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The cost estimate is based on the price level of June 1997 and the monthly mean
exchange rates in June 1997, The monthly mean exchange rates in June 1997 are:
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1. INTRODUCTION

1.4 THE TANA RIVER

The Tana river is the largest and most important river in Kenya. Its catchiment covers
some 95,950 km’ (approximately 17% of the land area of Kenya) and stretches
between the Kenya Highlands and the Indian Ocean). The total river length from
source to the Indian Ocean is over 1,000 km. The river is fairly confined within its
banks up to Kora Rapids. Downstrcam of Kora Rapids the river spreads out onto the
floodplain during periods of high flow, The catchment area includes a wide range of
climatic conditions and vegetation, including: alpine glaciers, afro-alpine moorland
and high-altitude forest (hrough to semi-arid and arid plains, and a humid coastal
delta. The following physiographic regions can be defined in the river basin:

s An upper catchment (9,420 km®) upstream of Kamburu with allitudes above
1,000 metres above sca level (masl);

* A middle catchment (21,370 km®) between Kamburu and Kora Rapids, with
altitudes between 1,000 and 200 masl;

» A lower catchment (65,160 km’) downstream of Kora Rapids, wilh altitudes
below 200 masl. The floodplain is included in this section.

Figure 1-1  Major catchments within the Tana River basin
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Most of the rainfall occurs in the upper catchment and in the higher elevations of the
middle catchment, and in this area tributarics are perennial. Downstream, rainfall
decreases significantly and tributaries flow seasonally. By far the largest part of the
annual runoft is derived from the perennial streams in the upper catchment and upper
parts of the middle catchment, or about 20% of the catchment area. The rainfall pattem
is bi-annual and during normal rainy seasons the natural situation (i.e. in the absence of

regulation by rescrvoirs) is for regular flooding to occur in the floodplain of the Lower
Tana.

The Tana river has afready been regulated through construction of a number of storage
reservoirs in the upper and middle catchments, with hydropower being the most
important use to date. Construction of the proposed slorage reservoirs near the Mulonga
conflucnce and at Grand Falls would significantly increase total reservoir storage and
regulation capacity in the Tana basin. However, Phase 2 studies found that whilst the
proposed reservoirs capacity to regulate major, damaging floods was negligible, they
would have a significant effect on the “nommal” floods that constitute the Tana River's
most important downstream economic and environmental benefits.

1.2 BACKGROUND TO PHASE 1 ENVIRONMENTAL ASSESSMENT

The Japan  International Cooperation Agency (JICA) and the Tana and Athi Rivers
Development Authority (TARDA) agreed in August 1993 to carry out a feasibility
study of the next proposed phase of hydropower development in the Tana River basin.
The feasibility study was managed by Nippon Koei Co. Ltd. Consulting Engineers

reporting to the JICA Study Team, and responsible for presenling the overall
conclnsions and recommendations of the study,

The study examines the feasibility of development of a number of hydropower options
based on three possible dam sites within the middle catchment of the Tana River.
Proposed dam sites are: Mulonga Dam two kilometres downstream of the confluence
of the Mutonga River; and at two Grand Falls Dam sites, respectively five and seven
kilometres downstream from the confluence of the Tana and Kathita Rivers.

An Initial Environmental Assessment was carried out between February and August
1994, and was presented at a workshop held in Embu from 13 to 16 September 1994.
The conclusions of this workshop were summarised in a report distributed to
participants by Nippon Koei and TARDA. As a result of this workshop, a number of
issues were identified for further study before an informed decision could be made on
a preferved option for the construction and management of a dam, or, indeed, whether
a hydropower scheme should be constructed at the proposed sites.

1.3 BACKGROUND TO PHASE 2 ENVIRONMENTAL ASSESSMENT

The results of the Phase 1 assessment were produced in draft format in August 1994
and presented at a workshop held in Embu between September 13 and 16 1994, to
which representatives were invited from the districts which would be directly affected
by the reservoir development. Invitations were also extended ministries (with
representalives from the Forestry Department, the Ministry of Environment and
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Natural Resources, Ministry of Bnergy, Department of Water Development) and to the
Kenya Wildlife Scrvice and to the National Muscums of Kenya, as well as to the
World Bank, TUCN and WWF,

Following the workshop, a final version of the report was produced and distributed to
the major concerned institutions.

The Phase 1 study indicated that the aflects of the dam on the river flow regime, could
possibly be mitigated through the release of ardificial floods from the reservoir,
however the mechanism for this release had not been established. The need for these
downstream floods was re-emphasised by the workshop atltendees, in particular by the
organisations with dircct interests in wildlife conservation, including the Kenya
Wildlife Service and the National Museums. The report indicated that there was a
need for a clearer understanding of the downstream production systems, and that a
substantial research and monitoring programme would be required. Specifically, the
Pokomo irrigation and flood recession farming was identified as a system requiring
further study, with particular reference to the requirements for the release of regulated
flood discharges from the rescrvoir. The other downstream systems considered as
requiring further study included the riverine forests, the pastoralist livestock
management, the mangroves and the fisheries. The need for new institutional
arrangements was referred to, in particular to support the rights of water users in the
rivenine cormidor and to control levels of upstream abstraction.

Following the workshop and in response to queries raised by invited institutions and
the phase 1 report, a second phase study was commissioned to run from mid
September 1994 to March 1995, The Phase | Study had been considered as being an
Initial Environmental Impact Study, the Phase 2 Study was referred to as being a
Definitive Plan/Pre-feasibility Study.

1.4 BACKGROUND TO PHASE 3 ENVIRONMENTAL ASSESSMENT

The Phase 2 study was expected to indicate the optimal options for the dam design,
linking both the engineering and the environmental aspects into a single overview.
The main concern expressed in the environmental study was that there would need to
be the capacity to manage the release of regular artificial floods of a size that would
replicate the “normal” flooding pattern.

From the environmentat point of view, the key aspect of the engineering study was
that the option selecied had to have the capacity to release these floods while at the
same time minimising adverse impacts during the construction and particularly the
impounding period. As a result, the conclusion was that if a reservoir was constructed
which would regulate the last natural river flows into the Tana river system, the dam
would have to be large enough to provide the excess storage capacity required to
manage these flood releases, but not so large that the downstream system would suffer
severe or irreversible damage during the impounding period.

The Phase 2 Study included field work in the downstream rivering corridor, covering
both natural and human production systems. Water and sediment samples were
collected at various points throughout the river system, to try to establish water
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quality and sediment transport paramecters. The field work was carried out in
November and December and coincided with the first major natural flood event for
five years. Field work was also carricd out in the reservoir arca to (ry to quantify the

number of people who would be displaced and to identify preferred sites for
resettlement.

As part of the study process, a video was produced which was based on a series of
interviews with farmers in and around the proposed reservoir site who would be
directly affected by the dam construction, as well as with people in upstream arcas
who had been affected by the previous construction of reservoirs on the Tana river.
Pastoralists, flood recession farmers and large and small scale irrigation farmers in the
downsiream areas were also interviewed.

The results of the study and the video were presented at a workshop held in Nairobi
between March 20 and 22, 1995. The conclusions of the study team were that the best
option appeared 1o be the combined development of a reservoir at Mutonga and the
smaller option of Low Grand Falls. This option was considered as being the least
environmentatly damaging while still providing the capacity to release floods, and at
the same time producing the highest firm power output.

The workshop was attended by representatives from all the organisations and
institutions who had been at the previcus workshop held in 1994, with additional
represcntatives from the East African Wildlife Society, the Green Belt Movement, the
NGO council, CARE and other environmental and social based NGOs.

The Phase 2 Study recognised that there were a number of aspects of the
cnvironmental systems that were still not clearly understood and would require further
investigation before a final decision could be made as to the optimum design and
management strategy for the dam.

The main aspects singled out for further study included:

¢ Reseftlement - preparing a detailed plan of resettlement and buffer zone
management; indicating mitigation measures and costs of compensation.

¢ Downstream Riverine Corridor - proposing a plan of reservoir operation to release
downstream floods while minimising the loss of generation capacity; and further
study on sediment transport and the implications for downstream nutrient supply.

¢ Hydrology - additional work to define “normal” floods; and further work on the
effects of sediment trapping on downstream channel erosion and the potential for
sediment release,

« Consuliation - emphasis was placed on ensuring that the process included adequate
consultation with communities and institutions affected by the proposed
development, both in the reservoir area and in the downstream cotridor.

The engincering component of the study would include preliminary design of the
works, and estimates of the costs and a schedule for construction.
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Draft terms of reference were drawn uwp and agreed in July. The study then
commenced in September and included ficld work during the late dry season and
again during the rains in November.

1.5 RESERVOIR AND DAM SITES

Pre-feasibility studies have been carried out on the three basic dam configurations -
Mutonga, and the two alternatives at Grand Falls {for convenience called Low Grand
Falls and High Grand Falls), The fourth possibility under consideration is to build
both Mutonga and Low Grand Falls.

The reservoirs will directly impact populations within adjacent locations in Embu,
Tharaka-Nithi and Mwingi Districts. The extent of the impact on these populations
will depend on the selected reservoir options, on the selected buffer zone widths and
on the selected management oplions for these bulfer zones.

The reservoirs will also have extensive downstrcam impacts in Tharaka-Nithi,
Muwingi, Isiolo, Garissa, and Tana River Districts. The extent of these impacts on
downstream ecological, economic and production systems depends largely on the
ability of the dams to releasc flood waters at the required times, foltowing the natural
biannual flooding cycle of the river.

1.6 POPULATION WITHIN THE TANA RIVER BASIN

This section provides a brief overview of sctilements and population within the Tana
River Basin. More detailed treatments of the reservoir area populalion arc to be found
in Section 2 of this report.

From the project area, the Tana River passes through Embu, Men, Tharaka-Nithi
(Nithi), Mwingi, Isiolo, Garissa, and Tana River Districts. The Tana River basin as a
whole, at the time of the 1989 National census, had a population of 4.07 million (sce
Table 1-1, Figure 1-2), and a projected 1996 population estimated at about 4.99
million people (Table 1-2). Using the same projection, based on the 1979 to 1989
growth rates per district, by the year 2005 population of the Tana Basin would be 6.5
niltlion pcople.

The basin provides water for major urban centres outside of the actual basin, in
particular for Nairobi. Abstraction of water for Nairobi is projected to increase in line
with the increase in population of the Nairobi area.

Population densities over the greater part of the basin are low (Figure 1-3), with the
majority of the population being concentrated in the upper catchment where rainfall is
higher and conditions suitable for agriculture. However, this map does not present a
true picture due to the inherent area related bias with the relatively large sublocations
in this area. The great majority of people in the Lower Tana basin live on or near the
tana River floodplain. It is the {loodplain that would be impacted by changes to the
hydrological regime following construction of the proposed reservoirs.
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Figuve 1-2  Administrative Districts in the Tana River Basin
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Table 1-1 Estimated Population within the Tana River Basin, 198% National
Census, Organised by District and Administrative Division,

Note: This table was produced by GIS analysis of population data at sub-location
level, Populations within sublocations that were physically split by the Tana
River basin boundary were split on an area-proportional basis.

