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1. INTRODUCTION

1.1 General

Improvements in the rural water supply situation in Tanzania have in
recent years grown into a ma jor policy matter for the central Government.
Policy decisions regarding provision of piped water supplies giving ease
of access to domestic points and providing clean, potable and dependable
water have been taken. The objective of serving every villager is still
quite distant although remarkable progress is being made. On a national
basis approximately 40% of the rural villages are presently served while
the regions under study are lagging behind this figure with an average
percentage supplied of 22%. These figures, however, do not take account

of the schemes not operating nor of the proportion of population served.

The benefits of an improved water supply are i.a. shorter walking
distances, higher reliability and health improvements. The improved
water supply, when combined with education in better hygienic practices,
and the improved health facilities should be able to contribute to the
general well-being of the rural population.

This volume purports to summarise some of the main topics of the Water
Master Plan., One of these is the development context outlining the plan-
ning framework while the hydrology and hydrogeology studies are concerned
with establishing the extent of the resources, surface water as well as
groundwater. The present water use in the villages is studied and appro-
priate design criteria derived after which the main plan has been pre-
pared. Finally, the potential for development within other water-using

sectors, like irrigation and hydropower, has been evaluated.



2. DEVELOPMENT CONTEXT

2.1 Regional character

Ruvuma Region has a predominantly agricultural based economy, with
almost the entire population depending on agriculture for their 1liveli-

hood although just over 5 per cent of the total area is cultivated.

The climatological and topographical variations in the region result in

considerable variations of life-style and densities.

In the west of the region the higher land form and lake influence leads
to mean annual rainfalls of 1,300 mm. The highest densities and most

productive agriculture is found in this area.

To the east of the region the land becomes more undulating and climatic-

ally dryer with rainfalls reducing to around 1,000 mm mean annual values.

The administrative and settlement pattern of the region is diagrammatic-

ally shown in Figure 2.1.



2.2

SONGEA DISTRICT

8 DIVISIONS

104 VILLAGES

183,000 7
POPULATION Q@ﬂg@Ty

21 WARDS

RUVUMA REGION MBINGA DISTRICT
5 DIVISIONS
302 VILLAGES 108 VILLAGES
26 WARDS
528,000 9/kn? 210,000 23/ km® R0
POPULATION] DENSITY POPULATION] DENSITY

TUNDURU DISTRICT

7 DIVISIONS

90 VILLAGES

135000 > 17 WARDS
7/km
POPULATION DENSITY

Figure 2.1 - Ruvuma Region administrative and settlement characteristics.
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2.2 Development strategies

The rural development strategy is centered on the principle of coopera-
tive or "ujamaa" farming in collective village settlements where

associated social welfare benefits can be economically established.

Villagisation has been accomplished by some 99 per cent of the villages

in Ruvuma Region.

Village development is in the hands of a committee who are administered
by a chairman, manager and secretary. After establishing village needs
and priorities in the development context, the village committee communi-
cates these for further consideration through the ward, division,

district and regional administrative hierachy as appropriate.

In both the agricultural and industrial sectors, development policy is
based on self-reliance with emphasis on small-scale farming and village

industries.

Ma jor constraints to present development in the rural areas of the region
are communications, marketing facilities, skilled manpower and foreign

reserves.

Ruvuma region is particularly remote in relation to the rest of the
country although the new road from Makambako to Songea is expected to

significantly improve this situation.

The area covered by the region, 61,000 kmz, also results in many remote
areas with poor communication with the regional headquarters, and thus
the rest of the country. Tunduru District has in fact better communi-

cations with Mtwara than Songea.
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Farming is dominated by the small-scale cooperative system.

Maize is the most important food crop in the region. The most important
cash crops are coffee, cashew nuts and oil seed. Coffee is grown in
small-scale in the northern parts of Mbinga District together with some
wheat. In the eastern parts of the region cashew nuts and 0il seed are

particularly suited to the soil conditions.

Information gathered from the village inventory on the agricultural

status in the region is illustrated in Figure 2.2.

Shortage of land is generally not a constraint in the region. Response
from the village inventory indicated that 85 per cent of villages had no
problem. The major shortage of land was recorded in Mbinga District, 35

per cent.
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TOTAL LAND AREA
61,000 SQ KMS

TOTAL CULTIVATED AREA
6%

343,000 HCTS | oF LAND AREA

OTHERS CROPS AREA OF 3 MAIN CROPS
BEANS 6%
% 62% OF
RICE T 212,000 HCTS  § ey TIVATED AREA
COFFEE 4%
TOBACCO 4%
MILLET/SORGHUM | 4%
T MAIZE CASSAVA CASHEW NUTS
Z 322 18% 12%
WHEAT 1%
POTATOES -
SUNFLOWER -
MAIN CROP IN MAIN CROP IN MAIN CROP IN
53% OF VILLAGES 15% OF VILLAGES 23% OF VILLAGES
IRRIGATED AREA
2% OF CULTIVATED AREA

Figure 2.2 - Agricultural production - Ruvuma Region.
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There is a high potential for development in Ruvuma Region, particularly
in the Wet Highland Zone of the region, which has a per capita income
already well above the national average and rising. The new road to
Makambako is also expected to make a significant effect on the marketing

potential of this part of the region.

Livestock does not play a significant role in the farming community of

the region.,

Goats play a more important role than cattle due to the high incidence of
tsetse fly in the region. Donkeys are kept in relatively few parts of

the region.

Information abstracted from the village inventory on livestock is

illustrated in Figure 2.3 along with other sources of information.

VILLAGE TNVENTORY {1 ecrofe ST D owent
CATTLE 39,000 44,000
SHEEP & GOATS 93,000 80,000
PIGS 43,000 12,000
DONKEYS 850 -

Figure 2.3 - Livestock figures - Ruvuma Region.



2-7

The Socio-Economic Group indicated that their village level studies
pointed to an underestimate of the cattle population in the village
inventory of 1.5 to 2.5 times. However, since there is reasonable
correlation with the official figures we have assumed a population of

around 50,000 head or 0.1 units per capita approximately.

The development trend is to improve the quality of stock and quality and

quantity of milk. Several state ranches occur in all three districts.

The fishing industry proves an important income to dwellers on the Lake
Nyasa Shore. Most of the marketing is done locally because of communi-

cation problems and delays.

Industrial development is an essential part of the strategy for
self-reliance. In 1973 guidelines were issued which emphasised the
importance of the development of small-scale industries by village

communities.

In the short term, priority is being given to industries providing basie
needs of the Tanzanian people, agricultural, constructional, transport-
related, foreign exchange earning and technologically orientated manufac-

turing.

Most of the present medium-scale industries are based, or planned, in
Songea town with the exception of a cashew nut factory planned for
Tunduru. There are plans for development of small-scale industries in
each region and development of a new estate has started in Songea.
Planned production will include printing, soap making, weaving, tailor-

ing, carpentry and joinery.

The development of rural industries is unlikely to take place generally
for some time. The concentration of effort is more likely to be placed

on the specific projects listed above.

The village inventory showed that in 93 per cent of the villages in the

region no industry occurred.
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2.3 Population growth and village development

The population projected for the water master planning of the region is
based on the results of the 1967 and 1978 census information. These
census growth figures were applied generally at divisional level with
local ad justments being made to take into account special circumstances
and migrating tribes. The growth rates applied and the resultant 2006
populations, which is a 20 year planning horizon based on the mid-point
of the projected 1982 to 1991 implementation period, are illustrated in
Figure 2.4,



RUVUMA REGION

2.9

SONGEA DISTRICT

PRESENT POP 183,000
2006 POP. 428,000
GROWTH RATE 3.3%

MBINGA DISTRICT

PRESENT POP 528,000 PRESENT POP 210,000
2006 POP. | 1,187,000 2006 POP. 454,000
GROWTH RATE 3.1% GROWTH RATE 2.8%

TUNDURU DISTRICT

PRESENT POP 135,000
2006 POP. 305,000
GROWTH RATE 3.0%

Figure 2.4 - Projected population growths - Ruvuma Region.




Villages tend to be located along feeder roads which in turn are often
following the routes of ridges in many parts of the region. Consequent-
lv, this has in many cases proven to be an unsuitable location for an

economic water supply system.

Again in consequénce of their location along feeder roads, villages have
a tendency to be of elongated character, which is not an economic shape

for a water supply distribution system.

Of the villages located in the region 99 per cent were found to be
officially registered. Those villages not registered were given a

re ference number outside the normal registration numbering system.

The village boundaries were located to the extent possible in order to
show the character of the village, its potential for development and its
locational reference to the rest of the surrounding area. In many cases,
however, village information on boundaries was not available or was in
conflict with the enumeration maps. We have attempted to compromise to
the best of our ability all available information on village boundaries
and consider these to give a fair representation of the nature of the
villages in the region. The boundaries shown, however, should not be

used to delineate legal village limits.

The location of villages throughout the region and the demarkation of
village boundaries together with administrative boundaries are shown in

Drawings R-1 to R-U4.

Although the majority of villagers are living in the main habitated area

of the village, this character changes in different parts of the region.

It was generally found that cattle owners lived more on the outskirts of

the village than those who cultivated the land. Therefore, the nature of
village habitation tends to follow the pattern of rural livelihood prac-

ticed.
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Even in villages when the majority of villagers lived inside the main
habitated area, villages were found to be quite spread out with densities
of this habitated area ranging from 1,000 to under 200 persons per square
kilometre. Densities of under 500 per square kilometre were found to be
very costly in terms of a piped distribution network, and where such
villages occur, consideration of in-filling in the future rather than
further spreading of the village is necessary. It is considered that in
most parts of the region an area of land of 1 hectare per family is an
adequate provision for immediate proximity of private farming. The

ma jority of fields for cooperative farming would then be situated outside
the min habitated area limits. Such an arrangement would result in
village population densities of between 500 and 700 per square kilometre

and economic piped distribution networks.

The nature of villages as presently found in the region are illustrated
in Figure 2.5 together with the possible situation at the end of the
planning period, 2006.



RUVUMA REGION
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SONGEA DISTRICT

AVERAGE
VISLILZAEGE PRESENT 1750
2006 3930
MAIN >80% 40"
PoPULATED] _HOUSEHOLDS | HOUSEHOLDS
AREA 79% -

AVERAGE
VILLAGE —
s17¢ | PRESENT
2006 4120
>80% <40%
MAIN
H H
POPULATEDICUSEHOLDS OUSEHOLDS
AREA 87% 19
MBINGA DISTRICT
AVERAGE
VILLAGE ,
SIZE PRESENT 1940
2006 42000
MAIN >80% <40%
POPULATED HOUSEHOLDS HOUSEHOLDS
AREA 56% 254
TUNDURU DISTRICT
AVERAGE
IL
VILLAGE PRESENT 1500
SIZE
2006 3390
MAIN >80% <40%
POPULATE HOUSEHOLDS HOUSEHOLDS
AREA 98% o

Figure 2.5 - Village characteristics - Ruvuma Region.




With the projected growth rates villages in some areas can be seen to be
of a size where sub-division is likely to take place before 2006.
Separate reference has been made to such villages in the Water Master

Plan.

The development of health and education facilities in the villages were
found to be well established.

Most villages had a substantial number of tradesmen but significantly in
the construction trades, associated with the formation of the villages,
such as carpenters and masons and not to the same degree in water techno-
logy orientated trades of mechanical engineering and plumbing. The
development of appropriate trades at village level for construction work
is seen as a positive indication of potential of similar development of
water technology trades if large-scale implementation programme of a

similar nature to the villagisation exercise is initiated.
The service facilities in the villages were found to be minimal. WNo
electricity services were available and less than 1 per cent had petrol

or garage facilities.

The character of village facilities is illustrated in Figure 2.6.



RUVUMA REGION

SONGEA DISTRICT

SCHOOL 100%

HEALTH FACILITY 61%
CARPENTERS| MASONS BLACKSMITHS
95% 95% 91%

MECHANICS PLUMBERS
30% 30%

NO SERVICE 87%
BUS SERVICE 1%

MBINGA DISTRICT

SCHOOL 100%
HEALTH FACILITY 57%
CARPENTERS MASONS  [BLACKSMITHS

94% 93% 93%
MECHANICS LUMBERS
28% 21%

NO SERVICE 92%

BUS SERVICE 6%

SCHOOL 100%
HEALTH FACILITY 44%
CARPENTERS MASONS  |BLACKSMITHS
100% 98% 94%
MECHANICS PLUMBERS
39% 19%
NO SERVICE 95%
BUS SERVICE %

TUNDURU DISTRICT

SCHGOL 100%

HEALTH FACILITY 61%
CARPENTERS MASONS  |BLACKSMITHS
87% 83% 93%
MECHANICS PLUMBERS
12% 1%

NO SERVICE 94%

BUS SERVICE

4%

Figure 2.6 - Village facilities - Ruvuma Region.




The character of village facilities throughout the region can be seen to
be effectively self-contained as regards basic social facilities and

semi-skilled manpower but severely lacking in service facilities and

communications.
2.4 Existing water supply structure
2.4.1 Improved water supplies

In Ruvuma Region, 21 per cent of villages, 63 in number have an improved

water supply. These are fairly evenly spread throughout the region.

The majority of supplies are from surface water sources, 94 per cent,

with the majority being pumped schemes.

Although a considerable amount of rehabilitation needs to be done most
schemes are operating, 77 per cent. A more significant problem is the
proportion of villagers within villages served by improved supplies who
do not use the scheme due to domestic points being too distant or because
of dissatisfaction with the scheme. In 50 per cent of villages less
than 60 per cent of the population use the improved supply. Almost 80

per cent of this number gives the reason of distance for their non-use.

Taking into account these schemes presently not operating and the
proportion of villages not using improved supplies in these villages
served, it is calculated that only 11 per cent of the population of the
region are presently using an improved water supply. This compares
unfavourably with the total population of the villages served which

represents 24 per cent of the regional total.

The designed capacity of schemes was found to be adequate and in many
cases over-generous. However, schemes were often found to operate badly
due to poor construction techniques which appear to be caused mainly by
lack of qualified staff and poor supervision. The major design problem
encountered was the inadequate layout of distribution network and number

of domestic points for the village layout.

The selection of sources and design of intakes indicated in many cases

inadequate hydrological investigatiocn, survey and quality testing.
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50 per cent of schemes which breakdown are repaired in under 2 weeks. A
significant proportion, 40%, take longer than 1 month and some take over

6 months.

The ma jor reasons given for these delays in repair were transport and

lack of spare parts.

On site scheme maintenance is very poor. This was particularly obvious
in cases of schemes where pumping systems were installed. But also
simple maintenance operations such as cleaning of intakes, repairs to
leaking tanks or taps were frequently recorded as being ignored. The
general impression in the villages is of a lack of interest and sense of

responsibility in the upkeep of existing improved supplies.

In 269 villages of the region, i.e. 89%, traditional water sources are

still considered to be an important element of the water supply situation.

Nearly half the sources are springs in all distriets but particularly in
Tunduru dug holes are common. Rivers and streams account for about 25%
of the region’s traditional supplies and are particularly common in
Mbinga District.

Water collection at traditional sources is a social outlet with large
numbers gathered for bathing, washing, livestock watering as well as
water collection. Consequently, considerable pollution of sources takes

place.

The accessibility of traditional sources is not an extreme problem in
most of the region, with almost 45% being less than 400 m distance from
their nearest source and 80% being under 1 km. Only in the drier

eastern areas does this latter figure reduce to under 70%.

A bigger problem than distance with regard to accessibility is the alti-
tude difference between source and village. Because of the topographical

nature of much of the region and location of villages along ridges, the
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water sources are often at the bottom of steep valleys falling away from
the village. Almost 90% of villages come into this category with 30% of

these having elevation differences of more than 50 metres.

