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PREFACE

In responsé to tﬁe réqﬁést of the GdQEInmént of theIUnited
Republlc of Tanzanla,'the Govelnment of Japan decided to
conduct a basic design study on the Dar es Salaam Water
Suppiy Improvement PrOJECt and entrqsted the study to the
japan Intérnational céoperation Agency., The JICA sent to
Tanzania a sthdy team headed Bf Mf. Hideyﬁ&i AOK1, Director,
Design Division,‘KahagawaWaterSupply Authority from Juna

15 to July t1, 1984.

The team had di3cuésions with the officials concerned of
the Government of Tanzania and conducted a field Survey.
After the team returned to Japan, further studies were made

and the present report has been preparcd.

1 hope that this report will serve for the development of
the Project and contribute to the promotion of friendly
relations between our two countries.

1 wish to express my deep appreciation to the officials

- concerned of the CGovernment of the United Republic of Tanzania

for their close cooperation extended to the team.
‘October 1984

/é a /,;l;o’//: .;J

Keisuke Arita

President:

Japan Internationzl Cooperation Agency
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SUMMARY

- The coverage of water supply system in Tanzania, accordlng to a survey
undertaken 1n 1983 shows 88? in urban areas but only 367 in the rural areas,
:w1th a nat1ona1 average of 392 The served population for Dar es Salaam,
the present study area, was approx1mately f f!mrlllon persons out of a total

population of approxlmately 1.24 m1111on in 1983,

The present condltlon of the Dar es Salaam water supply system is extremely
unsatlsfactory in splte of 1ts long hlstory and’ 1arge coverage.' At the time
‘of the survey undertaken by the Study Team, aetual dellvered quantity was only
115,000 m3ld agalnst water demand of 230,000 mgld which means onty 50% of
' supp1y capacrty was being’ dlstrlbuted to the consumers. The reason for this poor
supply servrce is due to the fact that the 1ntake pumprng fae111t1es of
-the Lower Ruvu system, which provldes approx1mate1y 794 of the supply for
!the ent1re servree area, are . not properly functlonlng. In add1t10n, the
.Upper Ruvu system was also supplyxng only up to 50% due to deterioration
of - the old fac111t1es in use. The municipal authorities therefore resorted
_to 11m1t1ng dally water supply to the perlod from 5 a.m. to 2 p.m., resulting
"in each. fam1ly trylng ta store enough water independently for use dur1ng the

rest of the day.

It is expected that the deficiency of the Lower Ruvu system will soon
_be repalred "but there is no prospect for 1mprovement of the 1nadequate
VtUpper Ruvu system’ for the time be1ng due to the e¢xtensive work, equ1pment
and funds requrred " This presents a . serious provlem inasmuch as this

area covers pub11c fae111t1es inclusive of the unlver51ty, international
alrport, and 3I:add1tlon, qulte a number of industrial facilities, which
“have been Eorced to 1ower théir product1v1ty due to- the shortage of water
-supply, amountlng to a loss of up 86.5 mlllron shllllngspcr anunen, according
to Government estimates. In addition, the qual1ty of the plped water

is hlgh in turb1d1ty w1th ‘brownish colour, without cvidence of free res1dua1
chlorine at house_faueets, which indicated thﬂttﬂL'SUpplled water is

not sanitary or safe for drinking purpose.






7 ‘As- a result, the Government of Tanzanla Submltted a request in
_December 1982 for 1mprovement of the Dar es Salaam Clty water supply _L
system to the Government of Japan whlch dlspatched a pre11m1nary study
mlsslon through the' Japan Internat10nal Cooperatlon Agency (JICA)} in
'May 1983.- In June 1984, a Study Team 'as dlSpatChEd to examine and assess

the. technlcai and econom1ca1 v1ab111ty of the project. The team ‘held
:dlscu331ons wlth the Government author1t1es concerned along with field
surveys of the current cond1t10n oE the system,'wh1eh enabled the team
" to 1dent1{y the problems fac1ng the Government. Careful analy51a of
.the flndrngs thus galned was eonducted in Tokyo after return to Japan,
resultlng 1n a five- p01nt work programme coverlng steps con51deted to

be most surtable.,

“This programme, whlch is recommended for 1mmed1ate action from the

p01nts of urgeney of need and effectlveness, is as ‘follows:

