3. ENVIRONMENTAL IMPACT ASSESSMENT (EIA)

3.1 Selected Environmental Items for EIA

In order to formulate an environmental conservation plan for the Lower Moshi
Integrated Agriculture and Rural Development Project, various environmental items had
been selected for detailed Environmental Impact Assessiment (EIA) study, mainly based
on the results of the Indial Environmental Examination (1EE) carricd out in May 1997.

The sclected items are divided into (wo main groups, namely social and natural
cavironmental items, These items have been clwilied in detail in accordance with the
“Guideline for Environmental Conversation on Agricultural and Rural Development
Projects” (Dec. 1992, HICA). The selected items could be regarded as the most commion
ones, and are recommended in internationally authorised guidelines as well as the
“Bavironmental Tmpact Assessmenl Guidelines for Tanzania (Draft)”. The present
situation of the selected items as related to the Ecological Regions (refer to Figuee 1.2.6)
are briefly described below .

3.1.1 Social Fnviroament
The selected social environmentat items are :

(1-a) Involuntary resetilement

{1-b) Conflict among cominunities and people

(1-¢) Poputlation increase and drastic change in population composition
(1-d) Relocation of bases of economic aclivities and occupational change
(1-¢) Adjustment of water or fishing rights

(1-) Changes in social and institutional structures

(1-g) Increased use and residuat toxicity of agro-chemicals

(1-h) Outbreak of endemic discases and prevalence of epidemic diseases
{1-1) Increase in domestic and other human wastes

(1-a) Involuntary rescittement

Involuntary resettlement to be caused by land acquisition under this Project can be
defined as the forced relocation or replacement of sites or bases on which lives and
economic activities of affected people depend. lavoluntary resettlement is expected to
occur due to problems associated with the project location site i.e. direct agricultural
development in Ecological Region 2 and construction of the division channels in
Iicological Region 3.

In ¥cological Region 1 houses in expanded and new areas should be removed for the
construction of irrigation and other agricultural facilities, while in Ecological Region 3
there will be no possible need o remove houses or cultivated areas along the channcls
and maintenance road roules especially in arcas closer to Moshi.

{1-b) Conflicts among communitics and people

Conflicts among communitics and people refers to friction due to conflicling inferests
belween beneficiaries and non-beneficiaries, people in favour of and those against
development, new scitlers and host people, people involved in development and out
sides, people in the project arca and those affected in the surrounding areas.



Conflict among the communilics and people are expected to occur in Ecological
Regions 2 and 3. In Ecological Region 1, conflicts will occur during the project
operation due to social conflicts among the related communities which will most likely
happen in terms of water rights and production arrangements. In Ecological Region 3
conflicts are likely to occur during both the construction and operation of the diversion

channel, because of iflegal water tapping from the channe] and feeling of the unfairness
in water distribution.

(1-¢) Population increase and drastic change in population composition

Population increase is a sigaificant population change (increase) in the project or
surrounding area due to development. The population increase in the project area is
likely to cause outbreak of conflicts wnong local communitics and people will be

affected by the development, especially in terms of sctilement or resettlement of
affected groups.

The population increase and change in the population  composition is likely to occur in
Ecological Region | and 3 during the constiuction and operation stages of the project.
The poputlation in and around the development sites will increase due to natural growih
and artifictally due to inflow of construction workers and new settlers. Drastic change
in population composition will occur since most of the construction workers will be
gencrally young and most likely males.

{1-d) Relocation of bases of economic aclivities and occupational change.

Relocation of bases of economic activities and occupational change is a problem which
ts related to project operation and is anticipated to occur in Ecological Region 6, i.c.
arcas in and around the Nyumba ya Mungu (NYM) dam reservoir. The major reason
for the relocation of bases of cconomic activities and occupational change is fish
depleton in the dam which will result in the loss of income to the people. Fish
depletion will be caused by project activities, especially decrease of water flow into the
reservoir and pollution due to use of agro-chemicals.

{1-e} Adjustment of water or fishing rights

Adjustiment is related to adverse development cffects on water or fishing rights and
necessary regulations fo rectify the same, the assessment of which is essential since the
development of the project is likely to cause the disturbance of existing water and

fishing rights and hence, cause out breaks of conflicts and disputes among local
communitics.

Adjustment of water rights will have to be instituted in Ecological Region | due to
direct agriculnral development, while adjustment of fishing right will be instituted in
Ecological Region 6, where reservoir water will have to be used for inland fishery, in
addition to power generation.

(1-) Changes n social and institutional structures

Change in social and institutional structures is a problem refated to the project operation,
which is likely to occur in Ecological Region 1, consisting of the existing Lower Moshi
project area, expanded arca, new extension area, refated villages, village facilities and
the Rau river. The major reason for the change in social and institutional structures is
the increase in production and irrigated arcas, which will improve rural living standards.
This may lead to inadequacy in the project area support measures and infrastructure.
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(1-g) Increased use and residual toxicity of agro-chcmicais

Increased use and residual toxicity of agro-chemicals is a problem related to the project
operation which will affect Ecological Regions 1 and 5, especially due to direct
agriculwral developments in Ecological Region 1. Development of agricultural aclivitics
in Ecological Region 1 will result in the increased use of agrochemical since the
irrigated area will have to be expanded. Ecological Region S, which is located down
stream of (he Rau and Ruvu rivers from the irrigation drains end to its inflow point at
NYM dam reservoir (Ecological Region 6) will be affected by pollution because of
increased application of agro-chemicals in upstrean areas.

(1-h} Oubreak of endemic discases and prevalence of epidemic diseases

Prevalence of epidemic diseases is the spreading of epidemic discases attributable to the
adverse effects of development. This is expected to occur in Ecological Region 3,
pasticularly during the operation stage of the diverston channel. Prevalence of epidemic
diseases will occur as a result of increased water on the surface (channels). There will
be a possibility of increased water-bome discase, cspecially malaria  and
schistosomiasis.

Such discases are as well expected to increasingly break-out in Ecological Region |,
before and after the completion of the existing Lower Moshi Project. With the water
surface increased, the number of people to be affected by malaria and schistosomiasis
in and around the project sites will increase.

(1-1) Increase in domestic and other hunan wastes

The increase in domestic and other human wastes is expected o occur as a consequence
of development in the project area. The increase n the waste will result in the
contamination of water, which will cause the deterioration of sanitary conditions in the
project arca, and hence, added discase cases.

Increase in human wastes is likely to occur in Ecological Region 1, especially due to a
huge pilc of rice husks. Increase in rice production will degrade the existing waste
situation.

Simitarly in Ecological Region 3, there will be an increase in domestic wastes, which
will be thrown away into the channel, especially around the existing village area. This
needs to be studied as it will disturb the channel's function and deteriorate its water

quality. People should be educated about relationship of safe disposal of their waste,
diseases and channel's operation.

3.1.2 Naturatl environment
The selected natural environmental dems are:

(2-a) Impact on important fauna and flora, and degradation of ecosystem
(2-b) Proliferation of hazardous species

2-¢) Soil eroston

(2-d) Soil salinisation

{2-e) Change in surface water hydrology

(2-f) Change in ground water hydrology .

(2-g) Riverbed degradation, water pollution and eutrophication



(2-a) Impact on important fauna and flora, and degradation of ecosystem

The project operations including new developments (i.e. expansion and extension) is
anticipated to have impacts on some important flora and fauna as well as on the
degradation of ccosystems, especially that of NYM reservoir (Ecological Region 6).
Ecological Regions 2 and 4 also seem to be valnerable to the impact accrued from the
project operations. It is also anticipated that the decrease in water levelin the dam due
to its increased use upstream and the pollution of water with agrochemical and
fertilisers will be associated with the reduction in fish production and loss of
biodiversity in the dam. The projectis as well expected to have ncgative impact on the
Rau Forest Reserve (near Ecological Region 1) due to the construction of another small
and shoit diversion channel running through the forest reserve.

(2-b} Proliferation of hazardous species

Lcological Region 2 (the construction sitc and dircct upstccam of the planned
headworks on the Kikuletwa river) where inundated arcas at the weir might become a
good habitat for crocodile living in the Kikuletwa river upper reaches. Ecological
Region 4 (downstream area along the Kikulelwa river from the new headworks to its
inflow point at the NYM reservoir) where it is anticipated that, as water flow of the
Kikuletwa river will become weak, the crocodiles population will increase accordingly.
Ecological Region 6 (Areas in and around the NYM reservoir site) where the decrease
in water level which will be associated with extensive arcas with shallow water will
provide favourable habits for crocodile to proliferate rapidly.

Proliferation of dangerous water plants especially at Ecological Region 6 (NYM
reservoir) where the reduced water levels together with the excessive enrichiment of
water with nutrients might favour the proliferation of the so-called dangerous specics
namely safvinia and Eichhomia which have devastated many dam projects in Tanzania
and East Afvica at large.

{2-¢) Soil crosion

Soif crosion is the phenomena in which soil is washed or blown away from the earth
surface by the action of water or wind. Soil erosion is a smoothing or levelling process,
with soil particles being carried, rolled or washed down by the force of gravity. The
main agents which loosen and break down the soil particles are wind and water. As for
the project, soil erosion is expected to occur in Ecological Region 3, i.e. construction
sites for the diversion channel. The construction works will strip vegetation causing
additional soil crosion where fand slope is steep, and this is likely to damage the new
diversion channel.

{2-d) Soil salinisation

An increase of soil salinisation is an expected phenomenon, i.e. salls accumulate in the
surface layer of soils. In this case, items for assessment include irrigation water quality,
irrigation methods and soil properties (this is in relation to water logging and drainage).

Soil salinisation is an essential item since il affects crop growth in the project arca in
and around the project area. Water logging will result primarily from inadequate
drainage and over-irrigation, and to a lesser exlent from secpage from canals and
ditches. Water logging will concentrate salts, drawn up from lower layers in the soil
profile, in the plant root zone.
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Major potential adverse impacts include decrease of land productivity, deterioration and
desertification of lands.

‘The areas of importance under this item are Feological Regions 1 and 5. In Ecological
Region 1 much of the impact is expected here since this zone covers the irrigated tand
and its neighbourhood. ILicological Region 5 represents an area where drainage will
be dicected after passing through the irrigated fand. These two ccological zones make
appropriate areas for monitoring,

(2-¢) Change in sutface water hydrology

lrrigation projects have the potential of causing changes in surlace water hydrology
which may consequently affect hydrological and ecalogical balance of the project arca.
Major potential negative impacts of the Project inchude; inadequate maintenance of flow
and violation of the integrity of exisling water rights downstream the abstraction point;
reduction in fish species and stock and interference with hydro-power generation in the
Nyumba ya Mungu reservoir. The project impacts on swrface water hydrology are
expected to be more felt in Fcological Region 6 which covers the Nyumba ya Mungu
rescrvoir and its surrounding arcas. ‘The main concerns are decrease in water level in
the reservoir and violation of water rights downstream of the dam.

Similarly, diversion of water from the Rau river (near Ecological Region 1) will reduce
amount of waler downstream along the Rau Forest Reserve.

(2-1) Changes in groundwater hydrology

From the expericnces of previous projects in the same Project area, there is a possibility
of encountering problems associated with changes in groundwater hydrology during
the Project operation stage, notably, water logging and increased levels of water and
soil salinity due to excessive recharge of groundwater by irrigation water. The results
of the IEE and reconnaissance survey of the Project site have shown that Ecological
Region I which will be used for paddy cultivation under the proposed Project will be
most affected. The area is currently facing problems of salinisation and water logging.

(2-g) Riverbed degradation, water pollution and eutrophication
Envirommental issues that are pertinent to riverbed degradation are ;

- Scounng/erosion of the river bed leading to the deepening and increase in river
clfective cross section arca and te-suspension of riverbed sludge,

- Sedimentation/siltation of mainly inorganic materials on the river bed leading to a
decrease in the effective size of the river, and

- Accumulation of nutricats on the riverbed keading to build up of sludge and
possible resultant eatrophication.

Water pollution may be caused by activities which age directly or indirectly related to
the Project. Paddy farming is the ditect project activity which may cause water
pollution due to leaching of nitrogen and phosphorus into rivers traversing the Project
site and the Nyumba ya Mungu reservoir. Excessive enrichment of water bodies may
result into cutrophication which can affect ecological balance of the river systems and
fishery of the Nyumba ya Mungu teservoir. - '



3.2

3.2.

Prediction and Assessment of Environmental Impact

1 Soctal Environment

{1-a) Involuntary resctilement

i) Present conditions

Miakuja and Mvuleni villages have six sub-villages each. These are Mabatini,
Upareni, Rizavu, Josho, Mafuriko and Mbyea Juu for Mtakuja village, and Uhuru,
Utamaduni, Ujamaa, Muungano, Usalama and Mapinduzi for Mvuleni village.
However, a few houses are scattered here and there. The scatlered houscs age the
likely ones (o be shilted to the main residential areas to allow for the construction of
the paddy ficlds and the related infrastructure.

i) Selection of prediction methods/models

The method to be used for the ideantification  of the houses to be removed will be
based on comparing the detailed design of the irrigation system in the extended area,
the detail map of the new diversion-channel route, and the existing infrastructures
including housing,

ii)) Prediction of environmental impacts

Involuntary reseitlement for this Project is not expected to be a big issuc because
very few people are expecled to be reallocated to new areas. This is because, the
diversion channel routc does not pass in habitable areas. However there is a
possibility of a few people to be involuntarily rescitled in the extended area to give
room for the farms. These people will be still cesettled within the same villages in
locations where there is already a high concentration of houses. Reliable prediction
can only be done, when a detailed irrigation system and housing distributions are
available.

iv) Assessment of environmental impacts

Criteria for assessment is based on the number of people likely to be affected. Since
very few people are likely to be affected, involuntary resettement has a minor impact.
But there might be significant negative impact, unless private assets (o be lost such
as cultivated land, houses and fruil trees are properly compensated especially along
the diversion-channel route.

(1-b) Conflict among communilies and people

i) Present condition
According to the existing situation conflicts may occur due to land and water
shortages.
Land conflict
Construction of the Paddy plots which started in 1984 and completed 1986 was
executed by foreign and local experts without involving the local farmers. The
following are causes for the land conflicts which occurred :
_ Allocation of private fands to project without any consideration being given to
individual propeity rights, .g. houses, crops, cic.
- Re-allocation of the constructed paddy farms was unfair with some farmers not
re-allocated land at all instead it was allocated to some officials and outsiders.
- Others were not satisfied with the amount of land re-altocated to them.
Water conflict
The existing irrigation project faced scrious water conflicts only three years  after
starting of the project primarily due to the following reasons :
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- The project abstracted all water flowing into Rau River without any consideration
being given to users downstream, thus creating conflicts over waler use between
the project and cultivators both downstream and upstream. '

- Downstream and upstream users were not involved during the planning of the
project. Even the local farmers were not involved.

- YFormal and traditional water rights were not considered.

- During the water shorlages mainly caused by dry season and other factors up
stream, unplanned water rationing was introduced resulting into serious conflicts
due to corrupltion. : : : ‘

From field survey conducted by the consultant in November 1997, more than 70
percent of the interviewed farmers singled out "scarcity of water™ as the main
problem experienced in the existing project arca. More than 50 percent of the
interviewed farmers complained of unfair water distribution while 95% said that the
conflicts in the project are attributed to water use.

i} Selection of prediction methods/models

The prediction method is based on farm survey and the experience from the existing
irrigation project. This method is justifiable because the extended project is similar in
many respects to the existing project.

iit) Prediction of environmental impacts

During the construction of the diversion channel and the maintenance road route
individual propertics such as land and crops will be affected, pasticularly in the areas
closer to Moshi town. Also part of TPC farm will be affected. From the site visit it
was observed that the greater part of the channel will be construcled on undevetoped
land, hence less conflicts. During the construction of the paddy farms and other
agriculural facilities, particularly in the expanded arca and new extension arca
individual properties such as houses, farms and crops will be affected. From the
ficld survey conducted in the arca majority (mere than 70%) are willing to shifi to
other places in case of resellement because of the expected economic benefits.
Through mectings organised by various stake holders in the Project the survey
shows that more than 90% of the farmers are aware of the plan to change the land
use into irrigation scheme. Almost 30 percent of the interviewed farmers believe that
the cxtension programme will reduce community conflicts if is well planned and
exccuted.

Water conflict

If water supply is adequate, conflicts are unlikely to occur. Only proper irrigation
schedule and management is needed. Bul in case of water shortage due to weather or
other technical reasons, water rationing will follow. If not well planned and managed
it will reselt into conflicts due to corruption hike in the phase one. Also conflicts
between formal and traditional rights are likely if upstream users (e.g. Mandaka kwa
Mnono area) are not well considered at the planning stage.

vi) Asscssment of cavironmental impacts :
The involvement of the farmers fromi the carly stages as indicated in the Report will

reduce the tevel of conflicts. Therefore the Project is expected to cause minimnal
conflicts. ‘

{1-c) Population increase and drastic change in population composition

1) Present conditions | '

The existing population in cight villages which are related to the existing Lower
Moshi Project area, the expanded area, and the new extension area is as shown in



Table 1.3. 1. The poputation for Mandaka Mnono and Kaloleni villages are of 1993,
while the data of the other villages are of January 1997. These population figures
were determined by DALDO Office in Moshi. Population as per separate study
(Baseline Survey) conducted ia the villages extending to Lower Moshi Irrigation
Project in 1997 are as shown in Table 1.2.2. A detail study on the population
composition in (he study area to show (he ratio of male, feiale and youths has not
been conducted. However, a study on the houschold member according to gender
indicated a ratio of 51.4% to 48.6% for males to females (Interim Reportf). Another
detailed study (conducted in February, 1997) on the nuntber of farmers, members
and resident condition in Lower Moshi Project indicated population distribution
between males and females as shown in Table 1.3.2.

ii) Selection of prediction methods/imodels

The prediction of population increase is based on the short-term basis (during the
canstruction stage) and the long-term basis (during the operation stage). No
prediction is made during the construction stage, because the necessary construction
details are not available. The prediction during the operation and maintenance stage is
based upon the labour requirements on the existing irrigation farms in the project
arca. This is justified because the extended area has similar ecological and SOcia-
cconomic condilions as the existing project arca. This method is applied on the
assumption that the farming conditions and socio-cconomic  status of the extended
arcas will be similar to the existing Project area.

iii) Prediction of environmental impacts

The process used in predicting is qualitative, because of the difficalties in obtaining
reasonable population figures due to many variables involved. The Project area is
expected (o expand to 7,739 ha from the existing 2,654 ha. This means that the
human resources requirements for the whole Project area will be more than double,
and that labourers will have to come {rom outside the Project area as what is
currently happening. Some of the tabourers hail from Tanga, Lushoto as indicated in
the Report. The doubling of the human resources power requirements will only
occur, if the quantities of water will be available as planned, and farming practise is
maintained as currentlly done. The population will increasc and change in
composilion in two main areas. Firstly in the villages close to the diversion channcl
route and the Project area. In addition, the population changes will occut in wo
phases, the construction and the operation & maintcnance phases.

