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PREFACE

In response to a request from the Government of the United Republic of
Tanzania, the Government of Japan decided to conduct a Master Plan Study on Water
Resources Dcvclopméﬁt in the Ruvu River Basin and entrusted the Study to the Japan
International Cooperation Agency (JICA).

JICA sent to Tanzania a study team headed by Mr. Makoto Tsuda, Nippon Xoei
Co., Litd., and composed of members from Nippon Koei Co., Ltd. and Pacific
Consultants International, three times between February 1993 and June 1994.

The team held discussions with the officials concerned of the Government of
the United Republic of Tanzania, and conducted field surveys at the study area. After
the team returned to Japan, further studies were made and the present report was

prepared. -

I hope that this repbrt will contribute to the promotion of the project and to the
enhancement of friendly relations between our two couniries.

‘T with to express my sincere appreciation to the officials concerned of the
Government of the United Republic of Tanzania for their close cooperation extended to
the team.

June 1994

¢/

Kensuke Yanagiya
President
Japan International Cooperation Agency






. June 1994
Mr. Kensuke Yanagiya
President
Japan International Cooperation Agency
Tokyo, Japan

Dear Sir,

We are blca_sed to submit herewith the Final Report of the Study on Water Resources
Development in the Ruvu River Basin in the United Republic of Tanzania.

The Report presents a master plan for water resources development comprising various
projects for municipal water supply to Dar Es Salaam, agriculiural development, electric
power development and flood control, of which the municipal water supply is given the
first priority in order to meet the water demand in Dar Es Salaam city by the year 2020.
Based on the Study, two (2) development scenarios involving the provision of a few
dams in the basin are proposed for not only municipal water supply, but also
development in other sectors.

The Report consists of four (4) Volumes, the Executive Summary, Main Report,
Supporting Report and Data Book. The Executive Summary presents main outputs of the
Study. Thc_Main Report covers all the study results including analysis of the respective
disciplines. The Supporting Report gives additional and supporting information, and the
Data Book provides data obtained from the field surveys and investigations.

We would like to express our heartfelt thanks to the personnel of your Agency, your
Branch Office in Dar Es Salaam City, and the Embassy of Japan in Tanzania, and also to

officials and individuals of the Government of Tanzania for the assistance and advice
* extended to the Study Team. We sincerély hope that the results of this Study will
 contribute to the national and regional development of the country., |

Yours sincerely,

Makoto Tsuda

Team Leader
Water Resources Developiment in

the Ruvu River Basin
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CHAPTER I

INTRODUCTION

1.1 Background _éf the Study

On the basis of the Scope of Work (S/W) agreed upon between the Ministry of Water, Energy
and Minerals (MWEM) of the Governiment of ‘Tanzania and the Japan International Cooperation
'Agency (JICA) on 22 October 1992, the Study on Water Resources Development in the Ruvu
River Basin (heremafter referred to as “the Study "} was carried out over 17 months since

February 1993.

The Study period comprises the following th'ree'phases, each of which is divided into the field
work period in Tanzania and home office work period in Japan:

Phase 1 : Fcbmary to August 1593
Phase 2 : September 1993 to February 1994
Phase 3 : March to June 1994

The Study covers the entire Ruvu River basin and the Dar Es Salaam city. The main objectives
of the Study are: ‘

- To formulate the comprehensive master plan on water resources development in the entire
Ruvu River basin covering an area of about 17,900 km2, in which the first priority was
' placed_ on the municipal water supply to Dar Es Salaam towards the target year 2020, and

- To carry out the transfer of knowledge td the Tanzanian counterpart personnel dispatched
by the Government of Tanzania by means of the on-the-job-training. '

To fulfill thé above $/W and objectives of the Study, JICA organized the JICA Study Team
consisting of thirteen (13) disciplines. In addition, JICA maintained the JICA Advisory
Committee during the Study period in order to support the works executed by the Study Team.

- The members of the JICA Advisory Committee for the Study are listed in Table 1.1, while
those of thc J ICA Study Team are in Table 1.2, :
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i.2 Cooperation

During the field work period, the counterpart personnel were fully assigned to the Study by
MWEM in compliance with the request by the Study Team as shown in Table 1.3. Especially,
a lot of field investigation works including data collection in the respective dxsuphnes involved
in the Study, topographic survey, installation of new stream gauging stations and current
metering thereat, sampling for water quality analysié and soil analysis were carried out in
collaboration with the counterpart personnel, = :

In order to formulate the consistent master plan on the water resources development from
viewpoint of dev'elopmen't policy of c‘)ery sector in ‘Tanzania, the Government set up the
Steering Committee immediately after the commencement of the Phase 1 Field Work. The
Steering Committee was composed of the folloWing governmental organizations:

- Ministry of Water, Energy and Minerals

- National Urban Water Authority

- Ministry of Agriculture :

- Ministry of Tourism, National Resources and Environment
- Tanzania Electric Supply Company 3
- Ministry of Finance

~ Ministry of Health

- Ministry of Community Development, Women Affan's and Children
- Planning Commission

- Regional Commissioner's Office, Coast Region

- Regional Commissioner's Office, Morogoro Region

“The Study was proceeded keeping the close coordination with the Steering Committee during
the Study period.

1.3 Work Progress

1.3.1  Phase 1 Work

The phase 1 Field Work was commenced in the arly March 1993 and continued for about four
(4) months up to the end of June 1993. On arrival of the Stﬁdy Team at Dar Es Sal_aéiﬁl, the
Inception Report on the Study was submitted to the Ministry of Water; Energy and Minerals
(MWEM) and the meeting was held on _March 10th with the attendance of the concerned
personnel of both Japanese and Tanzanian sides so as to discuss the content and policy of the
Study described in the Inception Report. The Study Team commenced the reguiér field
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investigation works 1mmedlatcly after the conclusion of the Minutes of Meeting on the Inception
Report '

In the course of the Phase 1 Field Work, the heavy rainfail that took place in the Ruvu River
basin at the end of April and from time to time thereatter hampered the smooth execution of the
planned field survey and investigation works, although the reasonable progress was- belng
made on every aspect of the field works until the middle of April. Due to the high river stage
resulting from the heavy rainfall, the low-lying areas cxtendlng on both banks of the Ruvu
River was submerged and a lot of swamp areas were formed in the basin.: Nevertheless, all the
field works scheduled in the Phase 1 Field Work were completed and those results were stated
in the Progress Report (1) submitted to MWEM at the end of June 1993 and were fully utilized
in preparing the Interim Reportlon the Study in the Phase 1 Home Office Work.

1.3.2 Phase 2 Work

In succession to the Phase 1 Home Office Work during which the Interim Report on the Study
was prepared to describe the interim results:thereof based on the results of the Phase 1 Field
‘Work, the Phase 2 Field Work commenced on arrival of the members of the Study Team at Dar
Es Salaam on 28th Scptember 1993. Immediately after their arrival, the Interim Report was
submitted to MWEM “The Steering Commiitiee eeting on the Report was held on 12th
October 1993, being attended by the ‘members concerned of the both Japanese and Tanzanian
sides, in order to discuss about the contents of the Interim Report. : '

I)uriﬁg the Phase 2 Field Work, the scheduled field works were smoothly progressed under the
~ favorable climate condition as compared with that in the previous Phase 1 Field Work.
Consequently, the Study Team could reconnoiter the proposed Kidunda and Mgeta dam sites
for the purpose of confirming the topographic and geological conditions as well as gathering the
data and information relevant to these dam schemes, especially those on villages which may be
submerged due to creation of the Kidunda reservoir.

In particular, it is clarified through the field survey that there are the on-going projects under the
Selous Conservation Programme (SCP) in and around the planned Kidunda and Mgeta
réservoij:.areas, which may have an intervention with those dam projects, in particular in case of
the Kidunda dam. Hence, the Study Team attempted to collect the data and information on the
on-going projects as much as possible.

The progress of the Phase 2 Field Work as well as the major findings and analyses results
obtained from the field work were descnbed in the progress Report (2) submitted to MWEM at
" the end of December 1993.
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During the Phase 2 Field Work, as well as the case in the pr'evious'Phase 1 Field Work, the
counterpart personnel were dlspatched by the MWEM as required by the Study Team for the
successful completion of the field works, Thus, most of the field works were carried out in
collaboration with the counterpart. personncl.

1.3.3  Composition of the Report

This Final Report comprises the following four volumes:

-VolumeI. : Executive Summary
- Volume II : Main Report

- Volume III : Supporting Report
- Volume IV : Data Book

'The Executive Summary summarizes the Study results as well as the master plan for the water
resources developmem in the Ruvu River basin, which has been set up in the course of the

Study. The Main Report describes the master plan in more detail in addmon to the study results -
of the Study in the respectwe disciplines related to the master plan. The Study resuits and the
field investigations: performed are presented in detail in the Supporting Report by discipline.
The Data Book provides the topographic survey data, meteo- hydrological data and its analysis
results, data on flood damagc survey and data on soil analysis. ' '
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CHAPTER II

THE STUDY AREA

2.1 The Land

The United Republic of Tanzania is located in the middle-eastern part of the Afncan Continent,
which lies between 1° and 11° 45' South Latitude and between 29° 21" and 40° 25' East
Longxtude The land of the country with a gross area of about 945,000 km? is boundcd by the
borders with Kenya and Uganda on the north, those with Rwanda, Burundi and Zaire on the
west and those with Zambia, Malawi and Mozambique on the south, and faces to the Indian

Ocean on the east.

The land of Tanzania is mostly cdmposed of high 1and of more than 300 m in elevation‘ 'cxc'épt
for the low- lymg area along the Indian Ocean, and it is dissected by the rift valley running from
north to south so that there ex1st a lot of lakes like Tanganika and Nyasa whlch are created
| thereby. . '

The Study Area covers the entire Ruvu River basin with a catéhment area of about 17,900, km2

and its nexghbonng Dar Es salaam city to which the mum(:lpal water is being supplied from the

Ruvu River. The upper basin of the Ruvu River is admmlstrawely under the Junsdlcuon of the
“ Morogoro Region, while the lower basin thereof under that of the Coast Reglon

Except for the Uluguru Mountains area, the Study Area is mostly composed of the low-lying
‘areas along theé Ruvu River and slightly elevated hilly area with moderate undulation which
extends behind the low-lying areas, and around which high land areas with 500 t0 1,000 m in
elevation spr_ead to _surrouhd the hilly area forming the relatively sloped Jandscape.

The asphalt—paved Morogoro road connecting Dar Es Salaam c1ty and Morogoro municipality
'Wthh is a trunk road in the Study Area runs in the east to west direction, from which a lot of
unpaved rural roa_ds branch off. However, most of these rural roads are not passable during
the wet season. In addition to the trunk road, the existing Tanzan railway along the Ruvu
_Rivér;"édnsmléied by the aid of China, is also available as a transportation means in the wet
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2.2 Socio-Economic Condition

2.2.1 National socio-economic condition
{1) General

About 25 million people lived on the Main Land in 1991, while about 1.6 million people in Dar

Es Salaam, a capital of Tanzania.

The Revolutionary Party ((,CM), whmh had been only a smgle party until the introduction of
multiparty system hias been keepmg the place of the majority party since: then Grumbhng over
the fcdcratlon of the Main Land and Zanmbar 1slands has mcreasmgly taken place reccntly

The GNP was 3,079 million US$ (120 US$ per capita) in 1989 and the annual averagc growth
rate for the prevmus fen years was 3.8 pcrccnt (1.8 percent per capna)

Economy of Tanzania was liberalized, but increased i import goods have pushed the price. Thc:
exchange rate reached neaﬂy TSh. 500 per US$ at the end of 1993, about 100 percent declined
in two years. The pohcy to mmgate the economic shock caused by the introduction of free
market system has not been effective yet. The mainstay of the Tanzanian economy is
agriculture. But the exports of commodlty crops such as coffee, cotton and cashew nuts have
been stagnant. The general basic S0Ci0- economic data are given in Table 2.1 and populatmn of
the Main Land and the reglons is listed in I‘able 2 2 ' -

(2) Eco_nomy

The annual GDP (total and per capita) of the Tanzania Main Land betwe.en_ 1980 and 1991 is
given in Table 2.3, and the GDPs by kind of economic activities at current prices between 1982
and 1991 are given in Table 2.4, S

In 1991, contribution to the to_tal GDP of the agricu_ltur_al sector reached 62.5 percent. Whereas '
manufacturing sector accounted for only 3.6 percent of the total GDP six years after the
introduction of the Economic Recovery Plan (ERP). '

With the help of steady growth of agriculture at annual growth rate of more than 4 percent for
eight consecutive years up to 1991, the annual growth rates of GDP since 1984 have exceeded
3 percent except that in 1985, In the Study, the annual growth ratc for the planning pcﬁod is
assumed at 3 percent on the constant price basis. |



- Approximately 60 percent of the GDP of Tanzania was shared by agriculture in 1991 as
aforesaid. If it is supposed to grow at a rate of 3.5 percent annually, the rest would grow at a
'rate of 2.25 percent annually to achieve the overall annual growth rate of 3 percent.

Though the manufacturing mdusny sector has not confributed so much to the Tanzanian
'economy m terms of GDP, its contribution to thc indirect tax revenue was 65.5% in 1991/92
fiscal year, and it prowdes more than 80 percent of salaried work force with rebpect to job
opportunities in the formal economy It has a bright scope in future as many manufactured
goods are 1mported at present (textiles: 90%, beer: 40%, sugar: 35%, footwear: 953%, cooking
011 70%, tyres except for bicycles: 50%, radios: 80%).