Reliability of sources is again not generally problematic, 82% of sources

were perennial. In Tunduru, however, 35% of sources are seasonal.

The chemical quality of water available throughout the region is good
with the exception of turbidity, iron and pH. Bacteriological Quality
cannot be judged with confidence on the basis of a single sample for each
source but statistically the results showed around 30% indicating some
bacteriological pollution. Protection of sources was almost non-
existent. Only in areas where epidemics had been experienced did the
people seem to have any appreciation of the need to protect their water

source from pollution.



3. HYDROLOGY AND SURFACE WATER RESOURCES

3.1 General

The hydrological studies undertaken as part of the present Water Master
Plan for Iringa, Ruvuma and Mbeya Regions have had as their primary
objective to assess the availability of surface water resources for human
utilisation, with particular emphasis on rural water supply. A secondary
objective has been to study the hydrology of the regions in a more gene-
ral context in order to determine their overall water balance. As an
important part of this activity detailed modelling studies of the hydro-
logical processes from rainfall to runoff have been carried out for three

selected representative catchments (index areas) in the regions.

Although this volume purports to present a summary of the Water Master
Plan for one region only, the surface water resource related descriptions
are common to the three regions as these aspects are best described on an
interregional basis using physical divisions rather than administrative

boundaries.

The hydrological study has involved extensive field work, including a
comprehensive field measurement programme in 1980, and inspection of a
large number of hydro-meteorological gauging stations. A computerised
data base including runoff and rainfall data for all stations in the
regions has been established and updated, based partly on existing data
stored in Dar es Salaam and Nairobi, partly on data collected during the
study period. 1In total, rainfall records from 289 stations with a total
record length of 3,700 station years and runoff records from 74 stations
with a total record length of 1,047 station years have been included in
the study.

The project area, generally known as the Southern Tanzanian Highlands, is
characterised by the mountains of southern Mbeya and Iringa, the rela-
tively flat, high plains of northern Mbeya and Iringa and the undulating
hills covering most of Ruvuma Region. This topography has a profound
impact on the hydrology of the regions by giving rise to high rainfall,

and hence high runoff and abundant surface water availability in the
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mountainous areas, while contributing to lower the rainfall and runoff in
the flatter northern and eastern parts of the project area. Thus the
general pattern of mean annual rainfall and runoff shows a remarkable

dependence upon the topographical features.

The reason for this impact of topography upon the rainfall regime is the
combined effect of local convergence and orographic lifting of air
masses, primarily during the northeast monsoon period from December
through February, but also during subsequent inter-monsoon period from
March through May. The south-east monsoon from June through September
brings little moisture to the project area, in which rains usually start
in November during the passage of the inter-tropical convergence zone

from north to south.

The surface runoff in the regions occurs within five major drainage
basins. The Indian Ocean drainage basin covers Iringa, Ruvuma and more
than half of Mbeya, while the remaining part of Mbeya drains to the
internal Lake Rukwa drainage basin. Drainage to the Indian Ocean takes
place through the Rufiji River tributaries, the Great Ruaha, the Luwegu
and the Ruhudji/Kilombero Rivers as well as the Ruvuma River and the Lake

Nyasa drainage system.

3.2 Rainfall

Rainfall conditions in the regions have been studied with the objective
of verifying and refining existing regional rainfall maps, while at the
same time providing data for the hydrological studies, particularly for
the low flow assessment for water supply and the detailed hydrological

studies of the three index areas.

The rainfall study has involved inspection of a large number of rain
gauges and establishment of additional daily rain gauges and self-
recording pluviographs in index areas selected for morethorough studies.
Rainfall data have been collected, checked and stored in the data base so
as to form the basis for statistical analyses and preparation of iso-

hyetal maps for mean and minimum annual rainfall.
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In general, a reasonably dense network of rain gauges exists in the popu-
lated areas, while the sparsely populated northern and eastern parts of
the project area are inadequately covered. A total of 289 stations with
3,700 station years of data is now contained in a data base established
by the Consultants in line with MAJI computer processing standards, and
the average degree of data availability (ratio of total period of valid
observations to total period of station operation) is 82%. Although
there is a scope for improvement of the operation and maintenance of many
rainfall stations the reliability of rainfall data is generally quite
good.

The rainfall studies confirm the general pattern outlined above, as can
be seen from the isohyetal maps in Figures 3.1 and 3.2. Mean annual
rainfall varies from less then 500 mm in northern Iringa, to more than
2,600 mm in southern Mbeya. Individual annual rainfall amounts vary from
less than 250 mm to more than 3,100 mm. The seasonal rainfall variation
is basically unimodal, rains occuring in the period from November through
May, while the period June to October is generally dry. Rainfall
amounts may vary considerably from year to year. Hence frequency analyses
of annual rainfall amounts at various locations show that rainfall in wet
years may be 50-60% higher than in dry years and the 10-year minimum
annual rainfall as shown in the isohyetal map in Figure 3.2 is about 30-

50% lower than the corresponding mean annual rainfall.

Detailed studies of local rainfall patterns indicate a generally very
high spatial variability, hence confirming the convectional nature of
rainfall in the Southern Highlands. Heavy localised rainstorms occur,
which in the wet areas may produce up to several hundred millimetres of

rain in a day.

Analysis of trends for selected reliable long term stations confirm the
general view that no significant change in the rainfall regime of the
Southern Highlands has taken place over the past 50 years. A similar
conclusion has been reached with respect to runoff conditions, and this
implies that general hydrological conclusions may be drawn on the basis

of the historical records available for the present study.
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Figure 3.1 - Mean annual rainfall.
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3.3 Evaporation

Studies of evapotranspiration, defined as the combined process of evapor-
ation from free water surfaces, and transpiration from crops and natural
vegetation have been essential for the detailed hydrological index area
studies, as well as for the determination of overall water balances. A
primary objective of these investigations has been to determine the spa-
tial and seasonal variability of the potential evapotranspiration, which
represents the maximum possible rate of water loss to the atmosphere.
However, because of the lack of adequate water in the soil for the plants
during the dry season the actual evapotranspiration is always less than
the potential rate, and consequently, from a water balance point of view,

studies of actual evapotranspiration have been equally important.

All available pan evaporation data have been collected and analysed, and
some of the available climatological data have been collected and used
for indirect determination of potential evapotranspiration using the
Penman formula. A comprehensive comparison study between all available
direct (evaporation pans) and indirect (Penman) estimates of potential

evapotranspiration has been undertaken.

The areal coverage of climatological and pan evaporation stations is
inadequate for detailed evapotranspiration mapping, particularly in
northern Mbeya and Iringa and eastern Ruvuma. In addition the quality of
data from these stations are generally rather poor, primarily because of
station operation and maintenance problems. The results of the present
evapotranspiration study are consequently subject to considerable uncer-
tainty.

Having arrived at an average pan coefficient of 0.7 for converting pan
evaporation measurements to potential evapotranspiration an isoline map
of annual potential evapotranspiration has been prepared (cf. Figure
3.3). Evaporation rates from free water surfaces are approximately 20%
higher than the potential evapotranspiration rates indicated in this map.
Whereas potential evapotranspiration, as opposed to rainfall, varies only
little from year to year, the spatial variability is considerable, rang-
ing from more than 2,200 mm per year in the dry and warm northern Iringa,

to less than 850 mm per year in the cool and wet highlands of southern
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Mbeya and Iringa. Potential evapotranspiration generally increases
during the dry season, reaching a maximum in October Jjust before the
rainy season sets in. Compared to the variation in rainfall the seasonal

variation of potential evapotranspiration is rather small.
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Figure 3.3 - Annual potential evapotranspiration.

Actual evapotranspiration has been estimated from mathematical modelling
studies of the index areas, and also as the difference between rainfall
and runoff from general water balance considerations. The ratio of actual

potential evapotranspiration varies in the range 0.40-0.65, increasing
from dry to wet areas.

3.4 Runoff

The main objective of the runoff studies has been to make an inventory

of surface water resources for village water supply planning. For this
purpose low flow conditions have been of primary interest, in the gene-

ralisation of regional runoff characteristics, as well as in the assess-
ment of minimum yields for specific surface water supply schemes.

In
addition, as part of the general hydrological study, runoff conditions
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have been investigated in great detail, by compiling and analysing all
available water level and streamflow data, and conducting detailed rain-

fall runoff studies in the three index areas.

In order to verify and improve the existing data material almost all the
streamflow gauging stations in the regions have been inspected. A com-
prehensive programme of streamflow measurements has been undertaken
during the dry season of 1980, particularly for the purpose of improving
the rating curves (water level - streamflow relationships) in the criti-
cal low flow regime. This programme has been implemented by MAJI s
hydro-teams, under the Consultants’ planning and supervision. A large
number of spot measurements of streamflow have been carried out in con-
nection with the general village inventory to support the low flow evalu-

ation.

In general, a reasonably dense network of streamflow gauging stations
covers the project area, particularly after the completion of the Norweg-
ian financed Hydrometeorological Survey of Western Tanzania. However, in
certain areas, such as eastern Ruvuma and the Lake Nyasa drainage area,
station coverage is still inadequate. The reliability of water level and
streamflow data is generally acceptable, but satisfactory operation and
maintenance is still a problem for many stations. Only little information
is available on sediment transport, and the data available cover only the

streamflow recession period when sediment loads are low.

The surface runoff patterm corresponds rather closely to the general uni-
modal rainfall patterm. Streams start rising in November-December, ex-
perience maximum flow in March-April, and have their recession period
from May to October-November, In the warm and dry northern parts of
Iringa and Mbeya, with average annual rainfall below 500-800 mm, streams
run dry every year, and the southwesterm highlands, where average annual
rainfall is in the range 1,200-1,600 mm, streams are perennial, and mean
annual runoff exceeds 10 1/s/km?., Between these extremes, in areas like
eastern Ruvuma, western Mbeya and Mufindi receiving 800-1,200 mm of rain-
fall annually streams are perennial or intermittent (only occasionally

dry) and mean annual runoff is in the range 2-10 1/s/km2,
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As an important result of the present study isoline maps of mean annual
runoff and 10-year minimum instant runoff have been prepared (cf. Figures
3.4 and 3.5). While based primarily on the analysis of available stream-
flow data, information from the spot gauging programme, interviews with
_the local population, hydrogeological considerations and consideration of
rainfall and evapotranspiration regimes have been entered into the pre-

paration of these maps.

Figure 3.4 - Mean annual runoff.

3.5 Index area studies

The primary objective of the detailed hydrological studies in selected

representative catchments has been to investigate water balances in dif-
ferent hydrological regions. Another objective of these studies has been
to provide the necessary hydrological background and instrumentation for

continued representative studies in the regions.
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Figure 3.5 - 10-year minimum runoff.

10-year minimum runoff. (1 = Dry, 2 = 80% of streams has a
10-year minimum runoff in the interval 0-2 1/s/km2, 3 = 80%
of streams has a 10-year minimum flow in the interval 2-L4

l/s/km2, 4 = 80% of streams has a 10-year minimum flow above

L l/s/kmz)-

In order to meet these objectives within the scope of the hydrological
studies three index areas have been selected the Kiwira River in Mbeya

Region, the Little Ruaha River in Iringa Region and the Mngaka River in

Ruvuma Region.

Mathematical modelling studies have been carried out using the so-called
NAM-model, a hydrological computer simulation model, originally developed
at the Technical University of Denmark. The model describes the land
phase of the hydrological cycle by accounting, on a daily basis, for the

water content in surface water, soil and groundwater storage, thus com-
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puting daily values of actual evapotranspiration, infiltration, recharge
to the groundwater storage and the various runoff components: overland
flow, interflow and baseflow. The required input to the model is daily

rainfall and mean monthly potential evapotranspiration.

The results of the modelling studies have been very encouraging. Close
agreement between observed and simulated runoff for the three catchments
has been obtained, and on this basis it has been possible to extend the
rather short streamflow record for Mngaka River using longer records of
rainfall. The model predictions of s0il moisture levels correspond close-
ly with agricultural experience in the three catchments, soil moisture
being fully depleted in the dry Lake Ruaha catchment, while being de-
pleted only partly in the wetter Mngaka and Kiwira catchments.

Probably the most important and encouraging result from the modelling
studies has been that model parameters vary little between the catch-
m?nts, implying that the NAM-model with a standard set of parameters can
be applied to obtain at least approximate prediction of runoff from rain-

fall in the major part of the project area.

With the above evidence of the ability of the NAM model to account for
the hydrological processes, the model computation of non-measurable
quantities such as actual evapotranspiration, groundwater recharge base-
flow etc. have been utilised to support the determination of overall

water balances.

3.6 Water balances

The results of the rainfall, evaporation, runoff and index area studies
described above has been summarised in the form of maps showing average
annual values of characteristic water balance quantities, such as actual
evapotranspiration, average runoff coefficient, ratio of actual to poten-
tial evapotranspiration and water surplus/deficits defined as the differ-

ence between rainfall and potential evapotranspiration.

Gross figures in mm per year for rainfall, actual evapotranspiration and

runoff an a regional basis are also presented (c¢f. Table 3.1)
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It is emphasised that the water balance representations have been

included for illustative purposes only, and that hydrological information

for operational use must be found in the more detailed sections of the

report and the associated data volume.

Finally, an investigation of existing water right issues have been made,

indicating that during low flow periods surface water resources are quite

heavily appropriated in the populated agricultural areas for southern

Mbeya and Iringa, and to some extent also in the area around Iringa Town,

Catchnent  Area Meapn annual 10-yeer Mean eanua! Mear ansual E P-E T E E{?
runof? ninimues reizfall potential e ? e r
Tenoss evapotrans= -
) pireticn ?~-Q
Fo. Ka® 2 (om) 1/sec/xn® tm/year ? {m) EP {m) {e=m) (=),
1.1 10,900 <2C0 0 7C0 1,600 >500 =500 >0.31 <0.29
1.2 7,500 <200 o] 0 650 1,600 >450 -§50 >0.28 <3.31
1.3 5,200 200 1 32 700 1,700 500 -1,000 0.29 0.29
l.h‘ 9,900 250 1l 32 gco 1,6C0 550 -800 0.34 0.31
1.5 2,200 500 1 32 1,050 1,300 550 =250 0.42 0.L8
1.6 7,100 Loo 1 32 950 1,00 550 ~b59 0.39 0.4z
1.7 2,600 250 2 63 1,100 1,500 750 =400 0.50 0.32
1.8 1,600 500 3 95 1,500 1,k00 1,000 100 0.71 0.33
1.9 1,450 400 3 95 1,300 1,400 300 -100 0.6k Q.31
1.10 4,700 600 4 126 1,590 1,400 900 1¢C 0.64 0.4%0
1.1 54300 soc 8 252 1,500 2,200 1,100 120 0.92 0.L2
1.12 4,000 600 4 128 1,400 1,200 850 20¢ 0.67 C.u3
1.13 2,150 500 b 126 1,400 1,200 800 200 0.67 0.L3
1.1 5,500 450 2 63 1,100 1,300 650 -200 0.50 G.kl
1.15 8,30 6co 4 126 1,250 1,506 €50 -25¢ 0.43 - 0.k
1.16 6,750 600 2 63 1,220 1,500 600 -300 0.L0 0.5%
1.17 L,250 500 1 32 1,200 1,500 79 -30C 0.47 0.2
1.18 1,350 300 ¢} 0 1,000 1,500 700 -500 * 0.46 9.30
1.19 2,000 k50 1 R 1,3C0 1,300 850 <} 0.55 0.3%
1.20 7,500 Lco 1 32 1,356 1,200 900 o 0.69 0.3:
1.21 6,500 500 1 2 1,200 1,Lc0 800 " 100 0.57 0.33
1.22 9,600 250 [+] [¢] 950 1,500 700 ~550 0.46 0.26
1.23 6,550 400 ¢} [*] 1,150 1,00 750 ~250 0.5k 0.25
1.2b L, 400 20¢ (] 0 95¢C 1,500 750 =550 ©0.50 0.21
1.25 5,860 <2CC 0 [*] 650 1,930 >ks0  -1,250 >0.24 <0.31
3.1 5,350 <200 ¢} <] 850 1,900 >650 -1,0%S0 >0.3L <D.24
3.2 6,500 <200 0 ¢} 800 1,900 >600  -1,100 >0.32 <0.25
3.3 2,26C <230 o] o] 900 1,900 >700 -1,90C >0.37 <0.22
3.4 2,800 <200 0 0 900 1,900 >700 -1,000 >0.37 <0.22
3.5 6,500 <2C0 0 0 900 1,600 >760 -700 >0.%4 <0.22
3.6 2,00C <200 Q 0 900 ‘.,ﬂbO >700 -900 >G.39 <0.22
3.7 5,700 <200 0 [¢] 1,050 1,900 >350 -350 >0.45 <0.19
3.8 4,80C 200 0 0 1,000 1,700 800 -700 c.47 0.20

Table 3.1

Water balance elements.
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As part of the present Water Master Plan study hydrological investiga-
tions have provided an inventory of available surface water resources.
This inventory has been based primarily on existing hydrological data,
supplemented by discharge measurements in 1980, and has resulted in
regional runoff maps, as well as specific low flow estimates at a number
of locations in the regions. Rural water supply schemes can in many
cases be designed and implemented safely on the basis of this informa-
tion, particularly in areas where surface water resources are perennial,
and planned water supply schemes require little water. However, in other
cases it will be necessary to make additional hydrological measurements
and investigations in order to ensure that potential surface water
sources do indeed satisfy design requirements, both with respect to quan-

tity and quality.