Diversion-channel route : Construction phase

The population will increase along the villages bordering the diversion channel
because the construction activities will aitract a lot of youth to come and scek
employment. This will involve both casual labourers, technical staff, and service
providers, especially food vendors. The areas most affected will be the intake 1tsell
at the river, the channel and quarty site. The magnitude of population increase in the
Project area will occur differently in the area of the existing irrigation system and in
the extended area.

Diversion-channel route ; Operation & maintenance phase

The intake, diversion channel and the gravel source are not expected to have many
people at this stage, because the human resources requircments for maintenance
activities will be fow. . - .

Existing project area : Construction phase

The population is expected to increase in the existing project area because of the
construction of diversion channel which will parily pass in the arca, and in the areas
where the improvement and rehabilitation of some pasts of the drainage systeins and
the access roads will take place.




Extended arca : Cons truction Qh"‘SQ

In the extended area, the population is as wcll expected to increase a great deal,
because of the many engineering works which are expected to be cartied out, such as
levelling, construction of irrigation system, road network and other retated works.
Existing project area : Operation & maintenance phase

The population in the existing project area is expected to increase because of the
increased water quantitics. This will lead to the farmers to cultivate their fields twice
a year, as opposed to the current practice of cultivating rice after an interval of one
year. The increased farming activities will lead to an increased nuimber of labourers
working in the rice farms. The increased farming activities can also lead to the
generation of the other cconomic and service activities, which in turn will attract
more people in the area.

Extended area : Operation & maintenance phase

The extended area is expecled to have adrastic increase in population as a resuli of
increased irrigated farming activities. It is expected that more labourers will be
attracted, new settlers will come to lease the village fields, absent farm owners will
come back to do farming activities and technical staff, and service providers will
seltle in the village to give the necessary services.

iv) Assessment of environmental impacts

The criterta for assessment is based on relative change of population and the
expansion conscquences o the Project area. Population change has a imajor impact,
and the necessary mitigation measurcs must be taken to absorb the new population.
The present water and sanitaion services are not enough so that these services

should be arranged to mitigate the future social negative impacts due to the predicted
population increase.

(1-d) Relocation of bases of econoinic activities and occupational change

1) Present conditions

There are 7 villages engaged in fishing around the Nyumba ya Mungu reservoir.
The irrigation project might effect their fishing activities, if there will be a fall in
water levels or pollution of water al the reservoir, to the extent of affecling the
fishing stock. It is estimated that, atotal of 624 pcople ( data for 1997) arc engaged
in fishing activities. The trend in fish catch (from 1987 to 1996) show that there is
significant drop in fish catch at NYM reservoir. The fish catch from 1987 was 4,218
tons while that in 1997 was 408 tons (Table 1.3.3). This means that by 1996 the fish
catch dropped by 90.4 percent. The drop in fish catch is accompanicd by a
corresponding drop in number of fishing vessels as wel! as the number of fishermen.
It is obvious that as the fishery becomes poor many fishermen are forced 1o quit.
According to the Regional Fisheries Officer for Kilimanjaro Region, fishing
devices/gears include, beach seine, gill neis, hooks and basket traps. Beach secine
however have currently been totally prohibited in virfue of their ability to catch
breeding and inunature fish and to degrade the envirenment of the reservoir floor on
which the fish spawn. Studics by Nhwani (1984) on the trend of the fishery of the
Nyumba Ya Mungu reservoir showed that, Tilapia were dominant in the commercial
and experimental calches wilth Areochrontis Esculenta contributing more than 80% of
the catches at any time in both gillnets and beach scine. He also reported that the
fishing practices, using gillnets of average mesh size 57.1 mm and use of beach
scines of average mesh size of 48.9 mm has culminated into decline of O. jipe and
virtual disappearance of the related and similar size species O.' pagani from the
reservoir. Discussions with local people living in villages near the reservoir reveated
that the drop in fish catch is partly due to reduction in water level in the reserveir.
They also pointed out that the irrigation activitics upstream have no impact on the
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watcr fevel in the reservoir, and that the extended drought period has significantly
affected fish population in the reservoir. At preseat all villages surrounding Nyumba
ya Mungu reservoir depend on fishing as their main economic activity and also fish
being their main staple food. However in recent years, there has been a decrease in
fish stock and also some fish species have alimost disappeared. The main reason
cited by the villagers is the over fishing because of increase poputation of the
fishcnmen, and also the illegal use of small size nets. Through the interviews 47% of
the fishermen have monthly income of between Tsh. 25,000 o Tsh.40,000, 41%
their monthly income is above Tsh.40,000.

it) Sclection of prediction methods/models

The methods used to predict the futare fishing stocks is based on water balance,
waler quality and the past trends of fishing stock and activities. This is justifiable
because it shows the quantities and quality of water entering the reserveir whea the
project is running. The past data on the fish stock shows the trend of fishing
activitics without the project. The prediction method will work only il the project
parameters are adhered to and there are no extreme dry weather conditions.

ii1) Prediction of environmental impacts

The process of prediction is qualitative even though the input for prediction, water
balance and water quality are quantitative. The Project will not aftect the current
trend of fishing activilics, because the water used for the Project will have minimal
effects on the reservoir. (Refer to the following Sections 3.2.2 (2-a) iii) and (2-e}iii)
for more details.)

iv) Assessment of environmental impacts

The assessment is based on degree of impact on the fishing activitics. There is
minimal impact of fishing activities, therefore there will not be relocation of
cconomic activitics and occupational change.

(1-¢) Adjustiment of water and fishing rights
Refer to Items (1-b) and (1-d} above for assessment results of this item.
(1-f) Changes in social and institutional structures

i} Present conditions

In the Project area the key players for O & M are the KADP, CHAWAMPU, to a
little extent WUG. In the future, CHAWAMPU and WUG will be the main players.

ii) Selection of prediction methods/models.

The prediction of the social changes are based on the expericnces gained from the
cxisting Lower Moshi project and similar projects elsewhere. The institutional
changes arc based on the proposals as documented in the Report. This method is
justificd because it is based on the cxisting experience and on the proposals of the
Project. The produ:uouv. will only be close to reality |flhc Project is implemented as
planned.

i) Prediction of cnvnronmenlal impacts

The process- of prediction is qualitative. There will be social changes in terms of
population and population composition, due 1o increased services and economic
opportunities. These changes will not only increase the well being of the people but
can also bring conflicts and new diseases to the arca. Changes will also occur in the
institutional structures because the KADP will relinquish most of #s activities and



give more responsibility to CHAWAMPU and WUA to run the day-to-day activities
of the Project. The irrigation project will bring changes in social and institutional
shructures, because there will be a rapid increasc in population both in numbers and
composition. There will also be an increase on public services such as water for
hiouschold use and livestock, electricity from the mini-hydropower stations, and an
increase in accessibility because of the construction and improvement of service and
canal roads. The institutional change will bring efficient system for running the
Project and ensuring its sustainability. However these changes can also lead to
conflicts against the traditional institutions operating in the arca.

vi) Assessment of environmental impacts

The criteria for assessment is based on the positive and negative aspects which the
social and institutional changes can bring. However as long as miigation measures
are adhered to, these are expected to bring more positive aspects, than negative. On
overall, changes can be treated as positively significant.

(1-g) Increased use and residua toxtcity of agro-chemicals

i) Present condilions

Agro-chemicals used are in three categories, which are pest control, disease control
and sced disinfection. The amounts of agro-chemicals applicd annually in the
exisling irrigalion arca are estimated as below (T. Horibata, 1992).

Pest control

Insect pest Chemical [ Dose/ha Annuval Amount
Rice steim Borer Diazon or sumithion 450 cc 4,500 1
-striped ‘
-pink
Stalk-eyed fly Diazon or sumithion 450 cc 4,500 1
Actworm and worm | Diazon or sumithion 456 cc 4,500 1
Annual total 13,5001
Discase control
Discases Chemicals Dose/ha |- Anntial Amount (1)
Blast Pthalide solution 1,200 m! 12,000
Karugamycin 1,800 ml 18,000
Sheath blight Validamycin diclomezine 1,060 mi 10,000
Bactenal leaf streak Oxinalic acid 1,800 1 18,000
. Annual total - 58,000
Herbicides
Herbicides ! Dosc/ha Annua) Amount
Stam  F. 34 (Propamil) 121 120,000 !
Basagrain Bentazon 48% 6-8l 70,0001
Rilof 6-81 70,0001
Orza 9-12 kg 105,000 kg
Seed disinfection
Chemical Trealment Dose Annual amount
Thirambenong {Soak dry seed for 24 - 48 [50g/10) (x 200) 100g for 1,000kg
(Benlate)  hrs dress dry seed 10kg of dry sced
Trifmine Soak dry seed for 24 - 48 [33/101  (x 300}
hours '
Oxolinia acid | Dress dry sced dry seced | S0g/10kg of dry seeds| = 2226.76kg
25g/101 '
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it) Selection of prediction methods/models

The project arca under consideration is the Nyumba ya Mungu reservoir and the area
surrounding. Samples were taken from water sources feeding the project arca and
drainage channels draining the project area (bolh the existing and the expanded area).
Nyumba ya Mungu reservoir was also sampled for controt and follow-up purposcs.
Experience already gained from the existing Lower Moshi Project and other projects
were used as a basis for impacts prediction.

iti} Prediction of environmental impacls

The impacts are predicted using a quantitative process, receiving water quality
analysis results (sec Section 3.2.2(2-g)i)) for more detail) and arca coverage.
Cheinicals application rate, frequency and demand are used in predicting their impact
on the Nyumba ya Mungu reservoir. No nutrients in excess were found in the
receiving water bodics {see water analysis data in Table 1.3.4). This is an indication
that if chemicals are applicd properly the effect on recciving waters including
Nyumba ya Mungu reservoir can be minimised. The Project will have no significant
impact on receiving water bodies and the environment if proper control of applicaiion
of cheicals is made and kept at the present levels.

iv) Assessment of environmental impacts
Considering the plan for rational application of agrochemicals proposed in the Report,

the overall impact due to increased use and residual toxicity of agro-chemicals will be
insignificant.

-h) Outbreak of endemic diseases and prevalence of epidemic discases

i) Present conditions

Tables 1.3.5 and 1.3.6 show the distribution of reported cases for the whole year and
S years respectively. In order to ascertain the existence of epidemic and endemic
discases, the data oblaincd from hospitals for a period of six years, that is, from
1987 to 1993 according to Water and Vector Borne Disease Survey (1994) was used.
‘Fhis revealed that malaria, diarrhoeal, intestinal worims, eye infections and bitharzia
(schistosomiasis) arranged in that order of their prevalence, are the commonest
debilitating infections in these places, Before and after completion of the Existing
Lower Moshi project, water-borne diseases such as malaria and schistosomiasis had
prevailed.

Malaria

Mosquitoes of the genus Anopheles are known to be responsible for transmission of
malaria. Which means, despite the absence of an attempt to identify them on-site, the
prevalence of malaria in Lower Moshi area confirms their presence. This implies that
irigation by flooding the fields wilt provide an excellent environment for their
survival and hence increased malaria cases.

Diarchoea

The case of diarrhoea is however different, in that, in some years like in 1989, the
hospital reported cases went down relative to other recorded years. This means that,
measures could be taken to minimise such an epidemic.

Intestinal worms .

Intestinal worms cases appearing in Table 1.3.6 is somchow constant, which means
that this disease is as well endemic in the arca. The majorily of intestinal worms
affecting the farmers in irrigation schemes are hookworms and round worms.




Schistosomiosis

Schislosomiasis as well is endemlc in the area as shown in Tables 1.3.5 and 1.3.6, A
farge number of Biomphalaria pfeiffer and B, sudania have been found in drainage
canals of the project arca, while a few Bulinus tropicus, non-vector of haematobiun:
infection were also collected (Yasuraoka, 1995). In Kilimanjaro Zonal lIrrigation
Schemes, Schistosomiasis is widespread among peasant farmers and school childeen
who bath in contaminated water especially the irrigation canals.  The presence of
this disease proves that there exist vector snails which perpetuate it. A lot of work
on this disease has been done on the Lower Moshi Scheme involving school children
who are susceplible to this discasc.

FYL infections recorded in lhc 1994 study did not mention the vectors which transmit
them. However, many of the eye infections are known lo be fransmitted by flies,

nofably trachoma and river blindness (onchocerciasis). From the dala obtained at the
dispensarics it can be concluded that, the reported cases of eye infections have an
indirect relationship with wind speed. Whenever the wind speeds are high, cye
infections decreased and vice versa. This strongly suggests that, infection of the eyes
are not due to dust blown off by high wind speeds. Rainfall appears to have a
noticeable relationship wilh eye diseases. When there is no or little rains, the cye
diseases reported cases are on the medium level, that is between April and September
whercas, during the beginning of the rainy season, mid-September lo mid Janvary,
the cases drop considerably and are raised sharply in February. Such a pattern is

noticeable for Lower Moshi area according to the data gathered from Mabogini
Dispensary.

ii) Selection of prediction methods/models

‘The prediction of diseases have been based on the existing trends of hospital
reported cases, based on the data obwained in dispensaries as presented in Tables
1.3.5 and 1.3.6. There are no conditions set for the application of chosen method.
The sclected method can continue to be re-tested by continuous collection of data.

iii) Prediction of environmental impacts

Experience: has shown that the considerable increase in the prevalence of
schistosoiniasis has followed the establishment of urigation schemes in most
cndemic areas of Africa according to Yasuraoka (1995, p. 2). Bt is clear that the
canals might harbour or act as a breeding site for mosquitoes and therefore added
malaria cases. [Uis not only that, but also, the snails may not be washed away due to
reduced speed of water and therefore prevalence of schistosomiasis in the area.
These problems might as well be caused by the swampy conditions during rainy
season cach year and flood attacks. Given the increased agricullural activities, that is,
cxtension of the irrigation scheme, the prevalence of malaria will be eminent. [t will
continue to be the endemic disease in Lower Moshi. With the water surface tncreased,

the number of people affected by these diseases in and around the Project sites will
InCreasc.



iv) Assessimient of environmental impacts

In this casc, the criteria used for assessment is mainly on the productivity side.
This is because, for people to do any developmental activity, they should be in good
health, otherwise diseases incapacitale them from attaining goals in their life. The
existing canals are overgrown with grasses which reduces the flow velocity and
therefore,  siltation  problem occurs and  increased cases of malaria  and
schistosomiasis. The new canals will be lined and velocity of flow to be in such a
way that, it does not allow silt deposilion and ponding, and therefore, no negalive
impact if they are properly operated. In Lower Moshi, it was obscrved that, there
exist many grasses and sediments in the drains. Grasses and sediments should be
removed regularly in order (o deny habitat for disease vectors. The proposed waler
managerient plan for the new Project site as indicated in the Report will alleviate
these problems. This will give rise to clean environment which discourages breeding
of diseasc vectors.

(1-1) Increase in domestic and other human wastes

i} Present condition

Poor disposal of husks in the project area is currently a serious problem.
Previously, husks uscd to be burnt that led to serious air pollation problems from
smoke. Currently, the husks are no longer burnt, as such they are piled-up around
paddy milling machines. The main rice mill in the study arca is owned by the
Kilimajaro Paddy Hauling Company (KPHC). It caters for paddy farmers and
traders in and around the project area. During the year 1996 the milling centre
received 4,928 tons of paddy and processed 4,515 tons. Nearly 50% of the paddy
comes from the existing Lower Moshi Project Area. The milling machine has a
capacity of 21 to 30 tons of dried paddy per day. The rice mill is operating at about
50% of its capacity. The ricc mill is getting popular in an around project area because
the rice milled in this facility does not contain foreign matters such as small stones,
sand and straw.

ii) Selection of prediction inethod/models

The method used for predicting the amount of husks production is based on the total
amount of paddy currently processed. In the absence of rehable information
regarding the amount of waste currenlly being generated, two assumptions are made.
Firstly the amount of waste (husks) generation is 25% of the total amount of paddy
processed, and secondly, in future, the milling machine at the project site will
operate at 100% capacity.

ill) Prediction of environmental impacts
From the above analysis the total amount of husks to be generated can be taken to be
4,515 ton x 0.25 x 2 =2,258 tons per year.

iv) Assessment of environmental impacts

The gencrated rice husks will be piled up more, especially around the existing areas
of villages. This will disturb the channel's functioning and deteriorale its water
guality, thus affecting people and livestock in its surroundings. Rice husks can also
pollute the air after being blown away by wind.
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3.2.2 Natural environment

(2-a)Impacts on important fauna and flora, and degradation of ecosystem

1) Present conditions

Nyumba ya Mungu reservoit ‘ : _ ‘
These arc primary producers and providers of fish brecding habitats, shelter apainst
predators and wave action. The excessive growth of the plant which may cause
problems related to navigation, fishing and excessive water loss via transpiration
does prevail in the reservoir. The Kikuletwa river, Unlike Ruvu river, drains Mount
Meru (said to be rich in fluorides) and then passes through large coffee and sugar
plantations. Inscclicides, fertilisers, weed-killers or other chemical by-producls
could be carried down into the dam. These chemical by-products in excessive
concenirations, could lead to cxcessive growlh of aquatic plants and hence,
disturbing the dam ecalogy and the associated fishing activities and fish production.
However, the absence of the massive growth of aquatic plants in the reservoir shows
that the river does not carry high concentrations of the nutrients inte the dam. Fish
population at Nyumba ya Mungu (N YM) reservoir is dominated by Tilapiasp. They
include Tilapia paigani, T. jipe, T. esculewta and T. rendalii.  However, it is
reported that there are about 20 species of fish from seven familics. A list of the main
species which exist in the river systems, in the reservoir and areas immediately
upstream and downstream of the reservoir has been studied and reported by Bailey
(1974) and the results are presented in Table 1.3.7. This also indicates their
distribution in the reservoir and rivers. The information concerning reproduction of
major species of fish in the reservoir is less satisfactory and the major spawning
grounds have not been discovered. However, Bailey (1974) suggested that the
reservoir condition have favoured the spawning of filapias, Haplo chromis and
Rhabdalestes, while the breeding of Barbus sp., Labeo sp. and Clarias mosanbicus,
probably is associated with flow regimes in the affluent rivers and strcams. The
distribution of Barbus sp., Labeo sp. and clarias in the reservoir, the location of fish
traps in inflow channels, and the statement of fisherics staff {Bailey, 1974), made it
possible to suggest that these fishes are anodromic migrating inte the inflows and
peripheral streams when they become swollen during the rains. These preliminary
findings suggest that these fish do not migrate longer distances upstream in the river
systems.