District Division Population Houschelds  Area (kn’)  Population
Density

EMBU Gachoka 114392 24261 1413 "80.98
Manyatta 99342 17068 150 52294

Mi. Kenya Forest 74 46 182 041

Runyenjes 97454 17602 246 396.07

Siakago 56932 11074 171 73.80

EMBU Total 368194 70051 2802 131.40
GARISSA Bura 1158 199 681 1.70
Central 21650 4705 1071 20.21

Masalani 6701 1216 990 6.77

Mbalambala 7416 1312 1968 3.77

GARISSA Total 36925 7432 4710 7.84
iSICLO Garba Tulla 6979 1528 3057 228
1SIOLO Total 6979 1528 3057 228
KIAMBU Gatundo 4 2 2 247
Lari 564 115 33 17.04

KIAMBU Totat 568 117 35 16.36
KILIF{ Malindi 13608 1880 1722 7.90
KILIF] Total 13608 1880 1722 71.90
KIRINYAGA Gichugu P24 21691 23 481.77
Mi. Kenya 190 45 345 .55

Mwea 107651 21988 545 197.41

Ndia 178327 38593 366 486.73

KIRINYAGA Total 3197492 82717 1488 26712
KITUI Central 147522 26259 1AN9 £12.66
Kwa-Vonza 73904 11470 1504 49,14

Kyuso 103325 17222 6461 1599

Mutito 71162 12955 5392 13.20

Mutormo 93228 16977 11206 8.25

Mwingi 105553 17968 I8t2 5825

KIiTUI Total 599694 192851 28385 21.13
LAIKIPIA Central 107717 2234 105 162.34
LAIKIPIA Total 10777 2234 105 162.34
LAMU Mpeketoni 3605 475 459 7.86
Witu 3415 ' 649 1258 271

LAMU Total 7020 ji24 1717 4.09
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MACHAKOS

Maéinga

5051

§3552 1424 55.54
Yatta _ 53260 2456 450 110.90
MACHAKOS Total 132351 21008 1504 69.50
MERU ™ C.lmenti 5377 18045 437 216.90
Igembe 108771 19981 352 309.23
Meru National Park 322 137 873 037
Mount Kenya Forest 55 19 930 0.06
N.imenti 143046 28659 174 38288
Ntonyiri 64889 11419 553 11733
S.imenti 131276 24400 414 316.91
Tizania 115826 20800 436 251.84
Timau 8607 1720 2 4510.87
MERU Total 667563 125180 439§ 152.04
MURANGA Gatanga 68574 13245 217 31594
Kandara 153401 30957 237 646.53
Kangema 178456 36322 530 337.00
Kigumo 180083 36046 475 179.07
Kiharu 175161 36394 412 425.15
Makuyu 78076 17843 524 148.99
MURANGA Total 833751 170807 2395 34815
NITHI Nithi 175581 32438 736 238.61
Tharaka 74929 13114 1546 48.46
NiTHI Total 250510 45552 2282 109.77
NYANDARUA Kinangop 32098 5943 {89 169.88
Ndaragwa 43 8 2 22.64
NYANDARUA Total 2 595t 1N 168.4)
NYERI Abcrdare 161 41 183 0.85
Forest/N.Park
Kieni East JRE78 8344 327 118.72
Kieni West 11825 6940 438 72.64
Mathira 145510 31463 324 449.11
MiKenya ] 0 360 0.00
Forest/N.Park
Mukurweini 95579 20566 180 53093
Municipality 88774 21527 171 520:36
Othaya 858606 17600 263 326.33
Teta 20056 17795 286 314.85
NYERT Total 576669 124276 2532 22777
TANA RIVER Bura 25035 140 5430 4.6
Galole 46522 £556 9414 4.94
Garsen 46915 8546 15121 3.10
Mzdogo 19224 3652 8199 2.0
TANA RIVER Total 137596 25894 38163 3.6l
TANA RIVER BASIN TOTAL 4071918 790602 95878 42.47
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Figwre 1-3
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2. RESERVOIR AREA:
PHYSICAL AND BIOLOGICAL ENVIRONMENT

2.1 INTRODUCTION

The Initial Environment Asscssment Report and Phase 2 reports include description of
conditions in the reservoir arca. The following sections summarise this information
and provide additional information for the Tana River basina as a whole where
applicable.

2.2 TOPOGRAPHY

The project arca is situated within the middle catchment of the Tana river at an
altitude between 500 and 600 melres on the eastern footslope of Mt Kenya. The
surrounding higher land to the North, South and West is drained by tributarics of the
Tana. The landscape is dissected and hilly with several rocky hills rising to or above

1,500 metres. Landforms within the reservoir area and adjacent lands are shown by
Figure 2-1.

2.3 GEOLOGY

The main land formation of the proposed reservoir area is an ancient erosion surface
of Precambrian basement complex metamorphic rocks forming an extensive eastward-
sloping plain with a rather broken topography punctuated by large hill masses formed
by volcanic intrusions mainly of gneiss, as at Kijege and Kikingo. The most common
rocks are gneisses, granite, granodiorite and migmatite. To the west and north these
rocks are overlaid by Tertiary and Quaternary lava flows from Mount Kenya and the
Nyambeni Hills which reach the Tana River in the vicinity of the confluence of the
Mutonga and Tana Rivers. The area is dissected by a number of large perennial
streams, including the Mutonga, Thanantu, Kathita and Thingithu, which join the

Tana as it flows first North northeast and then, after Grand Falls, eastwards then
noitheast,

24 SOILS

The Tana Basin confains 2 complex range of soil 'types. Within most of the upper and
middle parts of the Tana basin, soil drainage characters are relatively uniform and are
classified as “somewhatl excessively to well drained”. However, soil depths vary
considerably and the middle reaches of the Tana flow through areas with gencrally
shallow soils (Figure 2-2).

Within the reservoir area, soils consist largely of ferric, orthic, rhodic or chromic
Cambisols, Arenosols, Ferralsols and Luvisols. Soils- are mostly derived from
basement complex rocks except for some parts of the lower uplands to the west of the
project area which are developed on intermediate igneous rocks. The basement
derived soils are well-drained shallow to moderately deep, low in organic matter and
plan{ nutrients and susceptible to erosion including soil loss and gulleying. In some
areas the soil has been compacted and impermeable to rainfall. Soils developed on the
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Figure 2-1
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2.5 RAINFALL

Rainfall in the area is markedly bimodal and declines with altitude to the East and
South East becoming erratic, with shorter and more unpredictable rainy scasons. Daily
rainfall data from 37 raingauge stations within the Tana River catchment (CA} were
made available in digital format through the courtesy of Kenya Meteorological
Department, and data from some of these are summarised in Table 2-1 which
indicates the wide variation within the catchment as a whole.

There is a strong rainfall gradient across the rescrvoir arca, indicated by Table 2-2. At
Ishiara, close to the reservoir area in Embu District, the onsct of rains varies by as
much as a month (October rains) or 55 days (March/April rains). The probability is
that one of the two seasons will provide more than 300 mm while the other is usually
inadcquate for rainfed cropping. Much rainfall is lost through surface runoff. In East
Central Kenya, on average 50% of each scason’s rainfall occurs in the first 22 days.
Part of this rainfall infiltrates the soil to a depth below the roots of young crops,
becoming unavailable to them. Uncertainty regarding onset of rains and the difficulty
of ploughing dry ground lcads farmers to delay planting until after rain has fallen.

Table 2-1 Climatological Summary Statistics of some Meteorelogical Stations
in Tana Catchment

Annual Annual Rainfall (mm)
Evaporation and

Wind Run B

Pan A Miles Max. Min.  Mean
B ) - {mm)
Thika Horticultural 1,805 619 1,631 554 1,004
Res.
Sagana Fish Farm 1,776 549 1,933 771 1,340
Embu Met. Station 1,573 734 1,580 628 1,364
Kindaruma Fisheries 2,109 645 1,165 382 686
Manmanti, Tharaka- 2,287 3 1,201 545 847
Nithi
Garissa Met. Station 2,712 1164 757 69 352
Hola TRI Scheme 2,366 125.5 953 192 471
Kitui Dam W.D.D. 1,952 793 1,557 102 1,034
L amu Mel. Station 2,044 817 1,855 322 019
Malindi Gedde Cotton 2,038 1149 2,481 676 1,173
Research Station
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Table 2-2 Rainfall in the Vicinity of the Reservoir Areas

Stations No of years Average annual total
B - _records (mm)
Mitunguu 29 1,365
Tunyai 12 1,110
Marimanti 21 847
Chiokariga 39 898
Gatunga 16 817
Grand Falls o 790
Mecru Nat. Pk 12 724
HQ

2.6 LAND RESOURCE POTENTIAL

Much of the reservoir area is classified as Agro-Climatic Zone V: “Arid areas
characierised by Acacia Commiphora bushland where, given suitable soil depth and
moisture-holding capacity, drought-tolerant cereals and legumes can be cultivated,
although with significant risk of failure”,

To the south-west patches of land in Marimanti and Chiakarika (formerly Kamanyaki)
locations of Tharaka Nithi district and across the Mutonga river in Evurore location of
Embu district are classified as Ecological zone 1V: “Semi-arid areas characterised by
dryland acacias with sonte broad-feaved trees or shrubs where, despite relatively low
and erratic rainfall, there is some potential for agriculture (e.g. sunflower, cotton,
beans, or carly-maturing cereals)”. These arcas ltec west of the Tana and will be
directly affected by the project where some settlers may have to vacate better land
than can be found in the rest of the project area.

A very small area of fand in Tharaka Nithi, bordering the Tana river east of the
Thangatha and adjoining the border of Meru Nalional Park is classified in Zone VI
“Arid areas, mostly low thorn bushland, shrub grassland or thicket, unsuitable for
raiifed agriculture, although with moderate potential for extensive livestock
production and wildlife”. Although quite distant from the reservoir, this land is part of
the thinly populated area of Tharaka Nithi which has been depoputated as a result of
insecurity over the last 30 years. It could potentially be used for extensive grazing in
the absence of bandit activity. A

The riverine corridor is semi-arid to very arid and passes through soils of marginal

potential. The coastal zone is semi-humid. lrrigable potential in the corridor has in the
past been over estimated.




it

Figure 2-3  Average aannual rainfall (mm) over the Tana River basin and
adjacent avreas

This rainfall map was produced from a databasc of 1,203 point data sources (rainfall
recording stations) representing average annual rainfall from available rainfall stations
in Kenya, using Kriging techniques to generate the rainfall isohyets.

2.7 BIOLOGICAL RESOURCES

The following sections are intended to presnt an overview of the biological resources
in the reservoir area. More detailed discussions, including the prescntation of field

survey adat, will be included in later sections of the report once these data are
available.

