly on a stralge trending eashorth-east. The Nyamindi

River cuts through the volcanic rocks and there are no major liniments or deeply incised gorges
to suggest any major geological structures such as faults or shear Zdvesg. are ifesh rock
outcrops in the wer bed along most of the cascade within the project aAdao here are some
sections where the river bed consists of a thin layer of alluvial gravel and boulders. Large boulders
are also commonly observed in the river b&de project aredhasno major river terraces or flood
plainsyet formed. Minor terraces generallyavedeposits of alluvial gravel.

4.2.6 Rock strength

Norockstrength testing was undertaken during the current evaluation except tactile assessment
of the intact rock strength. Oline basalt is a homogeneous crystalline rock and on the basis of
the field estimation of intact strength it falls into the ISRMI S NB  &alelydyyivHede the
unconfined compressive strength falls between 100 to 250 MPa.

4.2.7 Geomorphology of the project aa

The Nyamindi River traverses approximately nartBouth, cutting across the young volcanic
formations. The project area lies within the foothills of the volcanic mountain. The landscape is
characterized with low hills and ridges to plateau like ar@a river valley has eroded through

fresh basalts and incised valley sections have formed in some sections with rock bluffs on both
banks. The side slopes above the bluffs are inclined at about 50° and can be up to 30 m high. Ridge
crests have flatter gradnts, generally 10° to 20°, with maximum slopes about 30°.

2 Geological report (Annex 2) provides explanation to all the abbreviations
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4.2.8 Soils

Kirinyaga County hasd deep loamy soils that have great potential for agriculture depending on
the climatic conditionsSoils are red deep loamy soils that have great potential for agriculture
depending on the climatic conditions. The area is very popular with farming of cash crops, mainly
tea and coffee as well as food crops and horticultural cr@asls in the area pject area are well
drained through drainage becomes impaired as one gaesswardgFigure4.4).
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Figure4.4: Drainage characteristics of soils of Kirinyaga County and the project site

(Modified from Survey of Kenya and World Resources Institute base maps)

4.2.9 Seismicity

The seismically active East African Rift System travapg@eximately 150 km west of the project
area. However, the available information suggests that the area has a low level of seismicity. The
ME?> AY pn &SEFENAR WLISIF{ 3INRBdzyR I OOSEt SNIXiaA2yQ FI f
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4.2.9.1 Structural set uand level of seismicity

The structural set up and the earthquakes of the region are controlled by the activities Bathe
Africa Rift Valley SysterBARSFigure4.5). The EARS bifurcates at the boarder of Ethiopia and
Kenya, the eastern arm traverses through western Kenya, and the western arm follows the Lake
AlbertLake Edward.ake Tanganyik&ift Valleyand the uplifted Rwenzori Mountains on the
Ugandan side.

There are number of active volcanoes on the eastern arm oRifte/alleyon the Kenyan side,

and Mt Elgon, at the boarder of Kermanda, is an extinct volcano which is part of BE&RS

The votanic activities began in the middle Tertiary, concurrently with the formation of the EARS.
Mt Elgon was formed about 23 million years ago. Mt Kenya, an extinct volcano located
approximately 150 km east of the EARS, was formed more recently, about 3 ydtics ago, at

the same time as th&RuwenzorMountains in Uganda.

High levels of seismic activity arecorded along the western arm of the EARS, whereas the
eastern arm shows little seismicity especially in Kenya, in spite of large number of active volcanoes
along theEast Rt. As such the project area lies in a low seispaige. Agresented inFigure4.5,

GKS tS@St 2F aSAaYAOAGE Ay (0 Kpéak ginBda&ediati@ NI |
falls in the range of 0.2 to 0.4 g (US@014).
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Figure4.5:

Distribution of the EARS and level of seismicity of the project area (USGS 20143)
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4.2.10 Geotechnical conditions at each selected site

4.2.10.1Gitie SHPP
This project isocated on the most upstream of the river.

Weir

The weir site is located at the border of the Mt Kenya Forest Reserve and immediately
downstream of the confluence dflyamindiRiverand River Rumindutributary. The weir site
location will be at an elevatioaf 1774 masl|Fresh rock outcrofs observedat the weir location
(looking downstreampn both banks and also in the river section. There is a prominent joint set
parallel to the river, with 1 m spacing and three othrandomly oriented joint sets. Although
there aresome fracturingareas foundation rock mass consideredio be a massive rock. Good
foundation conditions are expected at this site.

DesiltingTank
The right bank slope (looking downstream convention) gradually rises from the weir location

assuming about 30° slope towards the crest and flattens to a plateau like landscape. The desilting
tank is located on this slope, only a short distance downstreftieoweir site. The slope consists

of weathered rock with a thin soil cover, and is very stable in this area. No geotechnical issues are
expected in excavating the slope to establish the desilting tank.

The Forebay

TheForebaywill be located on the cis of the river valley in the plateau. The valley slope is stable.
There are indications that the red clayey soil profile can be relatively thick in this area therefore
some investigations in terms of test pits will be required to assessktiebay foundéon
conditions and material properties.

Power House

PH will be located at an elevation of 1702 m&sksh basalt rock outcrops on both banks and on

the river bed at the selected location for the power house, where excellent foundation conditions
can be expected. No geotechnical issues are anticipated on the penstock slope which is expected
to be very stale.
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4.2.10.2 Kiamutugu SHPP
Thisprojectlies between theGitie and Mbiri Projects

Weir site (1635 masl)

Several alternative sites were géechnically inspected for the Kia weir. At the currently chosen
site, the river has eroded a narrow gorge in the basalt rock mass which is several meters high. The
geotechnical conditions were fairly similar at the altatine sites considered, that is fresh rock
outcrops on the river and the banks and gentle slopes. The selection was based on maximizing
the hydraulic head for the project.

The rock mass at the selected site shows flow structures, is blocky to massivie aady
competent. No adverse geotechnical conditions were observed. Depending on the height of the
structure, a geotechnical investigation programme should be designed in the next stage of studies
to assess the foundation conditions and watghtness.

Water conveyance route and penstock line

A brief terrain evaluation was conducted in the area where a contour pipeline and a surge tank
are envisaged. The geomorphology of the terraioharacterizedy small ridges and spurs with
gentle slopes. As shdhe pipeline has a winding outline which is far from idékdwever,slope
stability issues are not observed in this terrain, except evidence of a few old failures on the river
valley slopes.

Powerhouse location (1485 masl)

Several alternative sites were inspected for the powerhouse location. The selected location has a
seemingly favorable topography to establish the penstock line, and easy access to the
powerhouse at the base of the slope. Weathered rock is exposed on they wope, which is
assessed to be stable. Fresh rock outcrops on the right bank of the river and is expected to occur
at shallow depth under the terrace on the left bank, where the powerhouse is envisaged.
Geotechnical drilling will be required to establ foundation rock depth and rock mass conditions.

4.2.10.3 Mbiri SHPP
The Mbiri project is envisaged at the lower stretch of Bidlyamindi cascade with a total head
of about 90 m.

Weir

Weir siteis located at an elevation d475 maslIThe location of a weir site for the Mbiri project

is constrained by an irrigation weir located a few hundred meters upstream of the Mbiri Bridge.
The hydropower weir had to be located below the irrigation weir to maintain unrestricted flow
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for the irrigaton scheme. Similar to all other areas along the cascade, fresh basalt rock outcrops
along the river and on both bankse observedAt the selected weir location fresh, massive basalt
outcrops in the river and on both banks. Highly weathered rock is expgs®n the slopes which
have a thin soil cover. Overall, excellent foundation conditions can be expected at this location.

Water conveyance route and penstock
The water conveyance route is located away from the immediate river valley and ncsthydey
issues are anticipated.

Powerhouse site

Several alternative sites were evaluated and the current location igemwmically sound and
provides the maximum head for power generation. The river assumes a bend and has formed a
wide flood plain & the location. The location is easily accessible without major excavation.
Weathered bedrock is exposed on the slope which is assessedstalile. Freshock is exposed

at the base of the valley on the right bank. Foundation rock under the left ban&ceeis not
expected to be too deep. However further investigation will be required to confirm the depth.

Water tightness of weir foundations

The water tightnessis determined by the overall permeability of the rock formation. The
permeability of a rock mass is related principally to the presence of rock discontinuities such as
open joints, faults, shear zones, solution cavities, and interconnected fractures of@inness

and continuity determine how readily water seeps through the rock maggicallythe olivine

basalt rock mass which constitutes tReNyamindi cascade is sparsely jointed and massive. In
some areas, volcanic flow structures and blocky rocls whserved.Generally,the leakage
potential through the basalt rock mass can be considered to be veryHowever,there are

some risks if volcanic ash or weak layers such as pumice are included within the basalt rock mass
These can increase the risk pbtential leakage. Depending upon the height of the weirs
envisaged, someletailed geologicalnvestigatiors will be required Generally,all weir sites
considered constituted with massive fresh, strong basalie field observations led to the
conclusionthat there are no foundation and abutment stability issues for the construction of
concrete gravity structures.

4.3 Hydrology

Detailed hydrological assessments were condudiadRiver Nyamindi to facilitate informed
decisions on the design flow quantity arediability for purposes of designing the proposed hydro
electric power facilities. It also providestimate required environmental flow which will be
allowed to be released to support the existiagvironmentalfunctions.(HydrologyAssessment
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of R.Nyamindby Vala Associates Ltd, TuesdayM&y 2017 full report provideal in Appendix
13.2)

4.3.1 CatchmentCharacteristics

The River Nyamindi catchment behind the WRMA 4DBO05 station straddles a wide range of
altitudes from the mountain peaks to the lowptains. The highest altitude of the catchment is
4701 m on the southern peaks of Mt Kenya while the lowest (at the gauging station 4DBO05) is
1201m.