(3) : Natmnal economxc development plan

The long -term perspectwc plan (1981-20{)0) was }mplemented in the context of socialism and
self-reliance. The target of average GDDP growth rate was set at 6 percent.

Due to the unsétisfactbr_y progress of the plan, the Government introduced the first ERP for
three years in 1986. The second ERP covered the period from 1989/90 to 91/92, and the third

'ERPis going to start from July this year. The core of the plan was to introduce a system of
free market economy with an intention to revive the national economy as a whole,

The firsi and second Priority Social Action Programmes (PSAP) are indispensable components
of the ERPs to mitigate many unavoidable socio-economic strains to the poor, which will be
accompanied by the economic reforms.

The recent Union Five-Year Development Plan is going to end at the end of June 1994. It had
been initiated a year earlier than the first ERP in which a reassessment of some parts was called
for. '

2.2.2 Socio-economic condition of the Study Area
(1) General

About 610 thousand people lived in the Ruvu River basin in 1988. In terms of water use of the
‘basin, about 1,3 million people living outside the basin were served by the basin water in the
:same year through piping systems.
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(2) Economy

The a.nnué:l' GDP (total and per cépita) of regions concerned with the Study Area’ between 1980
and 1991 are given in Table 2.3 ' '

In 1991, an average Ipér éapita RGDP of the Morogoro Region, which was about 93 percent of
that of the Main Land, was about one third of that of the Dar Es Salaam Region. The pgr"capita _
RGDP of the Coast Region was less than 12 percent of that of the Dar Es Salaam Region.

The RGDP of Dar Es Salaam, of which agriculture does not contribute so much as other
regions, accounts for 20 percent of the total GDP in 1991. 'Then, the RGDP of Dar Es Salaam
is equal to half of the GDP except for that derived from agricultural s_ectoi‘. “About 41 thousand
persons were engaged in the manufacturi'ng industries in Dar Es Salaam in 1987. Whereas the
so-called informal sector provided jobs to about 316 thiousand people in Dar Es Salaam in 1990
according to the’ ‘Tanzania, The Informal Sector, Burean of Statistics, 1991".

There are 35 manufacturing industries in the basin. The number of work force totals around
4000, With advancement of privatization, the existing factories in the Morogoro Urban District
owned solely by the Government or managed by it as a majority sharcholder may boost théir_
productivity if the resources are sufficiently available. Kibaha has industrial growth potential if
public utilities become fully usable without any hindrance. There are no statistics available
about. informal sector in the basin, but besides fruit/vegetable growing and sale, charcoal
making, transport and sale pmv‘ide jobs to a considerable number of residents. It is esiimated
that about 22 thousands people are engaged in charcoal making and that 55 thousands people
are involved in their sales throughout the Main Land. With the increase of urban population,
the use of charcoal would naturally increase. In connection with consumption of fire woods
and charcoal, finding a sustainable way of managing forests would be given -priori'ty in the
immediate future, even though there is a prospect of having natural gas from the Songo Island
to mitigate the tight energy supply situation.

(3) Socio-political situation

i) Administrative units

The structure of administration of the Main Land consists of five levels of hierhrch’y in terms of
geographical units, namely region, district, division, ward and village. Adminis_trétively,;the '
region and district have parallel structures. They are headed-by both of a coin_missio_ncr and a
development director. Except planning, finance and manpower dcpartménts, all other
departments are headed by an officer and/or engineer dispatched from the Ministries of the
central Government, '
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The division is not given administrative importance though they give some geographic
characteristics being in between units of the district and ward and no code numbers are allocated
thereto.

The ward is the electoral unit of the national parliament, and the village has their elected local
government. Some staff of the regional government are dispatched thereto to run their offices,
for example, in case of ward water secretary for its water management. -

There are five districts in the Ruvu River basin, namely the Morogoro Rural and Urban
Districts of the Morogoro Region, and Bagamoyo, Kibaha and Kisalawe Districts of the Coast
Region. The geographical boundary of the basin does not necessarily coincide with that of
village. There are some cases that a boundary of two river systems is on low-lying flat plateau.
Some villages in those areas have water sources in the both river basins.

The use of water source of the basin also takes place in its outside areas through existing two
intake structures on the Ruvu River. Some residents along the trunk main 'pipe_linesin
Bagamoyo and Kibaha Districts of the Coast Region and of major parts of the Dar Es _S:il_aa'rn
Region are geiting treated water, Plants on the irrigated plots or kitchen gardens and some
livestock are also among the beneficiaries. '

il) - Communities in the basin .

The Waluguru- and the Wazaramo are two predominant communities in the Ruvua River basin.
The former, matrilineal and mostly Catholics, mainly live in the Uluguru Mountains area, as the
name suggests. With the increase of commumty members, they have started to settle in the
pxedmcnts of the mountams and the river terraces downward The latter, patrilineal and mostly
Moslcms are the Tesidents of the areas nearer to the coast.

There are some smaller communities in the basin. They are locally concentrated. From the
upper Teach downward, there are the Wakutu in the fertile Mgeta plain, the Wakwavi in the
Ngerengere River basm, and the Wakwerc and Wadoe along the coast. They are agrlcuitunsts
. except for the Wakwaw in its ongm

The. Wakwavi; Wthh is" §Omctinies called Bafagﬁyu, is a descendant of the Masai 'pc'ople,
which has a heritage as pastoralist. In Ngerengere, they are leading a sedentary life and they
grow cereai and tuber, while takmg care of their herds of cattle. The range lands of the
=commumty were used o be far wider than their present ones. As population has increased in
' .the area, the creauon of govcmment l1vest0ck pohcles has made them change their pastoral way
of life into more confined one. It threatens them with the problem of over-grazing, but gives



them a chance of sending their children to school, while it is another dilemma to their parents as -
school-going reduces practical training of pastoral production usage. - -

iy  Water supply
‘Total expéenditure of the Dar Es Salaam water supply system operated by the NUWA in ihe

fiscal year of 1991/1992 amounted to TShs. 3, 389 million, which accounted for recurrent
expenditure of 55.4% and depreciation costs of 44.6%.

If actual production of water is set at 180,000 m3 per day, the unit cost of water produced by
the NUWA would be TShs. 51.58 per m3, :

Even if all the water bills are fully collected at the present water rate, the amount would not
cover the recurrent expenditure. - The amount of the deficit would reach about 15 percent of the

recurrent Cost.
‘iv)- Flpod Damage

During the field work penod the Ruvu River basin was hit by a fairly big ﬂood but no house
was washed away since all of them are built outside the ﬂoodplam '

If flood happens during the rainy season, the potential damage wonld occur on paddy fields
where transplanted paddy is grown. The farmers can grow maize even after the field is hit by
flood. Consequenily, the net damage incurred would be only the costs of material and labour
inpui thercfor. ' ' |

2.2.3 Present socio-economic conditions of Selembara ward in the planned
Kidunda reserveir area ' ' '

1) General description -

Major part of Selembara ward _locatéd upstfe_am of the Kidunda dam site wdpld_bé submerged
when the planhed dam is constructed at the site prbposed by the Study. The ward consisfs ;of
four villages, i.e., Magogoni, Kiganila, Bwilajuu and Bwila-chini. The Magogoni 'viiiage is
located on the right bank of the Ruvu River, while the next two ones on the left bank. The last
extends on both banks. ' o - '

In this area, the nght bank of the Ruvu River is dengnated asa buffer zone of the Selous Game

Reserve under the Selous Conscrvauon Programmc (SCP) which is dlscuss'cd in the
succeedmg Section 2.9. The resxdcn_ts of M_ago_gom vxllag_e and Vl_konge area of Bwila- chgm
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village, where a hunting community exists, deem to be removed out of the present location in
future whether or not the Kidunda dam project is implemented.

In case the Kidunda dam is constructed, the residents on the left bank would also need to be
moved out of the present site where they have lived for some generations. In this area, the
eatliest settlers came to the Bwila-chini village area. Then, with the commencement of the
Ujama movement in 1974, new immigrants are seitled in a part of the Bwilajuu village. Now
with the population growth within the Bwila-chini village, the viliage is about to be further
divided, creating the new village called Kiburma.

The land use and economic activity in the ward are mostly agricultural. Bus services between
the ward and Ngerengere via Kisange are available while the road condition permits it. On the
other hand; communication within the ward across the river is done by canoes. Ambulance
relies on them as a dispensary, which is located in the Magogoni village. A primary school is
located in the Bwila-juu and Magogoni villages on the left bank and nght ban sides of the
Ruvu River, respectively. - ' .

As the area is infested with tse-tse flies, the residents cannot keep cattle éxcept some goats.
Pastoral clommunity of Wakwavi has come down to stay in the Tunungwa and Kisange villages
which are located on the left bank of the Ruvu River, some 20 km upstream of the Kiganila
village. This fact exhibits that the surrounding'Miombo forests are less infested with tse-tse

flies.

(2) Land use and agricuifure

Thc prescnt ldnd use and agnculmrai acnwty of the ward are gwen in Table 2.5. Although itis
rd}fﬁcult to size the populauon ﬁgures w1th accuracy as seen in the Table which shows the
different statistics of the population, it gives the general features_ of the activities in the ward.

Their agt‘icu'ltural actiVity has been extensive with a limited number of manpower with only
_hocs and machetes. An average unit production of malze, paddy and sorghum is around 3 tons
pcr hectare.

In addition to the crops listed in the Table, they grow casSa.‘va and millet for their subsistence
and tobacco as a cash crop. Besides, vegetable, beans, pumpkins are found in the kitchen
~gardens. Tobacco they grow is a local vari'cty so that its market is limited. There is few papaya
' in the ward, wh1ch may prove the fact that the area is flood- -prone during the rainy season. The

‘flood marks are clearly seen on the house walls. In the area, ﬁshmg activity of human bemg
* has been compcted with the wﬂdhfe predator such as crocodile.
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Average annual income per household in 1991 ranges between TShs. 20,000 and 25,000

according to the report of the Selous Conservation Programme (SCP). Most of the houses are

made of wattle and mud walls with thaiched roofs, A house with four rooms made of wattle-

mud walls without roof costs them about TShs. 52,000, Every hooso has a detached toilet,

which costs them TShs. five thousand to build. " There is a shallow well with a hand pump in
each village, but the pumps are either malfunctioning or broken. A piece of burnt brick costs

them TSh. 10, and cement block TSh. 15 per a plece Transport cost of a bag of cement from

Dar Es Salaam is about TShs. 400.

23 Geology

2. 3 1 Geomorphology

The Study Area spreads from the Uluguru Mountains with an altitude of more than 2,000 m in
the west to the coastal plain with an altitude of less than 200 m in the east The Study Area can
be divided into the followmg four topographm ZONes: : :

- Uluguru Mountains _

- Highland around Morogoro municipality

- Elevated rolling hill

- Alluvial low-lying plain along the Ruvu River

The Uluguru Mountains rise abruptly out of the coastal plain and form a compact unit which is
physu:ally and geologlcally distinct from the surroundmg h111y and low lymg p!ams The
highland around Morogoro mumClpahty with an altitude of approxunatcly 500 m above sed
level, is formed by the Ngerengere and Wami Rivers. These lands are scattcred and are
composed of intrusive rocks and Precambrian rocks. Elevated rolling hill with an altitude
ranging from 50 m up to 300 m above sea level is developed between the Ruvu and Wami
Rivers and between the Ruvu River and Indian Ocean. These hills consist of the Mesozoic and
Neogene sediments that are easily eroded formin_g gentle rolling hills. The Ruvu River forms
the wide floodplains of 5 to 10 km wide. These floodplains consist of the Quaternary deposits.

2.3.2 Regional geology

The reglonal geologlcal map of East Africa is shown in F:g 2 L. The geology of the Stuciy
Area can be categorized into thc followin g five major divisions:
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- Precambrian rocks -

- Karroo rocks

- Jurassic rocks

- Cretaceous rocks _
- Tertiary and Quatcmary rocks

‘Precambrian rocks mostly occur in the Uluguru Mountains and in the western part of the
Ngerengere subbasin. These rocks ar¢ mainly meta-sedimentary rocks and can be divided into
" three major hthologlcal groups, namely acid gneisses, grahulate and crystalline limestone.
They seem to have been thrust and uplifted by the upward movement of the basic gneisses, thus
giving rise to distinct fault zone in the rocks.

The Karroo rocks occupy southeastern area of the Uluguru Mountains. The rocks consist
mainly of sandstone and shale dcposued in shallow fresh to blacklsh watcr Thelr ages may
vary from Penman to Trlassu: '

Jurassic rocks occur in the eastern margin of the Uluguru Maintains and elevated rolling hills
between the Ruvu and Wami Rivers. Thcy consist of course sandstone, mudstone, and oolitic
11mestone deposned under the marine enwronment

'Cretaceous rocks li in the elevated rolling hils, They consist of clay, shale, calcareous
sandstone, sandy limestone and mudstone. '

Sediments of Tertiary and Quaternary ages occur in the catchnicn_t area of the Ngerengere River
near Morogoro municipality, and in the elevated rolling hills and floodplains along the Ruvu
River and extend up to Dar Es Salaam. The tertiary deposits consist of sandy clay, clayey sand
with minor lenses of pure sand or clay, gravel and calcareous fragrncnt The Quaternary

:deposns were formed in the fluvial and alluvial fan, bcmg subject to the swampy condition
during the wet season. “They consist of clay, silt, sand and rarely gravel.