2.7.1 Vegetation

2.7.1.1 General Descripfion of Reservair Area Vegetation

The dominant natural vegetation of the Grand Falls/Mutonga reserveir area is
Acacia/Commiphora bushland, giving place to Combretum wooded grassland on the
more acid volcanic soils at higher elevations. Commiphora tends to disappear in more
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alkaline arcas leaving Acacias dominant. Vegetation density varies from thicket to
open grasstand, Removal of ground cover by grazing and cultivation has led to serious
crosion in many areas with isolated bushes of limited palatability to stock tefl perched
on istands of soil swrounded by lower croded arcas.

Within the locations of Tharaka Nithi, Embu and Mwingi directly affected by the
reservolr and its buffer zone there are significant arcas (around 10% of the land area
of affected sublocations) of denscly vegetated hills of which the more significant
examples are gazelted as forest reserves. These areas are important for watershed
protection and are closed to settlement, though they may be used for regulated dry
season grazing and fuel wood collection. Recent satellite imagery shows that the
vegetation of the main Forest Reserves (Kijegi and Mumoni) was in good condition
with little or no evidence of encroachment or degradation.

A narrow band of cvergreen riverine vegetation fringes the Tana and its tributaries and
this habilat incledes a majority of the larger trees within the reservoir area. These
include Acacia elatior, A. robusta, Mimusops fruticosa, Newtonia hildebrandtii, Ficus
sur, F. sycomorus, Tamarindus indica, Sapium ellipticum, Hyphaene compressa and
Phoenix reclinata. Vegetation within this zone will be entirely destroyed by flooding
of the reservoir but is currently especially important, providing significant benefits to

local people, as:
» source of materials (construction and building materials, fencing, beehives)
e fuelwood, charcoal
o fodder (especially during drought)
» medicinal plants for both medical and veterinary use
s edible fruits, either consumed locally or sold in markets as a source of cash

o fibres and weaving materials, with products seld in local markets and
beyond

¢ as well as having considerable shade, cxistence and aesthetic value

No detailed vegetation survey has been conducted in the proposed reservoir area.
However, at least nine species which are known to be either rare or endangered in
Kenya are considered likely to occur in the proposed reservoir arca (Table 2-3).
Additional details of vegetation in the reservoir area are listed in the Stage 1 Initial
Environment Assessiment report.

2.7.1.2 Endemic Species

Encephalartos powysorum is an endemic cycad restricted to one small hill in Kijege
Forest, Meru District; this forest lies within the projected 3 km buffer zone around the
reservoir which would form behind the High Grand Falls dam. Any increase in land
pressure is likely to result in greater pressure on remaining forest resources. Cycad
populations are rare and under threat throughout Kenya and in many other countries.
Failure to investigate and protect the occurrence of an endemic species, one of only
five cycad species found in Kenya, would be unacceptable.

2-6
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The presence and ccological status this and any other rare or cndangered plant species
can be confirmed only through a detailed botanical survey. Such a survey would
increase confidence that no already rare plant species will be endangered fuither by
reservoir development, and also provide the opportunity for transplantation / ex-situ
conservation or other mitigation measures of any rarc or endangered specics, as well
as specics of polential economic importance.

2.72.1.3 Economically Important Species

A preliminary survey of plant species in the reservoir area used by the Tharaks people
was made during the Stage 1 Initial Enviconmental Assessment whilst a more detailed
assessment was made during Phase 3. Many plants form a vital part of the resource
base of the local community and a large proportion of material is derived from them,
See Chapter 12 for further details,

2.7.2 Wildlife

No significant studics have been made of the fauna in the reservoir area, but from the
density of settlement and managed / cultivated land in the area it is clear that the
occurrence and relative abundance of many wild species has been greatly affected by
increasing levels of human disturbance. Large mammals no tonger occur in the area.

The area likely to be inundated by the reservoir does not conlain significant
populations of any animal species known to be either rare or endangered in Kenya
with the exception of the pancake or flat tortoise (Malacochersus tornieri), listed as
threatened by the World Conservation Union (IUCN) and the Leopard Tortoise
(IGeochelone pardalis). Both of these species are declining in numbers throughout
their range and significant populations in the reservoir area should be relocated.

2.7.3 Protected Areas: Forest Reserves

There are a number of protected forest reserves in the vicinity of the proposed
reservoirs. These are indicated by Figure 2-4.



Table 2-3 Rarc and Endangered Plant Species in the Reservoir Area

Species Ferm  Status - ___ Habitat
Albizia Tree Rare; Endemic, {not recorded by the Rocky nver
tanganyicensis sp. survey) banks
adamsoniorum
Baphia keniensis Tree/shrub  Rare/Vulnerable (ot recorded by the  Riverine
survey) forest
Combretum tanaense  Shrub/lian  Vulnerable, Endemic, known only Riverine
a from 4 collections (not recorded by the  forest
survey)
Euncephalartos Cycad Vulnerable, found only on one hill in  Kijege
powysiorum TESETVOIr arca Forest
Eriosema bogdanii  Herb Rare (not recorded by the survey) Grassland
Eupliorbia Tree Vulnerable; Endangered (not recorded  Riverine
cussonoides by the survey)
Euphorbia Shrub Rare (not recorded by the survey) Rocky sites
Jriesiorum & along
rivers
Ficus exasperata Tree Rare Riverine
Millettia tanaensis Shrub Rare/Vulnerable; Endemic Rocky g
ground =
along rivers
Pandanus kajui Tree Rare/Vulnerable; Endemic (not Riverine
recorded by the survey)
Vernonia fischeri Shrub Rare, only three records (not recorded  ?
by the survey)

Note: Status based on IUCN classification, Habitat from Beentje (1994), Agnew
(1974)'

' Beentje, H.J. (1994). Kenya Trees Shrubs and Lianas. National Museurs of Kenya, Nairobi. !
Agnew, A.D.Q. (1974). Upland Kenya Wild Flowers. Oxford Universily Press. -
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Figure 2-4

Forest Reserves in the vicinity of the proposed reservoirs.,
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3. DOWNSTREAM PHYSICAL ENVIRONMENT

3.1 INTRODUCTION

Chapter 2 of this report includes a description of conditions in the reservoir area,
whilst chapter 19 of this report describes the main downstrcam ccological systems.
The following scctions provide a brief summary of available information en
downsiream lopography, geology and soils.

3.2 TOPOGRAPHY

The Tana basin has a wide range of landforms, ranging from the high peaks of Mt.
Kenya to coastal plains, dunes and mangroves. Land above about 3,000 metres
supperts an afro-alpine flora and fauna. Below this, down 1o aboul 2,300 metres the
occur important forest resources, which have a vital function in the maintenance of
upper catchment river flows. Most of the rain falls over these highland areas. Below
the highlands, the river flows through a substantial area of dissected erosion plains
surrounding the middle reaches of the river before entering the Tana River floodplain
stretching from Kora rapids downstream, finally merging with the delta.

The floodplain is an extensive and important feature. Including the Tana delta, this
covers some 2,200 km’ of land area and is responsible for supporting the livelihoods
of a great majority of the human settlement and population over a very much larger
area of the Tana basin, Maintenance of this floodplain is attained through the regular
annual or biannua! flooding of the Tana River. Figure 3-1 contains an overview of
landforms within the Tana Basin.

3.3 GEOLOGY

Major features of the geotogy of the Tana River basin (Figure 3-2)include:

e volcanic and igneous rocks of the highlands which form an important part of the
upper catchment as well as parts of the middle catchment;

» large areas of old basement system rocks that form an inportant part of the middle
catchment and parts of the lower caichment;

» large areas of Plio-Pleistocene bay sediments which form the majority of the lower
Tana basin.

s alluvial deposits which, together with the extensive Plio-Pleistocene bay
sediments, form mwuch of the Tana River floodplain

3.4 SOILS

The Tana Basin contains a complex range of soil types. Two major soil characteristics
- soil depth and soil drainage characteristics - are shown by Figures 3-3 and 3-4.
Within most of the upper and middle parts of the Tana basin, soil drainage characters
are relatively uniform and at the scales of the information used (Kenya Soil Survey
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1:1 million) are classificd as “somewhal excessively to well drained”. However, soil

depths vary considerably and the middle reaches of the Tana flow through arcas with
generally shallow soils.

Above Kora rapids the soils are similar to those further upstream and are developed
by weathering of the underlying parent material of mainly gneissic origin. Below
Kora rapids and Mbalambala, soils are primarily formed from atluvial sediments and
commonly have calcarcous material and high salinity or alkalinity in the subsoil.
Fluvisols are found in the immediate vicinity of the river. These are well drained and
casily worked sandy loams or sandy clay loams and are usually neither saline nor
sodic but often calcarcous and are the soils usually preferred for cultivation.

The most important soils in the Tana delta are Fluvisols, Vertisols and Gleysols.
These arcas are commonly flooded up to twice a year to a depth of up to half a metre.
Vertisols occur in lower lying basin lands adjacent to the river. These are dark, poorly
drained, cracking clays, commonty have calcareous, saline or sodic subsoils and are
generally difficult to manage although they have reasonable nuirient status. Gleysols
are poorly drained dark grey clay soils and are suitable for irrigation development.

Floodplain and delta soils are more fully described in the Stage | Initial Environment
Assessment Report.
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Landforms in the Tana Basin

I Bediands

B Bottomiands
Coastal of lake-side beach ridges

B Coaslal plateaus

i Coastal uplands

W Dissected erosional plains

;| Dunes or dunalands

W Fioodplains

- Footslopes

M Higher level coastal plain

M Higher fevel sedimentary piain

M Hilts and minor scarps

21 Lower level uptands

<r Lower middle-level uplands

£ Lower-fevel coastat plain

2t Lower-evel sedimentary plain
Mangrove swemps

{5 Middie leve) sedimentary piains

B Minor valleys

B Mountains and maler scarps

g3 Non-dissecled erosional plains

W Wate: bodies

Oldes fans

£ Plateaus and high-level struclural plains
Reef coastal plain
Sedimentary plains of upper river lerraces

. Uptand/igh-level piain transitional lands

Uplands undifferentiated levels

& Volcanls footridges
Younger fans

Figure 3-1

Landforms in the Tana Basin




Geology in the Tana Basin

B Acolian sediments {cover sands)
B Abuviat sediments {rom various sources
#l Basic and Ulira-basic Igneous rocks (baseils elc)
& Bictite gneisses
Gneisses rich in ferromagnestian minerals, hornblende gnelsses
M Inlermediale igneous rocks (syenites etc)
B Lagaoonal deposits
B Limestones, calcitic muedstones
B Pro-pleistocens bay sediments
¥ Pyroclastic rocks
& Quarizites
©1 Sandstones, grits, arkoses
< Sitstones
¢4 Undifferentiated basement system rocks {preominantly gneisses)
;. Undifferentiated or varlous igneous {voicanic) recks
¥ Undiffecentiated or various rocks.

o

Figure 3-2  Geology of
the Tara
River Basin
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redominant Soit Depths in the Tana Basin
Degp
2 Deep to very deep
B Extremely deep
B Moderately deep f variable
" Moderalely deep tp deep
B3 Shallow
#: Shatlow lo moderately deep
¥ Very deep

Figure 3-3

Predominant Soil Depths in the Tana Basin
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Predominant Drainage Characteristics !

of Soils in the Tana Basin ;
! ¥ Excessively drained : ;
A 7 imperfeclly drained b o , R Ll
W imperfectly 1o poorly drained
B Moderately drained f variabie !