About 55% of the catchment is covered by evergreen forests while the upper most 11% is covered
by barren old rocky lands of the Mountain. The rest of the catchment further south is intensively
farmed with a wide range of agricultural crops. The shape of the catchment assumes a longitudinal
profile which is determined by the topographytbe slopegFigure4.6)

Nyamindi catchment is located near the equator, which accounts for the minor variations in
monthly temperature and the occurrence of twainy seasons, which coincide with the passing

of the Inter Tropical Convergence Zone. There is a difference in altitude between extreme north
and south of the catchment of about 350Qeters the altitude has a pronounced effect on the
climate. With increasg altitude, the amount of rainfall increases up 2286 masl; thereafter it
begins to decrease as the altitude increases further up the mountains.

Both temperature and evaporation decrease monotonically as the altitude increases. the&ing

longdry seasonespecially in July, the area tends to have a persistent cloud cover, which results
in a relatively lower temperature and evaporation.
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Figure4.6: The Nyamindi Catchment (upstream of the WRMA 4DB@#ion)
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4.3.2 Rainfall in the Nyamindi Catchment
The longterm-annual averagdRainfall(according to the Kenya Meteorological Department) in

the Catchment is shown iRigure(4.7).

i Average annual Reinfall

" LY

~ .,’» \..rl | ‘g ,' (mm)

'] ‘ 4 l N B

[~ &1 5 i1 (. ez
3 ] 7 | 718 E 0180
s ] R A ] L I8 £00.1200

310000 Km 330900
0" 28 & 10

GIS amargemert, MNK 2017

Figure4.7: Mean AnnualRainfall distribution in the Nyamindi catchment area
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The bllowingcharacterizehe spatial distribution of rainfall in the project area:

1 There is a wide variation of rainfall distribution in the catchment ranging from 800mm to

2400mm

1 The maximunrainfall occurs in the forest reserve portion of the catchment on the slopes

of Mt Kenya
1 The rainfall tapers off as one goes higher to the siwaywped Mountain Kenya and as one
descends to the mouth of the river.
1 Thereare no raingauging stations in thiorest areas with the highest precipitation.

4.3.2.1 Analysis of precipitation records for the Nyamindi area

Rainfalldata has been collected for two stations which have close proximitiig@rojectarea.
Their locations ar&erugoya DWO and Castle Rain Fogation asndicated inFigure4.8. The
datagramshowingthe availability of the data is indicated irable4.2.

caste RainFores...J Il | 1 NN I I I I ) A | N
Kerugoya DWO I0EN NEHINIEE NIl =
T T T T T T T T T

2000 2005 2010 2015
Figure4.8: Datagram showing missing records at Kerugoya and Castle rain stations
Table4.2: Rainfall Data obtained for the Project
Period Type of data Percentage
Station ID | Station Name missing
0037031 Kemugoya DWO 2004-2016 Daily values 10.4%
9037115 Castle Rain Forest Station | 1998-2016 Daily values 7.5%

4.3.2.2 Rainfalldistribution

The seasonal rainfall distribution of the two stations is showfigare 4.9 Annually four different
seasons can be distinguished, notably a short dry season in January and Februarysesamy
from March to May, a long dry season from June to September and a rainy seaso@dtober
to December. At higher altitudes the raipgriods start 20 to 30 days earlier than in tlesver
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parts of the catchment. The mean monthly rainfall totals for April tend to be the highdkein
year. Whereas the May rainfall may be high, it has larger variability compared to that of April.
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Figue 4.9: Seasonal rainfall distribution of the two stations

4.3.2.3 Evaluation of obtained river flow data and gauged data

The primary interest of the hydrology assessment for this hydropower project is to estatitish,
reasonable accuracyhe discharge properties of R. Nyamindi at selected locations at proposed
weir abstraction points. The starting point is the historieadords at station 4BD05 operated by
WRMA. The flow rating curve for this station was provided for WRMA for the period 18P
(Figure4.10). Station 4BD05 was rehabilitated in 2009 and data collection resumed that year.
WRMA has provided some spot diacpe measurements that were done on the rehabilitated
station in the years 20:34. Subsequently a number of discharge measurements have been
carried out over the lastightmonths culminating in the development tife rating curve for the

new rehabilitated statior{Figure4.10).
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The hydrological assessment also produced another rating curve basddeomformation
collected from the gauging station organized by the Developer. The detailed description of the
datum and the comparison is made in the full hydrology regagpendix13.3). The discharges

at both the gauging stations were computed using tiespective rating curves for the period
10/2015to0 9/2016 and subsequently compar¢gee Figured.11). The results are realistic where
most of the time the discharge at 4DBO05 is found higher.

Comparison of Discharges

20

Daily Discharge (cumecs)

Oct-15 Nov-15 Dec-15 Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 Aug-16 Sep-16

Promoter's Q =——=4DB05Q

Figure4.11: Comparison of two discharges

101



4.3.3 Water Flow Availability

4.3.3.1 Derivation of the Weir Flows
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Figure4.12: The Sukbasins associated with each of the proposed weir locations

Sub basins (Catchment) associated with each of the project is providieglie 4.12.

102



00008
1
TS gL — s T S S ey FaE T =
ST o A e AT Ty
L

320000

320000

GIS arrangement; HNK 2

25

Location of proposed Weir, Intakes and Powerhouses on the Nyamindi

Figure4.13:

103



The physical characteristics of the catchments associated with the weir intake points are given in

Table 4.3
Table4.3: Catchment Characteristics at the selected projects
Point | AREA | Average| Minimum | L Annual Area*mean | Weighted

(Km2) | Slope Elevation | equivalent | Total Mean | Precipitation| Ratio

(%) (m) (km) Precipitation | (km2.mm/y)
(mm)

Weir 1| 139.88| 24.08 1783 30.065 1510.82 211333 0.765
Weir 2| 170.52| 22.06 1692 32.417 1603.94 273504 0.990
Weir 3| 178.36 | 21.541 | 1631 35.202 1602.43 285809 1.035

(Source: Adapted from the Table (3) of the Hydrological Report)

4.3.3.2 Flow Duration Curve

The flow duratiorcurves EDQ of the resultant time series at the respective proposed weirs are

shown inTable4.4 andFigure4.14.

Table4.4: Percentage of time flow equaled for the various proposed weirs
% of time flow equaled or exceeded Weir 1 Weir 2 Weir 3
99% 0.66 0.86 0.87
95% 1.24 1.60 1.62
90% 1.49 1.93 1.95
85% 1.76 2.28 2.30
80% 2.07 2.67 2.70
75% 2.22 2.88 2.91
70% 2.46 3.19 3.22
65% 2.70 3.49 3.53
60% 2.95 3.82 3.86
55% 3.24 4.20 4.24
50% 3.58 4.63 4.67
45% 3.84 4.97 5.02
40% 4.31 5.58 5.64
35% 4.80 6.22 6.28
30% 5.28 6.83 6.90
25% 6.08 7.87 7.95
20% 7.09 9.17 9.27
15% 8.36 10.82 10.93

104




10% 10.13 13.11 13.24

05% 13.40 17.34 17.52
FDC of the Weir1 Time series FDC of the Weir2 Time series
S 31 o1
w
(=] —
~ o |
(2]
o w = K
o wn - (3]
E E w \\_
E E ——
S g hﬂ\\\
i ‘\.\ ™7
i
IIIIIIIIIIIIIIIIIIIII’ ||||||||||||||||||||;
0% 20% 40% 60% 80%  100% 0% 20% 40% 60% 80%  100%
% Time flow equalled or exceeded % Time flow equalled or exceeded
{(a) Fdc of the flow at Weir 1 (b) Fde of the flow at Weir 2
FDC of the Weir3 and Weird Time series
1
o
w ]
o _
o™
5
&2
E o \\M
G o ““M‘-M
\“:
IIII|IIIIIIIII|IIIIII
0% 20% 40% 60% 80% 100%
% Time flow equalled or exceeded
(c) Fdc at Weir 3 and Weir 4
Figure4.14: Respective FDCs for all the three projects

4.3.3.3 Sediment yield in the catchment
The sediment yield of theatchment is found to be very low. This is expected particularly since
the upper portion of the catchment is covered by protected forests and rocky mountain slopes.
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Hgure 4.15 shows the Sediment Yield in the Nyamindi catchment according to the AGWAT
output.
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Figure4.15: Sediment Yield in the Nyamindi catchment according to the AGBWAT output

It is observed thasedimentconcentration of 3mg/l to 300mg/l is relatively very low and would
not presentany hazardo the impeller turbines nor silt up the head race or tail race.
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4.3.4 Water Resources

The County is well endowed with flowing surface water in the form of rivers. River Nyamindi is
one of the major rivers and drains into River Tana. Other rivergerging to River Tana are Thiba
and Mrubra (Figures 4.16). These rivers are the principal source of water in the County. In
addition, there are ground water sources which are unique in terms of the content of mineral
contentsthat affect their waterquality.

Domestic water has been tapped from these rivers using piped schemes. In the lowerzanes,
water has been harnessed through canals and used for irrigation especially in KBererally,
water quality is of good quality as it is direct from the Mount Kenya forests where the
environment is still pristine or with minimal human activities. Mineral water sources are used by
the people in the area for medicinal purposes.

Sy 2
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I

Figure4.16: Major Rivers in Kirinyaga County converging to River Tana
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4.3.5 Water Quality

Existing water quality of the surface water sources of project area was tested using samples drawn
from the river.These samplewere drawn fromfour (4) points along the river to represent the
location of the projects. The samples were drawn in Oct 2016 and were tested for drinking water

parameters(Table4.5). This is logical since; the river water is used for drinking purposes.