Upstreams and downstreams of the Kikuleiwa rivet

The up- and down-streams of the Kikuletwa river is dominated by riverine lowland
vegetation. A narrow strip of cvergreen vegetation is seen along both banks of the
river.

Protected forest reserves (Rau and Kahe §1 Forest Reserves) : ;

Rau forest reserve is a lowland rain forest which is located South East of Moshi
Town and North eastern side of the existing Lower Moshi project and sucrounding
expanded arca. It occupies a total area of 620 ha and it harbours many springs that
supply water for the Mabogini intake weir and the surrounding expanded area. Some
springs supply water to Rau river to which Rau ya Kati intake weir has been
constructed. The Kahe 11 forest reserve is also a‘lowland rain forest. It is situated
adjacent to the project area south of Rau Forest Reserve. It has an area of 202 ha.
Since it is situated below the project area its value in terms of water source is
minimal. However, this forest breaks strong winds that blow towards the project
arca and hence, minimises water loss in the atmosphere. The valuable Rau and Kahe
Il Forest Reserves are surrounded by farms and residential houses. Due to their
location near the expanded arca of the jrrigated lands, problems relafed to
encroachment to the forest reserves, illegal tree felling and removal of selected tree
species for selling are anticipated. The management of both Rau and Kahe 1 forest




reserves is under the central government where it is catrusted to the Ministry of
Tourism, Natural Resources & Environment through its Forestry & Bee Keeping
Division. Regional-wise, they are under the Kilimanjaro Catchment Forest Office.

i) Selection of prediction methods/models

The methods used for prediction of the impacts of (he project on flora and fauna at
the reservoir and river systems include water balance survey, analysis of water
quality and existing data available at the Regional Natural Resources Offices at
Kitimanjaro Region. Justification for sclection of the water balance survey is duc to
its ability to predict volames of water in the reservoir under different cropping
alternatives and hence indicate whether the reservoir will be able to sustain fish
productivity, fish biodiversity and the aquatic ccosystem in the teservoir at large.
The analysis of water quality as a mcthod of impact prediction is justified by its
reliability in providing data/information on pollution levels in aquatic environment
and therefore the suitability of the water for fisheries development and animial drink
will be assessed. The use of existing data is important as it enables one to understand
the trends in fish productivity and biodiversity as well as the trend in water quality
changes. This will assist in designing the appropriate mitigation mceasures for the
predicted impacts. Gathering informations from local people on issucs related to
water quantity and quality, in the reservoir, and river systems is another valuable
prediction method. This methodd of prediction is justified by virtue of its ability to
assist in getting information which reflect the actual sitvation pertaining to the inpact
of the project to the life of the local people.

iii) Predictions of environmental impacts _

Data for water quality analysis suggest that, water in the reservoir is not likely to be
polluted by chemicals coming from irrigated land. This is because the concentrations
of T-N and T-P (nutrients) and fenithrothian (agrochemical) in both river system and
reservoir system are below Tanzanian Temporary Standards and Werld Health
Organisation Standards. Therefore the potential impacts of the Project on degradation
of dam ccosystem including fish productivity is not expected to occur. The
eutrophication of the reservoir due to excessive enrichment of water with nutrients is
also not likely to occur in a near feature. However, monitoring of water qualily in
river system and reservoir will be needed. There is a significant decrease in fish
catch, loss of biodiversity and degradation of reservoir ecosystem due to unfriendly
fishing technologies used by the commercial fishermen and the local people which
live near the reservoir. Natural fish predators especially crocodile are partly
responsible for the problems related to drop in fish calch. 'This shows that the
operation of the Project will have no impact on NYM fishery.

iv) Assessment of environmental impact

The impact of the project on important flora and fauna will be assessed by ranking
the impact as causing no impact, mild negative/positive impact, moderate
negative/positive impact, significant negative/positive impact or highly significant
negative/positive impact. Based on this assessment criteria, the irrigation project is
predicated to have the following impacts. There will be ao impact on fish
productivity and biodiversity at NYM reservoir. The loss in fish catch and
disappearance of some reservoir fish species is caused by loss of breeding habitats
for fish and over fishing using unfriendly fishing gears. The Project operation will
have no impact on pollution of water in the seservoir because the concentration of the
nutricnts (T-N and T-P) and agrochemicals (fenithrothian) in the river syslems
flowing through irrigated tands into the reservoir is far below international standard.
The concentration of these chemicals products in the reservoir is even lower than that
in the incoming river water. The Project operation will have no impact on the two



forest reserves (near Ecological Region 1). Reduction of waler due to the another
diversion plan will not severely affect the Rau Forest Reserve, because only 15% of
average annual flow will be diverted.

(2-b) Protiferation of hazardous species

i) Pn,scnl conditions

The up- and down-streams of Klkuh,{wa river are dominated by riverine lowland
vegetalion. A narrow strip of evergreen vegelation is scen along both banks of the
river. Crocodiles are reported to be present in riverbanks where the s.pced of waler is
low specifically at the confluence and at constructed weir where massive growlh of
litoral wacrophytes cspecially Typhea domininguensis, Cyperus spp., Phragmites
mauritiows and Ludwigia erecto take place. Also in some springs like Chemka
springs crocodiles are reported. Table 1.3.8 shows the incidences of crocodile
attacks in various places for the year 1996/97. The dangerous water plants,
Eichhomia have known to devastate many dam projects. The explosive growth of
Eichhomia have been known to interfere seriously with operations of many dam
projects. The explosive growth of Fichhomia crassipes have recently been causing
problems on Hale dam, Tanzania (Bailcy, 1974). The Eichhomia is the great threat
to fishery at NYM reservair by virtue of its presence on the Lower Pangani (Bailey,

1974). Monitoring of proliferation of Eichhomia at NYM reservoir is however
recommended,

ii) Selection of prediction methods/models

The methods which will be used for prediction of the impacis of the protiferation of
flora and Fauna arc analysis of waler qualily and cxisting data available at the
Regional Natural Resources Offices at Kilimanjaro Region and gathering information
from jocal people. The justification for the selection of water analysis is based on its
ability to provide data on pollution levels (nutricnts) in rivers and reservoir, hence
one can predict the abilily of the reservoir to support massive growth of dangerous
water plants. The use of existing data is important as it will lead to the understanding
of the trends of proliferation of crocodiles and dangerous water plants so that
appropriate mitigation measures could be developed. The gathering of information
from local people on issucs related to water quality and guantity, incidences of
crocodile attacks is justified by its viriue of the abilily to assist in getting information

which reflect the aclual situation pertaining to the impact of the project to the life of
the local people.

iit) Prediction of environmental impacts

There is a high incidence of crocodile attacks on people and Iwestock The crocodiles
are s2id 10 be confined to shallow water areas of the dam. The water level in the dam
has been reported to have decreased especially during the past (wo years due to
extended drought which affected many other parts of Tanzania. Fluctuations in water
level in the reservoir is not associated with the project activities because the results
from the waler balance survey reveal that the quantity of water flowing in the river
downsteeam to this reservoir is sufficient and hence fluctuation of level of water in
the reservoir is not anticipated, ¥t is therefore evident that the Project operations will
have no impact on crocodile proliferation in the reservoir. The crocodile population
in the rivers {especially Kikuletwa fiver) has shown to increase at a faster rate. The
incidences of crocodile attack on people and their livestock in. 1997 has been
relatively high. Crocodiles are commonly found near the river banks where the speed
of water is low. The speed of water at the river banks is reduced by the massive
growth of littoral macrophytes. It is most likely that the nutrients leached from the
nearby irrigated lands favour the growth of these aquatic plants. The inundated arcas
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at the new headworks will become suitable habitat for crocodiles living in the
Kikuletwa river. Monitoring of the crocodile intrusion and proliferation at these sites
is recommended. Past data on crocodile attacks were not available at the Regional
Natural Resources Offices. Due to this reason, it was not easy to compare the
present and past incidences of crocodiles attack.

iv) Assessment of environment impacts

The criteria for assessment is based on whether the Project operations will facilitate
or reduce the proliferation of the hazardous species in the ecarmarked ecological
regions. The Project will be regarded as having significant negative impact,
especially in Ecological Region 3, due to the new diversion channel.

(2-¢) Soit croston

i) Present conditions

Studies done in 1994, at Musa Mwijanga and Kikafu Chini (Mshindo, 1994) show
that hilly arcas where part of the diversion channel is (o pass is subjected to soil
crosion. The soil erosion especially gully erosion is increasing with time because of
the removal of the vegetation cover. The low arcas where farms are located, are
subjected to sedimentation from the upper parts. The low arcas are classified as
moderate crosion areas.

it) Selection of prediction methods/models

The prediction of soil crosion is based on the experience from similar pmjecl‘;
elsewhere, and the knowledge thal when vegetation cover is removed and local
slopes are created through engineering works, soil erosion is likely to occur unless
preventive measures are taken. The universal soil loss equation (USLE) model could
not be used because of many missing parameters. This method is justified because
not only that the data to apply the USLE medel is missing, but the channel will be
lined and the embankinent will be properly landscaped and regularly maintained to
minimise soil erosion. The prediction will only be valid if the channels are
constructed, landscaped and maintained as planned.

iii} Prediction of envirenmental impacts
The prediction process is qualitative. There will be low soil erosion because of the
low erodibility of the subsoil, lining of the channel, landscaping and regular

maintenance. This prediction is based on the fact that proper mitigation measures will
be carried out.

iv) Assessment of eénvironmental impacts
Soil erosion is not a significant issue since mitigation measures incorporated in the
water and soil management plan will minimise impacts of the Project on soil erosion.

(2-d) Soit safinization

i) Present conditions .
In the southern end part of the irrigated arca, substantial distribution of salt-
accumulated soils have been identified. The Kikulelwa river, from which water for
irrigation will be diverted, has high contents of salts (sce Item (2-g) below).
However, the salinily level and sodic conditions are not permanent characteristics of
the soil ‘and their presence may not be very significant to irrigation development if
leaching condilions are salisfactory. Soil analysis studies in the existing Lower
Moshi Project show that there is no tendency of salt accumulation in rice ficlds. On .
the contrary, the two soils in the upland ficlds adjacent to paddy fields show high
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accumulation of salts compared with the soils in the adjacent rice fields. This might
have resulted from the rising of the water table duc to irrigation in paddy fields or
from leaching of salis occurring during rice cultivation. The lower portion of the
existing Lower Moshi Irrigation Project is susceptible to salinization. It is estimated
that over 80 ha of the pilot plot has been affected by salinity. Salinity is evidenced by
the presence of indicator plants (Crepressus Specics, "Minywangwa") that dominate
the arca. Also white layers of saline soil can be seen-along the road. Similarly,
darkish colour of the soils which results from the reaction between salt, element
{NaOH) and organic matiers are scen enormously in the arca. In any casc it is
obvious that there is no tendency of salt accumulation in paddy fields due to irrigated
rice cultivation for a period of some ten years. Water analysis resulis show that
saline water will be introduced into the project through the diversion channel from

Kikuletwa river. EC for Kikuletwa river is 1082.0 ps/fem and SOy4 concentration is
41 mg/ an indication of salinity causing elcinents.

ii) Sclection of prediction methods/models

The prediction of salinization is based primarily on expericaces already gained {rom
the existing Lower Moshi [rrigation Project and other similar projects. Waler
behaviour and soil propertics as far as irrigation agriculure is concerned are also
considered. Arcas around the project area are considered and sampled for
COMPpArison.

iii) Prediction of environmental impacis

The impacts are predicted using a qualitative process, although soil and water qualily
analysis results are quantitative. The Project will have no significant impact on soil
salinization if appropriate miligation measures are taken as planned.

iv) Assessment of environmental impacts

The assessment is based on the degree of impact on land productivily, soil
delertoration and desertification as caused by soil salinity. There will be minimal
impact of land productivity, soil deterteration and desertification from the Project.

(2-¢) Changes in surface water hydrology

1) Present Conditions
Surface water hydrology of the Project site can be classified into two major
categories such as ; .

- River systems (Kikuletwa and Ruvu)

- Lake system (Nyumba ya Mungu reservoir)
Kikuletwa river system —
Because the base-flow discharge is large, the runoff duration of the Kikuletwa river
is very advantageous for a water-use project. Groups of springs (Chanika, Ngulu,
Rundugai, etc.) having abundanl water, are distributed along the Kikutetwa river
main stream and the tributaries including the Kware river. Particularly in the dry
season, this spring water contributes greatly to the discharge of the Kikuletwa River.
Discharge data for the river system have been established based .on measurements
made at gauging stations : 1DDI1 on Kikuletwa river, about 400m downstream of its
confluence with Kikafu river, and {DD54 on the- Kikuletwa river, about 300m
downstream of its confluence with Sanya river. A summary of monthly discharge
data for IDDY and 1DD54 gauging stations are presented in Table 1.3.9. Data based
on 80% conlidence interval are also presented. The flow in the Kikuletwa river is
made up of base flow from spring water and flood water during the rainy season

between April and June. A base flow of 10n3/s bas been observed at 1DDS4. The
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annual specific discharges are 7.13 Us/km? at 1DD54 and 5.75 Us/km? al 1DDL, In
May specific discharge at 1DD1 is 14 Vs/kimZ, which is higher than that for 1DD54

which is 12 Ys/km2, The analysis of flood and low flow occurrence probability is
based on annual maximum and minimum discharges. The maximum discharges at

IDDS4 and IDDI are 29m3/s and 30m3/s respectively. Results of the flood
occurrence analysis for different return periods are presented in Table 1.3.10. The

probable discharge for a 100 year return period, which is 234m3fs as shown in
Table 1.3. 10 is low considering the size of the corresponding catchment area. This is
attributed to the existence of a wetland upstream of the Kikuletwa river in Arusha
region. The wetland could moderate the peak discharge and, hence, the low peak
discharge value predicted. Results of low flow occurrence analysis for different
return periods are presented in Table 1.3, 11, As shown in Table 1.3.9, the flows at
both 1PD! and IDDS4 are comparable despite the difference in the size of their
catchment arcas. This is attributed 10 the fact that the Kikulelwa river is fed by a
steady base-flow which originates from springs located in Rundugai and Hai areas,
upstream of the Tancsco Hydropower stations. For a confidence interval of 80%,
flow at 1DD54 is estimated at 9m3/s.

Ruvu river system

The Ruvu river originates from Lake Jipe from where it flows towards the south-east.
Its main tributaries are Himo, Mue and Rau rivers, which are fed by base-flow from
springs located on the slopes of Mount Kilimanjaro. The Ruvu river finally drains
into the Nyumba ya Mungu reservoir. The Rau and Njoro rivers, which are the
tributary of the Rau river, are the main water sources of the existing Lower Moshi
irrigation project. The Rau river originates from the Mt. Kilimanjaro and traverses
the area for the proposed project. Mwanangurue spring which is situated in Mandaka
Mnono is a reliable source of water for the Rau River. The slope of the river is
between 1 : 5 and 1 : 30 on the mountain stope and between 1 : 200 and 1 : 400 near
the project arca. The catchment area of the river Rau is estimated to be 122 km?
where it crosscs Moshi to Taveta road. Discharge data for the Rau river at a gauging
station located down stream its confluence with Njoro River are presented in Table
1.3.12. The Njoro siver, a tributary of Rau River, is mainly fed by Njoro ya Dobi
and Goa Springs.. Supply from these springs is reliable, thus, Njoro river has stable
flow throughout the year. Its catchment area is about 15 kay’ at the conflucace with
the Rau river. Mean monthly discharge data for the Njoro river at Mabogim intake
weir is presented in Table 1.3.13.

Nyumba ya Mungu Reservoir

At the spill tevel the water depth at the dam site is 41. 15 mand Mikochent village at
the shallow northern end of the lake is at the water's edge. Maximum surface area

when the reservoir spills estiniated from the map contours is 180 km? and the
minimum surface area is 110 _km?. According to these estimales, a one meter
reduction of water will expose some 20 km? of shore. The storage volume of the
take at full capacity has been estimated by three authorities. The Ministry of Natural
Resources & Tourism, Tanzania (1992) gave a figure of 9,1 14,000,0001113, Bailey
{1965) quoted 1, 120,000,000 m3, and it was concluded that the capacity of the lake
is not greater than 1,600,0_00,0001113. Baileys figure of 1,120,000,001113 for the
capacity of the lake is considered to be more realistic. The depth of the lake ranges
betweenS and 41 m with a mean of 6 m. The reservoir obtains its main water supply
from the Rau and the Kikuletwa rivers which receive drainage water from the
southern stopes of Mt. Kilimanjaro, Lake Jipe and Mt. Meru. The reservoir losses

its water mainly by discharge through the dam into the Pangani river. The reservoir
is used for gencrating power. Two water balance analyses are presented here for



comparison purposes. The first analysis which was done by Baalcy in 1974 assumed
that no water is lost through sublerrancan leakage, and therefore it was exprcsscd as
follows:

Inflow + direct rainfall = outﬂow + e\"tporauon + change in volume due to

water level fluctuations

Meastrable factors that weee used in the analysis arc water loss by discharge through
the dam, water gain by direct precipitation on the lake, and the change in lake level.
Evaporation was estimated from radiation and cvaporation pan measurements.
Results of the water balance analysis are gwen in Table 1.3.14. The water balance

analysis shows the water inflow rate is 36 m 315, while the discharge from the dam is
27 m3/s and water loss from the dam is 38 m'/s. Therefore, an average rate of 27

m3/s accounted for three quarters of the total water loss, while cvaporation
accounted for the remaining quarter,

i1) Selection of prediction methods/models

Predictions of volumes of water in the reservoir for two croppmg alternatives was
donc by analysing the water balance of the reservoir using a dynamic compuler
model. This medel was validated by JICA Study Team by comparing simulation
results and measured data. Simulation results and measured data differed by £10%.

jii} Prediction of eavironmental impacts ;
According to the results of the Initial Environmental Examination, abstraction of
water for irsigation purposes from Kikuletwa river may cause changes in surface
hydrotogy of the Project site. Changes of surface water hydrology may cause
negative socio-economic and ecological impacts. During the IEE, it was found that
Nyumba ya Mungu reservoir (Ecological Region 6) will probably be aftected by
changes in the surface water hydrology in the Project site. To predict if there will be
any negalive impact due to water abstraction from the Kikuletwa river the Nyumba
ya Mungu water balance was analysed by using a computer simulation model. The
water balance analysis using a dynamic computer simulation model, performed by
JICA Study Team, is presented below ;
$2-S1=Q1+Q2+Q2+Q3+Q4-Q5-E-8§
Where S1: Storage in the dam at the beginning of the month

$2: Storage in the dam at the end of the month

Ql: Inflow from Kikuletwa river

Q2: Inflow from Ruvu river

Q3: Retuin flow through groundwater after irrigation

Q4: Inflow from the area downstream of IDD1

Q5: Qutflow from the dam

E: Evaporation from the reservoir

S:  Seepage from the reservoir =
The above water balance analysis model was applied to the two irrigation cropping
alternatives. The results of the analysis are presented in Table 1.3.15. The water
balance anatysis has shown that abstraction of water from the Kikuletwa river for the

two alternative crapping patterns will not affect the operation of the Nyumba ya
Mungu dam.

iv) Assessiment of environmental impacts
Major potential negative environmental impacts due to changes in surface water

hydrology which may be felt during the post-construction phase (operation phase)
include ;

Water shortage in NYM reservoir
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Simulation of water volume in the reservoir considering Alternative | and Allernative
2 of cropping pailtern has shown that abstraction of water from Kikuletwa river will
not have any significant negative impact on the hydrologic balance of the {ake.