B Poorly drained

R sSomewhat excessively drained !
B Somewhat excessively fo well drained ;
Lo — B2 Nepv ooty drained :

Figure 3-4  Predominaat Drainage Characteristics of Soils in the Tana Basin
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4. SCOPE OF PHASE 1 AND PHASE 2 STUDIES

4.1 INTRODUCTION

The scope and conclusions of the previous two study phases' are reviewed wilhin the
context of the project requirements indicated in the Environmental Assessmient
Sourccbook (World Bank, 1991).

it should be noted that there is no formalised environmental assessment procedure
operating within Kenya (see also Chapter 25) although some have been proposed
under the National Environmental Action Plan (MENR 1994). Consequently, unless
otherwise stated, all references in the text to “required” or “recommended”
assessments relate to the World Bank procedures as indicated in the World Bank’s
Environmental Assessment Sourcebook, and in particular to the Operation Directive
OD 4.00 for the Environmental Assessment of investment lending operations.

4,2 PROJECT CATEGORY

All proposed options for development of hydropower at the Grand Falls Site would be
classified as Category A Projects under standard screening procedures which would
be carried out at the time of project identification. Category A Projects are defined as
either having or as likely to have “adverse impacts that may be sensilive, imeversible
and diverse”. 4 full environmental assessment is required as part of the pre-
investnent study of a Category A Project.

CATEGORY A CATEGORY B
PROJECTS/COMPONENTS PROJECTS / COMPONENTS
Projects or components inctuded in this hst are The following projects or components may
likely to have adverse impacts thal normally have environmental impacts for which
warrant classification in Category A more limited analysis is appropriate
e dams and reservoirs »  agroindustries
s forestry and production projects o electrical transmission
e industrial plants large scale s aquaculture and mariculture
e imigation, drainage & flood contro! large scale + imigation and drainage small scale
»  land clearance and levelling * renswable energy
¢ mineral development including oil and gas ¢ rural electrification
s  port and hatbour development *  tourism
* reclamation and new land development ¢ rural water supply and sanitation
e resctilement and new land development s watershed projects (management or
e river basin development rehabilitation)
» thermal and hydropower development s  rehabilitation, maintenance, and
» manufacture, ransportation, and use of upgrading projects (smal} scale)
“pesticides and other hazardous and/or toxic
materials

Feasibility Study on Mutonga and Grand Falls Hydropower Project; Initial Environmental Assessment
(August 1994) and Progress Report {1) Volume I Main Report; Volume 2: Environmental Assessment
Report.

! World Bank Technica) Papers 139, 140 and 154 (1991); end Updates 1993 and 1594,
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The asscssment of Catlcgory A Projects includes the effect of other current and
proposed development activities within the project area and aclivities that may be
triggered by, but be independent of such project activities.

4.2.1 Issues Requiring Special Attention

In addition to the major impacts inherent in the development of a hydropower
facility’, there are a number of environmental and social issues that require special
attention. The catchment, and in particular the downsircam river basin, contains a
number of protected arcas of major conservation interest, as well as other
cavironmentally sensitive areas - including significantly: the riverine floodplains,
riverine forest, delta wetlands and mangrove ecosystems - as well as those economic
and production systems depending on these ecosystems. The riverine forests are
known to support endemic flora and fauna species, some with potential economic
importance’. Forest and other habitats will be lost within the reservoir arca, and
downstream habitats will be affected by changed river flow patterns’.

The proposed reservoir area includes populated land, held both under formal and
usufrucluary rights. The involuntary resettlement of these people will have major
social and economic impacts on those resettled and, as significantly social, economic
and environmental impacts on those areas to which they move.

4.3 SCOPE OF THE STUDY

As a result of the consultation process carried out during the first two phases of the
feasibility study, the project is now considered to be multi-objective. The stated
objectives of the project now incorporate the conventional output of power generation,
and the environmental output of ertificial release of floods and sediment to maintain,
or improve, downstream natural and human production systems. The scope of the
study has been extended to give more emphasis to the management of downstream
systems, rather than solely mitigation through compensatory procedures.

However, as this change in emphasis was established at the end of the second phase of
the study, the terms of reference of the environmental assessment for Phases 1 and 2
included an assessment of what would be the down stream impacts of controfling
floods and what compensatory mechanisms would be required. The conclusions of the

previous studies have therefore to some extent, been overtaken by the expanded
objectives of the project.

There are a number of specific tasks which are considered as a minimum requirement
of an integrated environmental assessment study®. Many of these tasks have been
partially addressed in the first two phases, however in most cases continued study is

World Bark. Environmental Assessment Sourcebook, Volume 3, p. 69: Table 10.8. Hydroelectric Projects.

For example, Wild Coffee, Coffea sessiliflora, a species with potentially very large economic benefits for
plant breeding {disease resislance etc.).

tncluding variations within daily, seasonal and longer term periods.
World Bank: Environmental Assessment Sourcebook, Velume 3, Anmex 10.1.
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scheduled to be undertaken in Phase 3, or, as ideatificd in the Workshop held at the
end of Phase 2, will have to be included as a separate and parallel study as a
precursor to the preparation of detailed engincering designs. In paticular the

development of a management and monitoring plan will not be completed at this stage
of the study.

Tasks considered as a minimum requirement for
integrated envirommental assessment studies

s Assistin Inter-Agency Co-ordination and Public/NGO Participation

s Description of the Proposed Project, including the Project Objective.

s Description of the Environment

s Legislative and Regulatory Considerations

s Determination of the Potential Impacts of the Proposed Project

+  Analysis of Alternatives to the Proposed Project

»  Development of a Management Plan to Mitigate Negative Impacts

o ldeatification of Institutional Needs to Implement Environmental Assessment Recommendations

s+ Devetopment of a Monitoring Plan

Table 4-1 Environmental Assessment Study Progress

TASKS Phase Phase Paraltel
12 3 Study

Promotion of Interagency Co-ordination and Public/NGO Participation e = T
Strengthening Institutional Environmental Assessment Capacity X ®
Project and Project Objectives = v
Environment - Reservoir Habitat, Pepulation and Dam Site = v
Environment - Downstream Hydrology and Production Systems (anp o >
NationalVInternational Legistative and Regulatory Considerations = e 4
Potential Impacts - Reservoir Habitat and Displaced Population = v
Potential Impacis - Resetilement Area and Host Population o> v
Potential Impact - Downstream Natural and Human Envitonments (=43 = ->
Aliemnative Power Sources, Site or Upgiading Existing Facilities (s
Management and Monitoring Plan - Resettlement Area = >
Management and Monitoring Plan - Reservoir Operation and = L 4
Downstream Environment
Institutionat Needs to Implement Reseftlement Proposals v
Institutional Needs to Implement Reservoir and Downstream =43 4
Management Proposals
Institutional Development Prior to Implementation ->

= Included in Study, v Completed/scheduled for completion ¥ Not Undertaken, *¥ Further Study
Reguired
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In addition, although an assessment of institutional nceds will be included in Phase 3
of the study, it will be necessary to implement many of these institutional
reconmmendations in order to develop the institutional capacity of both government
depariments, institutions and local groups prior to implementation of the project to

ensure that the proposals for mitigation and final management can in fact be carried
out.

4.4 INSTITUTIONAL ARRANGEMENTS

The environmental assessment, as an integral component of the feasibility study,
would be expected to take as long as other components being sludied. The
environmental assessment process, if adequately linked to the engincering design
sludy and other study areas, would not be expected to delay the programme, and in the
long term through indicating possible future problems will reduce the true economic
costs of the project’. In many cases the potential exists for the process of
environmental assessment to strengthen lacal environmental institutions.

The success of environmental assessment as a means to ensure that the development
proposal is cnvironmentally and secially acceptable, largely depends on the existence
of environmental management capacity within the institutions responsible for the
development procedure’. The major institution directly involved in the project
assessment process is TARDA, with responsibility for advising the government on the
rational development of human and natural resources within the basin. The
management board of TARDA includes representatives from various ministries
concerned with agriculture, natural resources wildlife and water development;
TARDA has already been the key agency responsible for developing two reservoirs

within the Tana basin, Masinga and Kiambere, however their experience of
cnvironmental assessment is limited.

There is as yet no national environmental policy which can provide the overall context
within which this project can be assessed nor any clearly defined institution on which
the process can be built, which would in turn strengthen that institution®.

4.4.1 Public Invelvement

In view of the limited capacity for the direct involvement of TARDA in the process of
environmental assessment, it is particularly important that the requirement for public

Environmental assessment preparation costs as parl of the feasibility study, rarely exceed one percent of
capital costs of the project. In this particular ease, with the sensitivity and complexity of the issues involved,
costs should be at the higher end of the range. .

Environmental Assessment Sourcebook, Volume 1, Policies, Procedures, and Cross-Sectoral Issues. Chapter
5 Stengthening Local Capabilities and Institutions. Paragraph 1. “The success of environmental assessment...
-..depends in large measure on the existence of environmenial management capaciiy in the institutions of the
bormowing country.” . .

The National Environment Action Plan hightights the need for a nationa) environmental policy 1o provide
guidance for actions in all seclors. Institutional recommendations include the need io create a single
institution with the legal authority to co-ordinale the management of environmental resources with
responsibitity for ensuring that adequate independent environmental assessments are implemented.
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involvement is adequately met. The requirement states that affected groups and local
NGOs are consulted in a meaningful way as part of the environmental assessment
preparation, particularly where involuntary rescttlement is involved

The process of public involvement is deseribed as including:

s Consultation - with affected groups and local NGOs shortly afler the
identification of the need for an environmental assessment and sccondly once a
drafl report has been prepared.

e DParticipation - specifically called for in projects involving involuntary
resettlement; a voluntary process in which people, including marginal groups,
together with project authorities share, negotiate and control the decision making
process in project design and management.

¢ Information Dissemination - with information dissemination as a neccssary
precondition for consultation.

Furthermore, the resuits of the consultation process must be included in the final EA
report. Information must be presented “in a timely manner and in a form that is
meaningful for, and accessible to, the groups being consulted™.

The results of the firsi phase of the study werc presented al a workshop at which
invited representatives from the affected districts were present, as well as
representatives from ministries, the National Museums and Kenya Wildlife Service,
and international NGOs. It was at this first workshop that the concept of deliberate
relcase of floods and sediment as part of the operating rules of the dam was first
raised, as an issue of particular concern to the Kenya Wildlife Services.