Table4.5: River Water Quality tested for KS EAS 153
East African Standard Specification for bottled Drinking Water tested
Water Quiality | Standards Sample Pointf Sample Point| Sample Point] Sample Point
Parameters 1 2 3 4
Chlorides mg/L 250Max | 0.71 1.42 2.13 1.42
Fluoride mg/L 1.5Max | 0.28 0.32 0.32 0.34
Iron as Fe mg/L 0.3 max | 0.01 0.002 0.004 Not Detected
Nitrates mg/L 45 max | 5.95 11.27 6.65 4.14
pH
6.58.5 6.91 6.97 7.15 7.06
Sulphates as S04| mg/L 400 max| 1.64 1.89 2.09 1.63
Total Dissolved | Ppm. 16.1 224 26.6 28.7
Solids 1500max.
Coliforms /250ml- Nil Detected Detected Detected Detected
. /250ml - Shall| Detected Detected Not Detected | Detected
E.Coli
be absent
Pseudpmonas /250ml-  Shall| Detected Detected Detected Detected
Aerugios
be absent
Salmonella /250ml -Shall| Not Detected | Not Detected | Not Detected | Not Detected
be absent
Shigella /250ml ¢ 1Min | Not Detected | Not Detected | Not Detected | Not Detected
Staphylococcus | /250ml - Shall| Not Detected | Not Detected | Not Detected | Not Detected
asreus be absent
Streptococcus /250ml- Shall| Not Detected | Not Detected | Detected Detected
faecalis be absent
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Whereaghe water qualitywas good qualitybacteriologicabounts in some station indicated the
river water wasunsuitable for domestic use without treatment. However, the riveater is
suitable for primary and secondamgessuch as swimming and fishing.

4.3.6 Water Abstraction inthe Nyamindi catchment

A number of locations where therg
were abstractions of water directl
from the river for irrigation of small
holder fields along theiver havebeen
observed Many of these were using -
motorized small pumps to withdraw |
the water(Figure4.17). It is thus a&ct

that there are a number of legal ang
illegal abstractions of water from thg
Nyamindi downstream of the
proposed first intake weifThe net sum Figure4.17:
of the allocations is 341,510%"d of

which 293,242 #d is nonconsumptive hydropower use. On furthscrutiny of the location of

the withdrawals it was realized that the hydropower schemes and Riagicheru Irrigation /Domestic
Water Project are below the proposed 4th Power house. Thus the true consumptive water
withdrawal the project should accommodate i3,454 n¥/d or 0.506n%/s.

Equipment used by the community members to abstr
water

The location of these water withdrawals in relation to the various weir points is shoWigume
4.18. A physical survey of the locations of these abstractions was made and the results,
corroborated with data from WRM£Erigure 4.18and Table4.6).
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Figure4.18: Water abstraction points along the river
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Table4.6: Existing water users and the permit status along the river

Water User Name Status Water Use Allocation | UTM = UTMy
(M3/day)

Kenera Women Water | Permut Issued Domestic  And | 698.35 0320942 9943692
Project Irngation
Nganama Njukiu  Water | Deferred Domestic Water | 538.9 0321539 9953734
Project Use
New Ngariama Farmers Co- | Pending RO | For Domestic, | 17208.68 0321594 9953980
Orperative Society Linited Venfication Commercial And

Industral Use
Riagichern Itngation | Extension of | Irngation Water | 451295 0320470 9940058
/Domestic Water Proiect Time Issued Pl:oject
Kathataini Irrigation Water | Authonzation Irngation  Water | 3136 0321116 9943846
Project 1ssued Project
New Ngariama Farmers Co- | Permit Issued Water For Coffee | 88 0321594 9953980
Orperative Society Limited Pulping
Kammu Imgatton Water | Permut Issued Water For | 750 0321717 9946554
Project Commercial

Trnigation
Ngucwi Mwangaza Quarry | Authonzation Water For | 27.27 0320799 9929114
Self Help Group Issued Horteultural

Irnigation
Mutungara Irngation Water | Permit Issued Water For | 11703 0321717 9946554
Project Trripation
Tana Water Service Board | Recerved Water For Public | 14000 0321825 9946717
(Kimrwasco) Inspection Water Supply

Report

Nyamindi Utugz Small | Authorization Water For | 1097 28 0320942 9943692
Irngation Self Help Group Issued Subsistence

Irngation
County Government Of | Illegal Public 5000 0321825 9946717
Kirinyaga
Mz. John Kombe Ilegal Subsistence 20 0321477 9946182

Irrigation
Urnumand:i  Micro  Hydro | Authorization Water For Hydro | 606.3 0320300 9938700
Power Project Issued Power
Kimunye Tea Factory Authonzation Water For Hydro | 292636 0320631 9939523

Issued Power

Generation

TOTAL 341,510

4.3.7 Environmentalwater flows

Environmental flows are the water that is left in a river ecosystem, or released into it, for the
specific purpose of managing the condition of that ecosystem. It is primarily concerned with the
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direct effects of flow orecological functioning of rivers and the management of water quantity.
The Kenyan national water policies and laws call for protection of a reserve in all aquatic
ecosystems. The reserve is generally defined as the minimum water levels that must béhkeft in
system in order to sustain, as a first priority, basic human needs and aquatic ecosystems.

¢tKS YSyel 21 0SN) wSaz2dzNOSa alylF3aSySyd ! OG HnnH
source,[as] that quantity and quality of water required (a) to s&fti basic human needs for all
people who are or may be supplied from the water resource; and (b) to protect aquatic
ecosystems in order to secure ecologically sustainable development and use of the water
NBaz2dzZNOSeé¢d ¢KS 2 (SN wéthaptiesSedva quantyy f& dtreddEand nn 1
riversshallnot be less than the flow value that is exceed®%% of the time as measurely a
naturalized flow duration curve at any point along the water coursgubsequently, where water
resource records areat available, the Water Resource Management Authority shall establish the
reserve guided by:
1 Ecological vulnerability;
1 Vulnerability of local populations dependent on that water resource;
1 Local observations with respect to the naturalized flows or watezlkeof minimum values
observed during periods of prolonged droughts;
1 In all instances where water flow is known to be normally perennial, then the Reserve
Quantity shall be sufficient to ensure perennial flow;
f Consultations with the water resourcizd Sa¥gbdations, if such exist.

Analysis of Environmental Flow

From the flow duration curve analysis, Nyamindi River has fairly high flood flows which could be
utilised for hydropower generation with no negative impatighe environment.

The project hydrology report proposes to allovior an environmental flow of 36 of the mean

flow at each weir pointduring low flows Based on the hydrological analysis conducted for the
project, the mean discharge at each intake logatis as shown below.
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Table4.7: Environmental Reserve flow and Total reserve at the various weirs

Proposed Intake Proposed Project Longterm Mean | Environmental Flow,
annual m3/s
Flow m3/s
Weir 1 Gitie 5.25 0.26
Weir 2 Kiamutugu 6.79 0.34
Weir 3 Mbiri 6.86 0.34
WRMA Gauge 4DBO 8.42

Thus resulting in an environmental Woof approximately 0.26m3/s (22,464m3/day) for weir 1
and 0.34m3/s (29,3 *63/day for both 2nd and 3rd weir.

The project intends to abstract a maximum of 5.5 m3/s (475,200m3/daythéod st Weir and
8ma3/s (691,20 3/day) of flood flow for 2nd and 3rd weirs. The water will be diverted through

a canal for approximately 3.4 km, 5.1 km and 3.7 km for Gitie, Kiamwtnd Mbiri projects
respectively before 100% of the water is returned to the ratthe power house of every project.

. With the exception of the bypassed sections of the river between the intakes and powerhouses,
the diversions will not have any impaoh the rest of the river. The environmental flow o
0.26m3/s & 0.3M3/s respectively will remain to maintain environmental integrity. In addition to
the proposed environmental flow, the bypassed sections receive considerable amounts of
recharge from seve small tributaries.

Further, the enironmental flow is supported by the following considerations:
1 The project is run of the river which is considered non consumptive with 100% of water

returnable.

1 The intake structure shall be a sedigulating weir with an ecological flow opening that
allows for the automatic release of the reserve flow throughout the year. This will ensure
that only the amounts exceeding the set environmental flow shall be diverted from the
river for hydropower generation

I There are no abstractors between the first weidathe third weir and both the
R2gyaiuNBIY YR (KS dzZLJaGNBIFY g1 G4SN dza SNE
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1 The actual amount diverted shall vary downwards based on the available flow and the
plants design anticipates that one or both of the generatingsuwill be switched off
during low flows.

Through implementation of environmental flow, the proposed project can achieve a flow
regime, or pattern, that provides for human uses and maintains the essential processes required
to support a healthy aquatic esgstem between the weir and the power house.

(Appendix13.3) providedthe Detailed Hydrology Report.

4.4 Aquatic Ecology and Habitats

Water life is synonymous wittivers andwetlands.Generallyyivers andwetlands support water

and life, which have both renewable and rRmmewable resources that primarily benefit humans.
Cruciallyrivers andwetlands play critical roles in the environment including supporting, providing
and regulating ecosystems serviceglIslas habitats of biodiversity, water purification, water
storage and flow regulation, water provision and carbon sequestration (Millennium Ecosystem
Assessment 2005). At the global level, the Ramsar Convention, encourages member states
including Kenya t@nsure their conservation and wise use through local, national and regional
actions (RAMSAR 2010). MEA (2005) a UN report observed that environmental degradation was
more prominent within aquatic systems than any other ecosystems on earth.

Key to sustaindle management of aquatic ecosystems is the availability of relevant information
and data;specificallypn their environmental health. Major impediment to wetland conservation
and management in Kenya is inadequate data on their environmental conditindsthe
problems threatening their continued existence. Any development activity is likely to have an
impact on biodiversity and related ecosystems serviemsyever,such adverse impacts can be
managed by having biodiversity data. First, the data can be tsddentify environmental
problems in wetlands as such can help to identify possible and appropriate mitigation measures.
Secondly, the data can be used to assess and evaluate wetland ecosystem services in wetlands
and in so doing contribute in formulatioof policies that will guides their conservation and
management (Groot et al., 2006; MEA, 2005). These benefits range from ecologicatistocal

to economic values (Higgs, 1998; Hansson et al., 2005; MEA, 2005; Groot et al., 2006).

4.4.1 Higher and lower plants associated witRiparianhabitats

In order to characterizeiparian vegetation, eleven study areas alongvéd® Nyamindi were
established next to key project infrastructure of intakenptock and powerhouse
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Figure4.19:  Location of sampling sites for riparian and associated higher plants

In each study areas, two transects were made. The first transect, was a 100m long grad sect along
the river in which altiparianassociated plants were observed and recorded. The second transect
run across the river width. The field survey involved describing the topography, substrate of the
river bed along transects, estimation of water depth and recording of vegetatmredeh study

area the dominant species were used to describe that zone or area. Three study areas were made
in Project(1) Intake, while the rest eight stations were established near corresponding areas for
Intake, Penstock and Power House for Project,dmweo and Three were to be erectefiqure

4.20).