Water rights down stream the reservoir

Violation of existing water rights down stream the headworks and Nyumba ya
Mungu reservoir is not anticipated, becavse the water rights for the proposed Project
must be secured as a precondition te the project implementation. Therefore no impact
is anticipated related to violation of water rights. Thus, from the computer model
prediction results, no significant effects on the hydrology of Nyumba ya Mungu
reservoir, hydropower generation, violation of water rights down strcam the
reservoir and fisheries in the reservoir, are anticipated during the Project operation
stage (post-construction phasc).

(2-1) Changes in groundwater hydrology

1) Present conditions
The groundwater hydrology refers to changes in groundwater recharge mechanism
or groundwater table caused by infiltration of irrigation water and exploitation of
groundwater.
Ground water recharge mechanisims
There are two main groundwater recharge mechanisms taking place in the irrigated
lands. These are : _

- Recharge resulting from {rrigation water particalarly with reference percolation

and overall irrigation efficiency, and
- Natural groundwater flow due to general hydrogeotectonic structure of Lower
Moshi allavial fan in which the Project is located.

Groundwater recharge through hydrogeotectonic structure of Lower Moshi alluvial
fan. The hydrogeotcclomc structure of Lower Moshi Alluvial fan is estimated to
cover 518 km’ and is 90m deep. It extends over the proposed project arca including
the intake site and diversion channel route. The alluvial fan facilitates recharge of
groundwater in the project site. This phenomenon takes place due to the presence of
protruded Usagaran layer group at the southern end that makes the groundwater
flows to be possible and eventually coming out flowing into the NYM reservoir.
Existing shallow wells in the Project arca
Twenty eight shallow wells investigated in and around the proposed project area had
ground water level varying between 0.5 and 7 m below ground surface. About
78.6 % have water levels between 0.5 and 3 m deep indicating that the groundwater
table in the Project arca is high. In the southern parts of the Project area,
groundwater rich in soluble salts at shallow depths from the ground surface has been
noted. The disiribution of soils wilth salt accumulation is generally observed to
coincide with the distribution of shallow groundwater table. About 1,100 ha have
been affcected by soil salinity in the southern parts of the project area. Public water
supplying the existing Project area is insufficient, there is a poor public water supply
system in the expan'dcd area, and there are very limited sources for domestic water in
the new extension area and in the headworks/diversion channel areas. Water from
wells constittte one of the major sources for domestic use. There are 9 wells in the
existing Lower Moshi Project area and over 20 shallow wells in the new Extension
arca, Kawaya and Mkalama villages allocated along the diversion channel route have
lwo shaltow weile each

i) Selcctmn of pn,dlcilon me{h()dfmodels

Prediction of groundwater recharge rate is based on irrigalion water demands in the
project area. Rationale of using this method is the fact that there will be groundwater
recharge arising from irrigation water in addition to natural recharge mechanisms
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such as percolation of water from rainfall and melting of snow on Mt. Kilimanjaro.
The prediction miethod has been validated by field investigations on a paddy pilot
farm at the Project arca. However, the fraction of irrigation water recharging
groundwater depends on hydrogeological conditions, climate and farming praclices
in the Project area.

iii) Prediction of environment impacts _ _
According to water balance study in the irrigated land, actual water consumption by
paddy is about 40% of the supplied irrigation water and the remaining 60%
constitutes irrigation water that percolates to the groundwater thus acting as a form of
recharge that finally reaches NYM reservoir down stream the irrigated arca. Table
1.3.16 shows the estimates of rate of ground water recharge during the project
implementation phase for cropping patterns, Alternatives 1 and 2.

iv) Assessment of enviconmental impacts
Criteria of assessment are : .

- Available field data on groundwater for the existing project area, and

- The expected impacts based on the simitar irrigation project clsewhere.
Groundwater lable in the Project arca is relatively high as described above. The
groundwater table is expected to risc even higher during project implementation,
which may lead to water togging of the Project area. The upward flow of water
which is established in water logged lands leads to a gradual concentration of salts in
the surface layer. This phenomenon has been observed in the soulhern and upland
parts of the project arca as noted above. Salinisation is manifested by formation of a
white crystalline deposit on the soil surface during dry scasoms. Furthermore,
Inadequate drainage and rising of water table after a few years of irrigation may lead
to the entry of saline water into the root zone. Therefore, proper management of
irrigation/drainage waters and soil in the Project areas with high water table
conditions as proposecd in the Report is essential for reclamation of affected arcas and
prevention of further accumulation of salls in the root zone. In addition to
salinisation, water logging may increase chances of ground water pollution which
may endanger the public health particularly to those people using shallow well
waters for domestic purposes. Therclore, in view of the fact that there will be proper
management of irrigation/drainage waters and soil in the project areas, impacts of
changes in hydrologic conditions and increase in salinity of the soil in the Project
arca are anticipated to be negative but small in magnitude.

(2-g) Riverbed degradation, water pollution and eutrophicaiion

i} Present conditions

Water poliution and cutrophication ' :

From Table 1.3.17, concentrations of anunonia-nitrogen, nitrate-nitrogen and
phosphates are well within the recommended Tanzanian temporary standards, for
fisheries, irrigation as well as drinking (see Table 1.3.18). Morc¢over, the parameters
do not show an appreciable change from one point to another along the Kikuletwa
river at the infet, middle and outlet of the Nyumba ya Mungu dam. On 'the other hand
DO concentration has been found to be very high at the middle of the dam, with a
value of 11.4 mgA. Generally the results of water analysis do not give cause for
concern on water quality. From the results of suspended solids measurement, it
appears that drainage water from the ficlds have higher concentrations of suspended
solids than river waters as Table 1.3.4 shows. Concentrations of nitrogen in drainage
walers are also generally higher than river waters. The highest concentration on
value of nitrogen was recorded at Mabogint main canal (see Table 1.3.4). This may
be attributed to the use of nitrogenous fertilisers in the paddy ficlds. However,




concentrations of all parameters meet Tanzanian temporary standards for Receiving
Waters in Category 3 which covers water suitable for irrigation purposes.
Riverbed degradation
Environmental issues that are pertinent to riverbed degradation are :
- Scouring/erasion of the river bed leading to the deepening and increase in tiver
effective cross scction area and ré-suspension of riverbed sludge ;
- Sedimentation/sillation of mainly inorganic materials on the river bed leading to a
decrease in the cffective size of the river ; and
- Accumulation of nutrients on the riverbed leading to a build-up of sludge and
possible resultant cutrophication.
The main river system in the project site are Kikulelwa river system, Ruvu river
system and Njoro river system. Details on the river systems are given under the
section on surface water hydrotogy, Item (2-¢).

i) Selection of the prediction method/models ,

Prediction of eutrophication is based on the type and amounts of inorganic fertilisers
to be used during the operation phase of the Project. Annual amounts of fertilisers {o
be used are calcutated from the recommended rates of fertiliser application given in
the Rice Production Manual {T. Horibata, 1992) and the total land area to be used for
rice cultivation. The amount of nutrients that are expected to be released into water
bodies can be quantificd by knowing the total quantities of fertiliser to be applied and
the fraction which may leach from the soil. The Streeter-Phelps model is used for
prediction of dissolved oxygen (DO) in rivers traversing the Project arca for
anticipated BOD loads. This model has been validated and extensively used for
prediction of water quality in rivers and found to give results with an acceptable
degree of accuracy (H. S. Peavy, 1985). Prediction of the aspects on riverbed
degradation draws information from findings based on qualitative and quantitative

analysis of the river regime and water quality survey as well as river flow
measurement.

iit} Prediction of environmental nnpacis

Scouring of the riverbed

This may occur if flow in the river increases and/or abrasive suspended material
eroded upstream is transported in the river, especially during flash floods. Scouring
can result in deepening of the river with lowering of water level, hence,
inaccessibility of river water. Also, it can cause disruption and destabilisation of the
funclioning of hydraulic structures along the river. Another cffect 18 the re-
suspension of river bed sludge which may lead to decreased, dissolved oxygen (DO}
in the flowing stream and downstreamn deposition location. From analysis of the
available data on water quality angd ‘visual evidence of the conditions in the project
site, there is no potential for river bed degradation from scouring of the river bed.
Siltation of grit and other inorganic materials

This can occur due to deposition of suspended materials eroded upstream of the river
as well as from arcas adjacent to the river in the catchient of the river. [t can occur
as aresull of the slowing down of the river flow where the cross-section of the river
is comparatively wider than upstream sections. Siltation can reduce the effective
capacity of the river and distupt the funclioning of some hydraulic facilities like
channels crossing on and converted to the river. It can also lead to river water quality
dcgradation due to growth of needs on the river once it becomes shallow, cspecially
in the presence of plant nutrients. Duc to availabitity of plant nutrients irom the
project farms, siltation may have an impact. However due to flow velocitics of 1.0
nv/s and above which are higher than 0.6 nvs (the minimum velocity for no-
deposition of sediments), the impact is likely to be insignificant since all transported
matter will be kept in suspension.
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decomposition in the lower depth of the rivers as a result of deposited sludge. This
can lead to benthal oxygen demand upon re-suspension of the sludge nutrients that
may contribute to riverbed sludge build-up may come from the farms adjacent to the
rivers as a result of fertiliser’s washed away by surface run-off. As noted in respect
of siltation, flow velocitics in rivers are high, which means accumulation of sludge
on (he river beds is not likely to occur. Therefore, degradation of river leading to
accumulation of nutrients is not forescen to have any environmental impacts on the
rivers.
Eutrophication
The inorganic fertilisers that will be used in the project area will pose a potcml'ﬂ
pollution problem as lcaching of nitrogen and phosphorus into the lake from
fertilisers  applicd to agricultural lands can  significantly contribute to  the
cutrophication problem. Since soils have only a limited capacity to take up nutrients,
the nutrients which are not taken up by the soil/plant system leach into the surface
and groundwater are the sources of watet thly problems related to eutrophication.
The eutrophication of water courses in the project area may be approached in a very
general way by looking at the estimated use of nitrogenous and phosphorus
fertilisers during the implementation phase of the project. However, precise
estimation of nitrogen and phosphorus pollution loads is complicated since many
factors influence the transporiation and concentration of these nutrients in the soil.
The issue of eutrophication can be examined by lookmg at potential sources of
nutricats mainly inorganic fertilisers, which release nitrogen and phosphorus. The
nutrients can gain access to water bodies through surface ranoff. Also they can leach
into ground water, after which they may be transported by base flow and reach the
rivers in the project area and the Nyumba ya Mungu reservoir. Table 1.3.19 gives
rates of application of fertilisers for different stages of paddy farming and estimated
amounts of phosphorus and nitrogen to be applied annually. Extensive and intensive
use of inorganic fertilisers as estimated in Table 1.3. 19 may increase nutrients load to
water courses and Nyumba ya Mungu reservoir thus aggravaling eutrophication if
appropriate measures o prevent the same, will rot be instituted. Of the total amount
of fertiliser applicd to the fields, only a fraciion of it is consumed by plants. For TSP
fertiliser, active ingredients is only 45%. Hence, only 405 tonnes of TSP will be
consumed by planits/year, i.e. 45% x 900 = 405 tonnes. The remaining amount
which is 900 - 405 = 495 tonnes will be lost to the environment through different
ways. For nitrogen feriilisers, active ingredient = 46%, thus only 345.2 tonnes will
be consumed by plants the rest of fertiliser 750.5 - 345.2 = 405.3 tonnesfyear will
be lost to the environment.
Dissolved oxygen (DO) concentration
The Streeter-Phelps model is a predictive model which is useful in predlcimg bO
concentration under for different BOD values in flowing rivers. Generally, the model
gives an indication of potential pollution under the projected environmental
conditions. Specifically, it predicts the fevel of pollution that may be caused by
organic loading.
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Where Dy = Dissolved oxygen deficit at t
K = BOD reduction rate constant
K7 = Re-aeration constant '
La=B0bDatt=0
Dy = Dissolved Oxygen deficit at t=0
Dissolved oxygen deficit De at critical time (¢ is given by
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Where V = mean velogity of flow (/sec)
H = mean depth of flow (m)
The Streeter-Phelps equation is used to determine steeam assimilative capacity
K| =074 at 20°C for scwage

AlTC
K = Kog x 1.047 (1-20)
General criteria, considerations and input data
- Distance from project farms to NYM reservoir mouth = 21 km
- BODj5 just downstream of project farms, = 9.3 mg/l
- Dissolved oxygen (DO) equitibrium concentration = 8.7 mg/
- Initial DO in the river = 6.8 mg/l
- River flow rate (prior to abstraction of water for irrigation) = 35.06 m3/s
- River flow velocity = 0.89 m/fs
- DO in the NYM reservoir = 11 mg/

- BOD reduction kinetic constant, k| = 0.23 d-1

- Re-acration constant, ky = 0.46 d-!
- BOD4 beyond SP. 3 (Confluence of Kikuletwa and Kikafu = 9.3 mg/l)
- Ultimate BOD,, in river, Lr = 14/(1-g'k1Y)
-kop=0.23 4"
-Lr=13.6 mgh _
The obscrved uitimate BOD (BODu) is wholly from the project activities because
water quality analysis show that samples from SP2 upstream of SP3 exhibited no
BOD reading at all. It is assumed that the additional BOD load due to expansion and
extension of the project will be proportional to the additional agricultural activities
and size of cropped area. Thus :
Existing cropped area Ag = 7,739 ha
New area to be cropped, A, = Existing cropped arca + additional cropped area
A, =7.739 45,000 = 12,739 ha
New BOD,, =(12,739/7,739) x current BOD = (12,739/7,739) x 13.0
New BOD,, = 22.4 mg/l
Total BODu load = 22.4 x 35.06 x 10* I/s = 785,344 mgA
Since the max. amount of waler abstracted is | 1m/s and of this 70% is recharged

back to the river, the net reduction in flow is = 1 - 0.7 x 11 = 3.3 nv/s. So, total
flow in the river post-abstraction is :

Qp=35.06-4.3 =31.76m3/s
Thus, effective BODu concentration is : :

Ly = 785344 (mg/s)/31760 = 24.7mg/l

Therefore, Initial BODu = 24.7 mg/), and

Initial DO deficit =8.7 - 6.3 = 2.5 mg/}
Results from the Streeter - Phelps model for the situation during the operation of the
project show that the critical oxygen deficit will occur beyond the Nyumba ya



3.3

Mungu Dam. Furthermore, the results show that just before the mouth of the
Nyumba ya Mungu rescrvoir the dissolved oxygen deficit will be about 3.8 mg/l as
opposed 10 around 2.5 mg/l for the point near the confluence of the Kikuletwa and
Kikafu rivers (SP3). It can be noted that in the existing situation the DO at the mouth
of the Nyumba ya Mungu (NYM) resecvoir is al most 4.0 mg/l while in the reservoir
iself DOis 11mg/l. In addition, the existing DO deficit at the mouth of the Nyumba
ya Mungu reservoir is 4.7 mg/l as opposed lo the 3.8 mgA predicted using the
Streeter- Phclps model {for the future sitwation). It is foreseen that, the existing
increase in DO concentration of about 7 mg/! occurs between the mouth and the
interior of the Nyumba ya Mungu reservoir will still apply during operation of the
Project, since the existing DO concentration and the predicted one are comparable.
The increase in DO in the reservoir is atiributed to increased re-aeration which resulis
in more 1XD than the theoretically deterinined values. This is due to the increase in the
size of the exposed surface area of the reservoir and relatively unimpeded mixing as
well as contribution from the Ruva Pangani river,

iv)Assessient of environmental impact

There is a plan to rehabititate and to expand the existing sewage trealment plant for
Moshi town. Therefore, proper management of agrochemicals and pesticides as
stipulated in the Report, coupled with rehabilitation and expansion of the Moshi
Sewage Treatment Plant, the overall impact of the project to water quality of rivers in
the project area and the Nyumba ya Mungu reservoir will be negative but small. As
noted in respeet of siltation, flow velocities in rivers are high, which means
accumulation of sludge on the river beds is not likely to occur. Therefore,
degradation of river leading to accumulation of nalrients is not foreseen to have any
cnvironmental impacts on the rivers. In addition, the proposed mieasures to reduce
soil erosion under the soil management plan of the Project, will minimise suspended
loads into water bodies. Thus, problenis of river bed degradation due to siltation will
be substantially reduced. From the prediction results of the Streeter-Phelps model, it
can thus be concluded that, the BOD load from the project will be offset by dilution
and the re-acration in the NYM reservoir to the extent of having no significant impact
in and downstream of the reservoir.

Results of Impact Assessment and Necessitly of Counter-measures
and Monitering

Table 1.3.20 summariscs the results of impact assessment implemented in

Secctions 3.2. 1 and 3.2.2, for cach of the social or natural items selected as Section 3.1, 1t
shows the A study results by ecological region and project snge.

In addition, the table mentions necessity of both prwcnnvc!mmgaiwe counfer-

measures and momlonng, according to predichion of signilicant negative impacts and
assessment judgement. Nccwsary measures  and monitoring  plan, only for the
environmental items marked “necessily”, are described in Chapler 4.
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4. ENVIRONMENTAL CONSERVATION PLAN

4.1 Preventive/Mitigation Measures against Environmental Impacts

4.1.1 Social Environment

(1-2) Involuntary resettlement (Ecologicat Region 3 during Construction Stage)

1) Technical aspects

The project is to assist in locating technically suitable places for building houscs.
Secondly, it should give technical assistance in demolishing, transporting, new and
old building materials required for erecting the new structures.

it) Institutional Aspeclts

The village governments and the projeci should jaintlly assist the families during the
teansition phase by providing of temporary acconunodation and storage of goods of
the affected familics. The village government may provide securily (o the properties

of the affected people during the demohition and construction of old and new houses
respectively.

1ii) Financial Aspects

The affected families should be compensated for their propertics, house and
perennial crops. Secondly, the project should give a priority in cmployment
opportunitics to the demolition affected persons during the construction stage so as
to enhance the economic standing, soonest. The coinpensation rates for scasonal,
permanent crops and for houses are detailed in Tables E4.1 to 1.4.5 which should be
used as a guideline in compensating the affected families

iv) Effects of countermeasures

Il the, technical, institutional and financial aspects are implemented, the targets for
reselltement will be met. That is the affected Ffamilies should be resettled in suitable
places as much as possible, and they should be compensated for their properties.