A major component of the second study phase was the incorporation of the opinions
of a sample of the population who would be affected by involuntary resettlement,
covering details of prefeired rescttlement locations and mechanisms for
compensation. Meetings were held with farming and pastoral groups and with NGOs
and other organisations operating in the downstream areas.

As a part of the information dissemination process, a videe was produced covering the
environment and populations that would be affected both in the immediate vicinity of
the reservoir and in the downstream riverine corridor and the delta. The video was
based around a scries of un-structured interviews with local farmers, pastoralists and
fishermen.

The results of the second phase, including the video, were presented at an epen
workshop al which there were representatives from local environmenta! and social
development based NGOs, and MPs from areas which would be affected by the
proposcd developments.

The procedures that have so far been undertaken would be regarded as an adequate
process of consultation and information dissemination and should be continued,
including participation in any further planning process foltowing the completion of

4-5



the feasibility study'. The results of the completed study would be expected to be
made publicly available’, before a final decision is made.

4.5 BACKGROUND INFORMATION

4.5.1 The Project

The arca directly aftected by the proposed works has been identified, although
specific site information will only be defined as part a further detailed design study,
which will only take place if the findings of the feasibility study confirm that the
proposed project should be undertaken.

Plans have been provided for each of the three dam sites at Mutonga Low Grand Falls
and High Grand Falls. These plans indicate the general layout of facilitics, including
the dam crest, diversion tunnel, iniake, penstock tunnel, power house, tailrace,
spillway and plunge pool, and switchyard arca and access road. Outline schedules
have been produced, again for the three options, indicating the expected time
requirements for the general construction stages and including the impounding period.
The routing of the power transmission is described, and the proposed connection to
the Kiambere Embakasi line.

The reservoir area and a small part of the surrounding tand has been mapped at a scale
of 1:5,000, based on aerial photography contracted as part of the study. Contours were
mapped at two melre intervals, other locational information included stream lines,

roads, tracks, buildings, forest, bushland, farmland and field boundanes where
identifiable from hedges.

4.5.2 The Environment

4.5, 2.1 Construction Parameters

The physical environment of the reservoir site has been described in detail, with
particular attention given to those aspects affecting the design parameters.

Rainfall patterns have been analysed for the entire upper catchment, based on data
from 30 rain-gauging stations with records of ten or more years, and these were used
to predict the probable maximum daily precipitation.

Daily river flow data was obtained for a number of stations, both above and below the
proposed reservoir. Based on this flow data, with some infilling to cover the periods

The requirements are described in Environmental Assessment Sourcebook Update October 1993 Number 3,
replacing the EA Sourcebook’s Chapter 7. .

z Reference as above. “For IDA projects, if the government objects to the release of an EA report, the project
will not be appraised.”, and thecefore by implication, could not be funded under the donot project.
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when gauging slations were inoperative!, a continuous scrics of daily data was
preduced covering the period of 25 ycars from 1966 to 1990, This data has been used
to predict the annual mean discharges to the Mutonga and Grand Falls Reservoir sites,
and from the mean monthly discharges a flow depth-duration curve has been derived.
The representative flood season has been characterised from the daily data. The § in
10,000 year estimated maximum flood has been calculated, as being 7,933 m¥/sec.
However for the design of the spillway the probable maximuin flood has been
calculated based on the probable maximum precipitation and the catchment area,
giving a desiga value of 9,060 m’/sec.

Sediment load has been assessed to give an indication of the reservoir life. The
analysis is based on the sediment catchment for Masinga, which has been derived
from actual measurements, and estimated trap efficiencies. The results indicate that

sedimentation will not affect the performance of the reservoirs within the 50 year
economic life of the project.

Geological studies have been carried out and sites for quatries and borrow pits have
been identified. Both Dam sites are in the same seismic zone as Kiambere, and
therefore the same earthquake coefficient is assumed to apply.

4.5.2.2 The Reservoir and Adjacent Areas

Studies have been carried out within the area that would be inundated and in adjacent
areas that might be used as buffer zones and for resettlement. Much of the reservoir
area is classified as Agro-Climatic Zone V, characterised by Acacia Commiphora
bushiand and suilable for livestock production as well as drought tolerant cercals and
legumes. The general land use pattern is a matrix of small cleared farms and bushland,
a narrow and patchy riverine forest along the Tana and isolated and densely forested
steep hills, mainly gazetted as forest reserves. Vegetation densily varies from thicket
to open grassland. Removal of ground cover has led to serious erosion in many areas.
The reservoir arca and in particular the riverine forests are thought to contain a
number of rare and endemic species, as well as species of particular local economic
signiftcance.

The reservoir area crosses three districts, Embu, Tharaka Nithi (previously part of
Mern) and Mwingi (previously part of Kitui). The population around the reservoir
area on the Mwingi side is almost exclusively Tharaka, although there are some
- Kamba in Katse location; in Tharaka Nithi and Embu, the population is predominantly
Tharaka and Mbere. Part of the area has been adjudicated and formal land tenure
rights granted to households, however in about half of Tharaka Nithi and throughout
Mwingi, land is held under customary tenure as trust land under the county councils.

Population densities in the divisions covered by and adjacent to the reservoir are
estimated to vary from around 20 to as high as 88 people/km’ (CBS, 1994). There is a

' The daia is being reworked for Phase 3, based on changcdfupda!ed rating curves for part of the time series.

Infilling of missing data has accounted for an estimated 25 to 30% of the lime series.
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clear change from the higher potential higher population densitics to the west of the
project area to the drier lower populated areas to the cast. The staple food crops
include maize and millet and the most common cash crops are cotton, millet and green
grams. Livestock forms a major component of all farming systems in the area, with
typical holdings of 30 head of caitle and 80 sheep and goats. Farm incomes are
supplemented by other on-farm but non-agricultural incomes, mainly food preparation
(baking and brewing) and handicrafls (tatloring, weaving and furniture making). Off
farm incomes include charcoal buming, fuelwood marketing and fishing. The main
energy source is fuclwood, with paraffin for lighting.

4.5.2.3 The Downstream Environment

In addition to, and built on, the flow data and flood analysis carried out to determine
the design critena for the dam slructures, a separate assessment was made of the flow
data to determine the natural flooding patterns that affect the downstream areas. The
present discharge levels at Grand Falls and Garissa, were analysed from the 25 year
daily flow data. A computer simulation, including the management of the existing
reservoirs was prepared. The model was then run to remove the impact of the
management of the five existing dams to esfablish the natural flooding cycle.
Downstream flooding of the riverine floodplain, and hence the delta is triggered by
overbank flow; overbank flow at Garissa starts at approximately 500 m’/sec. The
flooding pattern, following the bi-annual flow cycle generated floods in 29 seasons
out of a theoretical possible 50. Floods would therefore be expected to occur more
frequently than once a year.

4.5.2.4 Downstream Environment and Populations

Immediately below Grand Falls the river continues to form the boundary between
Tharaka Nithi and Mwingi districts and is populated by Mer and Tharaka practising
mixed farming. Further down past Isiolo there is a mixed population of Boran and
Somali pastoralists. The population in this upper part of the basin is estimated as
180 000 in Tharaka Nithi, 125000 in Mwingi and 27 000 in Garbatulla Division,
Isiolo.

Between Grand Falls and Kora the river remains largely confined, dropping
250 metres in a distance of 100 kilometres.

Beyorl Kora the nver develops a floodplain between 3 and 15 kilometres wide until it
spreads into the delta. The river passes through Garissa and Tana River districts, and
again acts as the administrative boundary between the districts” Virtually all of the

population within these districts is dependent to some extent on the flooding pattern of
the niver.

" Theoretically Tana River District ¢rosses the river covering both banks and a three kilometre strip on the

Garissa side including most of the flood plein; however this appears to be igrored and there has been
considerable development on the Garissa side supported by the local administration
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Tana River has a population of 152,000, largely Orma and Wardei pastoralists and
Pokomo flood recession fanmers. The rural population of Garissa, estimated at
127,000, is almost entircly Somali pastoralists. Both arable and pastoral farming
systems have evolved to make use of and depend on the natural flooding pattern of the
river. The Pokomo flood recession farming uses the natural irrigation mechanism of
the floods for their staple crops, and the levees for bananas ad mangoes. The Orma
and the Wardei have evolved a transhumant system that links dry scason grazing in
the floodplains with wel season grazing in the hinterland, during drought years up o
40,000 caitle graze in the delta grasslands. The Somali pastoralist system, though to a
higher degree truly nomadic, still depends on the river for watering stock for up to six
months of the year,

Table 4-2 Downstream Population Dependence

District / Division Main Economic Estimated Estimated
Ethnic System % Dependant
Group Dependant Population,
on Tana 1695
River
Tharaka Nithi / Mera/  Mixed 50% " 01,000
Tharaka Tharaka  Farming
Mwingi / Kyuso Kamba Mixed 20% 125,000
Farming
Isiolo / Garbatulla Boran Semi 50% 27,000
sedentary
Pastoralist
Garissa Somali Nomadic 100% 126,000
Pastoralist
Tana River Pokomo/ Flood 100% 152,000
Onna Recession
Farming/
Transhumant
Pastoralist
Lamu Orma Transhumant 100% 4,000
Pastoralist
Total o 525,000

A number of ircigation schemes have been established adjacent o and dependent on
the Tana river; all the existing large schemes have collapsed, although the most recent
scheme, the Tana Delta Irrigation Project, is still under development. The Lower Tana
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Village Irrigation Programme, which introduced the use of pumped irrigation to
village level schemes, has not been much more successful, with only twe out of six
stilt operating. The recent development move has been towards even smaller pumped

schemes for specific identificd groups of farmers. These schemes are largely
supported by NGOs.

4.5.2.5 Downstream Environment and Natural Production Systems

The natural production systems dependent on the flooding cycle include floodplain

grassland, riverine forests and, further down, the delta grasslands and forests, and the
mangrove forests.

¢ Grasslands occur in areas subject to longer flooding periods, the period of
flooding limits the competition from bush and tree species, whilst at the
same time enhancing the value of the grazing resource. This category
occupies the greatest proportion of the floodplain and delta.

¢ Riverine forests occur in patches associated with river channel changes
and movements. Low intensity/high frequency floods are nceded for
seedling germination; groundwater is required during the dry season;
sediment deposition provides high nutrient levels for primary production;
whilst high intensity/low frequency floods create new oxbow and river
channels with point bar structures for the development of new forest areas.

¢ Mangroves occur in the interlidal zone betwecen the mean neap tide and
exceptional spring tide levels. Different species are adapted to very
different conditions of flooding and salinity, determined by the present
pattern of river flooding and flushing.

The nverine and delta pasture is the main dry season grazing resource for the
pastoralists. The delta becomes particularly critical during drought years. The natural
paitern of flooding has an additional management benefit, in that cattle are forced to

move out during actual flood periods relieving grazing pressure and allowing for
paslure recovery.