2.3.3 Fracture lineament identified by aerial photo interpretation

(1) - MaJor fractures

The Study Area is located in the eastern part of the African Rift Valiey, with simplified major
faults along. the Rift Valley in association with gravel and the tertiary to recent volcanics,

'stretchmg from the Red Sea to Mozambique. The Lake Victoria lies between the western and
| eastern branches. These major fractures strike in the North-South and NNE - SSW directions,
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the same direction as the western rift. The geological structure of rocks and fractures is shown
in Fig. 2.2. The main structure indicates the direction of North - South and East - West.

{2) Fracture lineament

The results of the aerial photo interpretation for the lower reaches of the Mgeia River are shown
in Fig. 2.3. The area is located at the Southcrn edge of the Uluguru Mountains. Gcologically it
is composed of granulate of chcambrlan, carbonatate formed along the fractures, sednncnt
rocks of Karroo and Alluvial deposit deveioped along the river. The mterpreted fracture
lineament in the area is assessed as follows: '

i) Major fractures can be clearly 1dennﬁed on the aenal photographs They can be plotted'
~ mainlyin NNE-SSWorE- W directions. These hneament of fractures are classnfxcd as
major faults in the existing geologxcal maps Espec:a}ly, the frdcture lineament running
along the border between mountains on the right bank and alluvial pl_am of the Mgeta River

are interpreted to be its lincament with about 30 km in length and 10 to 50 m in depth. -

i) Othcr fracture lmeamems extcnd to1to 10 km in w1dth takmg mamly three dlrectlons of N
-8, NNW - SSEor ENE - WSW. The fracture of rocks extend in the same dlrectlon The
lineament running in the ENE - WSW direction was formed by the major fracture of E - W
direction. The lineament of NNW SSE direction runs in parallel with the East Afncan let
System

2.3.4 Hydrogeology

To assess the grouhd water potential in the lSt_udy' _Areé, it 18 divided ihfo four zones (Zohe‘ Ato
Zone D) as shown in Fig. 2.4. In those iones,' the foiidWing areas are assessed to have 'the
potentials of the ground water resources development based on the geologic andrhydrdgeologic
data made available so far: | | o
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No. Zone Geologic Formation of the Potential Area

1. Zone A Metamorphic limestone in the northeastern I‘oct of me Uluguru Mountains
{Sub-area VI)

2. 7ZoneA Xarroo formation and Quatemaxy deposits along the Mgeta and Ruvu valleys
at south and cast of the Ulugura Mountains (Sub- -area Vil .

3. Zone A Jurassic limestone in the Ngerengere area (Sub-area VIII)
4. ZoneC Alluvinm in the fl_oodplain,- present river channel and relict of stream ' channel

5. ZoneD Quaternary deposit (Sub-zone D-4)

The locations of the above potential areas of ground water development are shown in Fig. 2.4,
Although the water quality analys_ié carried out during the present field survey revealed that
ground water at the Dutunii well is suitable for the drinking water, it appears that ground water
in most of the Study Area is affected by saline water or of poor quality as long as the data in the
boreholes show. In. thc implementation of the ground water development project, therefose, the
_mvesngatlon by electric resistivity survey, resistivity log and pumping tests and water quality
analysis needs to be carefully executed.

2.4 Meteorology and Hydrology

2.4.1 Meteo_rolbg.y

The Study Area belongs to the tropical savanna climate zone.” While rainfall occurs throughout
a year in the Study Area, its amount is extremely variable and undependable. The mean
monthly ramfall dunng thc period of November to May is higher than that during June to
October and thesc periods are generally referred to as the ‘wet season and dry season,
respectwely In the northeastern part of the Study Area, the mean monthly rainfall durmg
March to May is hlgher than that durmg November to December

Annual rainfall in the low-lyiri'g and hilly areas varies from 80{) 10 1,000 mm, while at the
Ulliguru_ Mountain foot it varies widely from 1,000 to 2,000 mm. Annual rainfall of more than
2,000 mm occurs in the high mountainous area of the Uluguru Mountains. Based on the
rainfall data, an isohyetal map of mean annual rainfall in the Study Area was drown as shown
- in Fig. 2.5.

The seasonal pattern of m:cteor'oldgical paramctérs in the Study Area is shown in Table 2.6 and
Fig. 2.6. Those annual values are summarized below:
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Rasin average rainfall 1,080 mm
Mean temperature 26°C
Average max., temperature 30°C
Average min. temperature 200C

Relative humidity ' 62%

Wind velocity 1.4 mfsec
Sunshine 7 hrs/day -
Potential evaporation 1,800 mm!year

2.4.2 Hydrology

The Study Team collected all the available data of monthly rainfall at 66 rain gaugc-étations,
daily rainfall at 19 stations, metebrological data at 4 stations, hydroldgieal-data-at 11 stream
gauging stations and sediment data at 3 stations. To compare with the regional runoff
characteristics in the Study Area, it is divided into 5 main subbasins as shown in Fig..2.7. The
annual average basin. rainfalls for the whole Ruvu River basin and those subbasins are
estimated as shown in Table 2.6 by the Thiessen polygon method based on annual rainfall data
at the representative 19 rain gauge stations in the Study Area.

Through the analysis, the runoff coefficient for the entire Ruvu River basin is estimated to be
about 12%, which is equivalent to approximately 2,100 million m3 in annual yield of runoff.
The regional runoff characteristics were clarified by the subbasin as follows:

(1)  Upper Ruvu and Mgeta basin

Considering the conditions of rainfall, vegetatioh topc)'graphy and others in the bzisin
approx;mately 50 % of annual ramfall is expected to run off in the mountamous area.
However, a large amount of water loss due to evaporation, mﬁltratlon etc. would also take
'place in the floodplain with a catchment area of more than 1 500 km2 which extend in altltude
of 100 m to 200 m in the lower part of these basins. A runoff coefficient of less than 20 % is
estimated, being equivalent to 1,600 million m3 in the annual yield. '

(2)  Middle Ruvu basin

In the upper part of the confluence with the Mkulazi River, the runoff coefficient is not so large,
bemg different from that of the Upper Ruvu and Mgeta basin mentioned above. Annual yield
of water of 1,600 million m3 is expected to take place at Mikura, However, at the ﬂoodplam in

lower part of this basin, some of water loss may occur.
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(3) Ngerengere basin

“There is also floodplain in middle reach of the Ngerengere River. As the river is comparatively
long with tender slope, a large amount of water loss is also expected to take place.
lesequently, around 5 % of runoff cocfﬁcxent is estimated for annual rainfall of less than
1,000 mm. Only annual yield of water of 140 million is expectable.

(4) Lower Ruvu basin

The runoff characteristic of the tributaries in the Lower Ruvu basin is quite similar to that of the
Ngerengere basin. For the subbasin, a runoff coefficient of around 5% is estimated for the
annual average basin rainfall of about 950 mm. Though a total catchment area of these
tributaries is more than 6,000 km?2, only annual yield of water of a_.bout 250 million m? is
“expectable. Especially it is noted that in the dry season no water flow was observed in the
rivers except the Ruvu mainstream.

In mainstream of the Ruvu, there are two bottlenecks, each at the Railway Bridge and the
Morogore Road Bridge, where the streamflow of the Ruvu -River is constrained.
Approximately 20 km long floodplain with around 10 km width extends along the Ruvu River
between those bottlenecks. In the rainy season, due to the storage function in the floodplain,
some of the flood peak is cut therein before flowing down into the lower reach. In the dry
season, on the other hand, some of water loss also may take place therein. The annual runoff
volume at the Railway Bridge is estimated at 2,300 million m3, while that at the Morogoro
Road Bridge is at 1,900 million m® which is less than that at the upstream bottleneck.
Therefore, approximately 15 % of the annual runoff volume at the railway bridge may be lost in 7
the section. '

In the rainy season, the floodplain in the lower reach was inundated by flood water for 2 to 3
' weeks. The flood occurs in April and May mostly every year and causes the problem for the
local transportation in these areas.

In the dry season, there were no river flow in most of the tributaries of the Ruvu River except
~the Mgeta River, Ngerengere River and the tributaries which originate from the Uluguru
Mountains.. Especmlly, the tributaries in the Lower Ruvu basm completely dry up, even in the
, Mbiki and Mkombezx Rivers of which catchment areas are more-than 800 km?2. Usually, therc
"1s no nver ﬂow m those tnbutanes for thc pcnod from July to October. '

"Concemmg the Ruvt mamstream, thcre are two river routes in the lower reach of the Marogoro
Road Bndge as shown in Fig. 2. 7. In the rainy season, the nver flow d1vcrges approx1matcly

7 km downstream of the bridge, and these two river flows agam join approximately 2 km
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downstream of the e)ustmg Lower Ruvu intake weir, Accordmg to the field mvesngauon, the
main route of the Ruvu River is the right side channel. In the dry season, the river flow does
not dwcrge and all the river dlschargc from its upper reaches flows down into the right side
channcl It was roughly estimated that the river flow starts to diverge when the nver dlSChaI ge

is over 150 m3/sec.

2.5 River System _anc_fl Flood Problems

2. 5 1 Ruvu Rlver subbasms

The Ruvu River basin is located in the Coast and Morogoro Regions and lies between 6°- 05'
and 7°- 45' South Latitude and between 37°- 15" and 39°- 00" East Longitade. Tt is divided into
 the following five main drainage systems as shown in Fig. 2.7:

. - Mgeta basin including Msoro River basin,
- Ngerengere River basin;
- Upper Ruvu River basin and
- Middle Ruvu River basin _
- Lower Ruvu River basin (nght and Left Bank)

Most of the basins are rolling hill areas ovcri(')oked by the Uluguru Mountains with the highest
altitude of 2,634 m at the Kimtiandu hill. |

2.5.2 Major rivers and their tributaries
(1)  The Ruvu River

The Ruvu River originates in the Uluguru Mountains area with an _'AIﬁtu_de of about 1,920 m. It
passes through the Karoo formations, gneisses and loosely c_ompa&cd Jurassic rocks :in_
succession, and finally emerges into quaternary alluvium. Then it discharges to nbr;hcast g
towards the Indian Ocean. o ' ' Y

In the upper reach, its Iargest mbutary is the Mﬁztgo River commg from the left bank s1de w1th .
a catchment area of 589 km2, The other major tributaries in the upper reach arc the Mvuha _
(525 km?) on the right bank side and the Mkulazi (416 kmﬁ) on the left bank side. In the lower
reaches, large tributaries join to the Ruvu mainstream through Chalinze hills. These are the
Kigogo (672 km?), the Msua (899 kmz) the Mblkl (885 km32) and the Mkombezl (885 kmz)
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The river gradient is less than 0.025 %, 0.05 % and more than 10 % in the lower reach below
Mafisi, the middle reach before joining the Ngerengere River and in the upper Uluguru
Mountains area, réspectiw)ely The upper mountainous area of its catchment is densely
populated, while the middle valley has few population and the lower reach is scattered by the
“seasonal settlement whose permanent houses are on the hill of the b()th banks.

(2)  The Mgeta River

The Mgeta River is the largest tributary of the Ruvu River, originating in the central part of the
- Ulugura Mountains with an altitude of over 2,000 m. It passes throiigh several formations of
meta-sedimentary rocks in the hill. Tt runs toward north and then turns to west and south in the
Uluguru Mountains. Thereafter it changes the flow direction towards southeast in the 'r_ather flat
area facing the northern bouhdary of the Selous Game Reserve up to the confluence with the
Ruvu River. lts total catchment area is measured at 3,903 km2. The largest tributary of the
Mgeta River is the Msaro on the right bank side, with a catchment area of 1,437 km?2, Thc
other major tributaries are the Mbakan (357 km?2) and Mngazi (223 kmz) on the left bank sn:ie
which also originate in the Uluguru Mountains.

The river gradient is rather steep as compared with that of the Ruvu, and it varies from léss than
0.1 % in the Mgeta floodplain to 6% in the upper reach of the Mgeta stream gauging station
(1HB2). Thé upper slopes of the U_luguru Mount.ains and the southeastern foothills are much
‘poplil'ét.éd, while few resident on the right bank. The lower reaches of the subbasin are rather
flat and subject to frequent flooding in the rainy season.. Often the flood overflows the natural
bank, flowing into the adjoining Mvuha subbasin and creates a huge swamp area just upstream
of the proposed Kidunda dam site during the wet season.

(3) 'The Ngerengere River

The Ngerengere River is the second largest tributary of the Ruvu River. Its headwater lies in
the gneissic formation of the western area of the Uluguru Mountains with an altitude of about
1,600 m.-‘ It encircles its nOnh_ern end in the shape of horse-shoe, and it flows down for about

‘30 miles through a narrow belt of alluvium and clayey deposits. After passing through a series
of Jurassic formations, it again enters the alluvium before joining to the Ruvu River.