1) Installatlon of Valves for D1v151on of the Upper and Lower Service

'Areas

_ _ Con51der1ng that the water supply area of the City eons1sts
_ba51eally of hlgh level and low level areas, onnected by ‘the distribution
: p1pe11nes, the problem of 1nadequate and uneven supply of water in
“the Upper. Serv1ee Area, ‘stems from the vatural tendeney of water

:,.to flow down towards the Louer Service Area. In oroer to solve this
-tproblem, 1t has been eonflrmed that the entlre distribution area
‘ should be drvlded 1nto two parts along the border of + 30 m elevat1on,
eand eonnected by two slu1ce valves to be 1nstalled one (#315 mm) at
‘ Manzese and another ( ¢ 300 mm) at Mtamban1, which are the mosk suitable
[Iocatlons under the present cond1t10n of the distribution pipeline network

'__whxeh Iacks adequate valves.

2) 'Inetallation of Kijitonyama Trunk Main

_'t Caleulatlon of d1str1but10n flow rate has confirmed that there
-W111 be plaees w1th 1nsuff1c1ent water pressure at the upper part
Y of the 1ower leVel area when the whole supply area is divided into

two. parts as descr1bed above. In order to cope with this problem,






3)

4)

5)

it 1s cons1dered necessary to newly lay 4 i km. of d 800 mm ductile

cast iron plpeilne from the Unlverslty Resevvolr Lo Mwananyamala,.

wh1ch_1s to be caliled the_Kljltonyama tiunk maln.

Replacement of'ﬁog“Lift-aﬁd'High.Lift Pumps at Upper Ruvu System

‘the ex1st1ng pumps for’ 1utake and tranam1331on have been nsed

already for more than twenty years, and naturally requ1re replacement

Cin the same capac1ty, wh1ch ‘are as follows.

. a) Low L1ft Pumps _ _
2.8 m3/min. % 70. 2 m x 380 K x 1 set.
1.4 m3lm1n. x 70.2 m x 190 kw x 1 set.

b) High Llft Pumps S
' "~ 22.8 m3/m1n. X !52 5mx 800 kw x 1 set.
 |1.4 m3fmihj x 152.5 m x 400 kw x 1 set.

iRepIacement of,Aif VaIves

- Two transm13310n pxpellnes of d 600 mm and é 750 mm respettlvely,

ex=st between the Upper Ruvu treatment plant and Kimara reservoir, each

jprov1ded w1th air valves of ¢ 100 mm and d 150 mm. Howéver, most of them

_are broken, nECCSSltatlng ‘replacement’ of these air valves.

-Installation of Chlorination Equipment at the Distribution Reservoirs

A distance of more than 50 km exists between the treatment'plants
~and distributibn reservoirs, which has vesulted.in very little trace of
cthe'exiStence of free'fesidual chlofiﬁe in the reservoirs, even though

'chlorlnatlon is done at the plant. Since‘the coneentration of free residual

ifchlorlne at house faucets should normally be 0.1 ppiit to be safe for drinking,

the water supply needs re- chlorlnat1on at the dlstrlbutlon reservoirs.,
Far th1s purpase, dosing equlpment should be 1nstalled at both the

Unlver51ty and Kimara dlstrlbutlon reservoirs, for feeding ealc;um

'hypochlorlte solution inte the reservoirs.






The tlme schedule for the above stated programme, totalllng 15 wonths,
con51sts of approxlmately four {4) calender months for deta11ed deszgn
and qelcctlon of contractor and eleven (11) calender months f01 construction
Vwork followlng the 51gn1ng of hxchange of Notes between the two Governments,
_Implementatlon of the recommended five- poxnt programme is considered
necessary for 1nm£dlate 1mprovement of the water supply of the City.
COmpletlon of thlS prOJect is expected to greatly contrlbute to the welfare

of its 61t12ens and 1ncrease of industrial product1v1ty






- ABBREVIATIONS
Ao Abhreﬁiétibn'of Measures

30. 5em

(1) Length Lo T ft = foot

' : " = inch = 25.4mm

(2) Area K " ha ;_ﬂectare'= 10° 0

(3) _Voldme. _ gal = British gallon = 4.546 litres

ﬁG'=_Mi11ion galions_

€4) Cdfrénéy Shs = Shiliingé {unit of Tanzanian currency,
| US$1 = 17.8 Shs = ¥240)
Us$ = US'dollat-' '
¥ = Japanese Yen
_-(5)' Other Measures ﬁpm =:parts per millioh
| ppb = parts per billion
A =-periéeht '
e e