Ecological information obtained was corroborated with government records and published data
and literature in journals and report§he IUCN red list for threatened species was used to
determine species oftonservation importance within the project zone of influence. The
conservation status of species was determined by searching the scientific names of observed
ALISOASaE 2y L!/bQa 2yftAyS RIEGFIOFAaSd 9YLKIAAA
Endangered, Vulnerable, or Ne@ihreatened. In addition, national checklists were also used to
document vulnerable species.
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Figure4.20: Nyamindi Rivercharacteristics

Nyamindi River was fast flowing witlocks and boulders characterizing its channel. Wetland associated
vegetation were found on the river banks / edges and sheltered microhabitats

All habitats recognized as important and critical for biodiversity conservation within Upper
Nyamindi River Syems were identified and their biodiversity concerns within them profiled.
These included National Reserves and Important Bird Area (IBA). The likelihood of species ranging
into the proposed project site was also reviewedtotal of 37 wetland associatetdxa were
recorded(Table4.8). None of the recorded vegetation was water dependent, with most of them
being weedy species or wayside flowers species (Ilvens 1968, Sapieha 2008). Only two species
(Impatiens meruensiand Lipocarpha chinengisvere listedunder IUCN as of Least Concern (LC).
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Table4.8: Higher wetland plants of River Nyamindi
Site area linl lin2 lin3 Ipe4 1po 2in 2pe 2po 3in  3pe 3po
3 3 9 8 X o e ~ o KR Q
2 s 3 S S N 3 3 2 8 3 3
S ™ X <~ A < < < < < 0 0
— o o o o o (@] o o (@] o o
% ~ To) — ~ I3V To) ~ N 7o)
2 3 8 R B B~ & N2 9
2 & & 8 8 88 & &8 8 &8 8 3
It 5 & 5 & & 5 & & 5 & &
Common U
Taxa name CN
Achyranthes Devil's
aspera Horsewhip +
Toothache
Acmella spp. Plant +
Alchemila spp. -2dy's Mantle -
Caesalpinia Mysore Thorn
decapetala +
Centella Centella
asiatica + +
Colocasia Arrowroots
esculenta +
Commelina Wondering
spp. Jew + + +
Conza Hairy
bonariensis Horseweed + +
umbrella
Cyperus papyrus,
alternifolius sedge or palm +
Cyperus spp.  Sedges + + + + + +
Desmondium  Desmodium
repandum + + +
Echinochloa Hippo Grass
stagnina + + + +
Ethiopian + +
Ensete edule  Banana + + + + +
Ficus sur Cape fig +
Hypericum
roeperanum + + +
Impatiens LC
meruensis + +
Impatiens spp +
Klli Spikesedges
yllinga spp +
Lipocarpha LC
chinensis +
Ludwigia spp + +
Melanthera
scandens +
wild
Momordica Cucumber
foetida +



Site area linl lin2 lin3 Ipe4 1po 2in 2pe 2po 3in 3pe 3po

Murdannia
simplex +
African Basil

Ocimum

gratissimum +
Pennisetum Kikuyu Grass

clandestinum +

Pentas spp +
Phyllanthus

spp + + + +
Plantago +

palmata + + + +

Polygonum spp + + + +

Pteris spp + + + + +
Rauvolfia
caffra +

Sanicula elata +

Solanum Black

nigrum Nightshade +

Sporobolus Giant Rat's +

pyramidalis Tail Grass + +

Trifolium spp ~ Clover

Triumfetta
tomentosa +

Zingiberaceae  Wild Ginger

Number of
species 6 4 2 14 10 12 10 6 4 3 10

4.4.2 Characterization oHabitats in Rver Nyamindi

River Nyamindihas very unique channels and landforms that owed their origin to unique
geological setip and aggressive nature of erosion processes diyerontinuous availabilityf

water from Mount Kenya. Differential erosioof rocks occasioned by presence of volcanic
intrusive rocks with different hardness has givese to formation of water runs over erosion
resistant rocks and deep water cut channels that retain pools of water after encountering another
erosion resistantock (Figure 4.21 and 4.22).
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Figure4.21: Water falls and water pools in River Nyamindi
Section of River Nyamindi showing river runs, then water falls leading to formation of water pools

(a) Cross section of river run =
- Sm - -
I 30 ecm

(b) Cross section of water pool

(c) Longitudinal cross section of river run and pools

Figure4.22: lllustrations of cross section of river run and water poasRiver Nyamindi
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4.4.3 Lower plants of River Nyamindi

The rocks and boulders in the presence of water provided habitats to number of lower,plants
mostly the nonvascular plant including bryophytes (mosses, liverworts and hornworts). Their
occurrence on rocks and boulders were determined by water levels in the rivandtance the
mosses and hornworts were well represented on rocks in foreateds and their populations
decreased downstream. Higher population of mosses and liverworts on rocks in the forest areas
were attributed to mainly two factors (i) presences of propagules from mosses and hornworts
growing on forest tree trunks and (ii) sable wet habitats provided by shading tre@sigure

4.23).

Liverworts were well represented and tended to prefer moderate to soft rocks substrates

Figure4.23: Habitats of mossedjverworts and lichens.
Clockwise top left: is mosses and hornworts growing on boulders and branches, top right: green patche
rock are mosses and hornworts and white patches are lichens, bottom right show lichens



Indeed on the rocky banks of thhiever mosses and hornworts populations were higher near the
water level mark and decreased as one moved towards the dry land. It is widely reported that
mosses and hornworts are understory components on the ground or as epiphytes in forests
worldwide, butflourish most luxuriantly in moist warm tropical habitats. Many of the liverworts
and some species of mosses are pioneers species on new ground while still other mosses colonize
bare rock surfaces where their presence accelerates the erosion of rocklt(Ssuth 1982).
Mosses and liverworts decreased downstream in response to decreasing riparian vegetation. As
observed some mosses and hornworts tolerate extended periods of dryness and resume growth
upon the return of moisture. Other opportunistic and p&er organisms found growing with
byrophytes were lichens and blue green alghallowly submerged in flowingater (Figure4.24).

They are water dependent, but seemed to have adapted to fluctuating river water levels by
migrating by following moisture or physiologically becoming dormant.
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Figure4.24: Habitats preferred by liverworts in R. Nyamindi.
From top left: classical example of liverwort species, top and bottom right: liverworts growing on submerged
rocks in shallow flowing water, drying liverworts due to desiag water levels

4.4.4 Aquaticmacro-invertebrates

This invertebrate survey in the upp®&. Nyamindi intendt provide baseline data that will be

used to guide the management of R. Nyamindi during the construction and operatioa thiree
smallhydropowerprojects. The utility of using aquatimacro invertebratess widely documented

in monitoring changes in ecological health and conditions of aquatic ecosystems. Ecological data
on aquaticmacro invertebratesill inform how they are likely to respond andapt to reduced

water levelsand associated developmeattivitiesin R.Nyamindi.
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Aquatic macreA Y @S NI Ecoldglcal da &an be used to predict the successional stages in
wetlands after disturbance. Ruhi et al (2012) proposed three successional stages of disturbed or
newly created wetlands, each with typifying species: (i) taxa with short life cycles awmd act
dispersal mechanisms dominate wetland at the early stages e.g., true flies, red worms and water
boatman; (ii) at intermediate stages are filter feeders e.g., worms, crustacean, may flies, dragon
flies and damselflies. etc.; and (iii) species with lange-cycles are common in wetlands at
advanced stages of development, the stage at which species community in disturbed or man
made wetlands resemble those of natural wetlands e.g., true bugs and beetles.

This survey was primarily interested in documagtaquaticmnacro invertebrategrom different
microhabitats with an objective of predicting how they would react to reduced water levels in the
river channel. This was done by considering different microhabitats; with a hypothesis that
different microhabitits support different species. In case of reduced water levels, species are
likely to migrate to new locations and microhabitats as is expected when water faveisate
during different seasons.

A total of 36 microhabitats from 11 study areas westuded (Figure4.27). For each study area,

four microhabitats were considered in case they were present. Common microhabitats in the river
channel were water pools, bouldersyer run, and dead woadoulders were found in the river
edges with very low watelevels, water pools were shallow, sheltered habitats on the edges of
river and had debris and decomposing organic matter; river run were in the middle sections of
river with ample flowing water while wood were found anywhere in the river channel. Fivg stud
areas were established in Project 1, and three study areas each in Pfdjedsad Project (111)
Aquatic macro invertebrateswere sampled using appropriate technique depending on
microhabitats (Malcolm and Drake 2013). A pond net was used to sample maertebratesin

water run areas and pools whereas those dwelling on boulders, stones and woods were either
manually removedor scratched from surfaces with hand brush. Aquatiacro invertebrates
collected were preserved in 70 % alcohol and later transported to National Museums of Kenya for
sorting, counting, preservation, identification and storage.