It is strongly recommended, therefore, that supplementary (temporary)
hydrological gauging stations be established soon at locations where such

additional hydrological investigation may be required.

With respect to the network of permanent hydrological gauging stations it
is concluded that coverage is adequate in almost all parts of the
regions, and that new stations should be established primarily as part of
a general network improvement programme. The rain gauge network, how-
ever, needs strengthening in the poorly covered northern and south-
eastern parts of the project area, while the network of pan evaporation
stations requires a thorough general improvement. An effective programme

of sediment sampling needs to be initiated.

For all types of hydro-meteorological gauging stations, and not least for
the climatological stations in the regions, more frequent station inspec-
tions are required in order to properly support and encourage the obser-

vers, and thus ensure regular and reliable reporting of data to the cen-

tral agencies. Poor infrastructure and inadequate transport possibil-

ities represent a major constraint in this respect.
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Upon receipt of data reports from the various hydro-meteorological
stations expedient control, processing, storage and publication of data
are primary responsibilities of the central agencies, such as MAJI and
the Department of Meteorology (DOM). These tasks are currently not being
performed to the required standard, with the result that data are pub-
lished with long delays, and not always properly checked. A major con-
straint in this respect is the lack of computer facilities at MAJI
Ubungo. MAJI has a number of well-trained and experienced hydrologists,
who, given adequate computer facilities, could maintain an up-to-date
high quality data base to support the investigations required for water
resources management, whether for water supply, irrigation or other pur-
poses. The Water Master Plan Coordination Unit, located at MAJI Ubungo,
has as one of its important responsibilities the task to organise a large
volume of information in a data bank, which also requires computer facil-
ities. For these reasons alone acquisition of a medium-size computer

system to be installed at MAJI Ubungo is strongly recommended.

However, MAJI s needs and capabilities in computer analysis go beyond
data base management. MAJI has experienced staff, competent at hydro-
logical data analysis by the use of computers, including mathematical
modelling of hydrological processes. As part of the present study MAJI
hydrologists have been trained in the use of the Danish hydrological
catchment model, the so—called NAM-model, which has proven to be a useful
tool for hydrological investigations in the three regions concerned, and
probably also for many other parts of Tanzania. Consequently, it is
strongly recommended that the NAM-model, together with other hydrological
software, be installed and tested at a computer installation at MAJI
Ubungo, hence enabling MAJI hydrologists to put their knowledge to pract-
ical and beneficial use for the solution of future water resource

problems.

Finally, it is recommeded that the water right system be critically
reviewed, and that rights not properly utilised be withdrawn.

In addition to the general recommendations given in this chapter,
sections are included at the end of each chapter, which contain more
specific recommendation, and eleborate on the above, particularly with

respect to gauging network and procedures.



y, HYDROGEOLOGY AND GROUNDWATER RESOURCES
4.1 Geology and structure
4,11 Geology

The rocks found in the regions can be divided by their geological age

into three main groups:-

° Pre -Cambrian rocks
° Karroo sediments
° Neogene deposits.

The pre-Cambrian rocks are collectively referred to as the Basement Com-
plex, and they occupy 68% of the study area. They are, therefore, the
most important geologic unit. 97% of the Basement Complex rocks are
psammitic metamorphic rocks or acidic plutonic rocks covering a large
range of gneisses, granites and migmatites, which when weathered usually
form good aquifers. The remaining basement rocks are pelitic basic and
ultra-basic plutonic rocks, and basic and intermediate extrusives, all of

which have poor water bearing qualities in their weathered form.

The continental deposits of the Karroo System occur predominantly in
Ruvuma Region, where they occupy the Ruhuhu Trough and large parts of
Tunduru District (the Tunduru Basin). They cover 21% of the study regions
(61% of Ruvuma Region). The Karroo sediments were laid down on mainly
pre-Cambrian crystalline rocks, which have been exposed to weathering in
pre-Karroo times. The thickness of the Karroo Beds are believed to be up
to 3000 metres in the Ruhuhu Trough and Tunduru Basin. Karroo rocks pro-
bably occur at depth in the Rukwa Trough and below the Lake Beds of the
Usangu Flats. Lithologically the Karroo rocks are mudstones, siltstones,

sandstones, conglomerates, varved clays, carbonaceous shales and coals.

The Neogene sedimentary deposits of hydrogeological importance within the

study area are alluvial and colluvial deposits and Lake Beds.
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Alluvium and colluvium deposits occur in connection with escarpments
where rivers dispose of their sediment lcad as they flow across the topo-
graphically level terrain below the scarp. Due to the large proportion
of eroded plateaus of little topographical relief, the alluvial deposits
have a limited areal extent. Only in the northerm part of the Ruaha

Valley and in Kyela District have larger alluvial plains been oObserved.

Lake Beds are found in the Rukwa Trough and across the Usangu Flats.
Lithologically they are fine sands, silts and clays. Their thickness is

estimated to be up to 200 metres at the most.

The occurrence of the Neogene extrusive rocks of the Rungwe Volcanic
Province is limited to mainly Rungwe District in Mbeya Region. The rocks
are usually divided into the Older and Younger Extrusives. The Older
Extrusives are lavas in the trachvte to phonolitic range and basalts. The
Younger Extrusives are lavas in the trachyte to phonolitic range associ-

ated with widespread pumice and ash.

The structural setting of the study area is dominated by the pre-Cambrian
orogenic episodes and subsequent rift faulting, which has taken place
since the late pre-Cambrian. These mountain building episodes have been
separated by periods of erosion, uplift and sedimentation. The faults
that can be observed in the pre-Cambrian rocks are mainly parallel to the
trends of the fold belts. Movements along these faults have taken place
during several periods since the Bukoban, in the late-Cretaceous, Terti-
ary and Quarternary. The present linear topographic expression of the
faults was established during the Pleistocene. The tectonic valleys, the
EFastern and Western Rift Valleys are the result of these late movements.

They are shown in Figure U.1.
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Figure 4.1 - The East African Rift Valleys. The Luangwa - Mid Zambesi
rifts are older features now largely filled in with Karroo

sediments.

4,2 Geomorphology

Iringa, Ruvuma and Mbeya Regions are characterised by high plateaus. They
are a result of erosion which has taken place during the past 150 million
years, since the late Jurassic. These plateaus are known as erosion sur-

faces established during different geological periods. They are:-

° The Gondwana and post-Gondwana Surfaces. They form the crests of the
present water sheds at 2000-3000 m.a.s.1l. They are preserved mainly

as plateau remnants, dissected by later erosion cycles.

o The African Surface, a very smooth and mechanically stable land

surface covering the major part of the study regions.
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L] The post-African Surface, a more undulating and mechanically un-

stable surface, less developed than the African Surface.

° The Coastal Plain and Congo Surfaces with limited areal extent with-
in the regions. They are found as narrow belts along rivers and lake

shores.
The aggradational surfaces, established by deposition of material during
the Neogene, are areally limited, but of local hydrogeological im-

portance. They are mainly:-

° The Rukwa Trough

The Usangu Flats

° The Rungwe Volcanics.

A geomorphological classification provides a link between the geology and
the hydrogeology of the Basement Complex. It is used as a framework in

describing the hydrogeology of the study area, especially the Basement

Complex.
4.3 Groundwater occurrences
4.3.1 The Basement Complex

Once a land surface has become mechanically stable, deep chemical
weathering takes place by circulating groundwater. This process
establishes a weathered zone or saprolite zone above the parent rock. As
time is the most important factor in producing the in-situ weathered
profile the profile is thicker and more developed on older rather than

younger pediplains.

The aquifer across the pediplains is predominantly the lower part of the

saprolite.

This single aquifer system is illustrated in Figure 4.2.
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Figure 4.2 - A typically saprolite profile and its hydraulic properties

as found on an old pediplain.

Generally, therefore, across the Basement Complex the groundwater occur-
rences can be classified according to the geomorphological history of a

given area.

The mature African Surface posesses the best potential for aquifer
development. Groundwater is generally occurring everywhere. Aquifers will

be artesian with rest water levels 2-8m below ground level.

As the topography becomes more rolling (post-Gondwana and post-African
Surfaces) perennial groundwater is found along the lower reaches of hills
and in valleys. Rest water levels are shallow in the low-lying, deep in

the more elevated areas.
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Across the highly dissected plateaus of the Gondwana Surface, groundwater
is restricted to valleys. Groundwater levels may be deep. In the scarp
areas and in areas where rejuvenation of erosion has resulted in a thin
saprolite cover or a complete removal, fracture and fissure zones must be

struck by drilling to locate a reliable groundwater source.

The vields of wells across the Basement Complex follow a log-normal di-
stribution. Average yields from successful boreholes are 3-7 m3/hr. An
estimated 75% of boreholes striking water would have yields sufficient
for hand pumps and an estimated 55% would have yields sufficient for

mo tor-driven pumps.

In Figure 4.3 the frequency distributions of the saprolite thickness and
the specific capacities together with the boreholde yields as a function
of drilling depth are shown. The data applied are from boreholes drilled

in the Basement Complex in Tanzania.
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Figure 4.3 - Specific capacity frequency distribution (143 boreholes),
saprolite thickness frequency distribution (236 boreholes)
and average yields (508 boreholes). Data from boreholes

drilled in the Basement Complex in Tanzania.

Information on the hydrogeology of the Karroco is based mainly on the Con-
sultants ® drilling results. The aquifers are found to be predominantly
confined. Groundwater levels reflect the topography, they are deep (up to
25 m below ground) in upland areas and shallow (2-4 m below ground) in

depressions. Perennial groundwater generally occurs everywhere.
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The yields of wells drilled in the Karroo rocks may, according to the
results of drilling, be expected to be higher than in the Basement

Complex rocks.

Lake Beds

Drilling in the Rukwa Trough and across the Usangu Flats has shown that
perennial groundwater may be expected to exist in these deposits. The
specific capacities of wells are considerably higher than in general
across the Basement Complex, and more than 90% of wells having water will
have yields sufficient for hand pump implementation. However, water
levels are expected to be deep, about 10 m in the Rukwa Trough and up to

25 metres below ground level across the Usangu Flats.

Alluvial deposits

Drilling in these has shown that they are the most prospective ground-
water sources within the regions. Yields are generally high, up to
10 m3/hr allowing for 10 m drawdown. Water levels are shallow, less that

4 m below ground and wells can be sited in or around villages.

The Rungwe volcanics

In these rocks drilling for groundwater is not recommended, as topography
is very rugged and groundwater quality unpredictable. Springs offer much

better prospects.

Springs have been found to constitute the major mode of groundwater

drainage over:-

The Gondwana and post-Gondwana Surfaces
The African Surface

The Karroo Basins

The Rungwe Volcaniecs.
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The yield of springs are generally 0.5-1 1/s, but yields over 100 1/s
have been recorded. Where found, they are reliable groundwater sources

which should be considered the prime target of groundwater implement-

ation.
L.y Groundwater chemistry
L.y The Basement Complex

Although local variations occur, the groundwater quality within the Base-
ment Complex generally meets the requirements of the standards set for
drinking water. Iron, manganese and fluoride contents will mostly lie
within accepted limits. Exceptions are areas influenced by Neogene
tectonics. Boreholes drilled in such areas may contain juvenile water,

often with a high content of chloride and sometimes flouride.

These areas are found following the fault-lines defining the Rift Valleys

and associated fault-lines.

In these sedimentary continental deposits groundwater is chiefly potable.
All samples analysed have indicated water qualities suitable for human

consumptions.

———— ——— ——— - - - - - - -

Lake Beds

The groundwater quality in the Lake Bed sediments has been found to be
highly variable. Potable groundwater has been found, but groundwater has
also been observed to be locally influenced by juvenile water originating
from fracture zones below the Lake Beds. Across the Usangu Flats this is
demonstrated by high fluoride contents in places. In the Rukwa Trough

this has resulted in high salinities locally.

Alluvial deposits

In these deposits the groundwater quality is generally acceptable, but
the iron content may locally be high, and juvenile water has been found

near Neogene faults.



The Rungwe Volcanics

In these rocks the groundwater quality is unpredictable. Numerous Neogene
faults are responsible for a large content of dissolved solids and in
places gases in the groundwater. This seems not to have affected the
quality of spring water, which is generally good, except for the Juvenile

hot springs.

Except for the juvenile springs, spring water is reported to have more
than acceptable quality and is probably the best drinking water found in

the regions, regardless the geologic environment.

The groundwater types recognised in the regions are shown in Figure 4.4
as Piper-diagrams. Groundwater situated in the strong acids part of the
Piper-diagram is not suited for village water supply, groundwater situ-

ated in the weak acids part is.

Figure 4.4 - Groundwater types in the regions represented by

Piper-diagrams.



4.5 Geophysical investigations

Geoelectric and seismic surveys have been found useful in determining the
saprolite thickness across the Basement Complex. After empirical correc-
tions, the results of these investigations have been found to be in
accordance with borehole strata logs, and they confirm the geomorpholo-

gical features found across the Basement Complex.

Geophysical surveys have also proven useful in defining the boundaries of

the Karroo Basins in Ruvuma Region.

Down -the-hole logging is an effective tool in determining lithological
contacts in rapidly changing layers such as the Karroo sediments. Log-
ging is less suited to define the contact between weathered and fresh
rock, as their composition of basic minerals is the same, and the contact

is seldom distinct.

4,6 Drilling programme

Drilling was carried out using two rigs, 1 MAJI Schramm T64 Rig (Rig 45)
and 1 MAJI CME Auger Rig (Rig 53). A total of 70 holes were drilled in
the regions, 20 of which were deep holes drilled by Rig 45 and 50 were
shallow holes drilled by Rig 53.