0.746 kw

{6) Derived Heashres_Based“on the Same Symbols
| © led =;iitre per capita per day
. m3/5 = cubic metre per séCOnd
-m3fmih = cubic metre per minﬁte

m3/d'= cubic metre ﬁer day‘

B, Other Abbféviéﬁions. . El, = elevation

' ' HWL = high water tevel
WL = low:WQter level *
é = diametre of pipe in mm
DCIP = ductile cast.iroﬁ pipe
CI? = cast iron pipe o
sp = steel pipé )
FOB ~ = free on board

CIF = cost, insurance and freight
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.JICAa_-
psM T =
NUWA |

| NUWA DSMB

' TANEsc0 =

CoMer =
TPT - =

CMEyD =

CMOF =
bSM‘uscs = ]

¢. Abbreviation of Organizations -

Japan Internatlonal Cooperatlon Agency

=Dar es Salaam_

_Natlonal Urban Water Authorlty

NUHA Dar es Salaam Branch Offlce
M1n1stry of Water and Energy ) _
Tanzanla Electrlc Supply Company Ltd

Mlnlstry of Commerceandi&ansPOrtatlon

,Tanzanla Posts and Telecommunlcatxons

.Mlnlstry of Lands, Hou31ng and Urban

Development

Mlnlstry of FlnanCe-

Dar es Salaam Water Supply Corporatlon Sole
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CHAPTER 1. INTRODUCTION

The city of Dar es Salaam (referred to as DSM hereinafter) is the capital
of the United Republic¢ of Tanzaria (referred to as Tanzania hereinafter),
and also the largest_city in Tanzania as the center of its political, economic

and cultural activities,

The water supply system of the City is managed by NUWA BSMB (formerly called
DSM ¥Yater Supply Corporation Sole), with the Ruva River as its major water
source, approximately 60 km west of the City, for the supply of some 220,000 wd
per day. However; supply condition in the higher area covering the western
hillside of the City is not satisfactory due to frequent disruption of supply,
cauéing uot only inconvenience to the general consumers but also public facilities
including the university and international airport, and additionally affecting
productiou of the factories located in the area. The need for improvement is

therefore evident and urgent.

Under the circumstances, the Government of Tanzania formulated an improvement
plan aiming at solution of this unsatisfactory water supply service:. and submitted
a requést for.granﬁ aid for implementétion'of the improvement programme to the
Government of Japan. In response, the Government of Japan sent a preliminary
study mfssion through JICA on May 1983 to Tanzania, for the purposé of confirming
the sﬁbsténce of the request, including background study of the proposed programme,
feasibility of its implementation and the desirable approach for cooperating

in its implementation.

Based on the propesal of the mission, the Government of Japan sent a
technical team from June 15 to July 11, 1984, for the purpose of formulating

the basic design work of the programme, including the following:

1) Confirmation of the substance of the work.

2) Observation and survey of the current condition of DSM water supply
service and the status of the existing facilities.

3) Collection of data and information necessary for the work.

4) Field survey of the areas proposed for construction works,



In add1t10n to the above, the team hcld valuable dlscu3310ns w1th the
Government authorltles concetned regaldlng items of b681c 1nportance 1n the"
programme. Members of the team, its itinerary and list of the off1c1als 1nter—

viewed, together with minutés of the meetings, are 1nc1uded as appendices.in.

the present report.

The report thus submitted herewith is to present a practicél design piaﬁ“
for fac111t1es con31dered to provide the wost adequate requlrements for 1mmed1ate
improvement of DSM water supply ‘services with the results contr1but1ng toward

an improved economy of the natlon as a whole.
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Chapter 2. BACKGROUND OF THE PROJECT

2-1 Cenefal'Background

Statistics for 1983 show 39 percent of the Tanzanian population served at
the various lcvels.of service by the present distribution system, with 88
percent of the urban population and 36. percent within the rural areas served
by the system. Among the urban p0pulation, only about one-fourth enjoy the

benefit of full house connection, while the remaining majority receives water

from standpipes.