A total of 54 taxa of maorinvertebrates belonging to 36 families were collectedha 11 study

sites @.30, full list provided a®\ppendix13.5. Abundantorders were Ephemeroptera or may or
shade flies, Diptera or true flies, Odonata or dragon flies, Coleoptera or beetldsyptera or
caddies flies, Plecoptera or stone flies, Turbellaria, Bredapoda or crustaceans e.g., crabs.
Similarly Orders with high numbers of individuals also had somehow higher number of families.
All microhabitats considered supported number of specith aquatic macranvertebrates
occurring across all microhabitats.
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Figure4.25: Sampling areas for aquatic macro invertebrates

124



Figure4.26: Microhabitats where aquatic macrénvertebrates were sampled in R. Nyamindi
Top left: boulders /stones on the river edges with minimal water, top rift: sampling of riacestebrates
using pond net using, bottom right: on the right of the image is ty
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Figure4.27: Number of aquatic macrenvertebrates obtained per microhabitats.
For microhabitats sites the first number represent Project (1 or 2 or 3), following two letter is |
section thatis intake for (in), penstock (pe) and power houBe)( Last letter signifies microhabit.
P (pool of water), R (river run), B (boulders or stones), W (wood debris)

This survey recorded an impressive 54 taxa in the umgsstion of RNyamindi This was
attributed to adoption of an extensive arall-inclusivesampling strategy where all microhabitats
that are known to support aquatic macinvertebrates were considered.Considerationof
diverse microhabitatalso improved the sampling effort and as is demonstrated by the high
number of species obtained. Finally, most of the taxa encountered were good indicators of
pristine ecological conditions. For instance environment sensitive orders found were e.g.,
Ephemeoptera, Plecoptera and Trichoptera, EPT, as well as OddRigtae 4.28)
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Ephemeroptera: mayflies or Trichoptera: caddisflies Odonata: drgon flies and
shadflies are found in or sedgeflies or damselflies are generally foun:
waters of good quality. rail-flies are found in waters of fairly good quality.

in waters of good
quality.

b

Diptera are true flies and are ~ Coleoptera: Beetles _ )
Turbellaria: Planariidae are found

commonly found in and are found in S
impaired or organically waters of fair to waters of good quality
polluted waters. good quality.
Figure4.28: Common aquatic macranvertebrates found in Upper Sections of River Nyamindi
4.4.5 Fish

River Nyamindnasfish speciesvith affinity of the Greater River Tar@atchment which include
freshwater Eel FisAnguilla sppa migratory fishRainbow troutOncorhynchus mykissid Brown
Trout Salmo trutta expected in the upper sections whereas Mountain Catfi&imphilius
uranoscopusand Straightfin BartBarbus paludinosusccurred the middle and lower section of
the river.

Fish samples were obtained in same study areas where aquatic macroinvertebrates were
collected(Figure4.25). Differentmethods were appéid to sample fisldepending on suitability of

the river habitats. Hooks and line, monofilament gillnets, dip nets and direct observations were

all employed. Irthe pools monofilament gillnets of different mesh sizes were placed and left for

a minimum of 2 hours. They weabserved at intervals of 30 minutes to avaidmageof fish in

case the net catches more than required. The fish were removed from the net and kept in a bucket
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with water for some time. Hooks arithe werebaited with wormsand dry baifplaced in the rive

at different intervals,and observed regularly for the catch. Dip nets were used in river banks,
areas with vegetation and rocky habitats. Where fish of the same species were csnrghtwere
removed from the nets and returned into the river.

The fish vere labeled, then immersed into a container with 10% formalin for fixation and taken
to Ichthyology section of National Museums of Kenya in Nairobi for species verification, then
preserved in 70% ethanol as reference collections (Coad, B.W, 186&. information was
obtained by mterviewing lbcal community within tk study sites who provided information on

trout fishing, angling and sports fishing within the Nyamindi Ri@¢her form of information
obtained included species distribution, the fisize (total length) and the species diversiy
respect toriver habitats, water temperatures and the floate.

Rainbow trout was recorded in the higher altitudeghe Project(1) and Project (2) (Table4.7)

and Figure4.29. Project (1) will be located with Mt Kenya Forest and immediate neighboring
agricultural landscapesBoth adult and fingerlingf Rainbow Tout were recorded, indicating
study areas found in Proje€t) and partlyProject(2) providedgood feeding and breeding grounds
for the species. Rainbow trout was recorded in lower densities in the farmland compared to the
forested lands, and this was attributed to degraded river banks along the farmed.areas
Meanwhilea reduction in altitude could also l#ecause oflow populations oRainbow Tout in

the study areas withirfProject (2). The Mountain @tfish and theStraightfin Barb were recorded

in Project (3), which was situated in the lower sections of R. Nyamindi within agricultural
landscapesMountain Catfish and the Straigfih Barb are listed by IUCN red data list as of Least
Concern (LC) whilRainbowTrout are not listed.

Table4.7 Fishspecies recorded alonBiver Nyamindiwithin the proposed projectarea

Site Common name | Scientific name IUCN status | Human use

Project 1| Rainbow trout | Oncorhynchus mykiss | NE Food Angling/Sports
fishing Potential pest
Project 2| Rainbow trout | Oncorhynchus mykiss | NE Food

Angling/Sports fishing
Potential pest
Project 3| Straightfin Barb | Barbus paludinosus | LC Food Potential food
Mountain catfish| Amphiliusuranoscopus| LC Aquarium potential

LC=Least concern; NE=Not evaluated
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Figure4.29: Fish species of upper sections of R. Nyamindi.
Top: Mountain Catfish (Amphilius uranoscopul)iddle: Straight Fin Ba
(Barbus paludinosus) and Bottom: Rainbow T+@mcorhynchus mykiss)
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4.5 Terrestrial Ecology and Habitats

4.5.1 Vegetation and Rants

The vegetation types of Mt. Kenya are a function of temperature, amouraiofall, topography,
geology and humainduced disturbances. The study area is characterized by humid climate and
has tropical montane mixed forest with the dominant tree species changing with elevation. The
land surrounding Mt. Kenya is densely populatdgth intensive farming activities that over the

past have extended into the forested areas depending on suitability for cultivation. The low and
mid-elevation forests are protected as forest reserves and are managed by the Kenya Forest
Service (KFS), wtesrs the alpine zone is a national park managed by the Kenya Wildlife Service
(KWS). One of the popular forest management approaches is subsistence use of forest resources
by the local communities, which includes collection of firewood and plant parts éatigimal
purposes, livestock grazing, and harvesting of honey.

A combination of desktop research and field data collection was used to obtain vegetation and

plant data for the project site¢ KS RS &1 (2L) adzNWSe& LJ NIAOdz | NI &
PMlLlyda 2F YSyelyYy ! wSTSNByOS alydzf DAGAY3I tfl

MppmO YR GKS Wtflyd {LISOAYSY 5F4lo6FasS 2F (KS

Herbarium Management (BRAHMS) software support, which giveslatktaccount of plant

species diversity and distribution.

The plotless method (Hall and Swaine, 1981), modified by Mwachala, et al. (2004) was used t
record the plant species from 9th to 14th February 202@17. All plant species encountered

were identified using botanical keys found in botanical literature; i.e. Kenya Trees Shrubs and
Lianas and the Upland Kenya Wild Flow®sscular plant species were recorded and specimens
collected using standard methods (ForenandBridson, 1992)All identified plants species were
documented and those that could not be identified in the field were collected and identified later

at the East African herbarium (EA) Nairdbdentification of indigenous vascular plants followed

| 3ySg% ounmouLYE .SSydeS omdpnv YR GKS @O NA2dza |
(Polhill, 1952« nMH U GKAOK (G23SOUKSNJ gAGK GKS W[ Aald 27
2011) were useful in taxonomic authentication and spsdistribution.

Id )

Three different habitat types weralentified; these comprised lower montane forest, riparian
vegetation and farmlandgFigure 4.30). Plant species of conservation interest under the
International Union of Conservation for Nature (IUCNJyeuwdentified.A rich diversity of about
180 species of vascular plantgas recorded in the study areaand comprised species with
different lifeforms i.e. trees, shrubs, lianas and herbs from different families of flowering plants
(Appendix13.4is aChecklist ofplant species.
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Sections of Projecfl) are situated in the conservation area of Mt Kenya Forest, widglural
vegetation of lower montane forest typéhat has now been modified by anthropogenic
disturbances such as logging, grazing and eiaw.

Figure4.30: Types vegetation found along R. Nyamindi.
The top panel show typical vegetation with Mount Kenya Forest while the middle and
panels show vegetation types agricultulahdscapes
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Dominant tree layers of this area comprisedSyfzygiunguinensisMacarangakilimanscharica,
Albizia gummifera, Tabernaemontanastapfiang Casaeria battiscombei and Anthocleista
grandiflorawhile the shrub layer was dominated Bgelaegpentagyna Clerodendrunjohnstonii
Piper capenseSenna didymobotrya/ernoniaauriculiferaand theherb layer was dominated by
Leucasspp.,Conyzabonariensis Saniculaalatalmpatiensspp., Phaulopssimbiicata, Pteridium
aquiliniuand Polygonurnspp

Vegetation within the project areas in the anthropogenic landscape was divided into two:
farmlands and riverine riparian that were left with reamnts of original vegetation because they
too steep and unsuitabléor agricultural activities. Common crops in the farmlands were tea,
coffee, macadamia, fruit trees, and timber trees while the thin strip of riparian vegetation was
represented byFicus surF. sycomory®Bridelia micranthaDracaena steudnerCordiaafricang
Aframomum zambesiacum Clausena anisata Milletia dura Trema orientalis Aspilia
mossambicensjsTithonia diversifolia and Desmodiumspp. In the farmlands, crop plants
comprised of coffee, tea, macadamia, bananas and tomatoes, while cultiveded included
Grevillea robustaCordiaafricanaand Eucalyptuspp

Invasive plant species were common and widespread in the entire study area; among the species
recorded were: Lantana camara Caesalpinia decapetala Psidium guajava Solanum
mauritianum, Targetesminuta, Conyzé&onariensis, Pteridiuraquilinum.

Species recorded in the study area that are of conservation interest and found in the IUCN red list
of threatened speciesincludé?runusafricana (Red Stinkwoodvhich islisted asvulnerable
Sysygiumcordatum and Impatiens meruensisare listed asof least concernPrunusafricana
occurred inplenty in the forest area with both mature trees and sampliolgserved in the forest.

The tree was also widely planted in farmlands as agroforestry species.

4.5.2 Avifauna

The avifauna survey included three main methods of data collection.

Prior to the commencement of the field survey, an initial desktop reviemfofrmation held at

the Ornithology Section, National Museums of Kenya (NMK) was conducted. This was aimed at
developing a profile of bird populations on the site and their likely sensitivities. During the review
information on probable bird species thataur on site, their habitats (thus bird communities)

and any designated sites (e.g. Important Bird Areas, Protected Areas) was collated from the Kenya
Bird Atlas (Lewis and Pomeroy 1989), NMK ornithological collection and various other databases
includinggrey literature.
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Two types of survey methods were used to build an inventory of the bird species and their relative
abundance at the proposed site for Nyamindi small hydro power project. The two methods helped
build a species list for the site, record nuemb, status (conservation, breeding and migratory
status) and distribution of birds.