Drilling in the Basement Complex, which was comparatively well known
beforehand, gave no essential new knowledge, but confirmed the interpre-

tation of the hydrogeologic conditions based on the existing data.

Drilling in the Karroo, Lake Beds and alluvial deposits, however, have
given useful results in drawing the preliminary conclusions outlined in

Section 4.3 above.



4,12

— o ———— - ——— Y — - — - - . - ——  — - — - — - - " - - - -

Methods of drilling

The Schramm T64 Rig has been found to be too heavy in relation to the
road conditions in Tanzania. For rotary drilling in hard rocks lighter
rigs should be preferred. Percussion rigs may, although they have slower
penetration rate, prove to be more efficient rigs to operate, because

they are less heavy and require less sophisticated maintenance.

Auger drilling has proved successful in unconsolidated deposits and,
equipped with cleaning and jetting equipment, would be an efficient
method of drilling, although the drilling depths is limited to about 30

metres.

Hand drilling is recommended in alluvial deposits. The yields of aquifers
here are usually high enough to provide the base for groundwater abstrac-
tion from hand drilled tube wells. In many places hand dug ring wells can

be successfully used.

Siting wells

Across the well pedimented plateaus of the Basement Complex geomorpholo-
gical interpretation should be used to site wells. Geophysical surveys
may be useful but are not considered necessary, because the weathering
and consequently the groundwater conditions are revealed by the geo-

morphological characteristiecs in these areas.

In the Karroo Basins, groundwater conditions are largely given by the
topography. Therefore, geomorphological interpretations would be suf-
ficient to site wells. Along the edges of Basins, however, geoelectric
sound ings can be advantageously used to determine the depth to the pre-
Karroo land surface, and consequently determine the main type of strata

to be expected.

Across Lake Beds and alluvial deposits, the surface is so level and
groundwater conditions so uniform, that no investigations are required

before drilling, exept for field reconnaissance.



Implementation of wells

Because of the advantages of hand pumps in relation to motor driven pumps
wells should be equipped with hand pumps, whether deep or shallow. Many
of these wells will be suitable for motor driven pumps, should this prove

beneficial in the future.

Shallow well drilling programme

Wells utilising shallow groundwater resources can be successfully drilled

in several areas. They are:-

® Alluvial plains in the Ruaha Valley and in Kyela District at the

northern end of Lake Nyasa.

° Alluvial fans along escarpments, notably in the Rukwa Trough and
bordering the Usanga Flats. Local fans are found elsewhere in
association with major faults,

° The colluvial deposits along escarpments.

° The Karroo sediments of the Congo Surface in the Ruhuhu Trough.

] Local alluvial tracts in river valleys across Basement Complex

plateaus.
° Alluvial deposits in valleys dissecting the Gondwana plateaus.

These wells should be auger wells, hand drilled tube wells to 20 m or dug
ring wells to 10 m. An estimated 90% or more of wells striking water will

have sufficient yields for hand pump implementation.

Wells equipped with hand pumps and utilising medium deep or deep ground-
water resources can be successfully drilled in parts of the remaining

area. These are:-

° The topographically level areas on the African and post-African
Surfaces, where the saprolite cover is preserved. Drilling depths

would on an average be 50 m and 40 m, respectively.
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° The Karroo Basins. Drilling depths cannot be estimated accurately,

but would probably be in the range 50-100 m.

° The Usangu Flats and Rukwa Trough. Drilling depths would on an

average be 40 m.

Across the Basement Complex an estimated 75% of wells striking water will
have sufficient yields for hand pump implementation. This figure would be
somewhat higher for the Karroo. Across the lake beds of the Usangu Flats

and the Rukwa Trough the estimate is 90% or more.

I scarp areas, areas with rejuvenated erosion and topographically irregu-
lar terrains, general guidelines cannot be given. The saprolite aquifer
is not present and the presence of reliable groundwater will depend on
fracture and fissure zones, some of which conduct poor quality ground-

water.

14,7 Future hydrogeologic data collection

It is recommended, that selected springs and boreholes are monitored
regularly in the future to establish a base for evalutating hydrogeologic
conditions on a regional basis. Boreholes drilled by the Consultants
covering the main hydrogeological domains have been selected. Also a
number of springs have been proposed as a part of the monitoring pro-

gramme.
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5. WATER USE AND DESIGN CRITERIA
5.1 General
5.1.1 Study methodology

- - — - - — - - - ——— — - - — - -

The primary objectives of the water supply aspects of the Water Master

Plan were as follows:-

° to visit each village in the region and gather information related to
the selection of a water supply system for that village
° to amalgamate this information into a comprehensive plan for water

supply development in the region.

Thus, village level studies were used to develop the regional plan which
in turn provides a basis for determining the procedure for implement-

ation.

The benefits of this methodology is that a follow up to the study can be
more readily commenced. The fact that detailed information has been

gathered for each village, and this has been used to relate its position
in an implementation programme, means that much of the normal preliminary

investigation work of scheme development has already been covered.

However, it should be cautioned that the proposals at village level have,

of necessity, been prepared in a water master planning format. As such

therefore, they should not be considered as fixed designs. At the time

that a particular village is being studied for implementation, more

detailed consideration of the water demand, source quality and capacity

should be incorporated as is normal practice in the detailed design

stages.

The village inventory, jointly developed between the Socio-Economic Group

and the Consultants, forms the data base for most of the study.

Information was gathered on ten separate categories ranging from regi-

stration, social structure, agriculture and industries to water supply.



5.2

Over 150 questions were contained in each inventory, although all were
not applicable to every village. To manipulate and analyse this vast
store of information all village inventories were computerised. The
original format of answers received in each village can therefore be
readily reproduced from computer tape to assist engineers involved in

detailed design at a later stage.

Further information gathered during the village visits with respect to
village location, character, levels, together with the proposed water
supply, has been transferred onto a village sketch which is produced with
an associated summary page of village information in Volumes 5B to 5D.

The information contained in these volumes,on the sketch and summary
sheet, is intended to provide the Water Master Plan user with sufficient
data to identify the character of each village and its water supply and
implementation proposals. The full details of the village inventory
therefore should only need to be referred at the time of detailed design

work.

In order to complement the village inventory level information more "in
depth" studies were carried out at selected villages within selected

zones by the Socio-Economic Group.

These studies were used, within a water supply context, to establish base
criteria such as per capita demand, storage requirements, service level,

peak factor and need for livestock watering.

The Socio-Economic Group studies are separately contained in Volume 12 of
this Water Master Plan. The findings of the studies have also been in-
corporated where appropriate in the water supply context of the Plan to

present a comprehensive development of the proposals put forward.
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5.2 Priority criteria

Priority criteria can be separately considered in two applications

o in connection with selection of scheme for a particular village,

° in connection with implementation of schemes.

These two aspects are presented in the sub-sections below.

- s > . - ——— - — - - > - = — - -

The selection of a water supply scheme for a particular village involves

many aspects. The technical aspects include

scheme type
source reliability
source quality

development cost.

All of these aspects were important in determining the most suitable
water source for a particular village. Due to changing circumstances of
water availability in different parts of the region it was not possible
to pre-determine a priority order or category limits, which would be

applicable in all cases, however, the principles below were followed:-

° Scheme type should be preferably such that no, or only very simple,
mechanical operation was necessary. Shallow well or gravity supplies
thus having preference.

° Source reliability should be sufficient to serve the projected demand
within a 10 year minimum return period in the case of surface water
sources, or with a minimum 80 per cent reliability in the case of
groundwater sources. If this, in some cases, proved to be impossible
but otherwise the source is the best available in the area, the
source has been referred for more detailed capacity investigation.

° Source quality should be acceptable in relation to accepted health
limits to be used without or with the most simple forms of treat-

ment.
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° The cost of development of the scheme should be within acceptable
limits for the location of the village or the area in question. This
was obviously a variable factor throughout the region but a prelimin-
ary maximum figure of 300 T/Shs. per capita of design population was
aimed for. If the proposal was above this cost, it was only accepted

after careful consideration of other alternative methods of supply.

Applying the above parameters, scheme type selection proved to be rela-
tively straight-forward for each village. The village opinion had signi-
ficant influence since it was seen that many improved schemes had been
previously constructed with little usage by villagers due to dissatisfac-
tion with the water quality. This not because of an unacceptable quality
according to health standards, but because of a different character to
that to which they had been accustomed.

Close liaison was also made with the regional MAJI office to check
whether proposals had already betn formulated for villages, and if this
was the case, these were carefully studied and taken into account.
Finally, when proposals for a particular village had been finalised these
were passed to the MAJI office to receive comments if any as to their

suitability.

The procedure for village scheme selection can therefore be summarised as

shown in Figure 5.1.



BEFORE VILLAGE VISIT

VILLAGE
VISIT

5.5

DISCUSS WATER SUPPLY
POTENTIAL/PROPOSALS

WITH DISTRICT WATER ENGINEER

DISCUSS WITH VILLAGERS
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INSPECT POTENTIAL SOURCES
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LABURATORY

CHECK

DEVELOPMENT CAPACITY

SCHEME CHECK SOURCE

CHECK SOURCE
QUALITY

COMPILATION

RECORD PROPOSAL

PASS TO DISTRICT WATER
ENGINEER FOR COMMENTS

Figure 5.1 - Procedure for village scheme selection.
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The considerations taken into account in assessing an individual

village ‘s priority with regard to implementation are five-fold.

. Need

® Development potential

) Technology of proposed scheme
) Cost

° Village attitude.

It is concluded that "need" should be the main criteria for judging the

priority rating of a particular village.

Development potential, if judged in general context, it is considered

can in many cases be contrary to the objectives of the '"need" criteria.
If development criteria, however, is considered in relation to the pro-
vision of a water supply system, then obviously in these areas of highest
need will the the greatest development potential be realised from the

introduction of a water supply.

The technology of a proposed water supply scheme and its cost are con-
sidered to be two important criteria in deciding whether or not, or when,
a water scheme should be constructed. However, these two factors reflect
the village water supply solution rather than the existing water supply
situation in the village. It is felt that it is important to keep these
differentiations clear. Priority criteria in assessing a village’s posi-
tion with respect to obtaining a water supply scheme should be judged on
the situation existing in the village. 1If the solution of serving a par-
ticular village results in schemes which, due to the type of technology
required or due to the cost involved, would make this an inappropriate
scheme to implement, it is considered that the scheme should not be con-
structed at the present time. However, it is also believed that this
should not affect the village position with respect to its priority rat-
ing. Therefore, depending on that rating an effort should be made to
adopt an acceptable solution for that village such that implementation

can be completed as planned.
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Village attitude is also proposed to be handled in a similar way. From
the village visits and the Socio-Economic Group studies it has become
abundantly clear that villages should not have a new water supply scheme
implemented until full agreement of the scheme and of participation in
its development is received from the village concermed. This agreement,
however, although a pre-requisite of construction of a new water supply,
is not a reflection of the existing water supply situation and thus prio-
rity rating of construction and should be considered separate from that

rating.

In applying the level of need criteria to a particular village, three
aspects were considered and results obtained thereon from information

gathered in the village.

° Health with respect to water supply
e Water supply capacity
e Water supply accessibility.

Where villages had a situation prevailing such that they did not satisfy
pre-determined criteria within any of these categories, they were con-
sidered to have a "high priority" of implementation. Conversely, vil-
lages which did satisfy all criteria were judged to have a "low priority"
of implementation.

To enable a construction programme of implementation to be drawn up,

further subdivision within these categories were made in order by

° Number of occurrences of problems in all categories.
® Number of occurrences within categories of health, capacity and

then accessibility separately in that order.

A priority rating has therefore been drawn up which is illustrated in
Figure 5.2.
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[ PRIORITY RATING |

iNDICATES NUMBER OF "OQCCURRENCES
OF."NEED"_ CRITERIA EITHER
4, 3, 2, 1L ORQ

INDICATES HIGHEST RATED
OCCURRING "NEED” CRITERIA
A - HEALTH RELATED

B < CAPACTTY RELASED

€ = ACCESSI8ILIST RELATED
U ="LOW PRIORTTY

INDICATES DELAYED INPLEMENTATION
RECOMMENDED OUE TO INAPPROPRIATE
TECHNOLOGY_OR HIGK COST

D - DELAYZD

0 --NOT DELAYED

INDICATES NUMSER OF OCCURRENCES
WITHIN NEED CRITERTALOCATED IN
COLUMN 2 - EITHER

4, 3,2, 10RO

Examples: UY4-A-2-D indicates

2-B-2 indicates -

0-L-0 indicates -

Figure 5.2 - Water Master Plan

4 total occurrences of need criteria
highest rated need is in health category
2 occurrences of need in health category
scheme implementation should be delayed
due to technology or cost

2 total occurrences of need criteria
highest rated need is in capacity category
2 occurrences (i.e. total) of need are in
capacity category

no delayed implementation recommended

no occurrences of need criteria

therefore low priority
no delayed implementation

priority criteria rating system
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When all other aspects are equal after priority rating has been applied,
villages have been listed with those having the lowest per capita cost

first.

Finally, it is stressed that while priority ratings have been applied to

all villages in the region as part of the Water Master Plan it would be

wrong to consider this as placing a village in a fixed position with

regard to its potential of receiving an improved water supply. Rather

the resultant priority system should be used as a starting point in con-

sidering relative merits of implementation, and due notice should be

taken of altered circumstance, which may change a particular village’s

rating.

5.3 Water quality criteria

In parallel with the collection of the village inventory data it was
possible to take water samples and consequent analyses for each village
in the region. Although a vast amount of information was thus gathered,
the fact that only one sample was possible at each source imposes limit-
ations on the reliability with which these results should be used to
judge on individual sources. Statistically of course, it is possible to
see with some confidence the pattern of water source quality available
throughout the region, and this facility has been utilised to the
fullest.

It was attempted to take at each village a sample of at least one tradi-
tional source to give an impression of quality of the present supply
situation, a sample of an existing water supply, if appropriate, and a

sample of the proposed source.

Testing was carried out for bacteriological, physical and a range of
chemical characteristics. For bacteriological analysis portable filter
membrane equipment was used with incubation being carried out in the
Landrovers used for the field trips. Evaluation of pH value and conduct-

ivity was intended to be carried out in the field using portable elec-
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trode meters but field conditions proved difficult for this to operate
successfully. All other testing was carried out in Regional laboratories
set up for the project and by means of portable digital titration type

equipment.

The water quality analyses were computerised in conjunction with the
other village inventory information. Statistical results were then
studied in each of the separate categories of source type tested,

namely :-

° existing schemes
® traditional sources

° proposed sources.

Further analyses of the water quality results were also possible in
relation to other appropriate sections of the village inventory such as

villagers” attitude to the source or health-related aspects.

In order to present the proposed source quality in an easily recognised
format, a four-digit rating system was devised as illustrated in Figure
5.3.

The bacteriological quality is not directly applicable to interpretation
of the suitability of the source representing as it does a sample at one
point in time. However, as a guideline of necessity of further invest-

igation the following categorisation has been adopted:-

e Code 0 -~ Suitable for direct supply if pollution risk is low, i.e.
- closed society, no main through roads, railways
- upland source, no habitation and minimal grazing in the

catchment area

- small scheme, less than 10,000 design population

e Code 1 ~ As code 0. Protection must be considered or treatment
applied if pollution risk as above is unacceptable.