Its catchment area is measured at 2,856 km2. Tts largest tnbutary is the Kwazi on the left bank
'51de w1th a catchment area of 257 km2. There are many small tributdries flowing down from
the northcm part of the Ulugura Mountams The river gradnent is less than (.2 % and more
than 6 % in the lower to middle reaches and upper reach of existing Mindu dam, respectively.
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Upstream of the Mindu dam, the irrigation project exists. In the middle reach of the river, sisal
estate is still under operation. The northern slope of the Uluguru Mountains is densely
populated.

The majdr rivers in each of the aforcsaidgfive drainage systems which are idcnt.ifiéd_based on
the topographic maps at a scale of 1 to 50,000 are summarized in Fig. H.1 of Appendix-H of
the Supporting Report. :

2.5.3 - Longitudinal profile of major rivers

Longitudinal profiles of major rivers with a length of more than 20 km, which were identified
in the topogra_phu: maps at a scale of 1 to 50,000, are shown in Fig. H.2 of Appendlx -H of the
Supporting Report. Accordmg to these longxtudmal proﬁles most of the nvers have the gentle
slope of less than 1 % up to an altitude of ‘about 200 m to 500 m. " The rivers meander
tremendousl_y by the large scale flood. This is proved through the comparison of the latest
aerial photos and the topographic maps at a scale of 1 to 50,000. -

2.5.4  Flood problems

In the Study Area, there were many sisal estates at the elevated land previously, but most of
them are not functioning at present. 'Majt')r commercial-based economic’ activities are
concentrated in Morogoro mumclpahty and other small towns in the Ruvi River basin. ‘They
are located in the elevated area. The areas which are likely to be submerged by flood are mainly

' those cultivated by peasants at small scale using rainfed mainly in the lower Ruvu floodplain
and eastern part of the Uluguru Mountains. Peasants who cultivate the floodplains in the basin
are well familiar with annual flooding and know how to reduce the flood dmnagcs through their
experience. Small scale irrigation systems are being operated in small areas.

At present, the river training or flood protecti(jn works are less in the basin, apart from the
national highway and railway bridges, mtakc structures and reservoir for water supply, and on-

gomg irrigation project.

According to the hydraulic analysis, the ﬂoW capacity of the Ruvu .River is about 150 ﬁlglsec at
Kidunda, and 100 to 300 m3lsec in the lower reaches of the Ruvu. If the ficod of about
380 m3/sec occurs at the Morogoro Road Bridge, scveral parts of the basm would be subjcct to
flooding, forming swamp areas where no permanent remdences exxst They are as follows
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1) Lower Ruvg Flgggg!a n

- area between Mafisi and cxlstmg railway bndge whcre the Msoro River runs in
parallel with the Ruvu and there are several lakes such as Wongomori Lake.
- area between existing Railway Bridge and Morogoro Road Bridge
- downstream area of Morogoro Road Bridge up to river mouth including the area
.~ below high tide level and mangrove forest,
2) Kidunda Floodplain (Middle Ruvy ¢ o
area along the Ruvu betwee'n the proposed Kidunda dam site and the confluence of
_ _ the Ruva and Ngerengere Rwers
3) Mge;a Flgggplgm
upstream area of the confluence of the Ruvu and Mgeta Rivers up to Kisaki
4) Ngg' rengere P’lggﬂplain
area along the Ngerengere River between the proposed Ngerengere dam site and
Ngerengere town | ' -
5) Morogoro Fl lain : _
area-along the Ngerengere Rlver at north of Morogoro municipality up to ex1s1mg
Mindu dam. '

2.6  Water Quality

The water qﬁality analysis was carried out for water samples collected in the Ruvu River basin
“both in the dry and wet seasons of 1993. Locations of the water sampling sites are shown in
Fig. 2.8.

2.6.1  Rainy season

The results of those water quahty analyses are detailed i in Appendix-F of the Supporting
Report. As a result of the water quality analysis carried out in the rainy season in 1993, four
water samples, which were taken upstream of the Ngerengere River, the Chalinze reservoir, the
-Lugoba of the Mkombezi River and the Dutumi well, were assessed to be suitable for the rural
domestic water supp]y'ac_cording to the Tanzania Temporary Standards. The remaining sixteen
samplés revealed high turbidity and,lof high content of Cl, Fe and Mn, According to the USDA
_ classification of irrigation water salinity and SOdicity, the water samples at the Umbenazomozi
~ bridgeof the Msua River and Lugoba of the Mkombezi River were classified as high salinity
waler or very high salinity water and high sodium water.

- Besides, most of water Sampl'..es.wcrc highly contaminated by coliform, especially at the Dutumi
new gauging station on the Mgeta River, the Morogoro Road Bridge and Darajam bridge across
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the Ngerengere River, the Umbenazomozi bridge across the Msua River and the Yombo lined
well. ‘The total coliform was over 4,000/100 m! and fecal coliform was over 2, ,000/100 ml, Tt
secms that at many places drainage and surface runoff lead to contamination of the water

S0uUrces,

As a result of the physical, chemical and bacterioldgicai tests, water to be exploited in the Ruvu
River basin would have to be treated and/or disinfected before use for any domestic purposes.
Most of water samples, excepting those sampled in the upstream reach of the Ruva and
Ngerengere Rivers and at the Dutumi well, are not so suitable for irrigation water with respect
to the physical and chemical parameters such as electnc conductivity, dissolved oxygen,
chemical oxygen demand and sodium adsorption ratio.

2.6.2 Dry season

In the dry season, the physical parameters such as turbidity, SS and color-levels were low.
Most of the samples analyzed for physical and chemical parameters, excepting the samples
taken in the major tributaries, were assessed to be suitable for the rural domestic water supply.
The water samples at the Umbenazomozi bridge across the Msua River, Lugoba of the
Mkombezi River and the Pangani reservoir were classified as very high salinity water. The
water samples taken at the Darajam bridge as well as those at the Ngerengere and Mgeta bndges
were classmed as high sodium water or very hlgh sodlum water. '

Most of the water samples were contaminated by coliform except one ground water sarﬁple'é_lt
the Dutumi well. The water samples highly contaminated are those sampled from the
Ngcrengerc River. It is considered that such a high contamination is caused by sewer from the
neighboring towns includihg Morogoro municipality. '

2,6.3 Comparison of _watef‘q:jality i'n rainy ‘seaéoh‘.a.nd dry season

The streamflow of the Ruvu River and its tributaries in the dry season is considerably less as
compared with that in the rainy season. At almost all locations where water was sampled
during the field survey period, the physical parameters of water in the dry season such as
turbidity, SS and colour were larger than those in the ramy season, '

Generally, there was a tendency that the values of EC, C03, total hardness_ah_d salinity of small
stream were higher than those of the river of:larger streamflow .in the both seaéons; In the
upper reaches of the Msua and Mkombezi Rivers and the'Pangahi réservbir high EC values
were always detected. It seems that the water qualny of those area is &ffectcd by the spec1ﬁc

geologic conditions. -
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Most of water samples showed that the river water became acidic in the dry season. EC values
of all streamflows in the dry season increased in comparison with those in the rainy season and
the increase rates of EC value were com;ﬁaratively large in the downstream reach of Morogoro
‘municipality on the Ngerengere River and on the Msua and Mkombezi Rivers, Concerning the
_ grbund water, EC values in the dry seasonreduced as compared with those in the fainy scason,
while those of the existing reservoir do not vary so much. Some chemical parameters such as
Cl! and Mg showed very high values on the Msua and Mkombezi Rivers as compared with
those in the rainy season, In the downsiream reaches of the Ngerengere River, content _ratio'of
‘Na remarkably increased in the dry season.” SAR also increased at most of the sampling
locations except only one sample taken from the Msumbisi River. '

Most of the water samples.werc contaminated by coliform except one ground water sample at
the Dutumi well. It is considered that in the rainy sedson the water quality of the Study Area is
femarkably affected by flood water and/or rain water. Especially this is seen on the physical
and bacteriological parameters. As far as the water quality analyses carried out in the present
field investigation show, the surface water of the basin needs to be treated for the purpose of
the domestic use, especially for that in the wet scason: ' ' :

2.7 ° - Existing Water -Resources Facilities

2.7.%  Mindu dam

The municipal water for Morogoro, the second largest town in the Study Area, is being
supplied from existing Mindu dam. :

The Mindu dam is situated on the Ngcrcngere River, about 7 km southwest of Morogoro
municipality. - It was constructed for the purpose of the municipal water supply to Morogoro
municipality.

In 1972, fhe Ministry ‘of ’Water Development and Power carried out a feasibility study on
' Morogoro Town Water Supply covering a period up to the year 1995. The study examined

various altcrnatwe sources of water to meet the future water demand therein. ‘The alternative
- modes of water supply were as follows:

- Constriction of Mindu dam

- Bxtension of the present system using the Morogoro River
- Development of tributaries of the Ngerengere River
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- Draw-off from the Ngerengere River (at Konga)

- Supply from the Mlali River

- Ground water supply
As a result of the study, construction of the Mindu dam was selected as the best alternative.
The project has inherent problems but it had advantages and was more substantial alternative
than the other modes. The Mindu dam was completed in 1985. Main features of the dam are
shown in Table 2.7. '

Also the project considered the second stage construction, which includes heightening of the
dam by 2.5 m to get additional storage reservoir capamty to meet the future water demand and
cope with siltation in the reservoir.

As explamed n Appendlx E of the Supportmg Report, the mumcxpai ‘water demand in
Morogoro in the year 2020 is forecast at 0.95 m3/sec or 82,373 m3/day The balance of water
demand and water supply for the Morogoro munl_clpallty is shown in Fxg. 2.9. As seen in the
Figure, the water deficit is forecast to take place in the year 2017, even though the reservoir
storage capacity of the Mindu dam is to be augmented through heightening of existing dam as
originally planned.

2.7.2  Intake facilities on the Ruvu mainstream for water supply to Dar Es
Salaam

There exist two intake structures on the lower reach of the Ruvu, which are an 'component of
the Upper and Lower Ruvu schemes for municipal water supply to the Dar Es Salaam city. At
present, these schemes are functioning as the major water supply facilities for the city.-

The main features of these facilities are discussed in more detail in the succeeding Chapter IV in
relation to the water demand forecast for the Dar Es Salaam water supply system.

2.7.3 Existing irrigation system

Irrigation and drainage systems exist in-the lower Ruvu and western slope of the Uluguru
Mountains. Irrigation water amount supplied to sisal and other estates is negligible small
because of scale-down of their production. The farmers in the middle and upper Ruvu areas
rely on unstable rainfall.

Existing irrigation methods in the basin are broadly divided into two types, namely, modern
irrigation by pumping in the low-lying area and traditional irrigation in the mountainous areas.
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(1) Modern irrigation and drainage system in the Lower Ruva valley

Modern irrigation method osing pumps with flood protection dike system was introduced to
Kivungwi area in middle 1960's establishing NAFCO farm of 750 hectares under the Chinese
assistance. In early 1970's pumping irrigation schemes, namely the Ruvu national service rice
irrigation and the Makurunge projects, were constructed by the Government. Private company,
the Matusita farm, attempted a pumping irrigation farmmg just upstream of the Makurunge
scheme in 1980's. However, at present, the Makurunge and the Matusita favms are abandoned
~and cultivation in the Ruvu national service rice irrigation project is suspended since 1989.
Cultivated land area in NAFCO farm is also reduced to some 150 hectares in 1988/89 crop

s¢ason. -

Since 1987 the Bagamoyo Irrigation Development Project (BIDP) has been operated on an
experimehtal basis of 8 hectares with joint effort of the Tanzanian Government and JICA. ‘The
aim of the experimental farm is training of farmers in imgated paddy farming. At present, a
total of 70 fariners have been trained.. In 1992/93 crop season, 17 farmers were selected from
'apprommately 300 applicants for the training.

in addition, Klgongom prison farm possesses small scale irrigation’ area , of 20 hectares by
gravxty system utrhzmg their own reservoir on a tributary of the Ruvu Rrver Imgated
cultivation is not practiced in other existing pnvate farms and PAC Masuguru farm. Villagers
along the river course also cultivate paddy supplying suppiemental water manually from ponds
scattered in the floodplain. |

{2) - Traditional irrigation and drainage in the Uluguru West

, Imgatron in thls area has been voluntanly commenced by the local people since 196() s. There
exist 68 traditional unlmed rmganon canal systems wuh total length of 170 km in the Mgeta
dlvxsron These systems irrigate some 2,000 hectares of vegetable farms in the dry season.

b: Each farmer owns 0.18 10 0. 24 hectares of farm plot and culnvates vegetab]es throughout the

year.

Irrigation canals, connected with} the perennial streams, convey irrigation water to each farm
plot runnmg along contour lines and ¢ crossmg gulhes of 2.5 km long on an average. Canals are
jgmamtamed and operated by farmer $ users groups However their mamtenance activities are
limited to mmor works such as canal reexcavanon after the rainy season, protectlon of intakes
and rehablhtanon of leakage polnons of canals with stones and clay due to 1ack of budget,
proper materral and techmcal skllls
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2.8 Natural Conservation Area

In the Study.Area, there are one national park (Mnkuml National Park), one game reseive
(Selous Game Reserve) and many forest reserves.