As a result of ¢learing, and in particular for the Bura and Hola irrigation schemes, the
forests are now largely limited to the area between Wema and Garsen They are now
further threatened by the development of the Tana Delta Irigation Project (TDIP).
The forests confain a number of rare and endemic plants and two endemic and
critically endangered prnimates. Studies of bypassed oxbow forests show rapid changes
from riverine forest to savannah specics. A small area including both floodplain
grassland and riverine forest has been gazetted as the Tana River National Primate
Rescrve, and as such has attracted considerable international conservation atlention as

well as funding for development both within the forest area and with adjacent
communities,

The delta has three areas of mangroves, the present outlet at Kipini and in the former
outlets at Mto Tana and Mto Kilifi. The present outlet of the river is characterised by
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estuarine mangrove vegetation and provides the only habitat in Kenya where there are
significant areas of Heritiera litoralis. Mto Tana again provides a unique habitat, with
mangroves mnning into floodplain and extensive marshland, Mto Kihfi is
characterised by a more saline environment. However, cven these two previous outlets
are dependent for freshwaler inputs on flooding within the della. The mangroves
support a wide range of flora and fauna and in particular fisheries. The mangroves
provide the nursery grounds for a number of commercial specics, as well as the
spawning grounds for resident and shoreline speeics.

4.5.2.6 Protected Areas

In addition to the Tana River National Primate Reserve and the proposed Tana Delta
National Wetlands Reserve, there are a number of other protected areas that might be
affected directly or indirectly by changes to the river flow system. These include Meru
National Park and the similar environment of the Bisanadi Nattonal Reserve and to
the south the North Kitui National Reserve, with a thin fringe of riverine vegetation
dependent upon persistent groundwater seepage.

Although the main river floodplain does not start until below the Kora National Park,
some areas of major significance to wildlife and for stock grazing arc related to
seasonal river flow. In the north west of Kora the general narrow fringe of riverine
vegetation extends into an alluvial plain up to two kilometres from the river and
supporting dense vegetation At the other end of the park the forested Hameye swamp
is a result of the flooding patterns, and in turn is thought to be respounsible for loss of
flow volume and moderation of flood events between Grand Falls and Garissa.

To the north of Kora is the Rahole National Reserve, this area is away from the river
and would not be directly affected by any changes. The reserve is not actively
managed.

4.5.3 Legislative and Regulatory Considerations

There is no comprehensive environmental policy, or legislative mechanism against
which the project or the impacts of the project can be reviewed'. The present
environmental legislation that applies to the development of the project is covered by
a number of sectoral acts and slatutes under different tine ministries. TARDA,
formerly the Tana River Development Authority which was established in 1974,
effectively has the mandate for advising the government on all development within
the Tana and Athi river basins. The emphasis is however on water development and
there is provision for TARDA to have direct involvement in development projects.
TARDA as an autonomous corporation, is obliged to work within the legislative
mechanisms and take specified actions to prevent undue effects on the environment.

Y If the recommendations of the National Environmental Action Plan are accepted, there may be a new

institution and legal framework in place before construction work is started. The present study might then
have to be reassessed to corply with new procedures,
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The following list include some of the main sectoral acts goveming the development
of the project.

* The Water Act - applics both to the reserveir and to any public water
supplics that may be developed from it.

o ‘The Land Acquisition Act - development must be shown to be for the
public benefit and compensation must be provided to affected land owners.

* The Electric Supply Lines Act - again dealing with righis of way and
conpensation,

e The Forest Act - refers to defined “Forest Areas” and “Central Forests”
and controls access to and use of these forests. The act covers specified
forest within the area in which resettlement is likely to take place.

s The Agricullure Act - has the power to impose land conservation orders to
control cultivation, grazing and clearing.

s+ The Wildlife {Management and Conservation) Act - applies to the
management of national parks and reserves.

4.6 POTENTIAL IMPACTS

Effectively five reservoir options have been studied, these include the development of
1} High Grand Falls, 2) Low Grand Falls alone, 3) Mutonga alone and 4) Low Grand
Falls and Mutonga, and 5) No Development - the base line sitwation. The main
differences between these options in conventional terms is the total and firm energy
output and the cosis of development. In terms of direct negative and/or positive
environmental and social impacts, the construction of Mutonga alone will have the
least impact, both locally and downsiream, and conversely the least capacity for
managing flood releases for the benefit of the downstream environment. The greatest
local and downstream disturbance would come from the construction of High Grand
Falls, and in particular with the much greater storage volume, the management of the
impounding period becomes problematic.

It should be noted that there has not been an overall cconomic assessment of the

projects that included environmental considerations as well as conventional power
output paranmeters.

4.6.1 River Basin Development

The development of hydropower will have direct impact on the adjacent and
downstrcam environments, and will in itself be affected by future upstream
developments. The project must therefore be considered within the overall
development of the river basin. Although TARDA have responsibility for the co-
ordination of development projects throughout the basin, there is no overall regional
(basin wide) development plan within which to assess the relative benefits andfor
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costs of different sectoral proposals'. Development proposals are therefore atmost
invariably scctoral and in addition very often decentraliscd to district level.

Table 4-3 Summary of Environmental Impacts for Reservoir Options
With and Without Flood Release,

Reservoir Area Downstream
Destruction Scale of Impounding: Operaling: Trrigation
of Habitat ] Rescttlement | Flood Dependent | Flood Dependent
Systems Systems
No Action = ~ /e = A
Mutonga x x e £ e
Low Grand Falls x X xx x X X &
Low Grand Falls xx X x x v ]
with Flood Release
Low Grand Falls KXX XXX x XX =
and Mutonga
Low Grand Falls XXX XXX x v ~
and Mutonga with
Flood Release
High Grand Falls XXX XX XX XXX Xxx £
High Grand Falls xxX XXXX XXX v 2
with Flood Relzase
= Neutral v Positive Impact X Negative Impact

The study has assessed the present and increased water demands within the basin,
looking at both domestic and industrial water demands and imigalion requirements.
The projections are based on the conclusions of the water master plan’. Despitc
limited data available there are indications of future conflicts over water resources.

« The projected public water supply demand, above the proposed reservoir
oplions, is expected to increase by a factor of three by the year 2020.
Shortfalls can be expected to occur in all years following 2005.

« Imigation demand is expected to similarly increase, both above and below
the reservoir. The conflict is compounded by the seasonal variations in
water demand. Imrigation shortages are especially large in the Thiba and

CAP 443 of the Laws of Kenya: according to section 2 of the TARDA has responsibility for *.. the area
drained by and bounded by the watersheds of the Tana and Athi Rivers .. and the authority was set up to
- »_advise on the institution and ¢o-ordination of development projects in the area ..
2 National Water Master Plan. Ministry of Water Development £ JICA Nairobi 1992.
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Kathita catchments, where demand is projecled to be donble the available
water supply by the year 2020",

Clearly the future development of both irrigation and urban and rural water supplics
needs to be reviewed, both in terms of the potential for meeting projected
requirements and in terms of the implications for future hydropower development.

4.6.2 Resettlement and the Reservoir Area

The immediate result of the construction of the reservoir wilt be the displacement of
the farming communities from within the area of inundation and the buffer zone, the
larger the option the more people will be displaced. The estimated 1995 number of
houscholds within the inundated area and & minimum 100 metre buffer zone ranges
from 190 for Mutonga to 1 500 houscholds for High Grand Falls. The numbers of
households displaced increases with increasing buffer zone size, and obviously is
most significant with the larger reservoir options. The total number of houscholds
affected by High Grand Falls with a 3 kilometre buffer increases to 4 500. It should be
noted that, given the number of people to be resettled, the programme should
comprehensive and part of a wider or regional development strategy’.

The reservoir and adjacent area is already settled, and both the only real option and
also the preferred option for most of the residents is scttlement within neighbouring
commumtics. The implication is that the resettlement progranine will have to deal
with the impact on the host population as well as the direct costs of compensation
both in kind and through financial compensation to displaced families. The indirectly
affected population can be taken as being the entire population of the locations
affected by the reservoir. Again the numbers increase with reservoir option.

Within the resettlement area, the impact of additional population will be an increase in
overall land pressure, the greatest impact is likely to be in the communal arcas used
for grazing and fuelwood collection. There will also be a significant and immediate
requirement for timber for replacing hut structures when opening vp new farm sites.
The implication is that settlement will accelerate the process of land degradation, and
that erosion will become an increasing problem, which in itself could affect the
reservoir life. The settlement programme will have to address this problem of

increased land pressure through an extension programme promoling conservation
farming.

1t is clear that this will require a major restructuring of dmrigation, to include low volume imrigation and water
harvesting techniques. However, in the event of water shortages, much of this change can be expected to be
industry driven amongst coimercial growers - probably accounting for the largest proportion of irrigation
demand.

The EAS suggests that a comprehensive settlement plan is not necessary for relatively small displacements of
a few hundred peoptle, but that where it directly affects thousands of people it must be comprehensive.
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Table 4-4 Phase 2 Estimates of Households dircctly affected by the
Reservoirs and a 100m Buffer Zone, with additional houscholds
affected by rescttlement in adjacent areas,

Option Houscholds 1995
RE’S(‘H’OiT arca: o o o o
High Grand Falls 1,540
Low Grand Falls 530
Mutonga 150
Low Grand Falls and Mutonga 710
Adjacent Sub-Location Populations 10,640

{1995 estimates on the basis of the 198% census analysed at sub-location level)

There will also be increased pressure on the infrastructure in the settlement area, as
schools, markets, churches and other communily structures are lost. The selilement
programme will have to address the problem of either extension of existing facilities
or provision of new structures.

The need for extended health facilities may be exacerbated by an increased incidence
of water related diseases associated with the creation of the reservoir'.

The resettlement plan must provide the additional following information:

e Organisational Capacity for Rescitlement and Development - including
deparimental responsibilities, assisting line agencies and plans for
organisational development and training.

« Participation of Affected People - including sirategies for invelvement in
decision making, operation and implementation.

These and other aspects will have to be dealt with as part of the parallel study.

4.6.3 Reservoir Water Quality and Fisheries

The reservoir water quality will be determined by both the upstream inputs of
pollutants and by processes within the reservoir body. Increasing population within
the upper catchment, accompanied by increasing urbanisation will lead to increased
levels of poliutants. The larger the reservoir the greater trap effect on poliutants.
Nutrient levels within the reservoir are likely to be high; this not only has the potential
to support an active fisheries, but stimulates the growth of aquatic weeds.

Initial assessments of possible fisheries benelits have been based on the output from
the upstream reservoir, although with potentially over twice the surface area of

' There are indications that there has been an increase in water related discases as a result of the previous

resenvoir construction programmes.



Masinga, and with higher temperatures and nutrient load, productivity is likely to be
greater.