These were:

a) Fixed width point counts (PCs): These are for estimating bird numbers and densities. PCs
were set every 200m along 2km transect running NS across thé ki ((B) transects
were set at the project site and planned buffer zoeedFgure4.31 below). The variables
recorded for each such fixed point count included time, species, number (number of
adults/juveniles/chicks), activity (flushed, flyhdgsplay, flyingcommute, perched
calling), cue i.eseen or heard, distance to bird (m), height above ground, fixed radius of
count (m), additional notes.

b) Timed species counts (TSCs): TSCs method is ideal for building complete species lists
quickly, and to estatdh the relative abundance of canopy and Hegdel bird species. As
many as possible 4@inute TSCs will conducted across the facility site and adjacent areas
to cover all the different microhabitats on site. TSCs are essentially repeated lists on which
areindicated the first time each species is first positively identified by sight and sound. For
analysis species receive a cumulative score according to when they were first sighted on
each count.

Two field personnel were used (a spotter and recorder) fer field survey work. The following
specialized equipment was used for gathering data accurately, quickly and efficiently.

1 Binoculars, Bushnell 10x42

1 Spotting scope KOWA T2MN0x

1 Field Guides: Birds of Kenya and Northern Tanzania (Zimmerman et al, Rie®9),
of East Africa (Stevenson and Fanshawe, 2002).

1 A handheld Global Positioning System (Garmitmex 30)

1 A digital camera (Nikon Coolpix L830)
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Figure4.31: Line transects on which Point Counts werenthucted during the survey

4.5.2.1 Description of avifauna composition

The proposed site for development of the Nyamindi hydro power lies within two ecologically
distinct habitat types. The upper part of the project (part of the channel of projec)lasewithin

Mt. Kenya Forest. The forest is one of the most important water catchment areas in Kenya,
adzlJLX @Ay 3 GKS ¢Fyl FYR b2NIUKSNY 9461 a2 b3IQANR
slopes, which receive rainfall up to 2,500 mm per yeat bold luxuriant rain forest upo 2,400

m. The forest has valuable indigenous trees such as Camphor@oaiga usambarensis

Mt Kenya is a stronghold for the threatened and litfley 2 6y | 0 0 2 (Pbe@gtera{ { | NI J
femoralis even though there are few reat records. It has a rich montane bird fauna, with 53

2dzi 2F YSyeéelrQa ct ! TNAOI Y | A Zpetidisy peciesdBeBndrS & LIS
et al), and six of the eight species that make up the Kenyan Mountains Endemic Bird Area. The
African Geen IbisMesembirinibis cayennengeeds in marshy forest glades and the rare and little

known race graueri of the African Lorgred OwlAsio abyssinicusas been recorded from the

high forest. The Scarkttifted Malachite SunbirdNectarinia johnstonis particularly common on
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the high moorland. Table 1 shows a list of birds of conservation importamdeunt Kenya-orest
IBA. A list of all bird species recorded in the field survey is shoppendix13.6.

Small areas of naturaliparian zonesinclude plants such aslriumfetta tomentosa Croton
macrostachyusind Cyperus rotundusT he riverine bush has occasional areas of indigenous trees,
including Prunus africana, Ficus natalensind Millettia dura On the edges of cultivations,
thickets of the exotit.antana camaraccur.Lantana camaralso occur on fallow farmland and
unweeded coffee plantations, and some inaccessible parts of the valleys.

The project traverses Kianyaga valleys, another ImpoB# Area and the centre of abundance
for the threatened, restricteeNJ Yy 3 S | A y RTar@aoides .hindgia spddiés endemic to
central part of Kenya spotted twice during the sur¢Bigure4.32). The babblers live in groups in
the river valleys and samps, and depend on small thickets of the exdtamtana camardor
shelter and nest sites. The diversity of other birds is low; -anemth study carried out in 1993
recorded only 94 species, all characteristic of disturbed habitats in the central highlan

Figure4.32: Hinde's Babbler
A threatened endemic only found in Central Kenya, with the project area traversi
stronghold
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Figure4.33: Location of Kianyaga Valleys

An IBA that is traversed by the project, and sighting of Hinde's Babbler during the survey
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Figure4.34: some of the birds recordedt the project site
African Black duck, African Dusky Flycatcher, Sittezgked hornbill
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Table4.9:

Birds Species of Conservation Importance in the area surrounding the project site

Species Habitat | Threat Status IUCN Notes Recorded
Designation during
the
Survey
( ET AAG @ valleys | Globally Endangered Babbler groups occupy many| Yes
Babbler with threatened/ of the valleys and swamps
adequate | restricted range with an estimated total
thicket population size of 500+
cover (Bennun and Njoroge, 1999)
I AAT OO 8| Forest Globally Vulnerable Sporadic records; probably| No
Starling threatened/ nomadic in search of fruiting
restricted range trees (Bennun 1994b)
* AAE OT 1| Forest Restricted-range | Least Concern | Common in montane forest| No
Francolin species and scrub
( OT OA 08| Forest Restricted-range | Least Concern | Common in  forestedge | Yes
Cisticola species habitats and scrub
+ AT OE A E Forest Restricted-range | Least Concern | Apart from the nearby | No
Starling species Nyambeni Hills, Mt Kenya is
the only Kenyan site for this
species
African Green| Forest Regionally Least Concern | Scarce resident, foraging in No
Ibis threatened forest glades and along
species streams
(Vulnerable)
I UOA OB g Forest Regionally Least Concern | Scarce resident No
Eagle threatened
species
(Vulnerable)
African Forest Regionally Least Concern | An important site for this | Yes
Crowned threatened low-density
Eagle species species
(Vulnerable)
African Grass| Forest Regionally Least Concern | No recent records No
Owl threatened
species
(Vulnerable)
Purple- Forest Regionally Least Concern | Uncommon in  montane| No
throated threatened forest
Cuckoo species
shrike (Vulnerable)
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4.5.2.2 Avifauna abundance and diversity

Atotal of 100 bird species in 4amilies wererecordedduring the survey. Based on our
analyses, the commonest bird speciweas yellowwhiskered Greenbul. The ten most
encountered birds arehown inFigure 4.35.

35

30+

25 7

20

) ol o
& = \fi“{\ o 3 ot o Q%\ @_ﬂ
o2 o & /e ‘_}ﬁ«\ ,_J&* b\;a @Q
b& * o & o o 3 5 &
& (tgcp & & o o & O &
\*__12.- {P G‘b e (,.-Q ‘-ﬁ'} P &
ol » B s
& ] B ﬁﬁ!—
\Q‘F ﬁ& %-5:
& &
Figure4.35: Common bird species found in NCD project area

4.5.3 Herpetofauna

Twogroupsof animalseasily affected by habitat modification are reptiles and amphibidhss is
because of their preference for particular habitats, delicate reproductive and their body
temperatures are environmental dependent (ectotherms) plus thermoregulation biology being
restrictive. Major threats to these organisms afebitat modificaton, which also significantly
causes changes in the distribution and dersitiaturally some are good indicators of
environmental changebfo indicator3 and ecological health. For instance, amphibiame
susceptible to banges in thdocal environment bcause of their lowagility (movement) and

3Branch & Harrison 2004; Collins & Storfer, 2003; Mazerolle, 2003; Murraye&2005)
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strong philopatry. Their skins atkin andhighly permeable to chemical arehsily affectecby
physical changes in both terrestrial and aquatic habftats

The herpetofauna ecological field study encompassédentification of habitats and
microhabitats, identification of species of conservation importance as indicated by IUCN, and
identification of adjacent sites anuicrohabitatsof Conservation Importance. A combination of
field visis and review of published Brature including reports, scientific papers, maps and
databases from National Museums of Kenya were u3dis survey primarilgoncentrated on
areas where major project installations and infrastructuna be erected: intake, penstock and

the powerhouse.

Since not much herpetofauna studies have been carriecespécally alongRiverNyamindj this

study should be viewed dke first one to provide baseline data oeptilesand amphibiasof R.
Nyamindi. In addition, theproject area is in the high altitude montane ecological zone, and all
the herpetofauna data used was based on the available information from the counties of Embu
and Kirinyaga restricting to the lower altitude data. Thesite study of he area was for a limited
number of days (precisely six working days) and night sampling did not always happen due to
security reasons. The onsite study was in the dry season and no data for the wet season is
available. In this report, we assume that thevédl be a steady flow of water left in the river after
diversion for power generation.

Amphibian and reptile sampling of species and habitats were accomplished by use of the following
standardized methods:

a) Timed limited searches (TE8)30minute samping period making up one time limited search
(TLS) by one observer were carried out in different parts of the study site. Searches were done
in all possible and amphibian miechabitats such as, wetlands, tree barks, under stones,
decomposing logs, tree stps, holes, shrubs, bushes including digging within loose soils, etc.
(Karns1986, Sutherlands 1986, Heyer et al. 1994; Dodd,

‘Pineda & Halffter, 2004; Bell & Donnelly, 2006).
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Figure4.36: Examples of different microhabitats where reptiles and amphibiansre found

(Description of Figre 4.36 - left to right: pools with water holding amphibians, tea zone belt between farmland and
forest, a stream feeding the main river, an amphibian breeding zone inside the Mt. Kenya forest, a bushy area where
chameleons were found and an arrow root gardenhwjtasses where grass frogs, reed frogs and reed frogs were
recorded next to the river)

141



All the different species and number of reptiles and amphibians found recorded. All the time
limited searches were during the day. Visual encounter surveys -(\VRiS) unstandardized
method was used only for qualitative and sequiantitative data mainly for presence or absence

of species (Rddel and Ernst, 2004). Due to its flexibility and being opportunistic, it contributes a
lot in generation of species inventoseThis was the main method applied in this study due to the
large areas to be covered

Voucher specimens were fixed in 10% formalin after euthanasia. All the materials collected were
deposited at National Museums of Kenya (NMK), Nairobi herpetologickctioh. Global
Positioning System (GPS) data for each point where specimens and important habitats was
recorded using a Garmin receiver.