The administration of Tanzania's water supply system, including both urban
and rural system, is under the control of the Ministry of Water and Energy (MEW).
the National Urban Water Authority (NUWA) was inaugurated.inJuly 3, 1983, based
on the law proclaimed May 22, 1981 to increase coverage of water supply in urban
aveas and provide guidance, supervision and financial assistance for the water-
works, followiag the declaration of the International Drinking Water Supply

and Sanitation Decade by the CGeneral Assembly of the United Nations in 1980.

 Water supply develdpment projects in various regions have been implemented
by aid programmes of the-déveloped countries and through international financing
banks. For example, the Government of Sweden provided financial assistance for
projécis'in seven regions, including Kilimanjaro Region, in the émount of
35 million Swedish kronor each for fiscal years 1983/1984 aud 1984/1985. Also,
the Government of Canada prbﬁided financial aid of 2.6 million dollars for the
Dar es Salaam water supply system for the 5-year : period from 1977 to 1981.
Approximately 80Z of the 144 million Shs for the rural water supply system and
75% of the 106 million Shs for the urban water supply system were provided
through aid programmes for water supply development projects in the fiscal year
198171982, Assistance has also been provided from Norway, Finlénd, Peumark,

West Cermany, England, USA, Australia, as well as the World Bank and EC.



2-2 Existing Water Supply Systém of Dar es Salaam

2-2-1 Development of Existing System

Dar es Salaam city, the c0mmerc1al 1ndustr1a1 and E1nanc1a1 center Of
Tanzania, has been developlng 31nce the end of horld war IT. 1Its populatlon

which was only 48, 000 in 1948, had increased to 1, 300 ,000 as of 1984

The Mtoni water treatment plant, fed from the Mz1nga R1ver b331n, was
constructed in 1952 to meet the incréasing water demand. However, as the C&patlty
of the Mtoni water treatment plant became 1nadequate to meet the 1ncreas1ng
water demand, development of the Ruvu River located’ about 60 kllometers west’
of the c1ty, began in 1959 with the flrSt phase of the Upper Ruvu plant develop"
ment project. The plant underwent ecxpansion through several phases up to 1974
Subsequently, the Lower Ruvu plant started operatlon in 19?6 The overall dally
capacity is now about 2?0,800 cubic meters. The deveIOpment of the Dar’ es Salaam
water supply system is tabulated in Table 2-1. Most of the existing facilities
were constructed with government financial aid Erom England; West Cermény and

Canada.

Although expansion of the DSM water supply system wxll become 1nev1table,'
improvement of the existing system to enable its use to its full ex1st1ng '
capacity 1s expected to produce more iruediate and effective rvesults,
and therefore considered more'important. The DSM watér'suppiy system
has been operating as a financially autenomous body through its revenue
from water charges. However, its weak financial status (e.g., it camnot
afford to improve or repair its existing facilitiés), requfres'its relinace
on the Central Covernment which, in turn, must rely on foreign governients

or interpational agencies.



Table 2-1. History of Dar es Salaam Water Supply System
Year Events _ Facilivies _ ]
i i Nponi | WIP N Upper Ruve WibP Lover Ruvu WIP
.1900 Establishmeht_of'initial Water  Source : Hgiggs Water Sovrce : Ruvu Water Souzce : Ruvuy
« .. |water supply system River River River T
(Piped water supply
using shallow wells}
1 Abolishment of shallow Plant capacity: 1.5360} Plant Capacity: 18NCD

1930
1949
1952
1553

1955

195%

1964
1966

19868

1871

1972

1975

1976 .