® Code 2 -~ Treatment probably necessary unless pollution risk as above
is low and identification of pollution possible and protec-
tion feasible.
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e Code 3 - As code 2 except that treatment should only be omitted if
source of pollution is very clearly identifiable and
protection can be considered completely effective.

e Code 4 - Source unlikely to be suitable for development as domestic

water supply.
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[ quaLity raimn |

I 1 ! !

o - 2 - 3 - 1

REPRESENTS THE

SULTABLE TOR DIRCCT SuPPLY
>10,000 cnts/100 m) 4 IN SMALL SCHLMES

- REPRESENTS
REPRESENTS REPRCSCNTS TOXIC
BACTERIOLOGICAL. . et NON-TOXIC
QUALITY PIYSICAL QUALIT : L QUALLTY CHEMICAL QUALITY
0 = 0 cnts/100 ml 1 = WITHIN WHO STANDARDS
- 100 cnts/100 m - SULTABLE FOR DIRECT SUPPLY
= C n .
" 2 = WITHIN TANZANIAR STANDARDS
2 = 100-1,000 cnts/100 ml - SUITABLE FOR DIRECT SUPPLY
3 = 1,000-10,000 cats/1001 3
4

W

SUITABLE FOR SUPPLY
AFTER TREATMENY

O

= HOT ACCEPYARLE

Examples: 0-2-3-1 indicates - bacteriological quality O ents/100 ml
- physical quality within Tanzanian standards
~ toxic chemical quality suitable for
direct supply in smll schemes
- non~toxic chemical quality within WHO

standards

Note: U-9-9-9 indicates a sample not available.
Cnts. refers to E.Coli.

Figure 5.3 -~ Water Master Plan quality rating.



In selecting sources for a village water supply only those which gave
indication of high quality and with little possibility of pollution were
considered, if at all available. It was considered not feasible from an
economic or technical viewpoint to introduce treatment systems to

small -scale village water supplies in remote parts of the region.

The water quality analysis of proposed sources showed with little excep-
tion that the chemical quality of these was satisfactory within this
framework., The only significant exception was that in some areas iron

and manganese were found in proportions too high to be acceptable.

Turbidity proved to be a more common problem and was also reflected in

the villagers’ attitude to the source becoming "dirty" in the wet season.

Water sources, which gave results within WHO or Tanzanian quality

standards, were selected whenever possible, Slight relaxation of some
standards are recommended for small water supplies, where these do not
have health implications and the risk due to a small-scale supply in a
closed society, is minimal. Where these limits were exceeded or large-
scale supplies were involved, treatment has been proposed. The deline-
ation between a small and large-~scale supply for this purpose has been

taken as 10,000 design population.

Where treatment has been recommended, only simple non-mechanical, non-

chemical, systems have been proposed. These are

® infiltration - in case of smll supplies with turbidity problems

° aeration - in case of iron, manganese problems

° slow sand filtration - in case of large supplies with turbidity
problems and/or bacteriological pollution risk

°® horizontal roughing filters - in case of large supplies with
turbidity levels higher than those suitable for slow sand filters

) combinations of the above as appropriate



5.14

Careful consideration of the suitability of the proposed treatment will
need to be made in all villages at detailed design stage. This would
include further sampling and testing of the site suitability, particular-
ly in the case of infiltration. It is our firm opinion that such methods
of treatment are the only ones suitable for the improvement of water
source quality in the rural parts of the region. Any more sophisticated
system, depending on chemicals or mechanical plant would run a high risk
of not operating within a short period of time. It is more realistic to
install a treatment system which will, with some certainty, make an
acceptable improvement of water quality than a system which will produce
a high quality water but has only a low probability of operating at all.

The problem of water quality becomes even more significant in respect to
bacteriological pollution. Throughout most of the region the potential
for development of groundwater supplies by acceptable technology i.e.
hand~-pumps from shallow wells is limited., In this connection, however,
the possibility of development of basement aquifers under artesian pres-
sure using hand-pumps must be borne in mind - see Chapter 7, Volume 4B
and Volume 10. Therefore, the majority of schemes selected have been from
surface water sources, where development by gravity has been possible,
While these sources were selected whenever possible, in the upland
stretches of the catchments, where the risk of bacteriological pollution
is slight, WHO or Tanzanian quality standards cannot be guaranteed at all

times even from such sources.

The possibility of chlorinating these supplies to ensure safe drinking
water has been ruled out since, although the necessary equipment is easi-
ly installed and not costly, the supply of chemicals and con;rol of
operation is judged to be completely inappropriate to the present rural
village supply situation.

These opinions are further supported by the fact that Socio-Economic
Group studies indicate that pollution takes place in the water collect-
ion chain between source and consumption. Study of the relevant inform-
ation also indicate that at present a significant proportion of water-
related diseases in the rural areas of the region are caused by water-

washed rather than by water-based transmission.



5.15

The control of disease with respect to bacteriological quality is there-
fore seen to be not only a case of providing a high quality source, but
also involving the introduction of a health education and hygiene devel-

opment programme.

Selecting sources, which have an acceptably low risk of bacteriological
pollution, improved as necessary by protection measures, and combining
education programmes, is seen as an important advance in a step by step
improvement of the village water supply situation. As the benefits of an
improved water supply become more apparent, villagers become more aware
of health implications and when budgetary and logistical circumstances
permit, a logical further development would be the introduction of treat-
ment systems to these water supplies. The outline selection of sources
has been made, bearing this principle in mind and, it is recommended that
during detailed design stages, whenever practical, and within acceptable
cost limits, additional hydraulic head is provided for the later intro-
duction of a simple treatment system.

In schemes above 10,000 design population more careful study of the bac-
teriological pollution risk has been made. Where, after due consider-
ation this has been deemed to be unacceptable, slow sand filtration is
proposed as being the most appropriate means of control of bacteriologi-
cal quality in larger schemes in the present situation in the rural
areas. The size of the scheme justifies the cost involved and there is
no dependence on chemical supplies or problem with mechanical mainte-
nance. Problems previously encountered with this type of system in Tan-
zania is felt to be due to wrong design and/or insufficient training in
operation procedures rather than being due to inherent faults in the

system.



5.4 Design criteria

The parameters considered were

L] planning period
o water demand

) peak factor

) storage

° level of service

The current values of these parameters, as presently applied within the
Ministry of Water and Energy, were used as a basis for evaluation of
levels to be applied in the Water Master Plan. The details gathered at
village level and the "in-depth" studies carried out be the Socio-
Economic Group were used to supplement these basic data and compile

recommendations. The applied values are illustrated in Figure 5.4.



DESIGN CRITERIA

PLANNING PERIOD

APPLIED VALUES

20 YEARS AHEAD OF THE
MID POINT OF THE PLANNED
IMPLEMENTATION

PERIOD, 1.E. 2006

WATER DEMAND

RURAL AREAS 25 1/c/d

URBAN AREAS 50% x 25 1/c/d|
35% x 70 1/c/d
10% x 130 1/c/d
5% x 200 1/c/d

PEAK FACTOR

- LIVESTOCK - NOT INCLUDED

STORAGE

LEVEL OF SERVICE

12 hrs DEMAND, expect
in small supplies

MAXIMUM 400 METRES
T0 DOMESTIC POINT

Figure 5.4 - Water master plan applied design criteria.
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The 20 year planning period presently used by the Ministry of Water and
Energy has been adopted.

In certain cases where this has resulted in an excessive growth the
potential for phasing of the scheme construction for the 10 year demand

has been commented upon.

The applied year for projection of water demand is 2006, being 20 years
ahead of the mid point of the planned implementation period, 1982 to
1991. The use of the same year for the calculation of the projected
demand for all villages avoids in the water master planning format, rigid
formulation of implementation order, yet achieves the representative
presentation of the total figures. When the implementation period of
each village is finally selected the actual demand calculation for that

case can then be calculated.

Detailed studies at village level by the Socio-Economic Group reported
that the average present water consumption in the rural areas for all

domestic purposes varies between 11 and 18 1l/c/d.

If the demand for institutions, schools and health centres, are added to
these figures, and an estimated growth in demand is allowed to account
for the observed positive influences on water demand, which are likely to
apply in the future, such as education and per capita income, a result-
ant planning demand figure of 25 1/c/d is calculated as being appro-
priate.

The demand for livestock watering was not considered as being either
economic or necessary to include in the domestic water supply. Such a
demand would add approximately 20 per cent to the present calculated
demands. This would reduce considerably the viability of development of
many of the sources selected. These sources have been chosen to achieve
a high quality water supply delivered by means requiring the simplest

operational techniques. To satisfy these requirements, which are not

necessary for the purposes of livestock watering, inevitably involves
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higher costs in many cases than would otherwise be the case. Socio-

Economic Group studies showed that the demand for livestock watering as
expressed by villagers, was inconsistent with the observed use of facil-
ities provided. In most of the region, natural watering facilities are

available for livestock with little or no associated inconvenience.

It is therefore recommended that the present policy of including live-
stock watering demand in all village supplies should not be applied.
Where provision of water for livestock is necessitated through unavail-
ability of natural sources at all times of the year, consideration should
be given to development of lower cost and quality sources than those
necessitated for the domestic supply. We consider it would be appropri-
ate for such livestock supplies, and also associated demands such as dip-
ping, to be the subject of a village community project, using local tech-
nology such as bamboo pipes, rather than being provided within the frame-

work of a regional programme.

Industrial demand was not found to be significant in the villages. Only
cottage industries were found to be operating apart from major industrial
developments near urban centres or in special allocated projects. Water
supplies for such industrial developments are separately considered and
it is proposed that the water demand for the present cottage type
industries within the villages can be accommodated within the per capita
demands already calculated.

In all cases an estimate of water supply source capacity has been made
such that if, during detailed design phase, an additional demand is
envisaged for a particular village then the potential development from

the source in question can be investigated.

Study of the daily consumption pattermn by the Socio-Economic Group showed
that a peak factor of 3 was appropriate for application to the present

rural village water supply schemes.
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The trend of peak factor reducing, as level of service increased, was
evident from these studies and therefore the economy of introduction of
this peak factor rather than the present Ministry of Water and Energy
figure of U4 is strongly recommended in association with the Water Master
Plan implementation.

It is concluded that storage of the equivalent of 12 hours demand should
be included in all villages except in small schemes where the length of
gravity main is less than 2 km. The possibility of serving larger
schemes on the basis of a constant free-flowing principle is considered
un-economic and not desirable from drainage and health aspects in addi-
tion to the problem of imparting the impression that the water supply is

an unlimited and free asset.

Village level studies did not indicate a threshold point in respect of
distance to water collection point. Consumption could be seen to be
increasing with reducing distance, but at no point did a significant

change occur.

Sensitivity studies on the cost of providing a different level of ser-
vice, on the other hand, showed that the 400 m distance was significant,
Below this point the curve rose steeply, resulting in an additional 30 to
40 per cent to scheme costs if a 200 m criterion was introduced. Above
this point the curve flattens and even a 1,000 m service level results in
savings of only 10 per cent. These results of course are themselves
sensitive to altered village density levels, but have been calculated for

the average situation observed in the region.

It is therefore proposed that the 400 metre criterion be adopted as a

base planning figure in the Water Master Plan; however, due note has to

be taken of the present water supply situation when implementation is be-

ing prepared for each particular village.




6. FUTURE WATER SUPPLY

6.1 General

Ruvuma Region has a low density of population with much of the western
part being covered by soils of medium to high fertility. Consequently,
the agricultural development potential of the region is high.

The villagisation programme is well established with the development of
the social facilities of education and health almost universal. Infra-

structure services, however, are at a very low state of development,

The region suffers considerably at present from being so remote. The new
Makambako to Songea road will improve this situation but the extent of
the region generally and the long stances in Tunduru in particular will
still result in transport and communications proving a major constraint

to further development.

In the water supply sector the effective proportion of population

presently supplied is much less than commonly expected.

The number of villages served is 21% of the region, representing 24% of
the population, but due to problems with many schemes and a low propor-
tion of villagers using schemes in these villages which have supplies,
the effective population served is only around 11%.

The availability of traditional sources in the region is not generally
problematic. Reliability is quite high although obviously to a lesser
degree towards the eastern dry parts of the region. Accessibility fol-
lows a similar pattern but over the region only 20% have greater than 1
km to their nearest water source. The quality of traditional source water
is poor, and the proximity of these sources to the village results in
communal use for many purposes other than domestic water collection,
Consequently, pollution is rife and protection measures neither seem to

be practised nor appreciated.
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The demand for water for domestic purposes is minor compared to the
resources available but the problem lies rather in selection of suitable
quality sources which are developable by acceptable technology within
economic costs. The supply of water for purposes other than domestic
consumption is not considered appropriate to the present need and
economic constraints. The calculation of livestock figures is uncertain
but based on the available information, this could be from 10 to 40% of

the domestic population demand.

Water for social institutions is included in the allowance of domestic
demand but industrial development in the villages is not anticipated to
justify additional supply for this purpose. Large and medium scale
industrial developments in the region are separately catered for in
respect to water supply, and it is proposed that small scale industries

be similarly considered when such developments are projected.

A summary of the future water demands of the region as an average is
given in Figure 6.1. The figure given for the water resource is corre-
sponding to the 10-year minimum runoff. This could be taken as re-
presenting the unregulated resource. If regulation by means of impounded
reservoirs is taken into account much larger amounts of water could be
made available. The comparison between the figures can be taken as
indications only as the exact geographic distribution of resources and

demands is an overriding factor.



WATER RESOURCE
x 10° M3/DAY

6.3

DOMESTIC DEMAND

x 105 M3/DAY

30 (0.5%)

6,740 (100%)

LIVESTOCK DEMAND
x 105 M3/DAY

9 (0.12)

INDUSTRIAL DEMAND
x 103 M3/pAy

1 (0.0%)

AVAILABLE FOR
OTHER USES
x 103 M3/pAY

6,700 (99.4%)

Figure 6.1 - Comparison of future water demands and resources.

Demand /resource percentage given in paranthesis.

It appears from the figure that the future demand is only a small frac-

tion of the available average resource.

conditions allowed the surplus water to be used for irrigation an area of

If, for instance, the natural

the size of order of 70,000 ha could be intensively irrigated.
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6.2 Source selection

The present improved water supply schemes in the region are predominantly
abstracted from surface water sources, 95%. This situation is also re-
flected in traditional source types, although to a lesser degree, around

62% are from surface sources.

This pattern of present sources has influenced the selection of sources
for the Water Master Plan proposals. While groundwater provides a high
quality and generally reliable source of water supply, the means of
abstraction should be appropriate to the technologies suitable for
village level supplies. The lack of maJjor shallow groundwater resources
in the region has therefore resulted in only a small proportion of
groundwater sources being proposed. The resultant proposals are 97% from

surface water sources.

The definition of grourdwater sources as given in Volume 9, Chapter 12,

para. 12.2 is based on drilling method as follows:-

e Shallow groundwater resources - those that can be developed by

drilling with hand tools or by power augering.

e Deep groundwater resources - those that can be developed by drilling

with percussion rigs or rotary rigs.

The potential of "medium-deep" borehole supplies, however, should be
studied for possible incorporation as an alternative supply, particularly
in areas where the selection of surface water sources are unattractive
for reasons of scheme technology, cost or source quality. "Medium-deep"
groundwater is the name applied to groundwater occurring in the basement
complex at around 50 m depth but under artesian pressure such that ab-

straction by hand pumps is possible.

An important consideration in the selection of water sources has been
village opinion. Villagers, although displaying little appreciation of
pollution protection of sources, are very aware of physical and chemical
quality of the water. They are accustomed in the region to drinking soft
surface water of high acidity. Consequently, they consider in many cases

the harder groundwater sources unpalatable, often referring to them as
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saline when tests show otherwise. It has therefore been considered im-
portant to select sources which villagers are going to approve of when

developed.

6.3 Layout of future water supply systems

The selection of the Water Master Plan schemes has been principally con-
cermned with proposing those types which will ensure simple operation and

maintenance. Thus, gravity supplies have been selected whenever possible.