4.6.4 Downstream Systems

The fundamental paramcter which dominates both natural and human preduction
systems is the natural flooding pattern. Construction of any reservoir options without
the inclusion of provisions for flood release will damage downstream systems, and the
scriousness of these impacts will increase in retation to the reservoir volumes.
Conversely, any management of reservoirs that can increase and assure regular low
intensity floods will maintain and improve downstream systems.

The construction of either Low Grand Falls or High Grand Falls would provide a
structure which could be designed to incorporate adequate storage for flood release;
however the period of impounding required for High Grand Falls could result in
wreversible damage duning filling. The period of impounding will be determined by
the minimum acceptable flow release, and as critically by the rainfalt occurring during
the impounding period. The period of impounding is as variable as the upstream
climate, and will be significantly longer during drought years.

It should be noted that the construction of a dam with adequate storage and flood
rclease structures does nol in itsell ensure that the management will take account of
this in future operating procedures.

The second aspect of the changed flow regime is the reduction in sediment load. The
release of sediments is clearly of benefit to the management and longevity of the
reservoir system, and will minimise downstream impacts. Management and design
will attempt to minimise sediment trapping, and in terms of downstream
environments, this will be most important during flood periods.

The possible cffect of decreased sediment load in terms of fertility and primary
productivity has not been ascertained.

£.6.4.1 Changes in River Channels

The loss of sediment to the downstream system will result in morphological changes
in the nver channel directly below the dam site. The major impact would occur during
flood periods when the decrease in sediment would significantly increase the erosivity
of flows. The initial assessment indicated significant bed degradation downstream of
Kora rapids starling within ten years, a lowering of the bed by two metres would
effectively preclude flooding and would effect a stretch of 25 kilometres by the year
2020 and 50 kilometres by the year 2045.
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4.6.4.2 Changes in Human Production Systems

Reservoirs without Flood Release

Any decreases in the frequency or vegularity of low level floods will effect the two
major production systems, flood recession farming and pastoratism.

The impact of decreased regular flooding will be to reduce the viability of the Pokomo
flood recession farming, taking an existing high risk farming system already under
pressure from reduced land resources, to the point at which it ceases to function. The
potential for changing the farming system to adapt to lower frequency floods is
negligible, the most obvious alternative is the introduction of smalt scale imrigation
which in itself has been shown to be highly problematic. If no alternative can be found
then the impact will effectively be the equivalent of a continued artificial drought,
with all the associated requirements for food aid

The effects of decreased flooding on pastoralists is primarily the loss of floodplain
pasture, although the trigger for the move to the pasture is generally shortage of water
supplics in the hinterland. Decreased flooding in the delta will both reduce the total
availability of pasture and the natural mechanism for ensuring against overgrazing,
and decrease the quality of grazing through bush encroachment. In addition the
change in flooding regime would increase the potential for competition between
marginal rainfed arable farming and pastoralism. The impact of the loss of floodplain
grazing can be reduced but not negated through the development of large numbers of
small water harvesting structures in the hinterland, extending the period of hinterland
Erazing.

The result of increasing pressure on the pastoralist systems will again be similar to
continued and extended drought, eventually leading to a permanent and decreased
carrying capacity. It has been noted that the effects of drought on the pastoralist
systems has been an increase in tension between different pastoralist groups, with
attendant sccurity problems.

frrigation systems will be largely unaffected by changes in low level floods; this
applies to both existing and proposed small scale and large scale schemes, The
destructive effects of the larger floods, which will continue to occur with any reservoir
option, will not be reduced.

Reservoirs With Managed Flood Release

The release of low level regular floods would improve the viability of downstrcam
production systems. The effects of this improvement would be enhanced through an
active monitoring programme that would provide advance waming of flood events,
both the timing of regular floods and prediction of the major uncontrolled flood
events. This would apply to all systems, including irrigation, and would not preclude
external improvements to the systems such as extension of hinterland grazing.
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The management of impounding would have to ensure that the systems arc not
adversely affected, this would be most problematic with High Grand Falls. Food aid
and other drought relief programmes may be needed during the impounding period.

4.6.4.3 Changes in Natural Production Systems

Reserveirs Without Flood Release

The impact of changes to the floodplain grassland will be a decrease in total area and
bush encroachment. Grasslands would be eventually be replaced by savannah
vegelalion in the upper areas and bushland in the deita. The impact of this changing

habitat would be reflected in wildlife species supported and would lead 10 a loss of
biodiversity. '

The riverine forest system has evolved to exist in a changing flood environment, the
loss of regular low intensity flooding will decrease the potential for scedling
germination and survival, The increased regularity of stream flow is likely to enhance
ground water recharge in the area immediately adjacent to rivers, may reduce stress on
mature trecs, however new potential environments created by the irregular large
floods will not be colonised. The overall effect will be the creation of an increasingly
imbalanced forest system gradually replaced by savannah species. The loss of habitat
will in furn lead to the loss of endemic species and a decrease in biodiversity. In sifu
management of floods and sediment control to preserve habitat is unlikely to be

practical in the immediate future. £x sit conservation of species is an expensive last
resort and is rarely successful.

The impact on the mangroves will largely result from changes in the salinity levels.
The general frend would be for a decreased daily salinity in the narrow band of
mangroves directly associated with the active river channel. However there would
also be a loss of flushing mechanism which would affect both the active river channe!
and the creek systems that are inundated during flooding periods. The overall effect
would be a change in the species composition, with a loss of species and a reduction
in total area with increasing hinterland salinisation. The impact would clearly affect
the secondary dependent species, including major commercial marine fish species.
There would be an overall loss of biodiversity. Again, in site flood management is

untikely to be practical, and ex sifu conservation an expensive and incomplete last
resort.

The floodplain fisherics, which form an important component of local diet as well as a
commercial resource, depend on the floodplain environment for spawning and growth.
Any loss of floodplain area will lead to a direct loss of productivity. Further towards
the delta, the oxbows form a major component of the system. The formation of
oxbows results from the major flood cvents, these will still occur; however, the
regular filling of the oxbows relies on the frequent low flood events. The potential for
replacement of the natural fisheries systems through aquaculture is extremely limited.
An additional impact will result from changes in water quality discharged from the
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reservoir. Careful management of discharge water will be required, including possible
multi-level release.

Reservoirs With Managed Flood Release

The release of regular low level floods would maintain the present natural
downstream production systems, and might, over time, reverse some of the recent
trends in decreasing productivity. In particular, the regular floods could increase the
incidence of refilling of oxbow lakes, improving both fisheries and the viability of
adjacent riverine forest arcas.

There are indications that communities have recently increased the offtake of timber
and non-timber products from natural forest areas, parilly as an economic
compensation for the decrease in viability of (raditional farming systems.
Improvements to the human production systems could result in a reduction of pressure
on forest resources.

The impact of possible changes in nutrient levels to primary productivity has not been
cslablished.

4.7 ANALYSIS OF ALTERNATIVES

The potential for the development of hydropower facilities at Mutonga and Grand
Falls has been identified in a number of previous documents, in particular the National
Power Development Plan 1987 and 1992 and the National Water Master Plan 1992'.
As the proposed projects are included in the National Development Plan there has
been no real assessment of alternative means of meeling the predicted energy
requirements, nor of the potential for upgrading existing facilities.

However, a brief description of the potential impacts altcrmative power gencration
systems has been included, noting the adverse impacts of oil-based and coal based
thermal power plants and the renewable encrgy options of geothermal, wind and solar
facilities. Effectively the assumption is that all alternatives will be pursued in addition
to the Grand Falls/Mutonga development.

The study of the “No Action” option has not been within the context of the main
conventional project objective of power oulput, as it did not propose alternatives to
meeting that objective.

't should be coted that despite the recent publication of these documents, much of the information is derived

from previous reports and should be treated with caution.
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Table 4-5

Direct Impacts: Reservolr Area

Potential Impact

Siudy Conctusions

Further Information
Requirement

Environmental Effeets of
Construction

L.oss of Land through
Inundation

{Further Studies during
Phase 3)

Loss of Historic,
Cultural and Aesthetic
Sites

Significant negative impacis will
occur, increasing with the scale of
the conslruction activities, including
ais  and water pollution from
construction, soil erosion and
destruction  of  vegetation, and
sanitation and health problems from
the construction camp.

Significant negative impacts will
occur. Loss of pasture and arable
land will increase land pressure in
adjacent areas. Loss of forest and
bushland will increase pressure on
adjacent forest areas, including
forest reserves. Loss of riverine
forest habitat is largely irmreversible,
active protection of alternative
riverine  forest areas should be
pursued. Loss of riverine forest will
lead to a decrease in biodiversity.

The new reservoir environment may
provide a significant habitat for
migratory  water  bird  species.
Manageinent of draw-down could
improve habitat.

A number of archazological have
been identifizd within and adjacent
to the area to be inundated.; the
importance of these sites s
unknown.

A survey and salvage operation is
required.

Detailed plans will need to be
drawn up to minimise effects
through careful selection of sites,
implementation of conservation
structures as part of site and
access managemeal and careful
management of camps. Costs of
health seivices need to be
included. Provision of fuelwood
and/or allernative energy sources
should be investigated

Further studies may be fequired,
foltowing the assessment of the
resulis of the Phase 3 study of
rivering forests and associated
flora and fauna.

Further survey work needs to be
supported.
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(continued)

Potential Impact

Study Conclusions

Further Information
Reguirement

Dislocation of People
within the Reservoir
and Buffer Area

(Further Studies during
Phase 3}

Transmission Lines

{Further Studies during
Phase 3)

Significant negalive impacts will
occur, increasing  with size  of
resetvoir and buffer zone option.

Estimates of displaced populations
range from 710 houscholds in Low
Grand Falls and Mutonga with a
minimum 100 metre buffer zone to
4,450 houscholds in a 3 km Buffer
Zone. Minimum disturbance and
maximum  potential for intensive
management will come with a
narrow buffer zone, surrounded by a
special management zone in which
conservation and improved farming
practices are ptomoted.

Affected comumunities indicated that
resettlement  would be  preferred
within adjacent local communities,
and compensation should be both in
provision of land and 1n cash.

The impact of the (ransmission
system will add to the affects of the
inundation through increased
displacement of population,
increased land clearance, and road
construction. Alternative toutes may
be selected following further studies.

A full registration programme
will have to be implemented
including an assgssment of all
household and farm r1esources.
This will need to be carried out
during the detailed design phase
of the study.

Further studies will be required,
following detailed enpinecring
proposals covering right of way,
switchyards and substations and
access and maintenance
requirernents.
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(continucd)

Potential Impact

Study Conclusions

Further Information
Requirement

Alfects on Adjacent
Populations

(Further Studies
during Phase 3)

Improved Access to
Reservoir Area

Increased pressure on land resources and
infrastnicture will affect both resettled and
host populations. The present poputation of
affected and adjacent sublocations s
estimated as 10,000 houscholds. Affected
populations will increase over the detailed
design and construction periods by an
estimated minimum of 20%.