1573

wells

Diiliing of borehcles
(Establishment of -
distribytion hetwork )

Development of Gerezani
Ccreek

Start of Mtoni Project

~

start of Upper Ruva
Project

Preparation of Dar
¢y Salaam Master Plan

Start of Lower Ruvu
Project

Review of Dar es
Szlaam Master Plan

(6,800 ad/d)

Financing:Fapland

Start of c@nslructiun

Completion of
construction

Start of operation at

full caepacity
{Q=1.5H4GD)

¥

(82,000 w3id)

Financing:England
5 Weskt Germany

Start of Design

Completion of 1st
phase constroction
vork (Q=4MCD)

Completion of 2nd
phase {Q=6MGD)}

Cozpletion of 3rd
phase {(G=-BMGD)

Completion of &th
phase {(G=124GD)

Cemplekion of 5th
phase  {Q=18HGD)
hote: Becavse of
delay of the Lower
Ruvu grojece due to
fipancing, 5th phase
vork was requested
to the Goverament of
Vest Crrmany)

Plant capacity: SOMCOD
(182,000 =3/4)

Financing:Canada &
Hest Cermany

Start of survey &
design

Completion of 1st phese
construction work
{Q=504CD)

WTP
MGD
Q

Noter

.Water trveatment plant

Hillion gallans per day i&,S&G wi/d}

Water quantity




2-2-2 Administrative Structire

The NUWA DSMB, established in July &, 1984 under the Jurlsdlctxon of
NUWA, took over the functions of the former organlzatlon of the Dar es Salaam
Water Supply Corporation Sole and now holds respons;blllty for the Management,

treatment and distribution of water in Dar es Salaam.

the organization charts of NUWA and NUWA DSMB are shown iun the following

Fig. 2-1.

2-2-3 Distribution System

1) Service Area

The wide service avea encompasseé apprOximately 18,250 hectares
(ha), extending 25 km from north to south and 15 km from east to
west, and is divided 1nto two pressure Zones, referred to as Uppe1
Service Area and Lower Service Avea, shown in Fig. 2_2 The Upper
Service Area, coverzng 8,250 ha (45 percent of the service area),: _
extends 1nland, rising in elevatlon from 40 to 110 meters {(m}. Thls
area, which includes such ihportaut facilities as the University,
international airport and various factories which are vital to the
City functions, is served by the Kimara Reservoir, which_reéeives
water from the Upper Ruvu Plant and is located at an elevation of.

130 m, about five km west of the Ubungo intersection,

The coastal Lower Service Area faces the Indian Ocean on the
east, covering 10,000 ha (55 percent of the service area), with ground
elevation up to 50 m. This area is served by the Univérsity Reservoir.
The reservoir, which rceelves water from the Lower Ruvu Plant, is
located at an elevation of 75 m, about 10 km northwest from the center

of the city.

2) Served Population

Out of the total population of 1,284,000 estimated for the 1984
census in Dar es Salaam, of which 1,162,400 are estimated to be residing

in the lower area, with only 121,600 residing in the upper area,

,_10_
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3)

4)

Water Démagg

" The water demand in 1984, of approximately 230,000 w3/d, as
estimated by NUWA DSMB, is as shown in Fig. 2-4 (section 2-2-5}, "in

the following classifications:

T o L . ‘ Demand
: ,Areg ________ e T (@m3ld)
Residential . 150,000
Served PopulaLion: 1,113,000
Per Capita Demand 1/d: 135
Industrial & Tnstitutional 80,000
Total | 230,000

Water Distribution

Existing water treatment plants bhave a total rated capacity of

270,800 m3/d as shown below:

. Water Treatment Plant Rated Capacity
Mtoni : 6,800 m3/d ¢ 1.5 McD)
“Upper Ruvu 82,000 " (18 ")
Lower Ruva . A 182,000 " (40 ")
“fotal . ..270,800 .. " (59.5 ")

A'distinctive feature of the Dar es Salaam water supply system
fs'its long trausmission mains for the two major plants, the Upper
Ruvu and the Lower Ruvu plants, Purified water is pumped a distance
of more than 50 km from the respective plants to the distribution
hasins at Kimara and at University fpserqoirs, respectively., (See

Fig, 2-3 for the location of each plant}.