In addition to the above methods, interviews were conducted to supplement herpetofauna
information. Locals were askepliestion pertaining the reptiles and amphibians that they found

in the area. Initially the locals were asked to describe the species, and later shown the animals
pictures in the available guides (i.e. Spawls et al. 2002 and Channing and Howell, 2006).

The IUCN red list for threatened species was used to determine species of conservation
importance within the project site. The conservation status of species was determined by
aSEFNOKAY3 GKS AO0OASYGATFAO yIYSa 2F 2dsavssNaldSR  a L)
on species that were Critically Endangered, Endangered, Vulnerable, ofThieatened. In

addition, national checklists were also used to document vulnerable species.

Using data from previous studies, databases and collections in the ateta) af 30 species are
knownto ocaur in the project arealn the field survey, only nine species were confirmed, from
the nine, four were amphibians (frogs) and the rest were reptiles (7 lizards and 1 gmaké)
4.10). All the species known from the region and those confirmed in the study only two species
Hyperolius cystocandicaSilver bladder reed frog) ariinyongia excubitoiMt. Kenya hornless
chameleon) are ofUCN concern as they amategorised as Near Threated and vulnerable
respectively The other species were categorised as of least concern or not assessed.
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Figure4.37: Species of IUCN concern left to right: Kinyongia excubitor and Hyperolius cystocamlic

The species known from the area are mostly generalists except a few who are of IUCN importance.
These species are able to migrate to other habitats except the few mentioned who have special
habitat requirements. These species were distributed all overdifferent habitats that were
sampled(Fgure 4.37 & Figure4.38)

Many of the herpetofaunal community species recorded are dependent on particular
microhabitats for survival. Majority of the amphibians were restricted to the river or other
streams which ardoth sites for breeding and foraging for food. Many of the reptiles would
frequent wetland areas in search of their prey (small mammals, other reptiles and amphibians)
that as well converge to these ecologically rich micabitats for plants resourceshie makes

them more vulnerable when their habitats are affected by the project. The animals that will be
greatly affected will be specialists of habitats as once their habitats are affected they will take a
downward spiral in terms of numbers.
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Table4.10:

Species found in the area during the survey and their IUCN conservation status

SCIENTIFIC NAME

COMMON NAME

IUCN STATUS

Xenopus borealis

Northern clawed frog

Least Concern

Amietia angolensis

Angolan river frog

Least Concern

Ptychadena anchietae

l YOKASGOFQa NRARR3S

Least Concern

Ptychadena mascareniensis

Mascarene Grass Frog

Least Concern

Trachylepis varia

Variable skink

Least Concern

Leptosiaphis kilimense

Kilimanjaro fivetoed skink

Least Concern

Adolfus kibonotensis

Mt. Kilimanjaro forest lizard

Least Concern

Trioceros jacksoni xantholophus

Yellowcrested Jackson's chameleor

Least Concern

Trioceros jacksonii

Jackson's chameleon

Least Concern

Kinyongia excubitor

Mt. Kenya hornlesshameleon

Vulnerable

Philothamnus irregularis

Spotted bush snake

Least Concern

Most of area set for the project is within farmland where various farming activities are already
taking place therefore the impacts will not be severe as compared to iatid protected areas
where activities need to be carried with extra care. Knowledgehydropower effect on
herportafaunain Kenya is very limited therefore; a wsetructured monitoring plan of the
herportafaunataking into consideration the wet and dry seasons is required. This should take
place at least four times a year in the first two years of project operation to note the changing in
diversity and abundance. This can be scaled down to twice annually to @ibtiee seasons and

later biannually.
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Figure4.38: Species known from the area and found during the study
left to right: Trioceros Jacksonii xantholopus, Amietia angolensis, Adolfus kibonotensis,
Ptychadena mascareniensis, Mochlus sundevalii and Hyperolius viridiflavus
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4.6 Invertebrate fauna

Invertebrates are important indicators of environmental quality (Warui et al 2005) and continue
to be used for environmental impact assessments (Rosenbergl®gél). Hydropower projects

are necessary for community resources but nevertheless have negative global negative impact on
biodiversity (Rudberg et al 2015). The current study investigates the impacts of a hydropower
project on invertebrate community andttempts to provide possible mitigative strategies that
promote sustainable development and enhances conservation of biodiversity. The overall aims
were

I. evaluate potential impacts of Hydropower project on invertebrate diversity and provide
information on sasitive invertebrate species that could be affected by the study
ii. Provide feasible recommendations including future monitoring plans

The study area wasl®km stretch of land along river Nyamindi commencing in Kathandeni forest
of Mount Kenya National Park. The area was divided into three study projects (designated as
Project 1 (within Kathandeini forest), projgdtl) (reserve area immediately after the fa® and
project(111)(agricultural land). Each of the projects were further subdivided into three transects
designed as Intakgln), Penstock (T), Powerhouse (W), and riparian (R) Sampling for
invertebrates occurred in all the three transects. For thegmse oflabeling samples from aerial

nets were designated as A, Pitfall traps as P, and Pan traps as (Pan)

4.6.1 Methods used in Sampling of Invertebrates

4.6.1.1 Aerial butterfly trapping for butterflies

Baited (fermenting bananaand pineapple) aerial butterfly traps (Hughes al 1998) were used
in all the study sites. At each transect two baited traps were mounted on a high pogte
4.39). The butterflies caught were removed from the net aftert#4. and stored in butterfly
envelopes. The traps were removed from the site after two nights.

Pitfall traps

The researcher trapped invertebrates by pitfall traps (Sutherland 19Bigjre 4.40). Each trap
consisted of two conahaped plastic containers@n wide at the mouth and 13 cm deep, one
inside the other, buried to their rim. Five pitfalls were established five meters apart for each of
the study transects. Similar trapping has been used in the past to sample insects (Uetz & Unzicker
1976). One of th cups (inner) was filled with water plus some little ethanol to ensure specimens
are well preserved. The researcher left the active traps for two nights before emptying. A
domestic sieve and appropriate vials were used for collecting the invertebrates wiare later

stored under 70% ethanol as a preservative.
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Figure4.39: Baited a butterfly trap and removal of butterflies captured
the aerial net

Figure4.40: Pitfall trap in the field
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Pan traps

Pan traps are usually used to trap visually oriented invertebrates such as bees that are often
attracted bycolorand the method is widely used (Nuttma al 2011). In the current study we
usedblue, white and yellow pans (Fig44) that were half filled with soapy water plus little
ethanol, yellow and bluel'he traps were left on for two nights before emptying. A domestic sieve
and appropriate vials were usddr collecting the invertebrates which were later stored under
70% ethanol as a preservative and sorted and identified in the lab.

Figure4.41: Pan Trap in the field
Sweep netting

Sweep netting was done along the transect and beyond targeting the flying ir{béegie 4.42).

It involved walking through the herb layer swinging a sweep net through the vegetation for a
standard number of times (Dippena&choemaret al. 1999). The newas 40 cm in diameter and
sweepnetting was done randomly to contribute to the checklist only. After every ten sweeps,
samples were emptied on a plain sheet of cloth and all invertebrates collected with a pooter.

Figure4.42: Sweep net
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4.6.2 Species Identification

The researcher tentatively identified some butterfly species in the field through use of available
field guide (Martins 2015) as well as a taxonomic expert from National Museums of Kenya.
Initially the butterfly material was separated from other insectedadentified to the lowest
possible taxonomic level (often family and salmily initially), using the most recent keys (Larsen
1996). Most of thespecimen wastored for further analysis in the lab which included relaxing,
pinning and identification. O#r invertebrates were also further sorted intaorph speciesbased
mainly on a combination of morphological characters as indicated in relevant literature
(DippenaatSchoeman & Jocqué 1997). Comparisons were made with voucher collections held at
the Natianal Museums of Kenya (NMK) and taxonomic manuadspdnotographs available there.

The resultsndicate that project 1 had higher species richness than the other two proj€atse

4.11) implying that the forested area has high species diversity. This gradually reduced as one
moved the agricultural zones. Overall a total of 1220 invertebrates belonging to 71 different
species were collecte@@able 4.12.

Table4.11: Overall species richness and abundance of macro invertebrates per project
Project Total Species Total abundance No. Listed IUCN
P1 53 397 0
P2 44 496 0
P3 36 1327 0
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Figure4.43: Some invertebrate spees recorded during the survey
Top right clockwise: Chrysomya sp, Junoniaoenone, Charaxes brutus, Charaxes candiope, andC
pollux
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Table4.12:

Overall species checklist per project and IUCN conservation status
LC=Least concern while NA= Not assessed

Order Family Genus Author IUCN Status Project 1 Project 2 Project 3
Lepidoptera Nymphalidae | Charaxes candiopgub sp Godart, 1823 LC, Larsen 2011 18 7

candiope
Lepidoptera Nymphalidae | Charaxes brutus Cramer,1779 NA 20
Lepidoptera Nymphalidae | Charaxes druceanus subsp | Plantrou, 1982 NA 23 2 5

katamayu
Lepidoptera Nymphalidae | Vanessa dimorphica Howarth, 1966 NA 14 3 1
Lepidoptera Nymphalidae | Bicylus kenia Rogenhafer 1891 NA 1 3
Lepidoptera Nymphalidae | Charaxes fulvesnes Aurivillius, 1891 NA 1 2 2
Lepidoptera Nymphalidae | Charaxes ethalion subsp van Someren, 1967 | NA 1

kikuyuensis
Lepidoptera Nymphalidae | Charaxes pollux Cramer,1775 NA 1 4
Lepidoptera Pieridae Eurema floricola leonis (Butler, 1886) NA 3 3 8
Lepidoptera Nymphalidae | Melantis leda Linnaeus, 1758 NA 3 1
Lepidoptera Nymphalidae | Neptis rogersi Eltringham, 1921 NA 2 2
Lepidoptera Nymphalidae | Junonia oenone (Linnaeus, 1758) LC, Larsen 2011 2 1
Lepidoptera Hesperiidae Metisella medea Evans, 1937 NA 2 2
Lepidoptera Pieridae Belenois thysa (Hopffer, 1855) NA 1 3 2
Lepidoptera Pieridae Belenois zochalia (Boisduvai, 1836) NA 2
Lepidoptera Pieridae Colotis antevippe (Boisduvai, 1836) NA 3
Lepidoptera Pieridae Colotis hetaera Gerstaecker, 1871 | NA 2
Lepidoptera Papilionidae Catopsilia florela (Fabricius, 1755) NA 3 4
Lepidoptera Lycaenidae Actizera stellata (Trimen,1833) NA
Lepidoptera Lycaenidae Leptotes pirithous Linnaeus, 1776 NA 2 1 4
Lepidoptera Lycaenidae Zizula hylax Fabricius, 1755 NA 2 1 2
Lepidoptera Lycaenidae Leptotes adamsoni Collins & Larsen 199] NA 2 3
Lepidoptera Lycaenidae Lycaena phlaeas Linnaeus, 1761 NA 3 4 2
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Blattodea Blattellidae Pseudoderopeltis sp Fabricius 1781 NA 13 1 13