The existing schemes have proven to require considerable rehabilitation
with only 15% of those being retained without some additional work being
carried out on them. In order to further introduce acceptable scheme
technologies, improve quality or make more economic schemes, existing
scheme structures have in many cases been incorporated into new supplies.

This has occurred in over 30% of cases.

Because of the topographic nature of the region , and the location of
villages, in many cases it was found necessary to introduce group village
supplies to maintain gravity systems. Where this proved unpractical or
uneconomic non-fossil fuel pumped systems have been proposed if possible.
Of these alternative pumping systems we propose that only hydrams are

sufficiently proven to be immediately introduced.

The proposed water supply schemes are diagrammatically illustrated in
Figure 6.2. The scheme types involved in these proposals are also
illustrated in Figure 6.3.
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VILLAGES
IN REGION

302

—
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—

YILLAGES WITH
SCHEMES REQUIRING
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I

VILLAGES WITH NO
IMPROVED
WATER SUPPLY

240

VILLAGES WITH
EXISTING SCHEMES
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NEW SCHEMES
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1
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EXISTING SCHEMES
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REHABILITATION
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REHABILITATED
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VILLAGES SERVED BY
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VILLAGE SCHEMES

9

35 98
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Figure 6.2 - Water Master Plan village water supply proposals.
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Figure 6.3 - Water Master Plan proposals - village water supply scheme

types.
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The quality of water source has been chosen such that whenever possible
no treatment is required in accordance with the principles previously

put forward. Protection of sources should be introduced in all cases, the
degree and nature of the protection being in accordance with the type and

location of the source.

Where treatment has proven necessary because of the source quality or
size of scheme, only three basic simple types have been proposed. These
are infiltration for cases where turbidity is a problem in small sup-
plies, and aeration where iron is a problem. In larger supplies slow sand
filtration has been put forward as the most appropriate means of safe-
guarding bacteriological quality and reducing turbidity. Horizontal
roughing filters are proposed in association with slow sand filters if

the turbidity level necessitates.

A summary of the water supply treatment proposals is given in Figure 6.4,
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Figure 6.4 - Water Master Plan proposals - village water supply treat-

ment.



6.4 Cost estimates

The cost estimates of the water sdpply scheme proposals have been based
on the use of local materials, wherever available, construction by MAJI
staff and using design criteria established as part of the Water Master
Plan.

The resultant cost levels and per capita equivalents are given in Figure
5.1. Costs are given in million Tanzanian Shillings and based on con-
stant July 1981 levels, and per capita costs are based on the design
population.

Sensitivity studies carried out on various aspects of constructional or
design alternatives showed that the most significant effect on cost level
could be obtained by using imported pipe material for construction.
Savings of 30 to 35% on total scheme cost could be obtained if imported
pipe mterials are used, and although such a policy is contrary to the
principles of assisting local industrial development we consider the

scale of saving to be too great to be ignored.
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Figure 6.5 - Water Master Plan proposals - cost estimates




6.5 Implementation

The implementation of the village water supply proposals is recommended
to be carried out by MAJI construction teams assisted by village com-

munity participation.

Two factors lead us to believe that this procedure is essential. Firstly,
the manpower requirements for the construction programme is so immense

that only by mobilising wvillage labour can it be contemplated within the
time span envisaged. Secondly, the remote nature but organised structure
of the villages together with experience of the existing improved supply
situation indicate that a high level of village involvement is necessary

for successful operation and maintenance of schemes constructed.

The implementation programme has been subdivided into three categories of

operation, namely district level, regional level, rehabilitation and

groundwater.

The division between schemes implémented by regional teams and district
teams has been taken as T.Shs. 3,000,000.

The construction sequence has been planned to complete implementation of

all water supplies by 1991 in line with the Tanzanian Government policy.

However, flexibility of adjustment of this programme has been catered for
by providing an implementation planning chart based on the established
priority of villages. This chart can be used to establish some altern-
ative implementation programmes which may be necessitated by budgeting or

other constraints.

Within the framework of the implementation plan proposed the policy has
been to establish a steady build up of momentum of construction to ensure
a thorough training and preparation of the construction units and asso-

ciated administrative structure involved.
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A similar "tailing-off" of construction work is built in to the end of
the construction programme to avoid a sudden cut-off of the construc-
tional involvment in the region. The "tail-off" in construction work has
been matched as far as possible with the increasing need for operation

and maintenance staff.

The operation and maintenance principles proposed involve a significant

move from MAJI responsibility to villagers responsibility.

This is considered necessary to avoid problems already caused by remote-
ness of manv villages and associated communications problems and also to
establish a much greater sense of responsibility within the villages for

the proper operation and maintenance of their water schemes.

The MAJI organisation will still remain an important unit in the rural
water supply field, however. 1Its function will be to coordinate the
smooth functioning of the vastly increased number of schemes within the
region by operating a monitoring system, back-up maintenance facilities

and training.

The recurrent costs of the implementation programme are an important con-

sideration.

Due to difficulties in ascertaining the scale of participatory savings in
operation and maintenance the present MAJI system costs are given.
Estimates of potential savings of the participatory situation are 20 to

30 per cent of those given below.

On completion of the programme in 1992 the equivalent MAJI system cost is
estimated to be T.Shs. 19.1 million per year. This represents a cost of
T.Shs. 25.90 per capita per annum at this point in time. When the full
design population is achieved the equivalent cost will be T.Shs. 16.40

per capita per annum.
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Various considerations of realising this revenue have been considered.
The most favourable would appear to be a combination of government funds
to operate the MAJI element, "in-kind" payment by villagers, such as free
labour participation in maintenance activities or contribution of some
cash crop proportion to a communal fund for operative expenses and the
remainder of cash costs being met from communal village funds or a local

levy.

6.6 Organisation and management

The present organisation and staff quite naturally have limited experi-
ence of the scope and nature of the future tasks to be carried out in
connection with the proposed implementation and therefore some adjust-
ments and improvements of that organisation as well as staff training

must be undertaken.

It is proposed that efforts with respect to organisational improvements
be primarily directed towards the region which is regarded as the power
centre of rural water administration. Consequential changes within the
national water administration and district water engineers administration

should then be made as appropriate.

A detailed implementation plan should be set up, developed and carried
out initially as a pilot project within one region. The objective of this
proposal is to obtain sufficient experience with respect to suggested
planning procedures, training activities, interactions between various
organisational functions, cooperation between Tanzanian staff, donor
agency and external staff resources, and thus facilitate the efficient

handling of corresponding tasks in other regions.

To ensure sufficient capacity for organisational and procedural changes

external assistance will be needed.

To secure a balanced process, plans for rehabilitation of existing
schemes and construction of new ones should always be determined in view
of organisational capacity, including capacity for operation and main-

tenance, at any time.



7. WATER RELATED PROJECTS

7.1 General

The Water Master Planning excercise has had as one of its primary object-
ives to investigate the availability of water for village water supply
and to propose suitable systems for implementation of the particular
supplies. Though the water necessary to sustain human life must have the
first priority other uses of water must be considered as well in order to
exploit this resource for the benefit of productive uses. The two water-
related activities having a major potential in the regions are irrigation
and hydropower. The demands on the water resource from these two activ-
ities differ widely in scope. While irrigation actually consumes water
through an increase in evapotranspiration over the irrigated fields,
hydropower generation is usually connected to impounding dams and will
cause an increased equalization of river flows over the year. By regulat-
ing flows a reservoir will enhance the possibilities for activites relat-
ing to run~of-the-river downstream of the hydropower site. As for the
irrigation, substantial amounts of water are withdrawn from the river

system and depriving the downstream user of part of the river flow.

To arrive at an illustraﬁion of the scale of the water demands in rela-
tion to resources it can be mentioned that the gross surface water
resource expressed as the mean annual runoff over the three regions is
approx. 59,000 mill. m3 while the water demand for domestic use is
approx. 46 mill. m3/year or 0.8% of the surface water resource. Those
figures are of course indicative at the size of order only since the geo-
graphical distribution of demands and the distribution of the runoff in
time and space greatly influence this ratio. Locally water shortages may

occur though demands may be small.

As regards irrigation demands another picture emerges. If for instance
the 10-year minimum runoff over the entire area was used for irrigation
at a rate of 1 m3/s per 860 ha field, then approx. 190,000 ha could be

irrigated.
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If reservoirs could be created to equalize river flows over the year then
a mean flow would be 1,870 m3/s corresponding to approx. 1.6 mill. ha of

irrigated land.

This, of course, is a purely theoretical figure which is reduced by the
use of water for other purposes, the actual distribution of land and
water resources and a large number of other physical as well as human

factors.

The study of appropriation of water rights has shown that in certain
areas (i.e. around Iringa Town and in parts of Southern Iringa and Mbeya)
appropriation is close to the 10-year minimum runoff meaning that the un-
regulated resource is fully utilized. However, the detailed lists of
water rights have also shown a large number of uses which are probably
not in existence anymore. A revision of the water rights issue is strong-
ly recommended before more final deductions about availability of water
are made. This is particularly important in the irrigation context as

very large amounts of water are needed in comparison with other uses.
In general, the regions have a great potential for creation of equalizing
reservoirs which would thus greatly improve the possibilities for the ex-

ploitation of increasingly larger proportions of the runoff.

T.2 Irrigation

The great majority of Tanzania’s population of some 18 million people
live on the land as peasant producers. Approximately 50% of the Gross
National Product stems from agriculture, and half of this is produced by
peasant producers, mostly at subsistence level, and mostly on holdings
under 5 ha in size. The great majority of peasant producers are fully

dependent upon rainfed agriculture.

Some 75% of Tanzania’s export is derived from agriculture, the main cash
crops being cotton, coffee, tea, sisal, cashew nuts and cloves from Zan-

zibar.
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In recognition of the critical importance of the agricultural sector the
Government of Tanzania is giving high priority to agricultural develop-

ment. Key elements of the Government’s strategy for development are:-

° Better use of land resources
° Irrigation development so as to reduce dependence on rainfed agri-

cultural production

° Encouragement of mechanised village communal farms

° Better provision and distribution of farm inputs

° Reduction of past harvest losses

° Strengthening of credit facilities for small farmers.

During the recent Food Strategey Workshop in Arusha (November 1981)

Government emphasis on food production was reiterated and stressed.

While all the above mentioned points are to a large degree interrelated
and must go together, it is perhaps in the field of irrigation and in the
tapping of the regions’ vast and under utilised water resources that the
greater potential for a rapid development of agricultural production
lies, both in food crops and in some cash crops such as tea, coffee and

cocoa, ete.

The three regions under review are at very different stages with respect
to irrigation development and planning. Whereas in Ruvuma Region only
small scale village irrigation is practised, large schemes are imple-
mented or under study in Iringa Region. A Regional Integrated Develop-
ment Programme (RIDEP) has been prepared for Iringa Region, and RIDEP
teams are currently working in both Iringa and Mbeya, while no such plan-
ning has started in Ruvuma Region. This gives a widely differing possi-
bility of evaluation of the irrigation potentials and constraints from

region to region.

In most areas the natural rainfall will normally be sufficient to sustain
one crop, and in areas with abundant rainfall such as Kyela and Rungwe
Districts and the Mporoto Mountains, year-round cultivation is possible
without irrigation. However, crop failure or semi-failure is a regularly

recurring event as the amount of rain varies considerably from year to
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year, and consequently supplementary water in the form of irrigation,
particularly towards the end of the dry season, holds promise of con-
siderable increase in agricultural output. Not only does irrigation water
sustain crops which otherwise could not be grown, it also contributes to
increasing crop yields in general by ensuring optimal water availability.
Furthermore, the uncertainty or risk of insufficient rain is a serious
factor in making peasant producers reluctant to invest cash in agricul-
tural input, and it is felt that supplementary irrigation would create a
more secure base and thus encourage investment in fertilizers, insect-
icides, implements, etc., which contribute to increasing the agricultural

output.

Apart from the 3,200 ha Mbarara scheme in Iringa Region, large scale
irrigation is not presently practised in the three regions under review.
However, there is a great number of individual micro-schemes of tradi-
tional rather primitive irrigation, not least in Iringa Region, where
vegetables, particularly tomatoes and onions, are grown under irrigation,

as well as some dry season maize.

Consistent and reliable estimates on the extent of existing irrigation in
the regions are hard to find. According to a recent FAO/UNDP survey re-
port on the National Village Irrigation Development Programme present and

potential traditional small scale peasant irrigation can be summarised as

follows:
Region Area under Area under Available
Irrigation Cultivation potential
(ha) (ha) arable land (ha)
Iringa 828 309,300 464,200
Ruvuma 14,580 138,000 452,000
Mbeya 12,000 191,600 884,000

Table 7.1 - Present and potential small scale peasant irrigation
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The figure from Iringa Region in this table was supplied by the region to
the Irrigation Division of KILIMO. It is believed to be inaccurate, and
does not tally with information later compiled by RIDEP - Iringa.

Iringa Region is basically highland areas ranging from an altitude of 700
m in the Ruaha valley to about 2100 m in the higher areas. The area is
generally well watered, having a unimodal rain pattern with genereally
sufficient rainfall for one good crop a year. There is a great number of
perennial streams and a good potential for an agricutural production
during the dry season under irrigation, not least in the form of mini or

village irrigation schemes.

Iringa is a region with a vast diversity and large agricultural as well
as livestock potential. Generally there is a great potential for most
temperate agricultural crops and for tropical crops as diverse as rice in
the lower river basin areas, to tea and pyrethrum in the hills, and

timber for wood pulp in the Sao Hill area.

Several large scale scheme potentials have been identified by various in-

stitutions and Consultants. These schemes comprise:-

] Madibira rice project, 5,000 ha National Agricultural and Food Cor-
poration (NAFCO) rice scheme, 3,000 ha small scale farming.
Impounded reservoir

) Kimande scheme, 6,000 ha rice scheme, impounded reservoir and flood
control needed

) Mtera reservoir scheme, approx. 6,000 ha of area emerging when
reservoir levels are low

) Pawaga-Kimande, 10,000 ha under investigation by Regional Inte-

grated Development Planning (RIDEP) team

° Mbuyuni project, 2-3,000 ha under investigation by North Korean
team
) Manda project, 3,000 ha jointly for Ruvuma and Iringa Regions

° Isagawafule, 5,000 ha water drawn from Ruhuhu river system.
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All in all approx. 37,000 ha irrigable farm land has been identified as
suitable for large scale operations. As regards small to medium scale

projects following list applies:-

Present Potential
existing
Iringa District 1,790 ha 6,530 ha
Mufindi District 283 - 2,123 -
Njombe District 181 - 1,315 -
Makete District not available 1,204 -
Rudewa District 115 235 -
12,407 ha

Table 7.2 - Small to medium scale irrigation potential

Concerning mini irrigation schemes in the villages a considerable poten-
tial appears to exist but exploitation of this potential is very much
tied in with traditional agricultural practices and the possibilities for

introducing changes.

Ruvuma Region suffers from poor communication and from being virtually
cut off from the rest of the country for part of the year. This creates
problems both for export of any surplus, and for bringing in farm inputs

such as fertilizers, other chemicals, spares and other supplies.

In general, the region has good rainfall and high agricultural potential.
It is hilly and undulating country with numerous streams and rivers, many

of which are perennial.

Mbinga and Songea Districts are well populated in the higher areas, while
in the lower areas vast resources remain untapped. These districts have
fertile lands with a good production of agricultural products with maize
being the mainstay of the economy in Songea District, while Mbinga

District produces increasing crops of mild coffee for export. The main
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cash crop in Tunduru District is cashew nuts, with a scope of cotton pro-
duction. These cash crops can carry the high transport costs induced by

the poor infrastructure in the region.