(1-¢) Population increase and drastic change in population composition
(Ecological Region 1 during construction and operation stages, and ccological
region 3 during conslnuction stage only)

i) Technical aspects

During the construction stage the project should provide the necessary facilities and
inputs needed to cope with the rapid increase of the population. This include water
supply, sanitary facilities, cating places (to be based to food vendors) and basic
health, During the operation stage, the mitigation measures as detailed in the rural
infrastructure plan are adequate if implemented as specified.

it) Institution aspects

The key instilutional aspects during the construction will be for project

implementation tcam to.involve the local project beneficiaries through their local

instititions. For example the local village government, CHAWAMPU and WUA.
- During the operation and maintenance stage, the mitigatton measures, as oullined in

the strengthening plan of operation and maintenance, the executing agencies and

farmers organisations are adequate to cope wilh the population changes.

iii) Financial aspects
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The mitigation measures oullined above have already been specified in the project
plan. Therefore most of the financial aspects have already been covered.

iv) Effects of counter measures : _

The outlined mitigation measures, including those provided in the rural infrasteucture
plan, water management, operation and maintenance plan, and the sirengthening of
operation and maintenance for execuling agencies and the farmers organisations, will
meet the specified targets if implemented as specified. The miligation measures can
be put in two phases, construction and operation. The mitigation measures put
during the construction activitics, can be regarded as temporary, while those put
during operation phase as permanent. The proposed mitigation measures will greatly
support and strengthen the existing infrastructure, ¢.g. health, road and education
facilities.

(1-h) OQutbreak of endemic discases and prevalence of epidemic discases
(Ecological Region 1 during Operation Stage)

1) Technical aspects

Latrines

The construction of latrines should be supervised by technical people in order to
have a good workmanship. Furthermore, it is proposed that, the ratio of 50 pupils
per squatting hole at any time should be improved to about 10 pupils per squatting
hole. Due to the fact that, farmers and ficld labourers spend most of their time far
from their residential premises, communal toilets should be constructed closer to the
farms. The sub-structure should be designed by a competent engineer in order to
take into account the soil conditions and to avoid contamination of underground
water. _

Water supply

Provision of alternative/supplementary water supply sources should be an integral
part of the scheme’s development in order to prevent proliferation of diseases. The
cnvironmental design control that is; ducing the planning stage of this project,
adequate consideration should be given to sanitation and water supply. If eggs of
schistosomes do not reach water, the transmission of the disease cannot be initiated.
This means that, if the facces or urine of infected individuals do not reach water and
so arc then the eggs. Provision sanitary facilities should therefore be part and parcel
of the scheme. They should however be designed adequately/appropriately in order
lo cater to the purpose.

Headworks

To alleviate the observed problems, regular cleaning of the headworks should be
effected. It should be coupled with de-silting. A plan maintenance prepared for the
purpose should be implemented. For the extension area therefore, the above
mentioned problems should be avoided. This measure will reduce the flow of
disease vectors to downstream part of the headworks. Furthermore, in order to avoid
the possibility of snails being carried away to the main canals, the headworks can be
provided with barricrs like wire-mesh of less than 3 mm diameter and 0.5 m from
the maxtmum water surface.

Irrigation canals ' S . _ ‘
Canal cleaning increases the water velocitics and destroy snail's habitation and
mosquito breeding sites. 1t was noted in the feasibility study that, the conveyance
cfficiency of lined canals is 96 to 97% and that of unlined canals is 80%. This
indicates that, possiblc ponding might occur in the case of unlined canals and
therefore a health jeopardy. Hlowever, for the extension part of the project, all canals
are lined and what is required then is to oversec the maintenance aspecl,

Drainage canals



Fickt drains are responsible for the existence of vectors of discases particularly
bilharzia snails and malaria mosquitoes. They should therefore be designed in such a
way that, they convey the water fast enough without causing ponding. The design
velocities above 0.65 m/s (Yasuraoka, 1995, p. 3) are recommended.

it} Institutional aspects

Communily tevel-provision of health education

It was learnt from the 1994 survey that, a lot of health education campaigns have
been offered in most irrigation schemes in the country. However, one can safely
conclude that, littte achievement has been attained especially with regard to excreta
disposal methods. This might have been due to lack of enough capital for the
provision of good sanitary facilities or, do not, people have not understood the
campaigns or were not motivated cnough to implement the given or discussed ideas.
Another side of the coin might be that, the target group for the campaign did not
include the right stake holders. It is therefore worthy to continue with the sanitation
campaigns in the new extension Lower Moshi Scheme in order (o mutigate the
prevailing problems. This is mainly because, labourers change cither due to old-age
or change of job and new people come in with new views and acceptance
possibililies offered by the changing environment. Each family as a mandalory step,
should be required to build an acceptable latrine. If they do not have {unds, the
project planning stage might take this problem into account. The visited schools have
inadequate latrines which calls for a need to offer or include health education in the
curricula and to construct good quality toilets which suffices the demand. The health
education of the population in rice schemes at Lower-Moshi should be given the
highest priority. They should be educated about public health as related to
schistosomiasis and other vector-borne discases. Measures like de-wortning the
patients and frequent checking of the people could be applied. In addition to that,
proper hygienc practices should be taught to the people working and surrounding the
scheme area. Provision of sound excreta and sullage disposal facilities should be
insisfed. It was noted in the 1994 study that, intestinal worms in irrigation schemes
in Tanzania are due to poor sanitation, particularly with regard to excreta disposal
and the low standard of commimity and personal hygiene among the rural
cominunity. The fack of proper latrines around the fields forces farmers to defecate
in the nearby bushes or in the fields themselves, where eggs of worms from
suffering people are deposited and contaminate the soil. Though the reported cases
are low and constant, there is a need of controlling this disease. People should be
prevented especially children from playing in the water set aside for irrigation
purposes. For the field workers, using protective gears will be an added advanlage.
A comparison data from Mtakuja Dispensary for Chekereni, Mabogini and Rau river
villages, according to Lyatuu (1987) shows that, there has been remarkable increase
in the number of individuals suffering from malaria, diarrhoea, intestinal worms and
schistosomiasis. )

Waste disposal/enviconmental design

In order to cut down the transmission route of discases, all wastes need (o be
disposed of hygienically. Alt unhygienic practices like those of open-land defecation
and haphazard disposal of solid wastes should be discouraged, people should be
taught how to build proper waste disposal structures, health campaigns conducted
with regard to personal hygiene like washing hands after defecation and before
handling food. - :

Women’s groups

Women groups should be established or those available be strenglhened and
encouraged to parlicipate actively in operation and maintenance of irrigation, water
supply and sanitation schemes.




Envitonmenlal management ‘

The environmental management lhrough enwronmcnhl manipulation or medlcallon

is most preferable than the chemical control by moluscides and insecticides in order
to avoid ground-water contamination and other problems mentioned. Activitics for
envirommental manipulation which could practically be instituted include vegetation

removal and intermittent irrigation coupled with mechanical barriers. The channels
should be cleaned frequently and be provided with velocity over 0.6 nvs (for snails
free channel). Environmental modification is yet another way . aimed at preventing,

climinating or reducing the habitats of vectors without causing unduly adverse
cficcts on the quality of the human environment according to Mather and That (1984).
Filling in of natural or man-made pools will help to reduce the number of saails

habitats where present. This should not be an expensive undertaking, since whoever
has caused them should be responsible for lc\m!lmg off the depressions.

Operation and maintepance works

‘Fhe increased tabour force calls for additional adequate sanitary facilities in order to
avoid furthering the incidence of diseases. To cite an example, at present the
irrigation scction has only one gatekeeper who is responsible for all gates installed,

whereas, after the implementation of the project, given the size of the work-load and

the number of gates to be operated, 19 gatekeepers will be additionally required for

proper operation of the gates. They therefore require enough facilitics 10 prevent
conlraction of discases.

ill) Financial aspects
The proposed pit latrines will use the locally available materiads and the unit cost

might go as high as Tshs. 110,000/=. Other costs of maintenance are similar to those
mentioned in water supply section.

iv) Effects of Countermeasures
Diagnosis and treatment
One of the importanl measures in order to eradicate or reduce the prevalence of
diseases in irrigation schemes, is to diagnose and to treat the already sick people.
This situation will minimise or curtail the transmission route of diseases. Available
medical centres are located far from the easy reach of residents. There is a need to
provide health centres closer to irrigation workers' premises. According to WHO
(1982) repoxt, it is only recently that, sale, elfective and low-cost drugs have
become available for treatment of all types of schistosomiasis like oxamniquine,
praziquantel and metrifonate. These drugs can be given (o endemic communities with
medicat supervision by paramedical personnel. It is however worthy to note that,
indiscriminate mass treatment or prophylaxis of whole populations in endemic areas
is not recommended. This is especially apparent limitation to contra-indications for
ircatment of pregnant women and the possibility of re-infection. Experience has
however shown that, these are not serious draw-backs.
Chemical Control of snails (molluscides) : a
The WHO reports have remarked that, snail control measures undertaken
immiediately proceeding or concurrently with farge-scale use of chemotherapy may
cause a dramatic reduction on transnission as well as the expected reduction in
prevalence and number of parasites in the population.
Molluscide application
Characteristics of the application arc :

- Primarily aftects transmission,

- Are undertaken at sites where transmission is most likely,

- Requires specialised trained personnel,

- Should aim at control of snail populations and not eradication of snails, and

- Monitoring is necessary.
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If applied, it is worthy to note that, chemical molluscides have the following
limitation : ;

- High cost requiring for¢ign exchange,

- Should not be used in isolation in agricultural projects, and

- Toxicity to other flora and fauna
Due to these limilations, it is not safe to use chemical molluscide as a control
measure in Lower Moshi scheme.
Biologtcal control
The potential of this approach has had a wide appeal to ficld biologists for quite
somictime. As yet, no practical method has been cvaluated sufficiently to be
recomimended or fo be in active use today. However, among the suggested methods
are the use of :

- Competitors, such as snails Marisa Cormuarietis or Heliosoma, druryi ; and
- Predators, such as certain species of ducks, fish, turtles, crustaccans, water rats,
leeches and aquatic insccls.

It was further noted that, Maisa, a potential competitor snails has been observed by
some investigators to feed on rice seedlings. Its use inrice irrigation is thus ncither
proven nor recommended. This phenomenon of drug resistance calls for a more
attention on vector control strategies. Chemical control however, offers an extremely
powerful tool to suppress mosquito populations at times when other strategies have
failed. But, previous expericnce has shown that, mosquito populations are adept at
cvolving resistant strains. It really becomes apparcnt that, there is no choice other
than relying on non-chemical control strategies to the maximum possible extent and
reverse chemical agents for situations where all others have failed. If biological
methods of control are opted, that is, basically the utilisation of natural enemies,
repetitive applications of microbial insecticides such as serotype H-14, and various
genetic methods, according 1o ecological theory and expericnce, they will usually
give more ¢ffective control than indigenous ones. However, the introduction of
exotic species calls for caution since unexpected effects can be generated and hence,
a need for effective monitoring programme.

v) Relation with local infrastructure

it has been clearly indicated that, the present roads have rough surfaces deep ruts and
holes with standing water, which means, breeding sites for mosquitoes and hence,
increased reported cascs of malaria. In Lower Moshi Project Area, the roads should
be adequately maintained in order to eliminate the potential health hazard they have.
The largest input of labour in paddy cultivation is for weeding (Twice), harvesting,
bird scarring and transplanting such a situation implics a big possibility of many
people being infected or contracting diseases. Proper working gears and adequate
good quality sanitary facilities should be provided closer to the farms. New sources
should be designed appropriately and be operated and maintained adequately in order
1o prevent the incidence of diseascs.

vi) Relations with other existing/ptanned environmental conscrvation schemes

Borrowing a lcaf of experience from Yarusaoka (pg. 2; 1995), who visited Lower
Moshi Irrigation Project (LMIP), Tanganyika Planting Company (TPC) and
traditional irrigation scheme cited that, KMIP may be an example of a well-planned
and well-managed irrigation project but schistosomiasis is endemic.  According lo
the results of his study, the MIP experiences a large number of B. pfeifferi and B.
Sudanica in drainage canals and a few Bulinus fropicus, non-vector of S.
haentotobinm infection. However, Biomphalaria snails were extremely predominant
over other aguatic snait species. He noticed that, out of 61 Biomphawia snails
examined, 4 were positive for S. Masoni indicating the presence of bilharzia. TPC
has reasonably controlled the snails by using niclosamide (Bayluscide) as a
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molluscide and by introducing an ampullarid snail.  They apply niclosamide at the
intake every threc months. It is however worthy to monitor the health impact of this
application. Tropical Pesticides Rescarch Institute (TPRI) has got a research project
on the control of human discase vectors, that is, control of man biting mosquitoes
and schistosomiasis host snails.  One of their ficld stations is Mabogint intake.

(1-1) Increase in domestic and other human wastes
(Ecological Region | during Operation Stage)

1) Technicat aspects _

During the planning stage study on proper waste handling and disposal should be
conducted. The best solution for solid waste disposal could be through waste
recycling in the form of composting of husks to oblain organic manure which can be
used in the farms. Simitarly recycling of rice husks can be done by making
briquettes which can be used as a source of fuel for domestic use.

it) Instilmion:ﬂ aspects )
The village government and the project should jointly assist in the populating the
ventilated improved pit latrine for disposal of human excreta.

iii} Financial aspects .

In the absence of basis for establishing the costs of husks recycling by making
briquettes, only the indicative costs for composting are given. Windrow which is a
manual operated system of composting seems (o be optimal. Prior to composting the
construction of waste chamber for easy collection by handcarts to the composting
plants is propased. The chamber is to be located close to the milling machine, and it
should be designed to allow collection frequency of the husks after a maximum of
three days. The indicative costs of initiating composting of husks at the project area
(based on a sludy on initiating community-based waste collection system by
ILO ,1995) are as follows :

- Construction of the husks storage chamber Us $2,500
- Marketing and promotion of compost product us $ 1,600
- Purchase of handcarts and spades Us $ 500
- Purchase of safety equipment (gloves, boots and overall coats) US $300
- Total US $ 4,900

- Grand total (Add 30% for operation of the compost plant) US $6,370

vi) Effects of counter measures

if both the technical and institutional measures are implemented, the increased human
excreta would have been taken care of.

4.§.2 Natural Environment

(2-b) Proliferation of hazardous species
(Ecological Region 2 during Construction Stage)

i) Techanical aspects . '

During planning stage, technical measurcs o avoid crocodiles proliferation should be
taken into consideration. Construction of the diversion channel should be in such a
way that there is a physical barrier to prevent crocodiles from coming into the
channel. Dissemination of information on risks from crocodiles, should done.



it) Institational aspects

The lead agency which will be associated in one way or another with the
implementation of proposed and mitigative measure against environmental impacts is
the Ministry of Tourism and Nalural Resources in collaboration with the Project
Exccuting Agency. In order for these institutional sel-up to work closcly with the
technical counter measures proposed for mitigation of the negative environmental
impacts, cstablishment of systems cnsuring environmental impact monitoring and
valuation, and implementation of mitigation measures is necessary.

ii) Financial aspects _

The Financial requirement for the mitigation measure for crocodile proliferation will
be worked out by both the Project Exccuting Agency and the Ministry of Tousism,
Natural Resources and Environmental (Diviston of Fisheries - Kilimanjaro region),

iv) Effects of countermeasures

The management of crocodile population at Ecological Regions 2 and 4 will be fully
achteved. This is because the technical measures against crocodile proliferation will
be incorporated into the project construction designs. There will be no phase-wise
approaches employed in implementing the mitigation measures, also the proposed
mitigation measures have no direct relationship with the existing local infrastarcture.

4.1.3 Summary of lustitutional Framework and Financial Necessity (o
Implement Measures

(n Institutional Aspect

ftis proposed that the Environmental Management and Monitoring Plan (FMMP)
be formulated to cope with matters described above in an integrated way for ensuring
cnvironmental sustainability of the Project. And an executing body (say the EMMP
Group) is suggested to be established to actally formulate and implement the EMMP.
The EMMP Group is proposed to be administered and co-ordinated by a stecring

commitice with membership drawn from all significantly affected national agencies.
These include :

- Environmental Unit, Trrigation Department of the Ministry of Agriculture &
Cooperative,

- Natural Resources Regional Office of Kilimanjaro,

- CHAWAMPU representative,

- Regional Water Engineer of Kilimanjaro Region,

- Regional Water Engineer of Arusha Region,

- Regional Agriculturat Officer of Kilimajaro Region

- NYM Hydropower Station - TANESCO, and

- Water Users Groups representative

k]

The secrelary and chairperson of the proposed EMMP Steering Conmntiltee are
proposed to be the Director of KADP and the Natural Resources Regionat Officer of
Kilimanjaro respectively. Specifically the Commiltee is a policy making body and
oversees the implementation of EMMP as undertaken by the EMMP Group and its
organs.

The EMMP Group will consist of three sub-units, namely the Environmental
Management Unit (EMAU), the Environmental Monitoring Unit (EMOU) and the
Laboratory Unit (LU). The organisation structures are shown in Figares 1.4.1 to 1.4.2 for
the construction stage period and on a long-term basis (i.c. operation stage) respectively.
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EMAU undertakes the supervision of the EMMP, maintains inter and inner
institutional co-ordination and makes fundamental decisions concerning the effective
implementation of each eavironmental measures. On the other hand EMOU carries out the
planning and executing control of various studies and the monitoring plan and program,
in accordance with the policy decided by EMAU. The LU undertakes physical and
chemical analyses, testing of water, and other monitoring tasks for the improvement of

appropriate EMMP over time for the Project. The principal functions of cach unit are
described below

i) Environmental Management Unit (EMAU)

- To manage ali environmental aspects related to the Project, and to organise the
implementation of EMMP,

- To prepare a concrete short-term and long-term preventive and  mitigative
IMCasures; .

- To co-ordinate inter and inner institutional matters related to EMMP ;

- To cope with expected/unexpected environmental issues ;

- To conduct and supervise actual management programs; and

- To establish environmental standards and criteria as a goal and target of EMMP.

it) Environmental Monitoring Unit (EMOU)

- To prepare a concrele monitoring plan ;

- To conduct and supervise actual monitoring programs ;

- To analyse data obtained from the monitoring plan ; and

- To propose concrele mitigation measures and evaluate effectivencss thereof.

ili) Laboratory {(1LU)

- To analyse water, soil and other necessary environmental qualitics ; and

- To conduct basic studics for the establishment of environmental standards and
criteria.