2.8.1 M:kuml Natwnai Park

The Mikumi National Park lies in the most western part of the Ruvu Rwer basm, occupying the
uppermost area of the Mgeta, Rudete, Msegere and Msoro Rivers. But the park boundary is
not clear in some part of the Study Area. The Mikumi Nat:onal Park gazetted in 1964 with an
area of 3,230 km? is the fifth largest park and the nearest to Dar Es Salaam_o_f those in
Tanzania. The Park contains a spectacular concentration and varicty'of wildlife. 'I"hcngeta
River floodplains are of horseshoe-shaped hills, and are the feeding grounds of ]arge herds of
buffalo and: wandenng groups of elephant, The wooded: fnnges of the p]ams harbor many
wildebeest, zebra, impala, baboon, warthog, Jackal, etc.- Most of the Park pomon,lo-catcd in
the Ruvu ‘River basin is cmrercd'-by' Miombo woodland, a home of the black rhi_no {Diceros
bicornis), the pangani black-and-white colobus monkeys'(Coléb;is angolensis), the leopard
(Panthera pardus) and many bird species includiﬁg the guinea fowl (Numida mitrata), the lilac-
breasted roller (Coracias caudaia) and the European rollcr-'(CoraCias garrulus), vultures and

marabou storks.

2.8.2 . Selous Game Reserve

The Selous Game Reserve is situated in the southwest corner of the basin, covering an area of
the right bank side of the Mgeta River, downstream. of Kisaki. .This is one of the largest
wildlife areas left in the world. The Reserve, established in 1922, OCCllpr a total area of about
50,000 km? or 6% of the nauonal land area. Altitudes of the Reservc range from 110 to 1 250
m. The Reserve i is divided mto four sectors. Ammai v1ewmg, boatmg, flshmg and campmg
are restricted to the northern scctor which bordcrs the Mikumi National Park. The ecosystem of
the Selous Game Reserve is rich and diverse. It, for mstance, contains more than 2,000
species of plant and over 30 species of animals. Due to its unique ecological importance' the
Reserve was listed by the Untied Nations as a "World Hentage Site" in 1982, The very small

' portion of the northern Selous Game Reserve is situated ms;dc the Ruvu RIVBI' basm and it is
~mainly of open grassland and/or open woodiand A great part of this area is an cxtcnslon of the
Lake Tagalala Area, an 1mporta.nt area for thinocéros and chedter ‘Other 1mportant ammal

species whlch inhabit the' area mclude 1mpala (Aepyceros melampus), buffa]o (Syncerus

caffer), wildebeest (Connochaetes taurmus) zebra (Equus burchelh) and eiephant (Loxodonta

africana). With the assistance of the Federal Republic of Germariy, the conservation program
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for the Reserve is on-going involving the local communities in terms of the wildlife
management as described in the succeeding Section 2.9.

2.8.3  Forest Reserves

There are many forcst reserves thh various scales in the Study Area. These are mostly located
in the eastern part of the Ruvu River basin and around the Ulugure Mountains area in the
western part of the Study Area. They are imporiant sites in terms of both animal and plant bio-
diversity even if- their primary purpose is different, e.g. water catchment, fuelwood. The
largest forest reserve is the Mkulazi Forest Reserve which is located on the north of the

confluence of the Ruvu and Mgeta Rivers with an area of some 69,000 ha., followed by the
Ruvu North, Ruvu South, Uluguru North, Uluguru South and Morogoro Fuel Forest
Reserves. These forést reserves are national forests and are managed by the Forestry Division
of the Ministry of Tourism, Natural Resources and Environment. |

2.9 Selous Conservation Programme (SCP)

It is identified that in and around the both Kidunda and Mgeta reservoir areas there are activities
undertaken by fhe' S{elous Conservation Pr'ogi‘amme (SCP) under the Ministry of Tourism,
National Resources and Environment, which include introduction of the community wildlife
management (CWM) in the buffer zorie bordering the Selous Game Reserve:__Especiﬁlly, the
Kidunda dam project is likely to have an intervention with the planning area established by the
SPC project to a signiﬁcant extent, depending on a scale of the re_servoir; _

The SCP contemplates io demarcate the village area adjacent to the rcs_efve area applying the
following land classification:

- Residential area,

- Area for agriculwre,

~ Communal wildlife utilizati_on area,
- Area for fuel woods,

- Arca for future expansion, and

- Forest Teserve arca.

The land usé plén Woﬂécd_c’;ufbj the SCP pfoject office in and around the proposed Kidunda
and Mgeta reservoir areas are shown in Figs. 2.10 and 2.1 1, respectively. The areas likely to
be submergéd by creation of those dam projects under the present development scale are
measured based on the planning maps provided by the SCP project office as follows:
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The SCP's planning area likely to be submerged by the Kidunda Dam/Reservoir

Kidunda Dam
No. Land Use Planned by the SCP Total Planning Area Area'to be Submerged
by the SCP : Ta by the Reservoir
_ (km?) (kmZ* - Raiio to Ta (%)
1 Residential area - SR (I 66 66
2 Areaforagricltwe 39 28.3 73
'3 Communal wildife utilization arca - 62 139 9
4 Awaforfuclwod - 9 72 15
'S Area for future expansion - o 28 7
 Total 30 58.8 20

Note: * ;'Area at the dam crest level

The SCP's planning area ]ikelx. to be submerged bg the Mgcta-Dam[Beser\}oir

Mgeta.ng

No. Land Use Planncd by the SCP Total Planning Area - Arca to be Submerged
' ‘ by the SCP:.Ta "~ by the Mgeta Reservoir
&m?) - &kmH* RatiotoTa (%)
1 Residential arca 35 . 00 - 00
2 Areafor agriculere o250 02 01
3 Communal wildlife utilization aréa 310 5.8 “ 1.9
4 Arca for fuel wood 60 02 0.3
5  Area for future expansion R - S 1.2 C3
6 Miombo wood land 120 10 o

Total 870 8.4 1.0

Note: * ; Arca at the dam crest level

In view of the conceivable implication of the conservation of wildlife in the Selous Game
Reserve, the detailed environmental impact assessment study on the Kidunda dam is
recommended to be carried out after completion of the Study in the fra_meWork of the
prefeasibility study, in particular focusing on the assessment of infl_ucnc'c' on tﬁe_éCOSystem of
the Selous Game Reserve, to be caused by construction of the Kidunda dam project.
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CHAPTER I

HYDROLOGICAL ANALYSIS

3.1 °  Rainfall Analysis

3.1.1 Average rainfzll in the Ruvu River basin-

The Study Team Co_llected all the available data of monthly rainfall at 66 rain gauge stations
- during the field survey period. The locations of these stations are shown in Fig 3.1 and the
annual mean monthly rainfall data are summarized in Table 3.1. -

Corrclatlon coefflments of monthly ramfall among the rain gauge stanons were calculated
Every station has correlatlon coeffic1ent of more than 75 % w1th it's nexghbonng station,
Espec1a11y, high correlation coefflclcnts of more than 95 % were derived in the two stauons
around Morogoro and Ngerengere.

(1) Rainfail in the Ruvu River basin

Considering location and data availability of the aforesaid rain gauge stations, 19 stations were
~ selected to estimate the basin average rainfall. Usiitg mean monthly rainfall and the Thiessen
polygon shown in Fig. 3.2, the annual average rainfall in the Ruva River basin was estimated
to be about 1,080 mm/year as shown in Table 3.2, '

@) - :Rai_nfan in the unit -bssin

The .Ruvu River basin was divided into 21 dnit basins as shown in Fig. 3.3 for the purpose of
clarifying the regional runoff characteristics. The mean monthly rainfall in each of the unit
basins was estimated using the same procedure as summarized in Table 3.3.

3) Rainfall in the catchment area covered by stream gauging station

The mean monthly rainfall in the catchment covered by each stream gauging station was also
estimated using the same procedure. The results are summarized in Table 3.4 and Fig. 3.4.

3. l 2 Frequency analys:s

' _Based on the daily ramfall data at thc 19 key statlons thc frequeﬂcy analyms on the followmg
values was carried out:-
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- Annual rainfall (probability of non-cxceedancc)

- Maximum 24 hour rainfall (probability of exceedance)

- Maxnnum 3 days rainfall (probability of exceedance) _

- Consecutive non-rainy days (less than 0.1 mm/day, probability of exceedancc)

- Consecutive non-rainy days (less than 0.5 mm/day, probability of exceedance)

The results are summarized in Appendix-C of the Supporting Report.

3.2 Runoff Analysis -

There existed more than 20 stream gauging stations in the Ruvu River basin. Considering theu‘
10canon and scalc of catchment area, the Study Team collected available hydrologlcal data at the
selected 11 stream gauging stations wlnch are shown in Table 3.5 and Fxg 3 1. '

3.2.1  Construction of Eating curve

Based on the discharge measurement data and river cross section data, the Stzigc;dischargc
rating curve (H-Q curve) at those 11 stream gauging stations were constructed. These are
compiled'in Appendix-C of the Supporting Report.

It was confirmed that the discharge measurement data at 1H8 did not include. the. rivef flow
' passing though the 10 culverts installed in the nght bank of the Morogoro Road Bridge. It
means that the rating curve of 1H8 shows only discharge flowing through the Morogoro Road
Bridge. Therefore, when the river water level is so high, it is necessary- to consider the
dlscharge passmg through the culverts for the high flow analysm Using the: available
hydmlog:cal data and consxdenng the section and elevation of the culverts, the relation between
gauging height at 1H8 and total discharge passing through the culverts was roughly estimated.
The equation was worked out as shown below:

- Q=-8.23 + (H-6.00) x 154.34 (if Q<0 then Q=0) .

where Q! Total culvert discharge (m3/sec).
H : Stage height at IH8 (m)

_Usmg the above equation and mean daily stage helght thc river dlschargcs for the hxgh river
stages were calculated. - '
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3.2.2 Estimate of long-term runoff

Using the stage«diéchar’ge rating curve, the iohg«ten‘n daily water levels-werc-cbnverted into 'th_'c
mean daily discharges. The results are shown in Table 3.6 and Fig. 3.5 and summarized
below:

Station Catchment . Mean Annual . Annual  Runoff
Code Area Discharge Runoff Depth Rainfall = Coefficient

(km?) (mfsec)  (mwfyear)  (mm/year)

H2 12,488 74,7 189 1,132 167%
IH3 6,697 518 . 272 . 1291 201%
1H5 420 185 1,388 2,620 53.0%
IHS 15,190 611 - 127 1,099 115%
"~ {H§* - 15,190% 650 135* 1,099% 12.30% -
“1H10 5,870 502 - 269 13420 7 201%
1HAA 2840 43 48" 970 0 5.0%
1HAS 1,646 - 39 - 4 986 L 7.5%
1HA1S 2,370 4.1 63 974 - 6.5%
1HBI 963 63 207 1,080 19.2% -
HB2 101 2.5 768 1,333  57.6%
mez . ast %0 1131 2,057 55.0%

Note: * ; Include the culvert discharge.
The relationship between catchment area and runoff is shown in Fig. 3.6.

The mean daily disbharge of 90% and 95% firmness at the stream gauging stations 1H8, 1H10
and 1HA1A were estimated by the series method as shown b_clow:

Station 90% firmness 95% firmness ~ No. of Year of
Code Cmifsec) . (msec) complete dala
1 110 9.1 21
1HI0 10.4 86 8
1HAIA 0.07 0.02 7
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3.2.3 Frequency analysis

Based oa the long-term discharge data derived throngh the runoff analysis, the frequency
analysis was carried out for the following items, and the results are shown in Table 3.7.

- Annual mean discharge (probability of non-exceedance)
- Annual minimum discha’r_gc' (probability of non-exceedance)
- Annual maximum discharge (probability of exceedance)

3.2.4 Low flow - analysis
1) Design of low flow analysis model

Based on the monthly rainfall and dlschargc and. using the Tank Model method, the low flow
analysis models for the stream gauging stations 1HS, 1H8, 1H10 and 1HA1A were constructed
as shown in Fig. 3.7. The comparison between the observed discharge data and the simulated
discharge data at 1H8 was made as shownin Fig. 3.8. The results of the comparison for the
other stations are compiled in Appendix-C of the Supporting Réport. :

(2) Low flow analysis for prospective dams

Applying monthly rainfall data to the Tank Model, the mean monthly runoffs at the following
prospective dam sites were estimated for the period of 40 years from 1950 to 1989, The results
are shown in Appendix-C of the Supporting Report and summarized in Table 3.8.

Name Catchment Area (Km?2) Used Model

1LRudete 2468 Tank Model for 1HS
2. Ngerengere 2,8093 o Tank_MocféI for tTHALA
3. Mkombezi 602.9 Tank Model for IHA1A
4. Mgeta : 938.7 .+ Tank Model for 1H5
5. Kidunda 57609 " Tank Model for TH10
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3.2.5 High"flow a’nalysis '

The Ruvu Rlver basin was divided into 21 umt basins for estabhshment of high flow analys1s
model as shown in Fig. 3.3. The daily rainfall data for each of the 21 unit basins were worked
out using the Thiessen polygon method as shown in Fig. 3.2.

A high flow analysm model was s made usmg the Storage Funcuon Model as shown in Flg 3 9
and dally rainfall data. The coefficients of the Model were determmed based on the observed

floods in 1968, 1973 and 1974. Although the 1979 flood is the biggest one at 1H8 during the
observation period, it was not used since the rainfall and discharge data were not sufficiently
available for the analysis. The comparison between observed | discharge and simulated
discharge at 1H8 was made as shown in Fig. 3.10. The resuits of the comparison for other
stations are shown in Appendix-C of the Supporting Report.