According to figures obtained from Irrigation Division of KILIMO there is
a total of 14,580 ha being irrigated in the region. These are all tradi-
tional small scale irrigation schemes. Due to the topography there is not
a big scope for large scale irrigation projects. It would appear that
there is water available in most of the villages for mini-irrigation

schemes of from 2 ha to 50 ha or even more.

Mbeya Region presents a variety of agricultural zones, many of which have
a very high either actual or potential agricultural production. It also
has some of the most densely populated districts in the country, as well

as areas where the density is very small.

The region is rich in water resources, but it is also a region where this
water resource is threatened by mismanagement of the watersheds. This
affects not only Mbeya Region, but may in the long run adversely affect

the entire Rufiji River Basin.

A zoning of the Usangu flats has been considered by the Mbeya RIDEP team.

An irrigable cultivation zone of some 70,000 ha has been defined.

It is reported that up to 20,000 ha is presently being cultivated and
irrigated by peasant producers. In addition the large scale irrigation
project at Mbarara covers 3,200 ha with planned expansion for a 2,700 ha
large scale irrigation development, and another 2,000 ha is considered
suitable for small scale irrigation from the Chimala and Great Ruaha
rivers. In addition there are plans for 1,000 ha of small farming in the

Kapunga area, based on water from the Chimala river.

The Kyela District presents a special problem which is related to irriga-

tion but rather has to do with the prevention of flooding.
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Only one crop per year is produced, although the climate and water avail-
ability would make two crops possible. For the crop that is produced the
problem is to avoid excessive flooding rather than getting water on to
the rice fields. Floods make the communication difficult, and often

spoil the crops.

Two main proposals for flood relief have been brought forward. One is to
build levees along the river banks while the other is to establish diver-
sion canals. A very large increase in production would be possible if
such measures were introduced. In Mbozi District the existence of some

eight irrigation schemes of 150 ha to 200 ha per scheme is reported.

In the Lake Rukwa area a potential for an 8,000 ha irrigation rice scheme
has been pointed out by the Agricultural Office in Mbeya. As for Mbeya
and Chunya Districts numerous micro schemes are in existence and there is

seemingly a scope for improving efficiencies.

The present review of irrigation conditions and possibilities in Iringa,
Ruvuma and Mbeya Regions has indicated a large number of strategic ele-
ments of a successful irﬁigation development in the area. Detailed and
comprehensive recommendations for such a development will undoubtedly
result from the Regional Integrated Development Programmes. However,
based on the present review, particularly the identified constraints to
agricultural development the following specific recommendations are

stressed:-

[ ] Poor infrastructure is probably the single most important constraint
to agricultural development in the regions. Access roads, and trans-
port possibilities in particular, need to be improved in order for
peasants to be able to get their products to the market.

° Higher mountain areas should be protected against devastating erosion
by tree planting on the steepest slopes, and a soil and water conser-
vation programme in the lower areas. It would be necessary to con-
tinue this with a programme of planting trees for fire-wood in the

villages, so as to have an alternate source of fuel for coocking.
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Agricultural extension services need improvement. Personnel should be
found for this task who would also be skilled in the installation,
operation and maintenance of irrigation works. It is necessary that
the extension officer has the confidence of the people he is to
serve, and that he has sufficient time to get to grips with the pro-
blems in the field. Special courses for training extension officers
should be considered.

Irrigation development in Usangu and Kyela should be examined in more
detail.

A more detailed study of the potential for small and mini village
irrigation schemes should be undertaken.

Soil fertility and suitability for irrigation should be investigated,
initially by preparation of detailed soil maps for the three regions
(i.e. ongoing soil mapping by Uyole Agricultural Centre), secondly by
more detailed soil investigations in promising areas.

Credit facilities should be extended to the small peasant producer,
possibly by the creation of small credit unions with memberships of
say up to 20 farmers. It should then be a rule that all members were
responsible for any single defaulter’s debt. It was indicated to the
Consultant that if small peasant credit societies of this nature were
set up, then the National Bank of Commerce might be willing to con-
sider an enhanced rate of interest on their deposits in order to en-
courage this kind of business.

Mechanised cultivation practices should be carefully controlled. If
the Irrigation Division of KILIMO goes ahead with creation of a
mobile irrigation construction unit, it would be well to join it with
a soil conservation unit and to insist that no irrigation construct-
ion work be undertaken without appropriate soil conservation
measures.

The incidence of bilharzia and malaria must be reduced by controlling
the vectors, i.e. the bilharzia-bearing snail Bionphilaria opp., and
the malaria-bearing Anopheles mosquitos. Extensive work has been done
by Tropical Pesticide Research Institute and by Tanganyika Planting
Company (TPC), Ltd. on snail and mosquito control on the 8,000 ha

irrigated sugar estate near Moshi. The results have been very good,
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and their methods would be worth studying with a view to extending
particularly the snail control to other parts of the country. In
Kyela and Usangu, with water that is not alkaline, the introduction
of the biological control as successfully practiced by TPC in some of

their non-alkaline drains may hold some promise.

7.3 Hydropower

The Tanzanian policy seeks to diversify the economy by developing the
industrial sector, thus reducing the reliance on agricultural exports for
the generation of foreign exchange. The current trend is towards basic
industries like cement, pulp and paper and textiles, although several

other types of industries are planned as well.

The industrial developments will require large amounts of energy and the

power generation is thus crucial to the national development plan.

Present policies on domestic use includes plans to bring electricity to a
larger part of the urban population and to emphasise rural electrifica-

tion as a means towards the cementation of the village structure.

On a national basis the maximum demand (1979) was 140 x 10® watt (140 MW)
while approximately 800 x 109 Watt x hrs (800 GWh) was generated. This
corresponds to less than 50 kilowatt x hrs (50 kWh) per capita. However,

less than 5% of the population has access to electricity.

The Iringa, Ruvuma and Mbeya Regions are presently served by isolated
systems. These comprise diesel driven generating units in the main popu-

lation centres and some minor hydroelectric installations.

The power demand has in some places reached or surpassed the capacity
limits of the generating units, and installation of additional units is

planned in Mbeya and Njombe.

In parallel with these plans construction of extensions of the national
grid is undertaken. Of particular interest is the extension from Kidatu

to Mbeya via Iringa and Mufindi.
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The power supply from the diesel-powered generating units is in many

cases unreliable. Frequent power breaks occur and this combined with in-

adequate capacity render the conditions in for instance Mbeya quite un-

satisfactory for the consumer. Load-shedding is taking place. The distri-

bution from the isolated units is at 11 kilo Volt (kV) lines while only

when long distances are involved 33 kV lines have been constructed.

Table 7.3 lists the larger power installations in the three regions,

their type and available capacity.

Name/location Type Available Owner

capacity kW
Iringa Region
Tosamaganga hydro 1,220 TANESCO
Iringa Urban diesel 700 TANESCO
Wemba/Njombe ¥ hydro 100 Benedict.Fathers
Bulongwa hydro 180 Bulongwa Hospital

Ruvuma Region

Songea Urban diesel 530
Songea hydro 45
Peramiho hydro 30
Peramiho hydro 3
Hanga ¥# hydro -
Mbeya Region

Mbalizi hydro 270
Mbeya Urban diesel 2,080
Tukuyu diesel 1,050
Isoko/Tukuyu hydro 10
Isoko/Tukuyu hydro 7
Rungwe hydro 21
Tunduma diesel 225
Utengule hydro -

Mbarali hydro 160

TANESCO

Magareza Pro ject
Benedict. Fathers
Benedict. Fathers
St. Marus

TANESCO
TANESCO
TANESCO
Moravian Mission
Moravian Mission
Moravian Mission
TANESCO
Swiss Plantation

State farm

Table 7.3 - Existing power installations

under procurement

#% ynder installation



The generation of hydropower exploits the difference in hydraulic head
between two points of a river. By construction of impounding dams at ap-
propriate locations the head difference and thus the potential of a power

plant can be increased.

The initial cost of a hydropower project is generally higher than that of
a comparable thermal plant. The initial cost of the hydropower pro ject
includes the cost of the dam, diversion works, conduits, the generating
plant itself, access roads, etc. Often a hydro-electric project is loca-
ted at a relatively inaccessible location which adds to the initial cost
because of the expense of hauling materials and equipment and because of
long transmission lines to carry the energy to the market. In addition to
the cost of transmission facilities there is loss of energy during trans-

mission.

Thermal plants are usually located near their load centres, eliminating
the need for long transmission lines. The site requirements for a thermal
plant include the availability of an adequate supply of fuel and plenty

of water for cooling the condensers.

The cost of operating a thermal plant is much higher than for a hydro-
electric plant, mainly because of fuel costs. A thermal plant is also
more difficult to operate and maintain, and the cost of maintenance and

repairs is substantial.

Once found technically and economically feasible, the hydropower product-
ion costs are known more or less for the useful life of the project. The
price of thermal power is conversely very dependent on fluctuating fuel
prices, which in the Tanzanian context means a constant increase in the

foreign currency bill.

Hydropower developments mean utilisation of a renewable source of energy,
while conventional thermal power developments will exhaust the available
resource. As the river flows vary considerably throughout the year and

can be regulated only through establishment of reservoirs, an electricity
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supply based on hydropower only may not be feasible, or say possible.
However, even a combination of the two sources of electric energy could

mean a substantial reduction of o0il imports.

The hydropower potentials of Iringa, Ruvuma and Mbeya Regions have been
assessed on an outline basis. Potentials, where development is deemed
uneconomical, are not included. The feasibility of the schemes included
in the total hydropower potential of the regions still remain to be
established, and through a detailed feasibility study some of the identi-

fied sites may prove not economic.

This is valid for the medium to large scale potentials while the small

scale development can only be assessed in more general terms.

It is important to note that the identified potentials are based on pre-
liminary findings and should be taken as indicative only. As several
areas in the three regions are not covered by topographic maps the poten-

tials identified are far from being exhaustive.

The hydropower potential-of the Iringa Region is found mainly in the
mountainous areas around Njombe, draining both westwards to Lake Nyasa
and eastwards to the Kilombero Valley. Also, along the escarpment further
east on the Iringa/Morogoro border line well-defined potential sites for
hydropower developments are found. Both areas receive above average rain-
fall, and the scarps and plateaus represent desirable conditions for
hydropower developments with respect to head and storage potentials. The
streams in these areas are perennial. As, to a great extent, topographic
maps exist for these areas, it has been possible to identify a number of
specific sites and to estimate their potential. Some potential for hydro-
power is also found in the Great Ruaha River Basin, but except for a few
potential developments on the Little Ruaha river and the known potential
in connection with the Mtera Reservoir very little can be done owing to

lack of topographic information.
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The schemes identified represent the following energy potential:-
e Firm power capacity 675 MW
° Firm energy capability 5,785 GWh/year

° Installed capacity 975 MW
(at 0.7 load factor)

The feasibility of the schemes will have to be established through
further studies.

According to information obtained from TANESCO aid agencies from various
countries are presently conducting studies on specific small hydro-
electric projects in the region, or may start doing so in the near

future.

In the Iringa Region Denmark is presently sponsoring the study of the
Ruhud ji River Falls in Njombe, while the Federal Republic of Germany is

sponsoring a study on the Hagafiro River east of Njombe.

The only river basin of any significance to the hydropower potential in
the Ruvuma region is the Ruhuhu River. This basin is partly located in
the Iringa region and potential hydropower developments on the upper
Ruhuhu fall within this region.

The lower reaches of the Ruhuhu River form the border line between the
Iringa and Ruvuma regions. As this part of the basin geographically is
closer to the central parts of the Ruvuma region, developments here are

listed under this region.

In addition, conditions for hydropower developments are present on the
scarps along Lake Nyasa, but the catchments are mainly small. The rest of
the region has undulating terrain and streams that tend to dry up between
rainy seasons. It is therefore not likely that one will find feasible
developments here. Using the 1:50,00 maps with 20 m contour lines no
developments on the Ruvuma River with tributaries appear to be feasible.
Exceptions are on the upper reaches of the Lumeme River along the Mbamba

Bay-Mbinga road.
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The schemes identified represent the following total energy potential:-

° Firm power capcity 290 MW
e Firm energy capability 2,495 GWh

° Installed capacity 410 MW
(at 0.7 load factor)

The feasibility of the schemes will have to be established through

further studies.

As for Iringa Region information obtained from TANESCO indicate that aid
agencies from various countries are presently conducting studies on spe-
cific small-scale hydro-electric projects in the region or may start do-
ing so in the near future. The list of schemes may therefore be revised
once the results from these studies become available. However, these
schemes are not likely to have any impact on the regions’ total hydro-

power potential.

In the Ruvuma region, Sweden is presently sponsoring studies in the Son-
gea and Tunduru areas, while the Federal Republic of Germany is sponsor-

'ing a study on the Luaita River near Mbinga.

7.3.6 Hydropower potential in Mbeya Region

The hydropower potential in the Mbeya region is found in the mountainous
areas south and south-east of Mbeya town. These areas receive above ave-
rage rainfall and along the scarps surrounding the northern end of Lake
Nyasa, the topography is in favour of hydropower developments. For the
larger part of the Mbeya region or approximately all areas north of 8°
30" degrees South the annual rainfall is less than 1000 mm which, com-
bined with a very pronounced dry season results in few perennial streams.
As topographic maps with contour lines are non-existent for these areas
potential reservoirs cannot be identified. The feasibility of hydropower
developments here therefore is very uncertain, hence the schemes covered
by the Western Tanzania Project, Report No. 2 on the Mtembwa, Songwe (to
Lake Rukwa), Lupa, Lukwate, Wuku and Yeye Rivers are disregarded for the
purpose of this study. It is recommended, however, that these basins be
looked into later, when maps and further hydrological information becomes

available.



The Songwe River, draining areas on both sides of the Tanzania - Malawi
border to Lake Nyasa, has large reservoir possibilities in the Bupigu
area half way between Tunduma and the lake. Although hydrological condi-
tions here are favourable to hydropower developments, lack of mapping
precludes evaluations of the feasibility. Potential sites are therefore
not included in this study, but should be kept in mind for future

studies.

The schemes identified represent the following total power and energy po-
tential:-

. Firm power capacity 185 MW
° Firm energy capability 1,630 GwWh
° Installed capacity 265 MW

(at 0.7 load factor)

The feasibility of the schemes will as mentioned earlier have to be
established through further studies.

There is at present no other known hydropower studies being conducted in
the Mbeya region. However, according to information obtained from TANESCO
a more detailed study of a possible development on the Kiwira River may

soon go ahead sponsored by the Korean Aid Agency.

7.4 Conclusions and recommendations on hydropower

The hydropower potentials identified through this outline study are sum-

marised in Table 7.4.

To arrive at an idea about the scale of the hydropower potential identi-
fied it could be mentioned that the total 1979 maximum demand was about
140 MW. Projections of this demand in conjunction with grid extensions to
cover most demand centres in Tanzania could take this figure to, say 700
MW in the year 2005. The hydropower potential (if found feasible) in
Iringa region alone could cater for this demand. It is thus clear that
extremely large potentials are present, and if just one of the larger
identified potential locations is deemed feasible power demand in a fore-

seeable future can be satisfied from hydro-electricity.



There is additional hydropower potentials in the regions that could be
developed through small-scale projects. However, the potential energy of
these schemes is without any significance to the regions’ total hydro-
power potential and also the identification of such schemes requires ex-
tensive field work. However, considering the prices of fuel, the foreign
currency shortage and the difficulties involved in maintaining thermal
plants it is expected that small-scale hydropower plants will play an
increasingly important role in the power supply for the rural areas. Also
on an international scale more and more effort is directed towards
development of appropriate hydraulic machinery for use in mini-hydropower

plants.