Increased land pressure will coniribule to
the decline in the viability of the present
farming systems and to a loss of forest
resources and hence higher levels of
erosion. The project will have to include
the provision of imptoved extension
services and the development of sustainable
farming  systerns aimed at  improved
management and marketing of crops and
livestock. On-farmm and commuaity tree
planting will need to be promoted. The
bufler zone could be managed for intensive
tree production.

Increased pressure on infrastructure will
need to be addressed through expansion of
existing, and provision of new facilities.
This includes schools, health facilities,
water points and markets.

The management capacity of responsible
institutions will have to be supplemented
through provision of additional resources
and training.

Devetopment of improved infrasiruchure, in
particular road access, may result in in-
migration  increasing  land  pressure
problems.

The problem may be exacerbated by the
permanent settlement of construction crews
within the area at completion of the
construction period.

Further work carried out as part
of Phase 3 of the feasihility
study will need to be supported
by an additional, detailed land
use and social devetopment plan
that will lead into a programme
of implementation. This may
inctude details of proposed
additional services provided by
the reservoir, including
irrigation, water supplies and
electrification,

Further studies required
following detailed designs for
the construction and operation
phases.
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(continued)

Potential Impact

Study Conclusions

Related Discases

Deterioration of
Water Quality and
Protiferation of
Aquatic Weeds

{Further Stadies during
Phase 3}

Disruption of Riverine
Fisherics

{Further Studies during
Phase 3)

Significant ncgative impacts are likely
to occur. Increased incidence of
malaria, persistent leishmaniasis and
schistosomiasis is rteported to have
followed the construction of up-stream
TESeIVoirs.

A health management programme will
have 1o be built on the improved
health infrastiucture in adjacent areas.

Initial studies of pollutants from the
upper catchment indicate potential
problems of deteriorating  water
quality, largely from agro-industrial
processes and urban and peri-urban
scitlements. Increasing nutrient load in
the water may lead to eutrophication.

High nutrieat load may lead to high
weed growth, potentially impairing the
functioning of the reservoir.

Problems associated with deteriorating
water quality are likely to increase
with larger reservoir options, due to
longer retention time.

It is expected that the present fish
communities will change dramatically
within the area of inundation, and this
will affect migratory species passing
to the Mutenga and Kathita rivers.

The loss of the riverine environment
will to a large extent be compensated
for through the development of a
reservoir fisheries resource; the value
and sustainability of this resource will
depend on the management of water
quality within the reservoir.

Extension programimes will have to be
aimed at promoting fishing as a locally
owned economic activity.

Furiher Information
Requirement

Purther  studies are needed to
define the health programme
requitements,  covering  both
treatment and prophylaxis and
vector control. Disease incidence
should be considered for any
menitoring programme,

The results of the present studies
will give an indication of the level
of the problem, and suggest
possible management strategies.
These are likely to include
clearance of vegelation prior (o
inundation, control of land use
and waste water discharges within
the upper catchment, and
provision of multi-leve] releases.

Further studies and specific
monitoring of pollutant levels will
be required, leading fo a
catchment management strategy.

The present study is aimed at
establishing the presence and
significance of migratory fish
species  within and above the
reservoir area.

Further studies will be required,
forming a component of the
monitoring procedures needed to
assess changes in water quality.

(continued)
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Potential Tmpact

Study Conclusions

Fuorther Information
Requircment

Sedimentation and Loss
of Storage Capacity

(Further Studies during
Phase 3)

Initial assessment  indicates  that
present  sediment loads do  not
decrease the economic life of the
proposed rescivoir opiions.

In the area immediately adjacent to
the reservoir, increased land pressure
resvlting from reseitlement is likely
to lead to increased erosion. Impacts
will be reduced through active
management of the buffer zone and
direct and indirect interventions
through the cxtension service to
promete  conservation  farming
systems.

More generally, management of
sediment load may be possible
through  sediment  release  or
diversion structures, although the
critical factor remains contol of
land use in the upper catchment.

The present studies, including
further sampling of dry season
and rainy season sediment loads
will give a better indication of
total and seasonal variations.

For a complete seasonal picture
and for indications of trends in
sediment load, further studies and
a full monitoring programme are
likely to be necessary.
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Table 4-6

Direct Impacts Dowastream Avea

Potential Nepative
Tspact

Changed Hydraulic
Flow Regime

{Further Studies during
Phase 3)

Decrease Flow during
Impounding

{Further Studies during
Phase 3)

Study Conclusions

Further Information
Requirements

The major polential  negative
downstream impacts are all related to
the changes that could occur as a
result of changed flow patterns,
associated with storage reservoirs.
The patural river flow pattem
includes bi-annual high flow or flood
periods, associated with the rains in
the upper catchment. The effect has
been the creation of a flood plain in
which the npatural and socio-
cconomic  environments  have
adapted to and rely on flooding for
their existence.

The only potential mitigation is the
deliberate retease of water, partislly
replicating the natural fooding
conditions, The proposed reservoir
designs will be adapted to include
the potential for high flow release, or
for diversion of river flow past the
reservoir.

It should be noted that none of the
proposed reservoir options have the
storage capacity to significantly
reduce the  infrequent  major
catastrophic flood events, that result
in damage to downsiream systems.

Total river flow is decreased during
the impounding period; the greater
the decrease in flow, the greater the
impact,

Mitigation of impact is only possible
through a guaranteed mimimum flow
and, if the total period covers a
number of flood seasons, Mood
release  adequate to  create a
minimum level of flooding in the
floodplain and the delta.

The Phase 3 Siudies establish
mozge clearly the “natural”™ flood
conditions, and the release
volumes and periods that can
replicate them,

Further studies will be required to
establish the downstream {lood
dynamics, including hydraulic
modelling of the floodplain.

Monitering of rainfall and flow
levels will be needed to ensure
optimum management of the
system, balancing flood
requitements  with  maximised
power output.

Phase 3 studies provide a clearer
indication of misimum required
ftow levels and flood
requirements.

Further sludies and negotiations
with downstream comsnunities

will be needed to  define
management  options  during
impounding.
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{continued)

Potential Iimpact

Study Cenclusions

Further Information
Requirement

Loss of Sediment and
Scouring of Riverbed
below PDam

(Further Stadies during
Phase 3)

Loss of Wildlife Habitat

Serious negative  impacts are
cxpected; loss of sediment through
deposition within the reservoir body
will increase erosivity  of
downstream flow. Initial assessment
suggests that bed degradation will
take place, resulting in changes to
waler tables.

Changes in sediment quality, as a
result of decreasing levels of nutrient
rich upper catchment sediments may
affect flood plain fertility levels.

Some potential for reduction of
negative impacls exists through
sediment release andfor diversion.

Serious  nmegative  impacts  are
expected on the riverine forests,
adapted to  low  volume-high
frequency floods. Associated loss of
endemic  and  rare  species,
particutarly the Crested Mangabey
and red Colobus.

Decrease in nutrient rich sediments
may lead to a decrease in owverall
primary productivity.

Similar loss of delta wetlands and
associated wildlife species, including
increasing salinity and changes from
floodplain grasstand to bush. Within
the mangroves there are indications
that there would be significant
changes as a result of loss of
flushing mechanisms and changed
patterns  of sediment deposition;
again loss of habitat and decreasing
biodiversity are expected.

Mitigation mechanisms rely on a
replication of the low volume high
frequency flood events.

The Phase 3 Study includes the
development of a simple dynamic
model based on available
topographic and geological data,
including new sediment load data
collected during this season,

Further studies will be required to
improve on the basic model, and
should be combined with the
sediment monitoring pragramme.

The present  studies  should
clarify the issue of nutrient
transfer, but for the complete
picure a full stady will be
needed.

Further studies will be required to
establish more specific links
between habitats and flow/flood
regimes. These should be linked
to the dynamic modeilling of
hydraulic  flow  within  the
floodplain.

Monitoring of these habitats will
provide inpui nto the
optimisation of management of
flood releass,
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{continucd}

Potential Impact

Study Conclusions

Further Information
Requirement

Decrease in Floeod
Piain Farining

(Further Studies during
Phase 3)

Loss of Pastoralist
Grazing Areas

(Further Studies during
Phase 3)

An estimated 150,000 farmers are
dependent to some degree on flood
recession farming. Recent drought
years have resulted in a high degree of
dependence on relief food, indicating
the likely impact of loss/decrease in
regular seasonal flooding.

Mitigation measures 1ely on the
provision of regular low level floods.
Monitoring will be necessary to
optimise the flood patterns and avoid
the risk of triggering catastrophic
flood events.

Increased regulatity of low flood
events, leading to improved cropping
reliability may compensate for loss of
fertility inputs through changes in
sediment quality.

An  estimated 1,000,000 cattle,
1,300,000 shoats and 85,000 camels
rely on natural flooding patterns for
seasonal grazing water supplies. Loss
of flood plan grazing, including any
decrease in the delta grasslands will
imeversibly damage the pastoralist
system, which relies on the seasonal
move between hinterland grazing and
floodplains.

Provision of regular flood events
should improve the reliability of the
piesent system, allowing improved
management of flood plain grazing.
This should be accompanied by
improved management of hinterfand
grazing and water supplies.

Phase 3 stedies are limited to an
assessment of the perceptions and
dependency of  downstream
famming cormmunities on scasonal
river flow.

Further studies wilk be required to
develop mechanisms  that  will
ensure that downstream
communities are invelved in
decision making processes related
to the management of the reservoir.
Monitoring systems will be needed
that can provide information to
management in real time, to ensure
maximom benefits  from  water
storage capacity.

Phase 3 studics are limited to an
assessment of the perceplions and
dependency of  downstrcam
pastoralist cormumunities on
seasonal river flow.

Further studies will be tequired to
develop mechanisms  that  will
ensure that pastoralist communities
are invelved in decision making
processes related o the
management of the reservoir.

Monitoring systems devcloped (o
assess the management of the
riverine forests and delta wetlands
can be used to assist management..
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{continued)

Fotentiat Tmpact

Changes in Water
Qualily

(Further Studies
during Phase 3)

Disruption of
Riverine Fisheries

Study Conclusions

Further Information
Requirement

The reservoir water qualily is expected
to decline as a result of nutrient and
other pollutant inputs. The quality of
released water will also be affected.

Clzarer indications of levels and
possible miligation measures  will
resuit  from the present smdies,
Potential impacts will affect riverine
fisheries and water quality for human
and livestock consumption.

Possible negative impacts will result
from changes in water quality and
changes in flooding patterns. Reduced
flooding  intensity  will  reduce
floodplain spawning and growth areas.
Reduced areas or loss of oxbow lakes
will reduce commercial fisheries.
Decreased  sediment  release  will
reduce primary productivity of marine
and estuarine fisheries.

Mitigation relies on regulated flood
release  geplicating  natural  flood
events,

Further studies leading to detailed
management  and  menitoring
requirgments may be  necessary
following the present phase.

Detailed studies should be included
both as an integral part of
monitoring water qualily as an
indicator of habital impacts.
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