Based on the daily rainfall pattern in 1974, the flooding patterns at 1H10 and 1H8 for each of
the return periods of 5, 10, 20, 50, 100 and 200 ycar_wcrc dcrivcd_as shown in Fig. 3.11.

Regardmg the flood of 5 year return perlod whxch is adopted as the design flood for the flood

control works required for the agncultural development projects in the lower Ruvu, the effect of
the flood control by the planned Kidunda dam was examined securing the flood control space
between the Normal High Water Level (NHWL.) and Surcharge Water Level (SWL) of the
Teservoir. The NHWL of the Kidunda dam is optimized to be EL. 89.0 as discussed in the
succeeding Chapter VIL. The surcharge volumes of the Kidunda reservoir required to regulate
the spillout discharge therefrom were estimated for three cases as shown below:

Case No. - Maximuia ~ Reguired Peak discharge  Remark
spillout discharge  surcharge volume at 1118
from the Kldunda dam of the Kldunda Reservoir
(n’/sec) (Miltion m3) L (mdfsec)
Casel - - 610 {without flood conirol by
_ _ the Kidunda Dam)
Case 2 100 483 250 (with flood control by
' o j the Kidunda Dam)
Case 3 150 308 - 300 (-do-)

Case 4 200 203 350 (-do-)

qI-5



As seen in the above, the peak discharge of the 5-year probable flood at 1H8 can be diminished
to 300 m3/sec i in case the Kidunda dam is planned to have a flood control space of about 310
~million m3.

The peak flood discharges at proposed dam sites for éach of 5, 10, 20, 50 100 and 200-year
return periods were estimated by means of the Storagc'Function' Model. The results are shown
in Table 3.9. The hydrographs at the dam sites for each of 20, 50 and IDO—year return periods
were also derived as shown Fig. 3.13.

3.3 Sediment Analysis

During the Phase 2 Field Work, the Study Team collected the suspended sediment data at
following sites:

Name of River Qbservation Period  Calchment Area (km?)

{Location) o : o :

Ruvu (1H8, Morogoro ~ from 1958 to 1986 15,190
Road Bridge) . L .

Ruvu (1H10, Mikula)  from 197010 1977 5,870

Kikundi ‘ from 1978 to 1979 4.4

Based on the suspended sediment data, a relation between mean daily discharge and suspended
sediment was analyzed as shown in Fig. 3.14. The cquation was derived as shown below:

No.  Nameof River Catch_mem Rating Formula of Suspendcd
(Location). Area (km?) . Sediment Load
1 Ruvu (1H8, Morogoro 15,1900 - Qs = 33.06 x Q1-424
Road Bridge) N _ o
2 Ruva (1H10, Mikula) 5.870.0 Qs = 61.30 x (1.281
3 Kikundi - 44 Qs = 232,65 x Q2-066
Note

Variables in above rating formula of suspended Ioad
Qs : Daily transport of suspended load in ton/day
Q : Mean daily discharge in m3/sec

- Using those equation and mean daily discharge data at 1H8 and 1HI10, the 10ng-té_>rm scdimént
transport was estimated. The results are summarized in Table 3.10. The sediment tranéport
was derived to be approximately 200 m3/km?/year and 400 m3/km2/year at- 1H8 and 1H10,
respectively. However, sampling period of those sediment data are a little bit old, considering '
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the change of the condition in the basin. Furthermore, the number of the suspended sediment
load data are insufficient for the sedimentation study. Therefore, it is essential to carry out
intensive water sampling for the suspended load analysis in the next study stage in order to
estimate the sediment yield rate with accuracy.
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CHAPTER IV

MUNICIPAL WATER DEMAND FORECAST FOR DAR ES SALAAM CITY

4.1 Present Situation of Md'ﬂicip’al Water Supply Systemy

4 i i General descrlptlon of exnstmg water supply system

The water supply systcm for Da.r Es Salaam cuy is owned and run by NUWA (Nanonal Urban
Water Authority), while the rural water supply system in the surrounding rural area of the city
is run by RWSD, being of very small scale. At present, the Dar Es Salaam water supply
system run by NUWA comprises the following (3) three systems: .

Existing Water Supply System fbr. Dar Es Salaam Citv

Name of Water S'upply System -~ Design Capacity of Existing

Water Treatment Plant

(m3/day) (m3/sec)
1) Lower Ruvu scheme 182,000 ¢ 211
'2) Upper Ruvu scheme 82,000 0.95
© 3) Mitoni scheme 9,000 0.10
 Total 27,300 3.16

The main features of the above three schemes are listed in Table 4.1. Out of these, the water
source of the Lower and Upper Ruvu schemes is the Ruvu River. The intake structures of
these schemes are located on the Ruvu River about 18 km and 40 km upstream of the river
‘mouth, respectively. The river water off-taken at these siies is conveyed to Dar Es Salaam city
_through_the_Separatc two trunk transmission mains with a length .of some 50 km after
| purification. Locations of existing these iwo schemes are schematically shown in Fig. 4.1.

On the way of the transmission mains to Dar Es Salaam, some amount of conveyed water is
"beiﬁg‘off-taken to be supplied to the areas along the transmission mains. The major towns
served by. the off-taken water are Kibaha, a capital of the Coast Region, and Bagamoyo. In
- view. of the water. consumption the characteristics of these areas are that some of water
supphcd is uscd for agncultural production such as 1mgatwn hornculture, animal husbandry,
pouliry farmmg, etc. ‘Thus, the Dar Es Salaam water supply system run by NUWA covers the
 areas along the transmission mains as well as the city area of Dar Es Salaam.
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4. 1 p/ Upper Ruvu scheme

The Upper Ruvu scheme was constructed in 1959 its capacuy bemg mcredsed in stages after
then. The intake structure is located just downstream of the Morogoro Road Bridge crossing _
the Ruva River. The treatment plant is located at Mlandizi about 7 K distant from the intake
site. After treatment, the treated water is’ conveyed to the Klmara Reservoir through the
transmission pipelines. At present, the whole fac:lmes mc}uchng intake, treatment plant and
pumping stations are in good condnmn after the recent rehablhtatxon completed by Itahan
financmg in 1992.

The newly constructed intake structure is designed to have the maximum intake capacity of
210,000 m3/day (2.4 m3/sec) which' is more than t_Wice the present capacity of the treatment
plant of 82,000 m3/day. The raw water pumping station and some components of the treatment
plant are also designed to ejhable expansion of the present capacity in future. The 50 km long
transmission pipeline_‘connectcd to the Kimara reservoir consists of 2 or 3 parallel pipes
depending on the location. The pipes are made of steel or of fiberglés:s reinforced one (FRP) of
which diameters vary from 500 to 900 mm. A lot of illegal taps were found to be installed on
 the steel pipe portion. This transmission llnes supply water to Mlandizi town, Kibamba town,
Kibaha ward of DSM and villages situated along the pipeline. '

The Kimara Reservoir with a total storage capacity of 31,800 m3 is provided along the
Morogoro road in the fringe of the city. Usually, the water stored in the reservoir was supplied
to the service area at about 5 a.m. and quitted usually between 9 and 10 a.m. when the tank
dries up.

4.1.3  Lower Ruvu scheme _

The Lower Ruvu scheme was constructed between 1975 and 1976. The intake structure is
located on the Ruvu River 22 km downstream of the Uppar Ruvu intake or 18 km upstream of
the river mouth. A weir is provided on the river in order to keep the minimum level of the raw

water well.

The intake structure has three (3) openings, one for low water level and the ot_her for high water
Tevel, with a design capacity of 386,000 m3/day which is cf;qulivalent' to about 2.1 times that of -
the existing treatment plant (182,000 m3!day)'.' The water passing through the intake structure
is transmitted to the low lifting 'puin'ping' station which accommodates 4 low lift pu:mijs
Besides, it has a space to install one additional pump for the purposc of the future expansion of
the capacity. The current’ opcratm g capacny of the pumping station is 191,000 m3/day
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Although the existing ti‘ea'ﬁn_ent plant was designed to have a capacity of 182,000 m3/day as
mentioned above, the current production reached about 207,500 m3/day exceeding the capacity.
This is because the water by-passes the rapid sand filters which are currently out of order. This |
results in production of the water with high turbxdlty After the sand filters are rehablhtated the
producuon would drop to the nominal capacny of 182,000 mjlday

The high Iift pumping station is equipped with 4 pumps, which has a space for one additional
pump for future expansion of the capacity. The transmission main of a 55'km long prestressed
concrcte pipe of 1,350 mm in diametcr conveys the treated water to the University Reservoir.
The water conveyed by the transmission main is being extracted at 17 different places, on the
‘way to the University Reservoir, to be supplied to Bagamoyo town, Bunju, Kunduchi,
Mbweni and Goba wards of DSM, a part of Kawe ward and other villages situated along the
transmission main,

The University Reservoir with a total storage capacity of 45 400 m3 is located in the
northwestern part of the cny The water of the reservoir is supphcd mame to the lowcr zone of
the 01ty

4.1.4 Mtoni scheme

The intake structure of the Mtoni scheme is located on the Kizinga River which drains the
southern area of Dar Es Salaam cuy The treatment plant with a design capacity of 9,000
m3/ddy is prov1ded besuie the river bank The aver age. produc,tlon rate is about 6,000 m3/day
accorchng to the repon on thc Urban Sector Engmeermg Pro_]cct but it drops o 1,500 m3/day
from time to tlme durmg the dry season. ‘The water is directly conveyed to the distribution
‘network of the cxty by pumping, Smce thlS scheme was constructed in 1949 most of the main
components such as the plant and the pumpmg statlon need rehabilitation.

4.2 Latest Water Consumption in Service Area of NUWA

4.2.1 - Water :sup'ply in. 1990

The prescnt Dar Es Salaam water supply system is charactenzcd by an overall shortage of water
supply and uneven chstnbunon of the water supply in the c1ty According to the data on latest
_ water consumptlon co}Iected and analyzed through the "Study on Rehablhtdtlon of Dar Es
_Sa;aan) Wa_te: Supply _by HCA (1991)", the production of treated wat_er in 1990 was as follows.
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£T Water mein 1

Water Supply Scheme of NUWA for DSM

Lower Ruvu UpperRuve  Mioni “Total
Supply of treated water (m¥/day) 207500 82, 000 | 6800 296,300
(Ratio to total supply) (70.0 %) Q1.7 %) (2.3 %) (100 %)

As seen in the above table, the Lower and Upper Ruvu schemes share a large part of the total
production of treated water supplied o the service area of NUWA. The above total supply of
the treated water in 1990 is divided into the consumption in the two areas, namely area along
the water transmission mains of the Lower and upper Ruvu schemes dnd area covcrcd by the
distribution network in Dar Es salaam city as shown below ; s

Consumption = Leakage/Wastage “Total

- Service Agea . (m¥day)  (mYday) - Gn¥/day)

- Area albng Transmission Mains 4-' | | - - 102,900

- Area Covered by Distribution Network of 67.673 125,727 193,4.00
Dar Es Salaam City

Total 296300

The above table exhibits that about 35 % of thc total productmn of treated water (296 300
m3/day) was suppl;ed to the areas aleng the transmission mams of the Lower and Upper Ruvu
schemes and that the water lcakagc ratio in the dlstnbuhon system of Dar Es Salaam city
reached 35% of the net supply (193, 400 m3/day) The sectorial consumptlons in the
distribution system in 1992 are summanzcd in Table 4. 2 "On the other hand, it has to be noted
that the above consumption does not reveal the real water demand since the water consumpnon
was suppressed in some areas of the Dar Es Salaam City due to the insufficient water pressure

in the distribution pipes.

The hourly variation of the supply from the reservoirs and the Mtoni plant_ is shown in Fi g4.2,
As seen in the Figure, the hourly supply from the University Reservoir of fhe Lower Ruvu
scheme does not vary so much during the 24 hours, varying between 6 000 m3/hour and 7, 00{)
m3hour except for a few hours i in the mornin g “This means that the rcservou docs not meet the
water demand of the service area which compnses the lower zonie of DSM, as thc supply is far
less than the demand. While, the operation of the Klmara Reservoir was mtcrrmtted usually
limited to the morning time between 5 a.m, and 10 a.m. This was because the reservoir could
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receive only 18,410 m3/day from the Upper Ruvu scheme according to the aforesaid previous
JICA study. Thus, it 1s obvious that most of the areas covered by the distribution network is
subject to the shortage of the municipal water,

4.2.2  Present situation of distribution system in Dar Es Salaam city

The present aggravated situation of existing distribution system is attributable to the irregular
extension works undertaken since 1950's. . About 30% of the distribution pipes have been used
for more than 30 years. The total length of the pipes is about 800 km. However, in many
areas of the city the secondary and tertiary networks are not sufficiently installed due to the
insufficient funds allocated therefor.

The extent of encrustation of network pipes in 1990 was investigated by the previous study.

‘The pipes of 200 mm in diameter and less at various places suffered from deposits consisting
mainly of silt and crust. It was observed. that a flow area of these pipes had been reduced from
the original one by about 50%. The main cause of the occurrence of silt deposit was lack of
filtration in the treatment plant of the Lower Ruvu scheme.

The previous study also undertook ficld tests for estimation of water leakage in the network.
The leakage ratio was measured to range from 35% to 50% in some areas. The major reasons
for the water loss were:

- Leakage from pipes, pipe connections, valves and service connections,

- Absence of water meters that did not encouragc anyone to check the water Ioss
- Illegal connections, and

- Lack of maintenance of the network.