River/Name Sites Firm Installed
Capacity Energy Capacity
MW GWh Mw

Iringa

Ruhud ji Y 202 1,720 276

Mpanga 1 65 550 90

Ruaha 1 62 530 90

Ruhuhu

Upper Ruhuhu 3 86 740 122

Nk iwe y 195 1,670 275

Others 8 66 575 120

Total 21 676 5,785 973
" Ruvuma

Ruhuhu

Lower Ruhuhu 3 280 2,425 400

Others 3 8 70 11

Total 6 288 2,495 411

Mbeya

Rumakali 2 150 1,335 215

Kiwira 2 30 260 42

Others 4 4.5 ko 6.5

Total 8 185 1,635 265

Table 7.4 - Hydropower potential summary. Iringa, Ruvuma and Mbeya
Regions.

The Tanzanian policy - to industrialise in order to increase exports and
hence generate foreign currency will undoubtedly mean a steady increase
in the demand for electric energy. Import of oil for thermal electricity
generation at the same time means a great pressure on the economy because
of the increasing prices. Hence, the development of indigenous resources,
of which hydropower is plentiful, must be expected to play an important

role in the future Tanzanian economy.
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With the planned transmission line extension from Kidatu at the eastern
corner of the Iringa Region right through this region to Mbeya partly
under construction already, transmission distances from potential schemes
in this area are cut to within 150 km. This would make further studies
of potential hydropower developments rather meaningful. One important
benefit, among other things, would then be the combination of local
supply and "export" of surplus capacity, i.e. development of locally too
large schemes may be justified resulting in benefit from the economies of

scale.

The Iringa and Mbeya Regions both have potential sites for hydropower
developments that deserve closer study as they may easily play an impor-
tant role in the future economy of Tanzania with respect to rural as well
as national developments. The feasibility of the potential sites
described in this study will have to be established in more detail
through further hydrological, geological and other studies. The rough
cost estimates given should be used in ranking the schemes for further
investigations only. It seems appropriate to concentrate on the less
remote schemes with respect to the planned transmission line and high

head schemes before low head schemes.



8. MAIN RECOMMENDATIONS

8.1 General

Below, the main recommendations of the Water Master Plan are summarised.
Emphasis has been placed on recommendations of a general and broad
nature, whereas the more detailed and specific recommendations are dealt

with in the various volumes.

8.2 Hvdrology

e Strengthening of rainfall data network, collection, storage and analy-
sis should take place through more frequent inspections, computerised

storage and processing and regular publication.
o Svstematic analysis of rainfall intensitv records should be initiated.

e Climatic station operation should be improved and extension of network

can take place when satisfactory operation has been obtained.

o Further detailed hvdrological investigations are necessary at intake
locations where water demands and estimated minimum flows are of the

same order of size.

e Adequate computer facilities should be provided at MAJI to remove

bottlenecks in data processing and provide annual publications.

o Water-rights should be reviewed critically and rights not properly

utilised should be withdrawn.

e An effective programme of sediment transport measurements and analyses

should be initiated.

e The simple rainfall-runoff model (NAM) should he installed at a MAJI

computer and utilised in future water resources investigations.
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8.3 Hydrogeology

® Regional geological mapping should be initiated for the northern parts
of Iringa and Mbeya Regions and the Tunduru Karroo Basin in Ruvuma

Region.

e Across the Basement Complex geomorphological interpretation will be
basic to location of wells. Geophysical surveys can supplement know-

ledge but are not essential.

e In Karroo formations well-siting can be done on geomorphological inter-

pretations only.

e Across lake beds and alluvial deposits simple field reconnaissance will

be sufficient for siting of wells.

e Only hand pumps shall be applied in wells.

¢ Shallow wells constitute a tecnologv option in alluvial plains and in

alluvium and collovium along escarpments.

e Medium-deep wells with hand pumps constitute a technology option at
topographically level areas on African and post-African surfaces,

Karroo Basins, Usangu Flats and Rukwa Trough.

e The heavy Schramm TAH4 Rig is not recommended for drilling under
Tanzania conditions. Rotary drilling with light rigs or simple per-
cussion drilling are more suitable.

e Hand-drilling can be successfully done in alluvial deposits.

e A number of springs and boreholes should be monitored for future

reference.
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8.4 Water Quality

e Water quality survey and monitoring operations should be strengthened
by establishing water quality measurement services in the respective

regions.

o These services should be capable by standardized and intercalibrated
methods to carry out measurements needed according to the proposed

programmes for overall water quality with desired accuracy,.

Systematic survey and monitoring programmes should be prepared for

existing, traditional and proposed sources.

e More emphasis should be given to field surveys to ensure adequate

quality of various characteristics of water sources without delay.

e To ensure the field surveys the establishment of mobile units might be

considered.
o Systematic water qualitv records should be established in the regions,

e Frequent reporting syséems should be prepared.

Cooperation and coordination with other supporting activities should be

considered.

8.5 Water Engineering

e Water should only be served to the concentrated habitated area of the
village. From a water supply point of view it is suggested that
village development is restricted to a maximum allowance of 1 hectare
of immediate land per family to avoid excessive cost of distribution

systems.
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e Water supply schemes shall be selected so as to provide simple and
reliable technical solutions, where local inputs are pre-dominant and

foreign inputs are at a minimum.

e Low cost schemes shall be identified, and design factors which influ-

ence cost shall be carefully evaluated and realistic.

e Further jnvestigations of schemes requiring rehabilitation are required

to accurately determine the extent of work necessary.

e Tmplementation programmes shall be carried out within the existing
institutional framework and on a decentralised basis as far as

possible.

e Villages should be directly responsible for operation and maintenance

of their own water supplies.

e Village boundary maps produced as part of the Water Master Plan should
be used as a basis for an official Village Boundary Map for each

District/Region.

e The village inventorv data have been prepared in a computerised format

with the objective of future updating and usage being simplified.

e "Need" should be the main criteria for judging the prioritv rating of a
village. After need rating villages should be listed in accordance

with the principle of lowest per capita cost first.

e Schemes of unacceptable technology level or of exceptionally high cost
should not be constructed but effort should be made to identify a

scheme which is acceptable.

e No scheme should be commenced with respect to design or construction
until full agreement with the village government is obtained regarding

outline of the scheme and commitments entailed.
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e Source selection shall be done in such a way as to keep pollution risks

low and to minimise the need for expensive and complicated equipment.

e More hydrological/hydrogeological investigation is required to properly

assess the reliability of proposed sources.

e Water sources conforming to WHO or Tanzanian temporary standards should
be selected wherever possible. Where not possible, slight relaxations
for small water supplies where those do not have health implications or

the "risk" is minimal, are recommended.

e Only three simple forms of treatment are proposed; infiltration for
turbiditv problems in small supplies; aeration where iron is a problem;
slow sand filtration with or without roughing filters as appropriate

for bacteriological treatment and turbidity control on larger schemes.

e Intakes should be better designed regarding foundations, erosion,

screening, measuring devices, scouring.

e A Regional or Inter-Regional Design Unit should prepare standard draw-
ings, design procedures and planning charts to improve design prac-

tices.

e Of manufactured pipe systems, PVC and PEH pipes have the most suitable

application to Tanzanian rural water supplv development.

e Durability, jointing and health problems in connection with bamboo
pipes need to be solved before inclusion in large scale implementation

can be considered.

e An overall per capita consumption of 25 litres per day should be
adopted as a planning figure but detailed analysis of the demand of

each village needs to be considered at design stage.



8.6

e Inclusion of livestock watering is neither economic nor necessary in
the domestic water supply system of most villages. Where necessitated
through unavailability of natural sources at some times of the vear,
consideration should be given to the development of lower cost and

quality sources, possibly as a community project.

e A service level of 400 metres walking distance should be provided as a
planning figure. However, where traditional sources are at a distance
of less than this figure, careful consideration of the possible usage

of the scheme must be made.

e Of non-conventional pump tvpes, only hydrams are considered sufficient-
ly proven to be presently introduced. Waterwheels, wind power and

solar power should be further studied for potential incorporation.

o Due to cost and technical limitations diesel or petrol powered pumping

systems should not be incorporated.

o In the limited areas where shallow well development is possible in the
three regions, problems with respect to suitable hand pumps and vil-

lager acceptance need to be solved.

e The use of imported pipe materials are recommended due to significant

cost savings.

e Construction is proposed to be carried out by MAJI assisted by village

participation.

e Construction is to be carried out by Regional or District Teams depend-
ing on size of scheme. Rehabilitation and groundwater schemes are to

form separate construction categories.

o Detailed specification for construction of works is required and should

be enforced by adequate supervision.
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e Trench invert preparation and pipe jointing should receive special

attention.

e Manpower for construction should be substantially drawn from the

villages.

e Construction supervising teams should be formed to oversee three con-

struction teams to economise on skilled labour.

e A rehabilitation programme could form an appropriate means of commenc-

ing an early improvement of implementation procedures.

- — -y o —— — ————— ——— - " - —

e Operation and maintenance are proposed to be significantly moved from

being MAJI responsibility to being village responsibility.

o Scheme attendants are selected from the village and trained during

scheme construction.

e A supply of basic materials should be provided at the completion of

each project for initial operation and maintenance purposes.

o The District Water Engineers Office is responsible for providing
assistance to villagers on a paid basis when requested and also for

monitoring and control of scheme.

o The Regional Water Engineers 0Office is responsible for coordination and

training.

e Cost of operation and maintenance should be borne by a combination of
government funds to run MAJI element, in-kind payment by villagers for
operational expenses and the remainder cash costs by communal village

fund or local levy.

e Continued operation of water supplies will also depend on the avail-
ability of some measure of foreign currency for operation and mainte-

nance costs.
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e A comprehensive workshop should be established at Regional level and a

small workshop at District level.

e Organisational capabilities of national, regional and district water

administrations should be strengthened.

e A detailed organisation plan for all relevant activities covering a

period of 2-3 years should be developed.

® The plan should initially be developed and implemented - totally or
partly - as a pilot project, preferably within one region in view of
the limited resources to secure proper experience to be obtained with
respect to organisational inter-actions and suggested procedures before

similar activities in other regions are undertaken.

e Improved procedures for planning, budgetting, control and coordination

should be established.

e Involvement of all organisational levels in the shaping and priority

rating of short term goals should be regarded as essential.

e External resources should be inserted to provide the necessary capacity

for change with respect to organisational and procedural matters.

® The regional water administrations should be regarded as the most

appropriate points to concentrate initial restructuring activities.

e The systematic handling and follow-up on all aspects of village parti-

cipation is regarded vital to the long term success of water schemes.

e Training should be instigated as a tool to secure proper understanding

and satisfactory performance.
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e Operation and maintenance functions should be given a higher esteem in
accordance with their importance to the long term utilisation of -

investments and efforts.

8.6 Water-related projects

o Access roads, and transport possibilities in particular, need to be
improved in order for peasants to be able to get their products to the

market.

e Higher mountain areas should be protected against devastating erosion
bv tree planting on the steepest slopes, and a soil and water conserv-

ation programme in the lower areas.

e Agricultural extension services need improvement. Personnel should be
found for this task who would also be skilled in the installation,

operation and maintenance of irrigation works.

o A more detailed study of the potential for small and mini village irri-

gation schemes should be undertaken.

e Soil fertilitv and suitability for irrigation should he investigated,
initially by preparation of detailed soil maps for the three regions
(i.e. ongoing soil mapping by Uyole Agricultural Centre), =econdly by

more detailed soil investigations in promising areas.

e Credit facilities should be extended to the smll peasant producer,
possibly be the creation of small credit unions with memberships of say

up to 20 farmers.

e Mechanised cultivation practices should be carefully controlled. 1If a
mobile irrigation construction unit is created it should be joined with

a soil conservation unit.
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o The incidence of bilharzia and malaria must be reduced by controlling
the vectors, i.e. the bilharzia-bearing snail Bionphilaria opp., and
the malaria-bearing Anopheles mosquitos. Introduction of biological

control as done by Tanganvika Planting Company may hold some promise.

e The promising results of the reconnaissance study should be followed up

by a closer study of selected potential sites.

o Selection of sites for further studies should be based on proximity to
the National Power Grid and schemes with high head possibilities should

have priority in the selection over those with low head.

e Unmapped areas, or rather areas where no topographic details are known,

should be mapped.
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8.7 Recommendations from the socjo-economic studies
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e Human water consumption of 25 1/cap/day at the end of the 20-year

design period should be adopted.

® A peak factor of 3 should be adopted.

e No fixed distance criteria should be adhered to, except for budget
planning purposes where 400 m may be used. The actual locations of
domestic points should be guided by the principle that the walking
distance between a house and a domestic point in general should be less
than the distance between a house and the nearest alternative tradi-
tional source. Village participation is extremely important in the

actual location of domestic points.

e Livestock watering facilities should only be constructed free of charge
where livestock watering directly or indirectlv conflicts with human
use of water and/or agricultural Jand use. In all other cases cattle
owners or cattle project developers should pay the full cost of the

facilities.

® Small scale irrigation projects aimed at promoting peasant production
and with a high village participation content in planning, implement-
ation and operation and maintenance is generallv preferable to large

scale irrigation projects.

e Sanitary improvements consisting of upgrading existing latrines using
an appropriate level of technology within easv economic access of the

villagers should be promoted (provisional recommendation).

e Health education is of prime importance to the success of a water and
sanitation programme. It should be part and parcel of each water and

sanitation project (provisional recommendation).



8.12

e To facilitate communication between villages and the govermment bureau-
cracy an Extension Unit should be established and attached to the
Community Development Department within the Prime Minister’s office.
Its main functions should include (i) assistance to villages during
selection, planning, implementation, operation and maintenance of
schemes, (ii) to serve as a link between village and government bureau-
cracy within the water sector, (iii) to assist in health education and

sanitation efforts.

e The Extension Unit should at all stages of the project cycle assist

villagers in cooperating with MAJI and other governmental agencies.

e Fach village in which water improvements are to be introduced should
establish a Village Water Committee (VWC) consisting of the village
chairman, two other members of the village govemment plus three women
elected by the village assembly. Its main functions include (i) to
participate in location of domestic points, (ii) to help organise self-
help labour during construction, (iii) to select candidates for train-
ing as scheme attendant, (iv) to supervise scheme attendant’s work, (v)
to ascertain proper hygiene around domestic points, (vi) to act as a

chamnel of information from villagers to project personnel and vice versa.

e In group schemes a Project Committee should be formed consisting of the
UWC~chairman and a female member from each village within the project.
This is part of a forum where information of relevance for the project
as a whole can be discussed between the committee, the govermment

bureaucracy including project personmnel and the party machinery.

8.7.4 Village participation

e Villagers should own their own water scheme.

e Villagers - mainly through VWC - should participate in the planning of
the scheme by (i) approving the proposed water source and (ii) locating

domestic points, laundrv and cattle watering facilities (if any).
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e Villagers should participate in the implementation of schemes by (i)
organising self-help labour, (ii) digging trenches, (iii) assisting in
laving pipes, (iv) assisting in constructing domestic points and drain-

age.

e Villagers should be legally responsible for all 0&M activities.

® Villagers should be responsible for operation and maintenance of
schemes by (i) selecting, supervising and "paying'" scheme attendants,
(ii) by paying part of operating and maintenance cost. Village share
of 0&M cost should be determined by scheme technology and the economic
base of the village. As a general rule no village can be expected to

cover all 0O&M costs.

e Actual operation and maintenance work should be shared between MAJT and
the village according to scheme technology. The exact sharing of work

has to be further discussed.

e Villagers should only be financially responsible for that part of the

scheme which they are also maintaining themselves.