Blattodea Blattellidae Cartoblatta sp Shelford 1907 NA 2 3

Blattodea Blattellidae Ectobius sp Stephens, 1835 NA 3 5

Blattodea Blattidae Perisphaeria sp Burmeister, 1838 NA 1

Coleoptera Carabidae Agonum sp Bonel 1810 NA 12

Coleoptera Chrysomelidae| Apthona sp Koch, 1803 NA 1

Coleoptera Nitidulidae Blaesodactylus sp Boulenger,1885 NA 25 10

Coleoptera Nitidulidae Platychora sp Boheman, 1851 NA 1

Coleoptera Nitidulidae Axyra sp Erichson, 1843 NA 1 2

Coleoptera Scarabaeidae | Trochalus sp Linnaeus, 1758 NA 1

Coleoptera Staphylinidae | Philonthus sp Stephens, 1829 NA 2

Coleoptera Staphylinidae | Staphylinidae sp NA 1

Coleoptera Tenebrionidae | Gonocephalum simplex Solier, 1834 NA 1 20 5

Diptera Asilidae Asilidae sp NA 1 4

Diptera Calliphorida Chrysomya sp Robineau NA 1 6
Desvoidy,1830

Diptera Culicidae Culex sp Theobald, 1907 NA 1 1

Diptera Muscidae Musca sp Weldemann, 1830 | NA 6 9 4

Diptera Muscidae Stomoxys sp Geofry, 1762 NA 3 2 1

Diptera Muscidae Musca domestica NA 1 2 22

Diptera Sarcophagidae| Sarcophaga sp Parker, 1916 NA 13

Diptera Tephritidae Tephritidae spl NA 1 16 2

Hemiptera Cicadidae Cicadidae sp Linnaeus, 1758 NA 8 5

Hymenoptera Apidae Apis mellifera Linnaeus, 1758 NA 1

Hymenoptera Formicidae Camponotus sp Mayr,1861 NA 2

Hymenoptera Formicidae Messor sp Forel, 1860 NA 1

Hymenoptera Formicidae Ocymyrmex sp Mayr,1866 NA 1 48

Hymenoptera Formicidae Pheidolesp Westwood, 1839 NA 88 26 2

Hymenoptera Formicidae Tetramorium sp Mayr, 1855 NA 23 234 189

Hymenoptera Halictidae Patellapis sp Walker, 1855 NA
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Hymenoptera Halictidae Seladonia sp Robertson, 1918 NA 1

Hymenoptera Halictidae Patellapis sp Walker,1855 NA 2

Hymenoptera Halictidae Lasioglossum sp Michener NA 13 12 11
Hymenoptera Iceneumonidae| Enicospilus sp Stephens, 1835 NA 5 1
Hymenoptera Megachilidae | Megachile sp Gerst NA 1
Hymenoptera Sphecidae Ammophila sp Kirby NA 1
Lepidoptera Hesperidae Colotis sp Hubner, 1819 NA 1

Lepidoptera Pieridae Catopsilia sp Hubner, 1819 NA 3

lepidoptera Hesperidae Eurema sp (Boisduval 1833) NA 1

Lepidoptera Lycaenidae Lycaenidae sp NA 1

Orthoptera Acrididae Acrotylus sp Fieber, 1853 NA 1 2

Orthoptera Gryllidae Apteroscrirtus sp Saussure, 1877 NA 28

Orthoptera Gryllidae Gryllulus morio Fabricius, 1781 NA 17 1
Orthoptera Gryllidae Gryllus sp Linnaeus, 1758 NA 1 11

Orthoptera Gryllidae Gymnobothrus sp Bolivar, 1889 NA 2

Orthoptera Gryllidae Phaeophilacris sp Walker, 1855 NA 51 3

Orthoptera Gryllidae Scapsipedus sp Saussure, 1877 NA 5 1
Orthoptera Tettigonidae Tettigonidae sp NA 1

Total Abundance 397 496 327
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4.7 Mammal survey

The mammakurvey was conducted mostly from a desktop review because most of the project
area lies on cultivated landscape, and therefore no significant mammal populations were
expected.

Information held at the mammaloggection of National Museums of Kenya (NMK) waisducted

prior to fieldwork by performing a thorough desktop review. This helped build a profile for
mammal populations at the project site. In addition, the Global Biodiversity Information Facility
(GBIF), an online database, was collated. We alsatedllinformation from field reports,
expedition reports, specimen collection and grey literature.

In addition, opportunistic observations from other taxon groups, specifically birds, were used to
record the mammal species encountered, including calls,ssqatints and any other signs
indicative of the presence of mammals on the site.

Mount Kenya forest holds several red data Red Data Book maspealesjncluding Leopard
Panthera pardusBongoTragelaphus eurycerp&iant Forest Hoglylochoerus meinertzigeni,
Black Rhindiceros bicorniand African Elephantoxodontaafricana The uncommon central
Kenya race of Bladkonted DuikerCephalophus nigrifrons hoaliso occurs here. The forest also
holds several endemic species of mammals, such as Mt KeolgashtrewSurdisorex polulys/t.
Kenya Molerat Tachyoryctes rexMt KenyaThicket RaGrammomys gigasHighland Musk
ShrewCrocidura allexalpinand East African Rock HyrBrocavia johnstoni mackindegiCoe &
Foster 1972Young & Evans 1993, Davies & \@an8erghe 1994).

The area outside the forest is dominated by agricultural land use, and therefore devoid of
mammals of conservation concerns. However, the Vervet moidgrocebus pygerythrass
recorded along riverine bush Froject (3) (Figure 4.44).
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Figure4.44: Vervet Monkey Chlorocebus pygerythrus recorded during the survey
Table4.13: List of Mammal Species Recorded
Species Habitat Cue No ofencounters
Elephant Forest Scat/ tree scratch 7
Buffalo Forest Scat 3
Unidentified Mouse | Forest Found dead 1
Vervet Monkey Riverine bush Seen 3
Unidentified small Forest Prints 1
carnivore
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4.8 Critical Habitat

Three major habitats were identified in the projenotodified natural forests, riparian forest and
farmlands. Of the three, forests and riparian forest were considered as critical habitats for
biodiversity conservationThe upper part of the project liasithin Mt. Kenya Forestvhich isan
Important Bird Area

The forest is one of the most important water catchment areas in Kenya, supplying the Tana and
b2NIKSNY 94 a2 baIQANR aeéadSvyad ¢KS LINRP2SOG aa
rainfal up to 2,500 mm per year and hold luxuriant rain forest up to 2,400m. The forest has
valuable indigenous trees such as CamphorwOadtea usambarensis

Mt Kenya is a stronghold for the threatened and liffley 2 6y | 0 0 2 (Pbe@gtera{ { | NI J
femoralis even though there are few recent records. It has a rich montane bird fauna, with 53

2dzi 2F YSyelrQa ct ! TNRAOIY | A 3petidisy Jpecieso(BeBnyrS a LIS
et al), and six of the eight species that make up the Kenyan Mountains Em@&amiArea. The

African Green Ibislesembrinibis cayennengeeds in marshy forest glades and the rare and little

known race graueri of the African Lorgred OwlAsio abyssinicusas been recorded from the

high forest. The Scarld¢tifted Malachite Sunivd Nectarinia johnstonis particularly common on

the high moorlandMt Kenya Bush Vipehitheris desaixand Mt Kenya Sofiorn Chameleon

Chameleo schubotare notable endemic reptiles, while the Montane Vipgpera hindiis found

only on Mt Kenya anche Aberdare Mountains. The butterfyapys meruensis restricted to the

Mt Kenya area (Larsen 1991).

In the forest, endemics or nearendemics include the rare shixdra schefflerikeniensiPavetta
hymenophylla, Maytenus keniensiad Embelia keniensiand the climberRubuskeniensis The
project traverses Kianyaga valleys, another Important Bird Area ancetiter of abundance for
the threatened, restricteeNJ y 3 S | A y R@ddidles hind@adtspesidslendemic to central
part of Kenya.

Meanwhileit isworth noting that this project is only traversing very small proportion of the critical

Mt Kenya Forest§200 metres along the rivegnd it does not extend to Kianyaga Valley tBA

the larger interior of Mt Kenya foregFigure 4.45). The 200m fronthe forest boundary where

this project will be erected is intereferday human activites such as grazing, firewood fetching
GKAOK KIFI@S adomadlyarartte Y2RATASR (GKS | NBIQ
composition.As shown orfFigure4.45 the riparian forests / vegetation cover aproximatley 6 m

on either side of the river bank. Riparian vegetatwas primarily abundant in steep and rocky

areas where agricultural activities are unsuitable. Ecological connectitthe remaining

fragmented riparian vegetation was there bumore need to be done tenhanceits connectivity
throughsuch practices asrm forestry and conservation of remaining vegetation.
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Figure4.45: Critical Habitats that ardraversed or near the project
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