4.2.3  Sectoral water consumption in distribution network of Dar Es Salaam

city
(1) _I)omesﬁc water consumption

According to the data and information collected from NUWA, there are about 70,000 registered
cohnections /in the city. Only 2,000 connections are metered, of which about 40% are
functioning, Concerning the domestic water supply, the connections to the distribution system
are classified into the following three (3) types;

- House conncction : Within the housin g unit, a number of taps are available for water use
' in kitchen, toilet, bathroom, etc.
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- Yard connection  : Only one or two taps within the house premise are available.
Usually taps are located at the back of the house in the yard, from
which water is taken and hand-carried by bucket and containers to
inside of the house.

-Noconnection = : This type has no water connection within the-house or house
‘premise. Residents have to go to water kiosks or standpipes or to
their neighbors to fetch water in buckets.

It was estimated through the previous JICA 'study that the total iumber of the connections was
around 308,270, of which the house connection, yard con_ne'ct_ion and no connection shared
about 30 %, 24 % and 45 %, respectively. -Further, it estimated the toal number of population _
-served in 1990 at 1,335,028 pe‘i'so_ns. “The average water consumption per capita is calcul_ated
at about 96.0 litters/day, while that in the house connection showed a comparatively high rate of
204 litters/day as tabulated below: - L S

Domestic Water Consumption by Type of Connegtign. in DSM Distribution Network

" Consumer by Water Consumed in m3/day  Population Served  Water Consur_nptibri
Type of Connection : (Ratio) (Ratio) Per Capita (liters/person)
(liters/day) ' :

- House Connection . 87,537 (69.%) 428,851 (R2%) . 2041
- Yard Connection . 27,648 . (21 %) 315,482 © (24%) . 876
- No Connection 12,995 (10 %) 590,695  (44%) ' S 220
(Kiosk/Standpipe) .

Total 128,180 (100 %) 1,335,028 (100%) 96,0

(2) Water consumption in other sectors

The water consumption in other sectors in 1990 were estimated as follows:

Sector Total Connections (N_os.) - Water Consumptieh (1ﬁ3/day)
- Industrial sector 475 o , | 4,612 -
- Commercial secior 4902 6,282

- Institutional and others 1,14'13 C L 25335
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4.2.4  Water consumption along fransmission mains

For the service afcasalon'g the trunk transmission mains, NUWA established branch offices
and started registration of the connection in 1990. The population served is estimated to be
around 109,000 based on the data collected at village level.

The per capita consumption in the domestic sector is little known on the arca. Herein assumed
is that the average daily consumption per capita in 1990 was the same as that in the distribution
network of DSM (96 litters).  Consequently, the domestic water consumptlon in 199(} is
‘estimated at about 10,464 m3/day ' ‘

Based on the dat_a on registered numbers of industrial, commercial, institutional and agricuitural
consumers as well as their cbnsu'mp'tion which were collected through the field survey, the
wéite_r consumption in other sectors than the domestic sector in areas along the transmission
mains is derived to be 30,375 m3/day as shown in Table 4.3, '

4.3 Expansion and Rehabilitation Plan of the Dar Es Salaam Water Supply
System

* Since 1976, no further expansion of the water supply capacity has been carried out. The Urban
- Sector Engmeenng Project considers that it is the most feasible io expand the treatment plant of
the Lower Ruvu scheme to the extent corresponding to the maximum capacity of the existing
transmission main. The ma_lor projects planned so far are as follows;

1) Improvement and rehabilitation of the Upper Ruvu scheme.and the Dar Es Salaam
distribution system. This project is the second stage of that described in the foregoing
Subsection 4.1.2, which was implemented under the Italian financial assistance,
including:

S --Tra’nsmis’sion main ; Replacement of the 4 km long old main pipes of 750 mm in
- diameter between the Mlandizi treatment plant and the Kimara Reservoir with cast iron
(CI) pipeé of 900 mm and 750 mm in diameter. Rehabilitation of feeder and main

' appurtenances between Kibaha and Kimara. _

-~ Distribution main; five (5) distribution main of 600 mm in dlameter in a total length of
e 20 3 km. ' ' ‘ '
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2) Rehabilitation of the Lower Ruvu scheme, the Mtoni scheme, and the distribution
network. These works were studied by JICA in 1990 and 1991,

- Improvement of the Lower Ruvu scheme including repair of chlorinating system,
. constraction of additional intake, minor repair of clarifiers :

- Repau' of the Mtoni scheme '

- Leakage control measures including instailation of meters |

- Cleaning of about 650 km long plpehncs in the dlSt[‘lbuthI] system

- Replacement of 90 km long service pipes of small diameter i in the city center .

- =.  Installation of 38 km additional primary mains of 200- mm to 900 mm in diameter in

Opyster Bay, Kinondeni, Temeke, Kurasini, Kigamboni and Mbagala.

- Installation of 46 ‘km long Secandary’ pipes of 100 mm to 150 mm in diameter in
Tabata, Yombo, Ukonga, Mbezi-and Kigambdni.

3) Expansxon of the Lower Ruvu treatment plant _
The ‘study on the expansion of the existing Lower Ruvu scheme as well -as
rehabilitation of distribution system in Dar Es Salaam city is going fo comme_nce under
the finance of the African Development Bank (AFDB) within year 1994.

1t is expected that the present desi gn water supply capacity (182,000 m3/day or 2.11 m3¥/sec) of
“ the Lower Ruvu scheme is increased to 1.5 times the present one (273,000 m3/day or 3.16
m3/sec) or more through implementation of the aforesaid expansion project. As well, the
present high rate of leakage and waste in the service area is_expected to be much improved

through realization of the aforesaid projects. .

4.4 Municipal Water Demand Forecast |

4.4.1 Procedures a'd'o'pted

The water demand forecast in the Dar Es Salaam water supply system was médc for the target
year 2020 and the intermediate years at interval of five (5) year dividing the service area infto the
two areas; namely the area covered by the distribution network and area along the transmission

mains.
The gross water demand comprises domestic, indusn‘ia'l commercial and institutional demand

as well as leakage and wastage. The domestic water demand which constitutes a large part of
the gross one is derived through the multiplication of the populat;on served and the averaged
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per capita demand. By summing up the sectorial demands, the gross water demand is
calculated by the following formula on an average daily basis:

| Daﬁy gross water demand
Average daily water demand =1~ Leakage/Wastage raii 10(%) / 100

‘The daily maximum demand is assumed to be constant at 125 % of the average daily demand
‘throughout the period up to the year 2020; adopting the daily peak factor of 1.25 obtained
through the prév_ious study for the Dar Es Salaam Watér supply system. The water demand
forecast was made adopting the year 1990 as the base year.

4.4.2 Water demand by sector

The sectorial water demand in the Dar Es Saiaam water supply system was made as mennoned
below: ' '

(1j " Domestic. demand forecast

The service area of the Dar Es salaam watet supply system lies in the two (2) Reglons namely
the Dar Es Salaam Region (06) and Coast Region (07), . The population forecast for these
Regions was made for the years up to 2020 in the course of the Study.

The population served in the distribution network is predicted to increase from 1,358 thousand
in 1990 to 5,491 thousand in 2020 at annual growth rates varying from 4.4 % to 4.9 % as
shown in Table 4.4. The average daily water demand per capita in the distribution network is
projected dividing the consumers into the two categories, namely house connection and other
type of connections (yard connection and no connection). The per capita water demands in the
‘both catcgones are predicted to increase in proportion to the annual increase rates of per capita -
GDP (1.8 %). On the other hand, it is assumed that the pér cap1ta water demand of the house
~ connection would not exceed 300 Ipcd with reference to those in capltals of other developing
countries. As a result, the total domestic demand in the distribution network in the year 2020 is
estimated 634,215 m3/day as shown in Table 4.4.

The population in area along the transmission mains is forecast to increase from 109 thousand

*in 1990 to. 312 thousand in 2020, while the per capita water demand therein is forecast to

increase at the rates of the per éapita GDP. The domestic water demand in area along the
transmission mains in the year 2020 comes to 51.152 m3/day.
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(2) Water Demand in other sectors

Except for the agricultural demand, those in other sectors are assumed 10 .increas'e at the same
annual growth rates as those of the GDP, ie., 3 % between 1990 and 20% and it is assumed at
1.5 % between 2000 and 2020.

_With regard to the agricultural water demand, NUWA intends to apply higher water tariff to the
users to reduce the water consumption for the purpose. Taking into account the water shortage
likely to take place in near future due to the increasing water demand in Dar Es Salaarn city, it is
strongly hoped that the water source for the agricuitural p_rodu'ctio'n is replaced by other one
including ground water. In the present water demand forecast, it is assumed that the
agricultural demand along the transmission main is constant until the year 2020.

3 Water leakage and wastage ratio

The water Ieakage within the distribution network was esnmated to be 35% of the daily average
demand in the previous study for year 1990. In addition, the study assumed that the leakage
ratio would decrease to 20 % with the rehabilitation of the distribution system_; ‘While, the
distribution leakage and wastage level in the area along the trunk transmission mains in 1990
was calculated at high ratio over 50 % based on the gross consumptlon of each sector‘and the
gross supply to the area. In the present water demand forecast, the water leakage and wastage.
ratio in the area is assumed to decrease to 20 % in the target year 2020.

'('4) " Municipal water demand in 2020

Tables 4.5 and 4. 6 show the water demand in the dlsmbutlon netwoxk of Dar Es Salaam cuy
and the area along the transmission mains, respectively.

Through the above assumptions and procedures, the gross demand in the whole service _area m
the year 2020 was estimated at about 970 thousand m3/day or 11.2 m3/sec on an average daily
basis as shown in Table 4.6, while the daily maximum demand at about 1,211 thousand m3/day
or 14.0 m3/sec.



5.1.

5.1.1

(1)

'CHAPTER V

'POTENTIAL OF AGRICULTURAL DEVELOPMENT

" Present Condition

Soil

Soil survey

A total of 25 sampling pits including auger holes were dug in the selected priority areas in order
. to examine the suitability of soils in the basin for the purpose of agricultural development. The

soil profile observation was made for major items applying the standard of national soil service

of Tanzahia Location of pits and auger hole sites are given in Fig 5.1, In parallel with the soil

profile observation, soil sampling was performed at each soil depth. A total of 118 soil samples

were collected and they were laboratory -tested for ten (10) items. In addition to the aforesaid

soil survey, the water quality analysis was also made for seven (7) samples collected from those

test pits and rivers to clarify the saliné condition.

2)

a.

Characteristics of soils

Lower Ruvu Valley )

This area is dominated by alluvial clayey soils transponcd by the tributaries of the Ruvu
River. The depth of the top soils and effective soils are good enough for agriculture.
The soil reaction is weak and suitable for most crops. The electrical conductivity is low
and this indicates that soils are almost free from salinity problem. Sodium adsorption
ratio is also as low as 6, implying absence of sodicity hazard. The cation exchangeable
capacity ranges from medium to very 'high. This indicates that the soil is very fertile and
suitable for rice cultivation. |

* Middie Ruvu Valley

The soil survey for this area was not carried out due to ﬂoodmg and heavy rain at the

time of sampling. According to the geological map prepared by FAQ, report No. 1316,
_the areas outside both right and left banks of the valley are covered by alluvium and
: claycy deposzts

Uppcr Ruvn VaIley (Mgeta Plam)

The soil texture of the upper part of this area is sand sandy clay and sandy clay loam
whereas the lower part of this area is covered by clay and clayey loam. Except for some
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northern part of the Gombo village, PH and EC values are low and S.A.R. values are -
generally medium. These soil characteristics indicate that the soils are suitable for most
crops. Salinity and sodicity problems are also absent. Soil fertility is high especially in
the lower part of the area.

The soil in the northern part of the Gombo village s.hows that sodium adsorption rate is
over 12 at many places. Therefore the area covering approxmately 1 ,700 hectares
should be excluded from the priority area for agricultural development

5.1.2  Present land use
(1_) " Present land use in the Ruvu River basin

The total area of the Ruvu River basin is-about 17,900 km2, of which arable land area accounts
‘for 1,800 km? or about 10 % of the total area. The rest of 16,900 km? comprises for’esf steep
slope area, floodplain, water body, road and public compounds. The present land use in the
Ruvu River bdsm is summarized as foliows o '

Land Classified Arca (Km?)
Entire area ' 17,900
Forest _ . 4,000
- forest reserve ' ' _ | 2,3_60 |
- forest non—reserve _ 1 ,'2_(')_0_ B
. Steep slope arca - 1,200
Drainage area o 11,600
- floodplain 9,800
- arable land | 1,800
Town, viilage, road, etc. 500

The principal types of vegetation in the basin are; (a) Mangrove forest of about 2 km? at the
mouth of the Ruvu River, (b) Thicket scaitered over the entire basin up to 600 m in altitude, (c)
Woodland of about 14,200 km? or 80 % of the basin area, (d) Tropical evergréen and semi- -
deciduous forest along the river streams, and also in places above 1,000 m where annual
rainfall exceeds 1,000 mm, (e) Mountain forest and mountain heath land w1th altitude of more

than 1 OOO m



5.1, 3 Present cr‘opping pattern

()wmg to the relauvely mlld climate, various kmd of crops such as wheat, maize, paddy, :
Cassava, vegetables, orange, coffee banana, pineapple, etc. have been introduced in the Langali
areas, western side of thc Uluguru Moumams, Bwakira-chini area in the Mgeta Plain, and .
Mkuyuni area. in the uppcr Ruvu. Whereas, in the lower basin between the Ruvu station and
Bagamoyo areas, a few kind of crops such as paddy, maize, cassava are cultivated in the
floodplain with the traditional farmmg pracuces at a small scale In the Ruvu River basin, the

current cropping calendars prevailing in Langall Bwaklra chini, Mkuyum and Bagamoyo are
‘1ilustrated in Fig. 5.2.