{2) Financial Aspect

Commendable achievements on environmental management and monitoring
entail funding provisions conducive to the needed technical EIA findings. The budget for
implementing this environmental management and monitoring plan is reflected under each
environmental item thal requires preventive/miligation measures against environmental
impacts. The basic cost for the plan is estimated below and is mostly consisting of the
cost for administration and operation of the proposed EMMP Group (1.e. EMAU, LU and
EMOU) and the cost for actual management and monitoring activities.

i) Cosl for Administration and Operation of EMMP Group

The annual cost of administration and operation of the EMMI® Group is estimated al
about USS 97,000 as shown in Table 1.4.06.

ii) Cost for Invironmental Managenient and Monitoring Activitics
The total annual cost of environmental management and monitoring activities is

estimated at US$ 85,500 as shown in Table I.4.7. Most of the estimated costs are
for consulting services for the EMMP Group which will broadly cater for selecting
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or developing appropriale managerial measures, 1o supervising progress of the
applicd managerial measures, and monitoring any uncxpected environmental adverse
impacts, during both the construction and post-constauction stages of the Project.

4.2 Environmental Monitoring

Environmental monitoring is intended to provide constant feedback on the
effectivencss of the mitigation measures instituated, identify and define any problems
encountered and provide the opportunity to adjust the approach to miligation in a timely
fashion. Thereafter, it is also recommended that a serics of environmental audits, be
undertaken to determing the long-term effectiveness of the mitigation measures. This will
lead to an cnhanced understanding of the impact of the project on the environment and
allow more effective planning and implementation of future projects. Details for
monitoring of differcnt environmental ilems are presented below.

4.2.1 Social Environment
(1-a) Involuntary resettlement (Ecological Region 3 during Operation Stage)

During the operation stage, the affected people should be monitored for the carly
years of the project to sce that there are no undue suffering because of the projects,
compared with other project beneficiaries.

(1-b) Conflicl among comumunitics and people
(Ecological Regions 1, 3 and 4 during Operation Stage)

1) Items to be monitored
- Farm re-allocations, and
- Water allocation and water bills collections

it) Technical specification

In land conflicts monitoring, the project should make sure that the farmers who will
be reallocated the constructed paddy farms arc the ones who were the original
owners of the farms before construction. CHAWAMPU should prepare the lisi. The
outsiders should be considered tfast if necessary. In water conflict monitoring, the
project should use water allocation schedule approved by CHAWAMPU 1o ensure
fair allocation. The existing water bill collection system to be improved and
monitored to ensure that every farmer pays according lo the amount of water used.

(1-¢) Population increase and drastic change in population composition
{Ecological Regions 1 and 3 during Construction and Operation Stage)

The impact of population change in number and composition should be carefully
monitored and the proposed mitigation measures implemented.

(1-¢) Adjustment of water and fishing rights
~ (Ecological Regions 1, 2, 4 and 6 during Opcration Stage)

Monitoring should be done to make sure there is an adherence to water rights
requirement, and that there is enough water down stream to sustain the ccology and
the reservoir.  If there are deficiencies adjustment should be made on the water
rights, especially by reducing the amount of walter in the project area, through the
usc of rainwater.
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(1-g) Increased use and residuat toxicity of agro-chemicals
{Ecological Regions 5 and 6 during Operation Stage)

1) Environmental itcms to be monitored
- Properties of chemicals applied,
- Water resources in and around the project arca with steess on Ecological
Regions 5 and 6, and
- Fishery at NYM reservoir

ii) Technical specifications

Chemicals applied

The agrochemicals to applicd are to be tested of their biological degradation in the
environment and the propertics imparted in the soil, e.g. acidity/alkalinity properties
cle.

Water resources

Rivers, channels (drainage) and NYM reservoir are to be monitored for the levels of
agrochemicals elements.

Monitoring stations

Monitoring stations for mitigation measures are to be established in Ecological
Regions § and 6. In the Ecological Region § the stations would be down stream of
the project area and the middle the junctions of Rau river and Mue river respectively.
In Ecological Region 6 the monitoring stations should be at the influence of Rau
river and the middle of NYM dam in the north broad part of the Dam.

Moniloring period and frequency

The frequency of monitoring is to be established by the monitoring agency which in
haison with the chemicals expert will determine the degradation rate of the chemicals
and hence the proper time for monitoring. Generally speaking monitoring  of
agrochemicals should be done esp. during the period of application and during the
rainy scason (the beginning of rainy  seasons) the later is for Ecological Regions 5
and 6. Once in a year fish species can be sampled and checked for bio-accumulation
of PCBs and polychlorinated hydrocarbons if present. The monitoring should starl at
the construction stage throughout the operation stage.

{1-h) Outbreak of endemic discases and prevalence of epidemic discases
(Ecological Regions | and 3 during Operation Stage)

In the new extension area, which is not provided with any irrigation canals and
structures on the western side of the Existing Lower Moshi Project Area, it will be
good and safe to menitor the appearance of snails after the implementation of the
project. If the canal is provided later in the expanded area then monitoring of the
designed parameters should be done continuously in order to aveid any
malfunctioning which could result in health jeopardy. Drainage for the control of
mosquitoes and other vectors may have less stringent requirements than agricultural
drainage. However, it should be noted that complex drainage of low lying arcas may
be required for effective control even though it may not be necessary for agricultural
puiposes. Monitoring of this aspect should be done. It is proposed to monitor (he
nmpact of discases continuously at chosen times for schoo! children and farmers.

(1-1} Increase in domestic and other human wastes
(Ecological Regions I and 3 during Operation Stage)

The EMOU in collaboration with health authoritics should be responsible for
following-up the sanitation condition of the Project area. Specific issucs to follow-up
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are reuse or disposal of rise husks and other crop residuals and wasle in a sanitary
manner and construction of excreta disposal facilitics.

4.2.2 Natural Environment

(2-a) Impact on important fauna and flora, and degradation of ccosystem
{(Ecological Region 3 during Construction Stage, and Ecological Region 6 during
Opcration Stage)

1) Environmental ilems t6 be monitored
- Fishery at NYM rescrvoir and rivers (breeding biology and fish populations),
and
- The small diversion channel from the Rau river through the Rau Forest Reserve
(constauction manner)

it) Technical specifications

Fishery at NYM reservoir

The migration pattern of three species of Fish, namely, Barbus spp., Labeo sp., and
Clarias mosanbicus which their breeding is known to be probably associated with
flow regimes in the affluent rivers and streams. These uncertaintics in breeding
biology and migration patterns necessitate the need for carrying oul monitoring
programme of the migration pattern of these fish. The fish population in the reservoir
is also to be monitored

Monitoring stations

Monitoring stations for migration palterns and breeding biology of Barbus spp,
Labeo sp., and Clarias mmosanbicus are to be cstablished downstream reaches of the
Kikuletwa and Rau rivers (Ecological Region 4 and 5), and at NYM reservoir
(Ecological Regions 6) especially in the Northern region. Monitoring stations for
species of fish and fish populations will be carried out all over the reservoir.  ‘The
arcas of the reservoir which are close to the fishing villages will be suitable areas for
monitoring.

Monitoring period and frequency : .

The peried and frequency of monitoring of the migration patiern of the three species
of fish will be established by a fishery biologist who has a full knowledge about the
reservoir fishery and its teibutaries. However, it will be proper if the monitoring
could be conducted during the construction stage al least twice a year (during rain
and dry season), and during post construction stage (operation stage) at Jeast during
the first 5 years after completing the construction. Periodic monitoring should be
conducted at least twice a year depending on the future conditions of the reservoir
fishery and other changes due project operations. Monitoring of fish populations and
fish specics composition of the reservoir and rivers need to be conducted at least
twice during the construction stage and at feast once after every five years of the
project operation. The frequency of monitoring of fish species and population
will depend on the future conditions of the reservoir fishery and other environmental
changes due to project operations.

(2-b) Prolifcration of hazardous species
(Ecological Regions 3 and 4 during Operation Stage)

i} ltems to be monitored
- The trend of change in crocodile population and attack on people and livestock,
and : ‘
- The intrusion of Eichhiomia water plant into the reservoir from Pangani basin
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it} Technical specifications

Monitoring stations/arca

The arcas in which the populations of crocodiles need to be monitored include,

Ecological Region 3 particularly along the channel and the Ecological Region 4

especially along the river banks. The monitoring station for the water plant will be
confined to the southern end of the reservoir outlet.

Monitoring period and Frequency

During the construction stage, periodic monuormg of crocodtlc population and

aftacks is to be conducted at least once per month. During the post - consiruction

stage, monitoring should be done at least for the first § years and thereafler followed

periodically at a rate of about six times pet year. Monttoring of Eichhornia invasion

will be carried oul regularly at least twice in each year during construction and post

construction stages.

(2-¢) Soil erosion (Ecological Regions 3 during Operation Stage)

Seail ¢rosion should careful meonitored during the operation stage and if there are
sonie problems, appropriate actions should be taken to control soil erosion. Some
arcas which are mote seasitive to crosion can be completely restricted.

(2-d) Soil salinisation (Ecological Regions | during Operation Stage)

i) ltems to be monitored
- Ircigation miethods applied (this is in relation with drainage systems), and
- Soil propertics in and around the project arca with stress on Ecological Region 1

ii) Technical specifications

Chemicals applied

The agrochemicals to applied are to be tested of their biological degradation in the
environment and the propertics imparted in the soil e.g. acidity / alkalinity propertics
and salinity etc. Soil properties: Soils in and around the project area should be
monitored for salinity levels

Monitoring stations

Monitoring stations for mitigation measures are to be established in Eeological
Regions | and 5. In Ecological Regions 1 and 5 the stations should be in and outside
the Project arca.

Monitoring period and frcqucncy

The frequency of monitoring is to be established by the monitoring agency which in
Haison with the soils expert will determine the soil: properties and hence the proper
time for monitoring. Generally speaking monitoring of salinity should be done esp.
during the period of intensive irrigation and during the rainy season (the beginning
of rainy and during the dry seasons). Once in a year soils should be sampled and
checked for salinization. The menitoring should start at the construclion stage
throughout the operation stage.

{2-¢} Changes in surface water hydrology(Ecological Region 4 during Operation Stage)

i) [tems to be monitored

Although no eavironniental impacts are anlicipated from dbslmcuon of water from
Kikuletwa river, there is still anced to monitor flows in rivers in the Project site and
levels of water in Nyumba ya Mungu reservoir, since there are possibilities of
changes in surface hydrology as a result of natural factors especially weather
conditions. The monitoring results will provide a feed back in Water Source
Development Plan implementation. The results will enable the Project Execuling
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Agency to review plans and actions pertaining to water use in view of changes in the
hydrologic conditions of the Project area as will be manifested by the monitoring
results. This will ensure sustainabte use of water. Monitoring of discharges in rivers,
ircigation and drainage canals, will minimise possibilitics of violation of water rights
and therefore reduce if not avoid water conflicts in the Project area altogether.

it) Technical specifications
Discharge monitoring stations
The existing gauging stations should as wuch as possible be used (or the flow
monitoring exercise to minimise cost. Only where is necessary new gauging stations
could be installed. Discharge monitoring stations are proposcd at the following
locations :
- Upstream the headworks (preferably within 100m upstecam the abstraction
point) on the Kikuletwa river,
- Downstream the headworks {preferably within 100m downstrcam the abstraction
point) on the Kikuletwa river,
- Al the entrance points to the Nyamba ya Mungu reservoir of the Kikuletwa and
Kikafu riverss, _
- At the entrances of main drainage canals to the rivers, and
- At the Nyuinba ya Mungu reservoir outlet :
Monitoring of the water levels of the Nyumba ya Mungu reservoir should be done at
the reservoir outlet works using the existing gage near the dam site. Preferably, the
gauging stations should be located near sampling stations for water quality
monitoring to facititate determination of pottutants loads.
Monitoring frequency
During the consiruction stage and the ficst 5 years, periodic monitoring should be
conducted at lcast once a monih for river discharge and water levels in the Nywnba
ya Mungu ceservoir. Periodic mionitoring after the first five years should be
conducted at least six times per year. However, if serious problems crop-up the
monitoring freguency should be increased accordingly.

(2-g) Water pollution and eutrophication (Ecological Region 6 during Opcration Stage)
p P

Water quality monitoring is a "long-term" standardised measurement, observation,
evaluation and reporting of the aqualic environment in order to define the status and
trends. In the Project area, the moaitoring programme envisaged is mulli-objective
and it is to involve monitering for various water uses such as fisheries or aquatic life,
agriculture and livestock watering. Some important variables are to be monitored.
The implementation of the programme shall focus on spatial distribution of quality
which requires establishment of monitoring stations and monitoring vasiable trends,
which in turn require frequent  monitoring of the pollutants. This programme is
expected 1o provide information that will form basis for sound management of
irrigation and drainage waters, pesticides, fertilisers, and seit. Thus, the selection of
parametess is based on perceived problems, environmental and water use nceds and
cxpected inputs to the Nyumba ya Mungu reservoir.

i) fiem to be monitored
Pollution sources (present and expected)
These includes domestic and agricultural sources.
Variables to be monitored _
From Section 3.2.2 (2-g), pollution sources have been identificd, pollutants of
concern inventoried and potentiat pollution problems predicted. The variables to be
included in the monitoring programme include :
- Conventional potlutants {(BOD, COD, 1TSS},
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- Pesticides, ' '
- Indicator organisms (faccal coliform and faecal streptococci),
- Nutrients (phosphorus and nitrogen), and
- Dissolved Oxygen {DXO)
The media to be monitored will include water and sediments,

1i) Technical specifications
Components of the proposed water quality momlormg programnie
The proposed water quality momlormg programme will consist of the following
components
- Programme ObJCC(lVCS,
- Sclection of variables,
- Field measureiments,
- Hydrological measurements,
- Laboralory activitics,
- Data quality contrel, and
- Data treatment, intecpretation, storage and reporting
Water quality monitoring objectives
To provide a basis for reviewing suggested mitigation measures (o mncet
envm)nmcmal and water use needs ;
- Fo monitor pollution loads in the rivers traversing the Project area and Nyumba
ya Mungu rescrvoir ;
- To establish amounts of nutrients originating from agricultural activitics,
domestic wastes and other sources ; and
- To monitor quahiy of waters in rivers traversing the Project area and Nyumba ya
Mungu reservoir so as to establish trends of variables of concern.
Monitoring frequency and period
Frequency of monitoring will depend on the cropping scason and should
accommodate varialions in application of agrochemicals. Therefore the moniloring
should be more frequent during the period of application of agrochemicals. During
the construction stage and the first 5 years, periodic monitoring should be conducted
al least once a month for conventional polintants and once every two months for
agrochemicals. Periodic monitoring after the first {ive years should be conducted at
teast six times per year,
Monitoring poinls
- The entrance of the Kikuletwa river to the Nyumba ya Mungu reservoir,
- At the middle of the Nyumba ya Mungu scservoir,
- At the Nyumba ya Mungu reservoir outlet,
- Upstream the confluence of the Kikuletwa and Kikafu rivers (about 5 m
upstream the confluence),
- Upstream the headworks on the Kikuletwa river, and
- At the outlets of main drainage canal(s)
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5. CONCLUSION AND RECOMMENDATIONS

5.1 Overall Evaluation of the Project from Environmental Point of View

This Annex-1 has presented the results of a series of eavironmental study (i.e.
IEE and EIA) for the proposed Lower Moshi Integrated Agriculture and Rural
Development Project in Kilimanjaro region. The results of the EIA study have shown that
the Project activitics will have no or insignificant negative impacls to most of the social
and natural environmental items considered during the study. In view of this, it can
therefore be concluded that within the limitations of the prediction and assessment
methods employed during the EIA study, the Project is considered to be environmentally

viable, provided that the sitigation measures proposed in Chapter 4 are cffectively
implemented.

It is recommended that the contents of this EIA report be incorporated during the
detail design and other pre-project undertakings to ensuge environmental sustainability of
the Project during its construction and operation stages.

5.2 Recommendations to Counter-Parl Agency
5.2.1 Enforcemenl of Legislative and Institutional Frameworks

The existing environmental laws and regulations pertaining to  various
environmental items relevant to the Project should be adhered to. To ensure this, the EIA
rcport has been prepared with due considerations of the existing environmental laws and
regulations, policies, targets and standards so as to ensure (hat the Project is sustainable.
‘This will also ensure that conflicts with the country’s environmental legislation and
institutional frameworks are minimised or avoided altogether. The Project Execuiive
Agency should therefore as much as possible work in close collaboration with
government minisiries and agencies. The Project Executive Agency should also operate
within the present institutional framework of environmental management whea it comes to
dealing with environmental issues. This is beeause enforcement of eavironmental
legistation can only be done in collaboration with the government bodies.

Any project activity that may cause significant environmental effects especially
beyond the boundaries of the project area should be dealt with in consultation with
government authorities responsible for environmental management. The Project Executive
Agency should inform government authorities of any significant negative environmental
impact taking place as a result of project activities. It is recommended that reporis on the
state of the cnvironment in the project area be availed on regular basis to the National
Enviconment Management Council (NEMC) and other relevant bodies responsible for
environmental management in the government.

5.2.2 Man-power Training

Effectivencss of any environmental conservation plan requires a reasonable
degrec of education and training for thosc individuals who will be involved in s
lmplcmcnmnon Therefore for the Project it is recommended that those individuals who
will constitute the proposed Environmental Management Unit (EMU) be trained in order
that poteatial impacts, mitigation measures and monitoring plans addressed in this report
are thoroughly understood and effectively implemented for the sustainability of the project.
it is recommended that individuals who have undergone the basic training in environment-
related disciplines such as environmental science and engincering be recruited for this



purpose. The recruited persons should be given further training relevant to environimental
aspeets of agriculture, rural development projects and irrigation projects in particular.
Training in the wse of facilities and cquipment for the Project staff should also be done.
The Project Executive Agency should be responsible for the education and training of the
personnel. The first step should obviously be identification of training needs followed by
preparation of training programmes. For example, in water quality monitoring, training
should be based on issues concerning with planning of water quality monitoring
progranunes inchuding quality assurance, instrumentation, cic. The cost of training should
therefore be incorporated in the Project.

‘The EMU should also be responsible for educating people, especially farmers,
living within the project area in order to raise their awareness in environmental
management. The success of any environmental management programme depends (o a
flarge extent on the participation of the public in general. Therefore, the EMU should
organise sciinars and workshops for the Project workers and beneficiaries. The
workforce to be involved in construction, should be environmentally scositised to ensure
minimum environmental effects during construction.

Counter-part staff should be given opportunitics to attend seminars, conferences,
workshops and other meetings related to irrigation to keep them abreast with new
approaches in running irrigation projects in an environmicitally sound manner.

5.2.3 Consolidation of Equipment and Facilities

Success{ul implementation of miligation measures contained in this repori
especially environmental monitoring will depend on availability of cquipment and facilitics.
The Project Executive Agency should therefore 1dentify and procure necessary equipment

and facilities to facilitate implementation of the proposals such as wansport and laboratory
facilities.