5.1.4 Present farming practices

Peasant cultivation techniques are manual with simple hoe: In general, animal power' and
- tractors are not suited to small scale famimg in the basin. Large scale farming of paddy is
practlced in the Ruvu Rice Farm Ltd (NAFCO RUVU) w1th an extent of 750 ha under surface
mgauon system by pumped watcr in the lower Ruvu. The present farrmng practlces w:th
regard to the major crops such as cassava, malze and paddy are summanzed as follows

(1) | Cassava

Planting of cassava takes place in October to November or February to April with rain.
Propagation of cassava is made by means of stem cutting.

(2) Maize

Malze cultwatlon is mamly made in small holdmgs, more often asa m1xed stand cntu‘ely under
rainfed COl‘ldlthﬂS except for the Ruvu ﬂoodplam where the extent of crop grown and the
sowing time are dependent on the flooding condition.

(3)  Paddy

Small :Scale Farming Nearly all of the p.addy is sown directly in the field after plowing, which
is usually done i in the dry period. ' Germination depends largely on available moisture and the
water level in the field. There is no control over this factor in the ﬂoodplam at present. In the
ﬂoodplam, sowing takes place dunng January and February, before the flooding becomes a
thr_éat. Paddy is often inter—p'lantcd with maize and is harvested in June when the flood begins

to recede.



Large-Scale Farming : Before sowing, the land is plowed on'ce, harrowed twice and leveled.
These operations are performed between September and December. Sowmg commences in-
February The direct sowing is made by using seed drills mounted on wheeled tractor '

Chemical control of pest and diseases is apphed and hand weedmg is also pracnced to avoid
the other weed generatlon and the w1ld rice which are not controlled by the herblcldes

Fertilizer used are nple super phosphate (TSP) atarate of 125 kg/ha every two years two sphts
of urea after germination and bootmg stage and mtrogen at a rate of 100 kg/a. Harvestmg of
paddy is done by using combine harvesters and commences in June to August, depending on
the plantmg times and planted areas.

5.1.5 Crop yield and pfoduetion

Farmers of the Coast Reglon are pmmanly subs1stence producers Cash crops mcludmg
cashew, sesame, cotton and citrus are produced in’ addition to the subsistence crops. The
Morogoro Reglon is one of the ma_]or supphers of fruits and vegetables to the Morogoro '
municipality and Dar Es Salaam mty ‘Sisal, the major cash and export crop, is grown in large-
scale plantations. Coffee and cotton are grown by smallholders at a limited scale Major food
crops compnse maize, paddy rice, cassava, sesame, etc. ‘

No reliable statistieal data on crep yield and production are available in the Ruyu-River ba_sin.'
Crop production and unit yield of the major crops were estimated on the basis of the data
provided by the Ward and District Extension Offices, information collected from the village
offices and local farmers and the field data obtained from the field inveStigation. The average
production of major crops for the period from 1985/86 to 1990/51 in'the both régions including
outside area of the Study Area and unit yleld and producnon of ma_]or crops in the Ruvu Rwer
basin are estimated as follows: ' ‘

Average Production and unit vield

Cassava Maize .  Paddy Cashew -Sesame ~Cotion =~  Sisal -

Production (Unit 1 000 tons) o ' .

Coast - 202.4 19.1 . 349 4.1 05 25 B
Morogoro ! 69.3 - 1158 9277 - .46 NoData. 4564 .
Ruvu Basin _ 24.4 66.5 31.4 B 1 -
Unit Yield (ton/ha) : ‘
Ruvu Basin 23 1.4 2.5 - - 1.6 -
Naticnal Ave. 2.25 1.42 1.5 - - 0.5 Co-




5.1.6 - Irrigation and_' d{a"ain'a_ge system . -
(1) Existing irrigation sjstein

Irrigation and drainage s'y.stems are used in very limited areas such as estates, lower Ruvu area
and western slope of the Uluguru Mountains (Uluguru West). Irrigation water amount supplied
to sisal and other estates is negligible small because of scalec-down of their production. The
farmers in the middle and upper Ruvu areas rely on unstable rainfall.

Existing irrigation methods in the basin are broadly divided into two types, namely modern
“irrigation by pumping in the low-lying area and traditional irrigation in the mountainous area.

(a) Modern irrigation and drainage system in the Lower Ruvu Valley :
There are 17 numbers of existing, abandoned and proposed agricultural dcvelopment
project/farms between the Ruvu town and the Ruvu River mouth. Irrigation farming
‘has been attempted in some projects/farms. The list of these projects/farms and their
locations are shown in Table 5.1, Following table shows a ‘sﬁmmary of the existing and
potential areas of agricultutal development in the lower Ruvu.

_ _Area P Irrieéjed Area
Owncrshlp Potennal (ha) Planled (ha) ‘ Désigncd (ha) _Actual (ha) * Future plan (ha)

Public 93000 3,90"0- S 1,045 197 2,400
Private 7,550 o3 Sl - 220
* Village 24007 2400 - - 2400
Total . 19250 6330 - - 1,045 197 5020

(b) Traditional 1mganon and dramage in the Uluguru Mountam West
Irngatlon in this area was volumanly commenced by the local pcoplc in 1960's. There
| exist 68 tradmonal unlined i lmganon canal systcms with total length of 170 km in the
Mgeta D1v1s1on These systems irrigate some 2, 000 hectares of vegetablc farms in the
dry season. '

(2) Water right

_.The' water right fcgistcred for agricultural purposes totals 43 with a gross water amount of 4.5
m3/sec 8s listed in Table 5.2. The total amount dose not necessarily coincide with the



agricultural water requirement. For the proper management of the ‘water resources, registration
system and registered water amount should be reviewed and adjusted.

5.1.7 Livestock production

Tables 5.3 and 5.4 show the data on the livestock grazing in the Ruvu River basin in Bégam‘oyo
and Kibaha Districts. The annual increase rate of number of cattle in the basin is lower than that
in the entire Bagamoyo District which is equivalent to 2.8 %. Table 5.5 shows the livestock
grazing in the Morogoro Rural Distﬁct’ in the 1984 census. Kingolwi_ra, Melela, Mlali,
Kidugalo and Tununguo villages are producing a large. number of cattle. ‘These villages are well
known as the traditionally cattle producing villages in the Morogoro Rural District by means of
the grazmg method enforced by Masai people :

A total of 22 dlps and 6 vetermary centers exist in the Coast Reglon, of which only two dips are
in operatlon at present. Other 20 dips and all 6 veterinary centers require rehabilitation. In the
‘Morogoro Region, no veterinary and biill centers exist. -

5.1.8 Forest

Table 5.6 shows a tendency of the forest productlon in the D;smcts in the Ruvu River basin for
the penod from 1985/86 to 1991/92. The trees in the vicinity of Dar Es Salaam had been -
eliminated by timber and charcoal traders, However, the Districts in the Coast Region will |
continue to be a major source of charcoal, firewood and house building poles for Dar Es

Salaam. The charcoal and firewood production records in the Coast Region show a tendency

that the producing arcas move from Kibaha area to the accessible forested areas in the

Bagamoyo and Kisarawe Districts in and around the Study Area. A lot of forest reserves and

forested areas are in need of afforestation. o ' '

The Regional Natural Resource Offlce of the Morogoro Reglon has its own tree seedling
nursery. This office supphed the tree seedhngs to the v1llages and Wards i inits Junsdu:tlon for
the period from 1981/82 to 1988/89 In 1989/90, this service was stopped due to lack of fund,
and the seedling was restarted in 1992/93, but apparently the supply of secdhng is madequate to
meet the present requirement of the villagers and reserves.

5.1. 9 F!Sh ery

The fishery in Tanzania is snll in.a primitive stage w1thout 1mproved plsmculmre, bemg mamly
of catching fish from natural water bodies. In 1988, the marine fish catch_ in Indian Ocean
occupied only 47,300 tons, accounting for only 13.9% of total catch of 340,300 tons.
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In the Ruvu River basin, the freshwater fishery at a commercial scale is made at the Mindu dam
in the upper basin and at the Morogoro Road Bridge in the lower basin. The fishery in:these
areas is also at a primitive level without storage and marketmg facilities. Fishery office in the
Morogoro Region controls the fish catch in the Mindu dam reservoir, but no production data
were available. A hatchery center was once established in the vicinity of Morogoro municipality
in 1980's. However, no expected results were obtained. The Government has an intention to
reestablish the center.

5.2 Prospective Agricultural Development Plan

5.2.1 Basic concept for agricu!tural .development

Talcmg into consideration the National Development Programme the national irrigation pollcy
and agricultural condition in the basm the agncultural devclopment plan was formulated on the
basis of the following concepts:

i) Development of potential area to the maximum extent

i) Development for increasing agricultural diversification
iii) Supporting to smallholder scheme -
iv) Rehabilitation of existing scheme

v) Introduction of private fund to new devélopmént scheme
vi) Introduction of gravity irrigation system

5.2.2  Assessment of land resources

The potential areas in terms of land resources are pfé]iminarily selected on the basis of the
previous studies by FAO and French Mission, topographlc maps at a scale of 1/50,000,
'reconnalssance survey a]ong the river, the results of soil analysis and study on environmental

conditions.

. The area and locations of pote'ntial irrigable areas preliminarily selected are tabulated below and
illustrated in Fig. 5.3.



	Cover
	Title Page
	TABLE OF CONTENTS
	I INTRODUCTION
	1.1 Background of the Study
	1.2 Cooperation
	1.3 Work Progress
	1.3.1 Phase 1 Work
	1.3.2 Phase 2 Work
	1.3.3 Composition of the Report


	II THE STUDY AREA
	2.1 The Land
	2.2 Socio-Economic Condition
	2.2.1 National socio-economic condition
	2.2.2 Socio-economic condition of the Study Area
	2.2.3 Present socio-economic conditions of Selembara ward in the planned Kidunda reservoir area

	2.3 Geology
	2.3.1 Geomorphology
	2.3.2 Regional geology
	2.3.3 Fracture lineament identified by aerial photo interpretation
	2.3.4 Hydrogeology

	2.4 Meteorology and Hydrology
	2.4.1 Meteorology
	2.4.2 Hydrology

	2.5 River System and Flood Problems
	2.5.1 Ruvu River subbasins
	2.5.2 Major rivers and their tributaries
	2.5.3 Longitudinal profile of major rivers
	2.5.4 Flood problems

	2.6 Water Quality
	2.6.1 Rainy season
	2.6.2 Dry season
	2.6.3 Comparison of water quality in rainy season and dry season

	2.7 Existing Water Resources Facilities
	2.7.1 Mindu dam
	2.7.2 Intake facilities on the Ruvu mainstream for water supply to Dar Es Salaam
	2.7.3 Existing irrigation system

	2.8 Natural Conservation Area
	2.8.1 Mikumi National Park
	2.8.2 Selous Game Reserve
	2.8.3 Forest Reserves

	2.9 Selous Conservation Programme (SCP)

	III HYDROLOGICAL ANALYSIS
	3.1 Rainfall Analysis
	3.1.1 Average rainfall in the Ruvu River basin
	3.1.2 Frequency analysis

	3.2 Runoff Analysis
	3.2.1 Construction of rating curve
	3.2.2 Estimate of long-term runoff
	3.2.3 Frequency analysis
	3.2.4 Low flow analysis
	3.2.5 High flow analysis

	3.3 Sediment Analysis

	IV MUNICIPAL WATER DEMAND FORECAST FOR DAR ES SALAAM CITY
	4.1 Present Situation of Municipal Water Supply System
	4.1.1 General description of existing water supply system
	4.1.2 Upper Ruvu scheme
	4.1.3 Lower Ruvu scheme
	4.1.4 Mtoni scheme

	4.2 Latest Water Consumption in Service Area of NUWA
	4.2.1 Water supply in 1990
	4.2.2 Present situation of distribution system in Dar Es Salaam city
	4.2.3 Sectoral water consumption in distribution network of Dar Es Salaam city
	4.2.4 Water consumption along the transmission mains

	4.3 Expansion and Rehabilitation Plan of Dar Es Salaam Water Supply System
	4.4 Municipal Water Demand Forecast
	4.4.1 Procedures adopted
	4.4.2 Water demand by sector


	V POTENTIAL OF AGRICULTURAL DEVELOPMENT
	5.1 Present Condition
	5.1.1 Soil
	5.1.2 Present land use
	5.1.3 Present cropping pattern
	5.1.4 Present farming practices
	5.1.5 Crop yield and production
	5.1.6 Irrigation and drainage system
	5.1.7 Livestock production
	5.1.8 Forest
	5.1.9 Fishery

	5.2 Prospective Agricultural Development Plan
	5.2.1 Basic concept for agricultural development
	5.2.2 Assessment of land resources