To minimise costs, available equipment and facilities should be identified and the
possibility of using them explored. FFor example, laboratory facilities belonging to the
Kilimanjaro and/or Arusha Region Water Departments and Arusha-based Tanzania
Pesticide Research Institate (TPRI) can be used for water quality analysis in the water
quality monitoring exercise. Only those equipment which are not locally available should
be procured. In monitoring changes in surface water hydrology, exisling gauging stations
can be rehabilitated and vsed for How monitoring, new ones should only be installed
where necessary.

5.2.4 Other Measures

~ The Environmental Management Unit should be adequately equipped and have
staff who are properly trained and well remunerated to enable them effectively implement
the proposals recommended in the EIA study report.
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Table 1.2.1 Summarized Project Pescription (D)

1. Title of Project
“Lower Moshi Integrated Agriculture and Rural Development Project”
2. Background and Objeclives of Project
The existing Lower Moshi Project has borne the excellent results more than targeted in
crop production, however concurrently it has brought the severe constant water shortage
for the project arca due to the ¢xcessive transfer of project cifect to the surrounding arca,
In order to cope with the problem, it is urgently necessary to execule the comprehensive
implementation of an irrigation development projeet including exploitation of the new
water sourcces and construction of rural arca. The major objectives are : (1) to extend

irrigation technique developed in the Lower Moshi Project arca ; and (2) to clevate living
standard of farmers.

3. Outline of Projcct

General The Project arca extends over the low and {lat topography about 3 to 15
conditions of the|km southcast of Moshi city, the capital of Kilimanjaro region located al
project site  [the foot of the MU Kilimanjaro, northcast of Tanzania. Kilimanjaro
region is adjacent to the boarder of Kenya lo the north, the Tanga region|

1o the southeast, the Arusha region to the cast, and administratively]
consists of five (5) districts such as the Moshi district, Hai district,
Lombe district, Mwanga district and Same district, including ten (10)
villages and Tanganika Planting Company (TPC).

Beneficial arca 16,000 ha at maximum
Beneficial population 63,500 persons (10,800 houscholds)
Exccuting agency Ministey of Agricullure and Cooperatives (MOAC)

Concerned |- Nationa) Environment Management Council {(INEMC)
cnvironmental |- Environment Division, Vice-President’s Office
agencics - Environmental Unit, Irrigation Depantment, MOAC
- Natural Resources Regional Office of Kilimanjaro
4, Componcnais and Designed Scale of Project

Major Typc of activitics Designed
componenls New activily Rehabiliiation scale
a. [rrigation O Max. 6,000 ha
b. Drainage 0 Max. 6,000 ha

c. Land clearing & levcling
d. Land consolidation
¢. Intake weirs

Max. 4,900 ha
Max. 4,900 ha

ClOC|QIQIC|C

1 weir
f. Farming systcm change O unknown
g. Diversion canal and its OM road 23 km

Table [.2.2 Population and Rice Farming Houschelds in the Existing Area

Village Population Houscholds Rice Farming % of Rice
Houscholds Farming H.H.
Chekereni - 4,200 930 600 65
~ Oria 6,500 . 1,500 1,000 67
Mabogini 11,000 880 650 74
Rau ya Kati 1,941 325 125 38
Total 23,641 3,635 2,375 65

Source : Resuit of Baseline Survey, Joint Steering Committee tor the Campaign against
Schistosomiasis in Lower Moshi, KATC, $an. 1997
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Table [.2.3

Summarizcd Site Description (SD)

1. Soctal Conditions of Projtcl Site

Jand tenure & land use
syslems

Teause regimes are still heavily influenced by “customary tenuge systems™ where land is communally
owned, user rights are adminisicred within the clan, and transfers 1o outskders ate rare. Governmenta |
controf may alone ime have been exercised through the village allocation mechanism, but by 1921, thid
mechanism was fiemly in the hands of local avthorities.

Ecenomic aclivities

The agricolture cealeting crop cultivation such as maize and paddy, 2nd livestock is predominany, and
there are oo remarkadle industries. laland fishery s popular atound lhe N)mb:l ya Munga {NYM; don
resenvoir.

Traditional systems

In the surrounding expunded area, farmers’ organization bas been established for watker mANaLL MED
and ope ration and maintc kaace of facility, bubis noi nianaged in the sy:«: matic manner Yike the existing
Lower Moshi Project aren.

Characteristics of local
residents

Trbes Iiving in and around the Project area are Chaga, Masai, Pare, Sanpa, 20d Arusha.

Health & Sanitation

Several kinds of water-borae diseases lacluding Schistosomiasis have been prevailing. Sewer collection
systewis in the Moshi ¢ity leak into grovndwater. This has tcculk'd in ovtbreaks of cholera, typhoid 2nd
dysentery.

Fopulaticn

As in 1995, population and households in the agricultural on-site of the proposed Projecy, are 63,500 and
10,800 respectively.

Transportation road

Road density is nsufficient. Biidges over rivers are inadequate, producing Waasportation boite necky
durisg the flood seasen.

2. Natursl Conditions of Project Site

Climate Cimate is characlerized by three seasons : wet season from Maich to May. dfy seasoa from June Ky
Ociobet and small welseason from November w0 Febreary. The average annval rainfallis about 90
0. :
Geography The area generally has 3 geotly undulating topography with Jznd slopes ranging frem 0.5 % w 0.2 %
The elevation is 800 ~ 700 m.
Hydrology & drainzge | The Rau river flows down southwardly across the Project area. The Kikuletwa river flows into the
Nyumba Ya Mupngu dem after confluence with the Kikafu river,
Soil They are generally quite fertile with relafively high humus conterts, and can be broadly divided int
Dystric Cambisols, Mollic Gleysols and Etric Gleysols,
Yegelation Almost all the area is under cultvation with scatiered trees and ample grazing fand, except 2 fores

area extended along the Ray river.

Valuazble faunaTors &
nalure

Very few animals have remaised in the area due W human activities. Thus, either they bave been
poached of have migrated to other places. Flora and fauna speciesseen there are common fypes. No
species requiring special preservation have been seea.

Water pollution at Moshi

The priority areas of conceniration include Moshi city. Most of the indusiries discharpe untreated

cily waslewaler.,
3. Remarkable Sorial and Natural Fealures
Special reserve area Qan-sile Off-site Remarks
Under Washington Convention -- [§] Wild animals
Under Ramsar Convention --- -- .
National park - Q Kilimanjaro
Forest reserve 0 Q 2 (on), 2 {oli)
Game conlrolled atea O Sanya Lelatema
Socially frapile area The Nyumba ya Musga dam reservoir for fishery
Nalurslly fragile area Ecosystem of the NYM dam reservoir

4. Expericaces of Negative Environmendal Empacts around Project Sites

Socizd aspect

- mararia and schistosomiasis

- unstable water allocation

- no of poor imgation & drainage facility ovl of Lowes Moshi Project area
- izadequate walel management system

- unmatuged agricultural product and farmers organization

- Iow unit yield productivity in outside area of Lower Moshi Project

- uamatured supporting system for agricultural productivity

- poor rural infrastructure

- poos loan and credit services

Nature] aspect

- shortape of ierigation water

- husk accumnlation and its poor treatment 2l lhc existing rice mill
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Table 1.2 .4

Occurrence ol Water-Borne Discases in the Project Area
|

Village / Ycar
Discascs Mabogini Kahe TPC
' 1995 | 1696 | 1997 | 1995 | 1996 | 1997 | 1994 | 1995 | 1996 | 1997*

Mararia 775 678 na] 6,888 na nd 4,358 na| na na
Dysente- 112 222 naj 1,932 na nd 4,268 108 85 3
Ty

Cholcra na nal na na ny ngd 109 1 na na
Typhoid na naj na na nd na 1 120 69] 12
Bilharzia 68 71| na| 702 na nd 400 na na na

Notes : na = Datais not available. * = Data only {or January
Source : Health Office of Moshi Rural District
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Table 1.2.5 Project lmp!emenlhtion and Environmental Consideralion

Source @ Guiddine for Environmental Consideration on  Agriculturat &  Rural
Development Projects (Dec. 1992, JICA)

Stage of Project Implémcntatibn Environmental Consideration Process

Preparatory Study | Preparatory Study | Preliminary Environmental Study

<€
1
=y
)
£
8 | Master Plan Study Initial Environmental Examination
3 (IEE)
2
8 Feasibility Study
Feasibility Study Environmental Impact Assessment
(EIA}

Preparation of Implementation
Detailed Design for Environmental

é‘ Program )

S (including Detailed Design) Protection Measures

<

& , ;

g Implementation of Environmental
- o C . Protection Measures

] onstricuon Preparation of Environmental

P Management Plan

=

L

S

E . .

2 Operation Momtonnglof Environmental

£ mpacts

Notes:

1. The comespondence between respective stages and processes indicated above
may vary slightly depending on specific requirements of a project or recipient
country

2. IEE and/or EIA are not required in some projects.
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Table 1.2.6  Social Eavironment Evalealion for Ecologicat Region 1

Impact | Evalualion
ftem No.|Const-| Post- Evaluation Base
* ruction] Con. ‘
{a) Socipeconomic Issucs
1)-a) X X {The Project is only for the local farmers in the irmrigated siles.
1)-b) ? 7 |Some houscs in the expanded and proposed cxiension arcas wil
_|be removed for the Project activities of facility conslruction.
1)) X X [Change on life style due to irrigation is quitc limited.
1)-d) X 0O |Community conflict most likely happens in terms of water right.
1)-¢) X X [There is no minorilies nccessitating special attention.
1)-1) . _
2)-a) 0 X |Population will not increase only duc to the Project, although
some workers will inflow during the consiruction slage.
2)-b) 0 X |Some workets will inflow during the Project construction stage.
2)-c) '
3)-a) X X Hn conlrary, cconomic base is strengthened by the Project.
3)-b) X X |in contrary, the Project penerates stable working situation.
3)-c) X X |income disparitics are mitigated with increased production.
3)-d) : '
4)-3) X O |Regulation and management should be enforced for water use.
4)-b) X O |Institutional aspects will be entorced for water and production.
4)-c) X X |Basic customs in local communilics arc hardly affected.
4)-d) ‘ o
(b) Hcalth and Sanitary Issucs
1) X O ]As imgation is extended, application of agrochemicals increases.
2) X X _|There is no potential causes for endemic discases.
3) X O [Water surface causing malaria, schistosomiasis, ¢lc. increase.
4) X O {lt is because of incr¢asc of application of agrochemicals.
3) X O |Rice husk than the present will accumulate at the rice mill.
6)
o (c) Cultural Issues
1) X X |Any important reimains or asseis docsn’t exist in the sitcs.
2) X X |Bcautiful Mt.Kilimanjaro scenery will never be damaged.
3) X X Hmportant mincral resources arc not found in the Project sites.
T —

Notes : * Refer to Seetion 2.3.2 (1) for each number’s impact title.
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Table 1.2.7 Natural Environment Evaluation for Ecological Region 1

Impact { Evaluation
Item No.|Const-| Post- Evaluation Basc
* ruction| Con. -
() Blologlcal and Ecological Issues :
1) X X |There is no valuable vegetation, but all common, in lhc silcs.,
2) X X Hmportan! fauna and flora are conserved in the Forusl Reserves,
3) X X {Fhere is no rich diversily arca except for the Forest Reserves.
4) X X |The Project is dcvclopmcnl ornemcd and w1ll usc locally available
rice varicty.
5) X X |The Project sites arc basically Ihc cxislmg cullwalcd area.
6) X X [There is no tropical forest excepl for the Forest Rescrves.
7 X X |The Project sites are far away from coasts, SO no mangroves.
8) X X |The Pro;ccl s:!cs ase far away from coasls, so no coral recf.
%)
(c) Soﬂ and Land Rcsources

1)-a) X X |Erosion risk is quite litle because of flat irrigated rice ficlds.

1)-b) ? 7 |Occurrence of soil salinization has been found within the siles.

1)-c} X X [The Project sifcs arc originally fertile Jand, and top-soil crosion|
will be limited as the Proiecl main aciivily is se¢habilitation.

1)-d) X X |Chemical contamination is uncxpected according to experiences
of the cx;stmg irrigation arca.

1)-¢) -

2)-a) X X [flhercisnosucha tisk because of humid and flat nature of land.

2)-b) X X [There is no such a risk because of homid and flat nature of fand.

2)-c) X X |Utilization of groundwaler is not planned under the Project.

2)-d)

(D) Hydrolopy and Air & Water Quahty Issues

1)-a) X X |Further water is not taken from the Rau River withia thc sites.

1)-1») X ? |Groundwater level will rise duc to irrigation arca’s extension.

1)) X X |There is a limited risk of flood along the Rau River, since il is
suffered from lack of water even at present.

1}-d) X X iHydrology and water volume of the Rau River will least change.

1}-¢) X X |Hydrology and water volume of the Rau River will least change.

-0 X X |The Rau River has not been used for transportation.

H)-g) ' ‘

2)-a) X 7 |Water pollutien duc to wastewater from the Moshi town and|
ierigation drainage with increased agrochemicals in the future is
queslionable.

2)-b) X X |Based on the past expericnce, further water eutrophication duc
only to the Project can not be thinkablc.

2)-¢) X X |The sites are located far enough from the sea to ignore this risk.

2)-d) X X [The canal and river water is flowing in tropical zone.

2)-c)

3)-a) X X |As wind is strong and the sites are less populated, damages due
to construction works or agrochemical spreading are very limiled.

3)-b) X X |As wind is strong and the sitcs are less populated, damages from

Nois¢ nois¢ due to construction works or transportation are limited.

Note : * Refer to Section 2.3.2 (2) for cach number’s impact title,
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Table [.2.8 Social Environment Evaluation for Ecological Region 2

Impact | Evaluation
Item No. [Consi-| Post- Evaluation Basc
* ruction]Con.
{2) Socioeconomic Issucs
1)-a) X X |Project action here is not related to agricultural sciilement.
1}-b) X X |Inundated arca is limited, and no residences exist around the sitc.
1)-¢) X X |Physical construction of the wirc doesn’t affect local life stylc.
1)-d) X X |There is no major waler use such as lishery at the site,
1)-€) X X {The weir doesn’t atteet directly usual activities of local tribes.
1)-0
2)-a) X X [inflow ol workcrs for construction is limited in number and time.
2)-b) X X |Inflow of workers for construction is limited in number and time.
2ye) | '
3)-a) X X |There is no economic activitics around the construction sile.
3)-b) X X_ |in contrary, labor opportunity for local people will increase.
3)-¢) X X |Becausc of increased labor opportunity, local income disparities
decreasce.
3)-d)
4)-a) X Therc is no signilicant water use around the construction site,
becausc of the sharpness of the both river banks.
4)-b) X X {The weir doesn’t affect social and institutional structures.
4)-c) X X |The weir doesn’t aftect social structures or tocal customs.
4)-d) \ -
(b) Health and Sanilary Issucs
1) X X [The new weir itself is not related to utilization of agrochemicals.
2) X X |The ncw weir has no polential causcs for cndemic discases.
3) X X [The Kikuletwa River has enough flow cven after the
establishment of the new wirc and inundated arca.
4) X X [The new weir itsclf is not related to utilization of agrochemicals.
5) X X |Originally and after the construction, gathering local people and
livestocks will be limited so that wastes are too small to bring
ncgative impact to around the site and downstream arca.
6}
(c) Cultural Issucs
1) X Neither historic remains nor assets are found around the site.
2) X The Kikulctwa River around the site has no significant acsthetic
vatue originally.
- 3) X [Tanzanite is reported to exist along the Kikuletwa River, but the
weir construction itself is not for its exploitation.
4)

Note : * Refer 10 Section 2.3.2 (1) for cach number’s impact title.
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‘Yable 1.2.9 Nalural Environment Evaluation for Ecological Region 2
Impact | Bvaluation
item No.|Consi-| Post- Evaluation Basc
* ruction|Con. : :
(d) Biological and Ecological Issucs

1) X X [There is the Sanya Letalema Game Controlled Arca in the right
bank of the Kikulctwa River, but 'ﬂong lhc Sltc exists no
important vegetation.

2} X X [Around the site there is no important fauna and flora. Evenf
crocodiles found there are not sub_lcct of special attention becausc
of their local commonness.

3) X X |Around the site there is no important or rarc ecosysiem.

4} X O [lnundated area can be a good habitat {or crocodiles.

5) X X [There is neither welland nor peat swamgp around the site.

6) X X {There is no tropical forest around the site.

7} X % [There is no mangrove forest around the site.

8) X X [The site is quile far away trom the occan.

(¢) Soit and Land Resources

1)-a) X X [Soil crosion can be technically chc;kcd during and after the
consiruction works. :

1}-b) X X {The new weir is not relaled 1o soil sahmfallon

1)-¢) X X |The new weir is not related to soil fentility.

1)-d) X X [Construction of the new weir does not use harmiul malcnals

2)-a} X X {Construction of the new weir Ieast aftects the surrounding land.

2)-b} X X |Construction of the new weir lcast alfocts the surrounding Jand.

2)-¢) X X |The new weir has no potential impact for ground subsidcnee.

(D) Hydrology and Air & Water Quality Issucs

1)-a) X X |Inundated arca is established, but no negative hydrological impact
will happen.

1)-b) X X |There will be no negalive impact dirccl}y around the site.

1)-¢) X X [|Inundated arca is limited, and 1hcrc is no residences or farms
around the site.

1)-d) X X |Soil will be scdimented at the new weir [rom the upstrcams. But
there is no negative impacts biologically or on the weir {unciion
because its objective is not for waltcer rescrvoir,

1)-c) X X |In contrary, the riverbed will risc due to sedimentation.

1)-1) X X Ajong the Kikulctwa chr around the 'site, there is no river
navigation at all. -

2)-a) X |Although the river water will be contaminated during construction
stage, no severce impacts because there is no major water usc and
the construction duration is timited.

2)-b) X X [Potential cutrophication will be limited as organic inflow to lhc
inundated arca ¥s small.

2)-¢) X X |The site is located quite inland.

2)-d) X X |There is no arca under irrigation around 1he site.

3)-a) X X INo severe impacts because of no residences around the site.

3)-b) X X |No severe impacts because ol no residences around the site.

Noisc

Notes : * Refer 1o Section 2.3.2 (2) for each number’s impact title.
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Table 1.2.16  Social Environment Evaluation for Ecological Region 3

Impact | Evaluation
ttem No.[Const-{ Post- Evaluation Basc
* ructionj Con.
(a) Sociocconomic Issucs

1)-a) X X |The comstruction of diversion canal itsell is not celated to
agricultural scttlement, ‘

1)-b) O O [There is possibility to remove houses or cullivated area along the
canal and maintcnance road roule, cspecially close to the Moshi
city.

1}-c) X X |The construction of canal and road will not bring severe impact
on the local people’s life style.

1)-dy X O |Watcr thiel from the canal will happen, causing some community
conflicts.

1)-c) X X 1Any special adverse impacts on grazing (ribes are not thinkable.

1}-) -

2)-a) X X [|The canstruction workers will inflow, but only in Jimited time.

2)-b) X X {The construction workers will inflow, but only in limited time.

2)-¢) - :

3)-a) X X |Damaged cconomic activitics due to resctilement will be limited.

3)-b) X X |Damaged cconomic activitics due to rescttlement will be limited.
In contrary, local pcople have labor opportunity for construction.

3)c¢) X X |No negative impacts, because the construction period is limited.

3)-d) :

4)-a) X X |The new canal construction is not dircctly related (o Instilutional
aspeet or local customs.

4)-b) X X {The new canal construction is not dircctly related to institutional
aspect or local customs.,

4)<) X X |The new canal construction is not direcily refated to” institutional
aspect or local customs.

A-d)

{b) Hcalth and Sanitary Issucs
1) X X ]The canal conslruction is not related to agrochemicals usage.
2) X O |Increase of water surlace will increase occurrence of malaria,
schistomiasis, cic.
3) X O Jjlncrcasc of water surface will increase occurance of malaria,
schistomiasis, ¢lc.
1) X X |The canal construction is not related o agrochemicals usage.
5) X O [Domestic wastes will be thrown away into the canal, especially
around the existing vallage area.
6)
(c) Cultural Issucs
1) X X {There is no important historic remains or asseis along the route.
2) X X |The beautiful Mt.Kilimanjaro senery is not damaged.
3) X | X ]lmportant mineral resources do not cxist along the canal routc.
2y : . :

Notc : * Refer to Section 2.3.2 (1) for each number’s impact title.
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Table [.2.11  Natural Environment Evatuation for Ecological Region 3

Impact | Evaluation
ftem No.|Const-| Post- Evaluation Base
* ruction| Con. o L :
(d) Biological and Ecological Issues
1) X X [No important vegetation exists along the canal route.
2) X X |No importan{ fauna or tlora specics exist around the canal route.
3) X X |Ecosystem around the route is of low biological diversity.
4) X O [Intrusion of crocodiles into the new canal is possible.
5) X X Himportant wetlands or peat swamyps do not exist along the canal.
0) X X [No tropical forests exisl along the new canal.
7 X X |No mangrove forests exist around the region.
3} X X |The canal construction site is far away from the occan.
9) - ‘
(¢) Soil and Land Resources
1)-a) X O |The conslruction works will strip vegelation causing additional
soil crosion where land slope is steep.
1)-b) X X |The setting of the new canal never brings soil salinization,
1}-¢) X X |The setting of the new canal never impacts soil fertility.
DN | X X |The new canal construction does not use harmful matcerials.
1)-¢) ' . : .
2)-a) X X |Most of the route area is originally scmi-arid type land.
2}-b) X X {Hinterland of the consteuction route is humid area.
2)-¢) X X {The canal construction never causes ground subsidence.
2)-d) ‘
() Hydrology and Air & Water Quality Issucs
1)-a) X X |[The canal generales additional surface water, bul no special
negative impact on hydrological situation around the region.
1)-b) X X |Al the new canal is lined with conerete, so no impact op
rroundwater.
1)-c) X X |Arca along the canal will not be flooded as excess water runs
towards the Rau River.
1)-d) X X [Soil will be checked at the new intake weir.
1)-¢) X X ]The canal is artificial, so any natura} riverbed is nol af fected.
1-H) X X |The new canal is not for navu,almn
D-g)
2}-a) X X {The new canal does nol connect any rwcrs in lhe sites.
2)-b) X X |Water of the néw canal is always flowing.
2)-¢) X X [|The new canal does not connect any sca waler,
2)-d) X X |Water temperature in the canal will rise during geing through its
long way under tropical weather. :
2)—0) i ‘ :
3)-2) X X [Arca around the consiruction route is not populated.
3)-b) X X {Arca around the conslruction routc is not populated.
Noisc

Note : * Refer to Section 2.3.2 (2) for each number’s lmpacl tite,
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Table 1.2.12  Social Environment Evaluation for Ecological Region 4

Impact | Evaluation
Item No.|Const-| Post- Evaluation Base
¥ ruction| Con. ‘
(2} Socioeconomic Issucs
1)a) X X [There is no Project activitics in the region at all.
1)-b) X X |These is no Project aclivitics in the region al all.
1)-¢) X X |There is no Project activitics in the region at all.
1}-d) X X |There is no Project activitics in the region at all.
1)-¢) X X [{There is no Project activilies in the region at all.
2)-a) X X |There is no Project activitics in the region at all.
2)-b) X X [There is no Projcct activitics in the region at all.
2)-¢) ' : :
3)-a) X X [There is no Project activitics in the region at all.
-b) X X |There is no Project activities in the region at all,
3)-¢) X X |There is no Project activitics in the region at all,
3)-d) ‘
4)-a) X X |Fhere is no major water use such as fishery and ircigation.
4)-b) X X |These is no Project activitics in the region af all.
4)-c) X X {There is no Projcct activitics in the region at all.
4)-d) -
(b} Health and Sanitary Issucs
1) X X [There is no Project activitics in the region at all.
2) X X _[¥here is no Project activitics in the region at all.
3) X X [There is no Projeci activities in the region al all.
4y X X [There is no Project activitics in the region at all.
5) X X [Therc is no Project aclivitics in the region at all.
6)
(c) Cultural Issucs
1) X X |There is no Project activities in the region at all.
2) X X [|There is no Project activities in the region at all.
3 X X IThere is no Project activities in the region at all.

Note : * Refer to Section 2.3.2 (1) for each number’s impact title.
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Table 1.2.13  Natural Environment Evaluation for Ecological Region 4

Impact { Evaluation
Item No. |Const-§ Posl- Evaluation Basc
* ruction]Con.} . ¢ . L
(d) Biological and Ecological §ssues
1) X X [There is no important vegelation affected by water decrease.
2) X X [There is no importait floraffauna alfected by water decrease.
3) X X [Ecological diversity is poor acound the region.
4) X 0O JAs watcr flow becomes weak, crocodiles will increase.
5) X X |There are no important wetland or peat swamp around the region.
6} X X |Therc is no Project activitics in the region at all.
7 X X [There is no mangrove forest in the region.
8) X X 1{The region is located quite Lar away from the ocean.
29 ‘ ‘
(¢) Soil and Land Resources

1)-a) X X [There is ne Projcel aclivilies in the region at all.

1}-b) X X |There is no Project aclivities in the region at all.

1)-c} X X [There is no Project activitics in the region at all.

1)-d) X X \There is no Project activitics in the region al all.

1)-¢} :

2)-a) X X {There is no Project activitics in the region at all.

2)-b) X X [There is no Project activilics in the region at all.

2¥¢) X X [There is no Project activilies in the region at all.

2)-d) L . :

(D) Hydrology and Air & Water Quality Issucs

1)-a) X X [Decrcase of water flow itself does not change hydrology.

1)-b) X X |Groundwater level will be affected, but there is no major use of
groundwater around the region.

1}<) X X FThere is never such risks, as water flow is less than present.

1)-d) X X [Soil sedimentation will decrease due lo decreased water How.

1}-¢) X X ITherc is ncither major water intake nor important aqualic
ccosystem scverely aflccted by riverbed degradation.

1)-1) X X | The downstream of Kikuletwa River is not uscd for navigation.

1)-g)

2)-a) X X [Watcr quality will be further deteriorated becausce of continuous
domestic wastc water through Kikafu River as well as decreased
water in the Kikuletwa River, but major water use or ccosystem
severcly damaged by water conlamination is not exisling.

2)-b) X X [Watcr will be more cutrophicated, but no water use damaged.

2)-¢) X X [The region is located cnoughly higher than the sea level.

2)-d) X X YThere is no Praject activitics in the region at all.

2)-¢) -

3)-a) X X |There is no Project activitics in the region at all.

3)-b) X X |There is no Project activitics in the region at all.

Noise

Note : * Refer to Section 2.3.2 (2) for each number’s impact title.
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'fabte 1.2.14 Social Environment Evaluation for Ecelogical Region §

Impact | Evaluation
Hem No.[Const-{ Post- Evaluation Base
*  |ruction]Con.
“{a) Sociocconomic Issucs
1)-a) X X [There is no Project activilics in the region at all.
1)-b) X X |There is no Projcct activitics in the region at all.
1)-¢) X X |There is no Projcct activitics in the region at all.
1)-d) X X {There is no Projecl activilics in the region at all.
1}-¢) X X |There is ne Project aclivitics in the region at all.
-1 ‘ ‘ :
2)-a) X X [There is no Projcet activitics in the region at all.
2)b) X X |There is no Project activitics in the repion at all.
2)-c) :
3}-a) X X |There is no Projeet activitics in the region at all.
3)-b) X X |There is no Project activitics in the region at all.
3)-¢) X X [There is no Project activitics in the region at all.
3)-d)
4)-a) X X |There is no major watcr use such as fishery and irrigation.
4)-b) X X \There is no Projecl activitics in the region at all.
4)-¢) X X |There is no Project aclivitics in the region at all.
4)-d) .
(b} Health and Sanitary Issucs
1) X X |There is no Project activitics in the tegion at all.
2) X X |There is no Project aclivitics in the region al all.
3) X X |There is no Project activitics in the region at all.
4) X X |There is no Project activitics in the region at all,
5) X X |There is no Projeel activities in the region at all,
{c) Cultural Issucs
1) X X {There is no Project activitics in the region at all.
2) X X |There is no Project activilics in the region at all.
3) X X [There is no Project activilies in the region at all.

Nate : * Refer to Section 2.3.2 (1) for cach number’s impact title.
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‘Table 1.2.15  Natural Environment Evatuation for Ecblogical Region §

Impact | Evaluation

Item No. [Const- | Post- Evaluahon Basc

* ruction] Con. ;
(d) Blcloglcal and bcologlca] l‘:sucs L
1) X X [There is no Project activitics in the region at all,
2) X X |There is no Project activities in the region at all,
3) X X [There is no Project activitics in the reg,ion at all.
4) X X |There is no Project aclivitics in the region at all
5) X X 1There are no important wetland or peat swamp around the region,
6} X X [There is no Project activitics in the region at all.
T X X [There is no mangrove forest in the cegion. .
8) X X |The region is located quite far away from the occan.
9)
(¢) Soil and Land Rcsourccs

i)-a) X X |Thete is no Project activitics in the rcglon al all.

1)-b) X X |There is no Project activitics in the region at all,

1)-¢) X X [There is no Project activilies in the region at all.

1)-d) X X |There is no Project activitics in the region at all.

1)-¢) ‘

2)-a) X X [|There is no Project activitics in the region at ali.

2)-b) X X |There is no Project activities in the region at all.

2)-¢) X X [There is no Project acllvnlcs in the region at all.

2)-d)

(1) Hydro]ogy and Air & Water Quality Issucs

1)-a) X X [Water tlow of the Rau River does not change drastically.

1)-b) X X [Groundwater level wilt be not be affecicd.

1)-c) X X |There is never such risks, as water flow is not changed.

1)-d) X X |Soil sedimentation will be as present.

1)-¢) X X jRiverbed will not be changed so much.

-1 X X [The downstrcam of the Rau River is not used [or navigation.

1))

2)-a) X 7 {Water quality will be more deteriorated because of increased
application of agrochemicals upstrcams. But it is questionable
whether such water pollution will be purified cnoughly through
the two Forest Reserves or it will adversely affect these Forest
Reserves’ cecosystem in contrary.

2)-b) X X [Water will be more cutrophicated, but there is no important water
usc in the downsiream arca.

2)-¢) X X |The region is located enoughly higher than the sea level.

2)-4) X X |There is no Project activitics in the region al all.

2)-¢)

3}-a) X X |There is no Project activities in the region at all.

3)-b) X X |There is no Project activitics in the region at all.

Noise

Note : * Reler 1o Section 2.3.2 (2) for cach number’s impact title.
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Table 1.2.16 Social Environment Evaluation for Ecological Region 6

Impact | Evaluation
ltem No.|Consl-|Post- Evaluation Basc
* ruction} Con.
(a) Sociocconomic Issucs
1)-a) X X [There is no Project activitics in the zegion at alt.
1)-b) X X [There is no Project activitics in the region at all.
1)-¢) X X |There is no Project activitics in the region at all.
1)-d) X X [There is no Project aclivitics in the region at all.
1)-¢) X X [There is no Projcet activitics in the region at all.
1)-) ‘
2)-a) X X [There is no Project activilics in the region at all,
2)-b} X X [There is no Project aclivitics in the region at all.
2)-¢)
3)-a) X ? [lt is questionable to how much cxtent water decrcase and
poltution duc to the Project activitics damage fishery in the
Reservoir.
3)-b) X 7 |It is qucstionable to how much extcnl water dccrease and
pollution due to the Project activitics damage fishery in the
Rescrvoir.
3¢} X X [There is no Projeet activitics in the region at all.
3)-d) -
4)-a) X 7 [The Reservoir water is used for power gencration as well as
infand fishery.
4)-b) X X |There is no Project aclivities in the region at all.
4)-¢) X X [There is no Project activitics in the region at alt.
4)-d)
(b) Health and Sanitary {ssucs 3
1) X X [There is no Project activitics in the region at all.
2) X X [There is no Project activitics in the region at all.
3) X X [There is no Project activilies in the region at all.
4) X X There is no Project aciivities in the region at all.
$) X X [There is no Project activitics in the region at all.
6) '
{c) Cultural Issucs
1) X X [There is no Projeci activities in the region at ail,
2) X X [There is no impontant acsthetic value around the Rescrvoir.
3) X X {There is no Project activitics in the region at all. N
4)

Note : * Reler to Section 2.3.2 (1) for each number’s impact title.
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Table 1.2.17 Nalural Eavironment Evaluation for Ecological Region 6

Impact § Evaluation

lem No. |[Const-t Past- Evaluation Basc
* ruction| Con. 1 ‘ C

{(d) Biological and Ecological Issues

1) X X |Therc is no Projcct activitics in the region at all. :

2) X ? it is questionable to how much extenl water decrease and
pollution duc to the Project activitics damage fish spccncs in the
Reservoir.

3) X ? |It is qucstionable to how much cxtent water decrease and

pollution duc to the Pro;ccl activitics damaé,c {ish speeics in the
Reservoir.

4) X X |There is no Project activitics in the region at all.
5) X X |There are no important wetland or peat swamp around the region.
6) X X |There is no important tropical forest around the Reservoir,
7 X X [There is no mangrove forest in the region.
8) X X |The region is located quite far away {rom the occan.
(¢) Soil and Land Re¢sources
1)-a) X X |There is no Project activities in the region at all,
1)-b) X X [|There is no Project activitics in the region at all.
1}-¢) X X |There is no Project activitics in the region at all.
1)-d) X X |There is no Project activitics in'the region at all.
2)-a) X X |Thete is no Project activilies in the region at all.
2)-b) X X [There is no Project aclivitics in the region at all.
2)-c) X X {There'is no Project activitics in thie region at all.
X

(D Hgdrology and Air & Waltcr Quality Issucs
? |It is questionable to how much extent walter decrcase and

pollution duc to the Project aclmms damage fish species in the
Rescrvoir.

13-b} X X [There is no significant groundwater usage around the Reservoir.

1)-c) X X |There is never such risks, as water flow will be decrcascd.

1)-d) X X  |Soil sedimentation will be decreased due to decreased flow,

)-¢) X 7 |It is questionable to how much extent water decrease and
pollution due to the Project activitics damage fish species in the
Reservoir.

1)-1) X X {The Reservoir water is used somewhat for navngatlon, but not for

major transportation purposc.

2)-a) X ? It is questionable whether water pollution caused upstreams will
be purified cnoughly within the Reservoir or it will adversely
atfect fish species damaging the inland fishery.

2)-b) X ? iHow much water cuirophication will happen duc to water

decrease, and such cutrophication is bad or good for fish
!brccdmg, are queslionable.

2)-c) X X |The region is located enoughly higher than the sca level.
2)-d) X X [|There is no Project activitics in the scgion at all,

3}-a) X X [There is no Project activitics in the region at all.

3)-b) X X |There is no Project activities in the region at all.

Noisc

Note @ * Reter to Section 2.3.2 (2) for cach number’s impact title.
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Tablc 1.2.18 Summary and Countermcasures of Significant Ncgative
Impacts on Social Aspecis

Ecological Region No.” / Project Stage? |
Environmental Impact 1 3 6
BC | PC | DC | PC | PC

Sacial Issucs.

Invaluntary rescttlement

Countermeasures : Covering of cxpenses for rescitlement ; support of the livelihood of]

affected population by providing employment opporiumucs in the construction ; and

monitoring of social impacts during the operalion slage, to exccule miligation measures.

Conllicl among communilics and peoples |

Countermeasures : Monitoring of social impacts to exccule mitigation measurcs,
Demographic Issucs

Population increase -

Countermeasures : Careful monitoring of possible dclcrlomuon of secial fabric or valuc
uphcaval as a result of rapid population increase.

Drastic change in population composition | |

Countermeasures : Carcful monitoring of possible deterioration of social fabric or valuc
uphcaval as a result of rapid population increase.

Economic Activitics

Relocalion of bases of cCOROIMIC activitics | | | |
Countermeasures : Monitoring of economic impacis to excculc miligation measurcs.
Occupational change | i | 1

Countermeasures : Monitoring of economic impacts {0 exccute mitigation measures,
Institutional and Custom Related Issucs
Adjusiment of water or fishing rights i !
Countermeasurcs : Monitoring of social impacts to cxcculc mmgalion MCASUrcs.
Changes in social & inslitutional structures |
Countcrmeasures : Monitoring ol social impacis to exceute m:llgftllon TRCASUICS.
Hecalth and Sanilary issucs
Incrcascd usc of agrochemicals |
Countermeasures : Monitoring of sanitary impacts (0 exccute mlilbahon micasures.
Qutbreak of endemic discascs ] | |
Countermeasures : Monitoring of sanilary impacls to exccute mitigalion measurcs.
Prevalence of epidemic diseases
Countermeasures : Monitoring of sanilary impacls lo
Residual loxicity of agrochemicals ]
Countermeasures : Strict application of relevant regutations.
Increase in domestic & other human wasles | |
Countermeasures : Provision of waste  disposal mceasures ; and moniloring ol
enviconmental impacts to exccute other miligation measures.

ccule mitigalion measurcs,

Notes : 1) Sce Section 2.3.2 (3) and Figure 1.2. 6 for mose detail of ecological regions.
2) DC = During the construction stage of the Project, and
PC = During the operation and post-canstruction stage of the Project
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Table L2180 Summary and  Counterincasures of  Signilicant Negative
bupacts on Social Aspects
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