13-
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Deteriorstion'of facilities of the Mtoni and the Upper Ruvu
plants have resulted in frequent suspeus1on of water service in
geveral locat10n50f the serv1ce areas. In addltlon, it was found

that tap water contained tu1b1d1ty and no residual chlorine,

The water: is dlstrlbuted by grav1tat10nal flow in each Zone,

which are bas1cally divided into the Upper and Lower service areas
. by vaIVeS-_ However, there are sofe places without valves which should

_have_been=;nstalled to prov1de proper division of the service areas.

Although ‘the’ present total capac1ty ‘of 270, 800 m3ld satisfies
the overall wate? demand of’ ‘the city, suspension of water service
ocCcurs frequently in the Upper Service Area, which includes the
internaeional'airport; Dar es Salaam University and industrial

areas.

_ it was found dqrihg the reconnaissance study of the Team that
" the Lower Ruvu low lift puﬁps'céuld putmp raw water at only half
'”cAbacitygzi'é;, 91,000 m3/d due partiy to breakdown, and that the
' Upper Ruvu low lift pump capacity was only 24,000 m3/d, totalling
'only 115,000 m3/d. Hence, as a countermeasure, distribution is

belng conducted as follows:
- Discentihﬁation_of distribution service from the Kimara Reservoir
for 15 hours from 2:00 p.m. to5:00 :a.m. of the following morning

by closing the outlet valves.

- Dlstrlbutlon control through deustment of ma301 valves in the

dlstrlbutlon system.'

As a result water pressure was’ found through field water

pressure test conducted at 15 polnts to be lower than requ1red.

~15-



2-2-4

1)'

2)

3)

Operation and Maintenance

‘The DSM water supply system is presently being operated and.

maintained under the following conditions:
Inspection

As the 1nspect10n control system is not establlshed, the fac111t1e3
and/or equipment are not perlod1ca11y inspected. Therefore, they
are inspected and repalred only after breakdowm or damage occurs. In
case deteriorated or damaged parts are beyond repair, they are left

as they are.

However, cffort is being made to repair all eqpipment necessary
for securing water quantity, such as the intake and Lransmission
pumps. If repair is not possible, they are_replacéd. However,
since all equipment and spare parts_afe imported, long restriction
of water service results whenever replacement of parts or equipment

becomes necessary.

Facilities in the Mtoni and Upper Ruvu Plants arc considerably
deteriorated. Therefore, there are fears of breakdown of existing

pumps which would souse immediate suspension of water service,

Spare Parts

Spare parts, all of which must be imported from abroad, are
quite insufficient. Therefore, it would be difficult to estéblish
a maintenance schedule in advance. However, the techniéal staff
in the plants are capablé of minor repairs és long as spare parts

are available.

Chemical Dosing

It is important to secure chemlcals for water pur1flcat10n because
of the highly turbid condition of the raw water of the Ruvu River.
However, both coagulant and alkaline agents are not'su£f1c1ently available
all the time. In addition, the chlorination system installed at the
treatment plants are not working efficieutly, resulting in very little

evidence of residval chlorine in the distribution reservoirs.
_16_



S%consumptlon per day (specified as to domestic, 1ndUstr1al, institutional

w ‘-w-,,...

2-2-5 Future Water Demand and Development Plan of'Faciljties based on
DSM Mastér Plan

The DSM Mastef Plan was established in 1968 and reviewed in 1979 with
the cobperacion_of and financial‘aid from the Canadian Government. The vrban
population forecast for DSM, based on the DSM Master Plan and the Bureau of

Statisties, under the cxty government's p011cy of decentrallzatxon of

2 populatlon,ls shown in Table 2- 2

Year Master Plén Buieau of Statistics
' (second projection) Estimate {unit: x103)
1984 1,183 ' 1,284
1988 - ' 1,383
1989 1,546 | - -
1998 - 2,268
1999 2,368 -
2008 . - .. 3,719

Regard1ng watet supply the f0110w1ng plan was establlshed‘ The estimated

: amount of water demand was calculated from ‘the forecasted unlt water

3and school use) as shown in Table 2-3. In estlmatlng water demand, residential

f:;area is deemed to be supplled with house connections and Standplpes as a basis

Zfor per capita water consumption. The future water demand predictions prepared

? y NUWA DSMB and DSM Master Plan are shown in Table 2-4 and Fig. 2-4,

The water supply development plan established for the DSM Master Plan is

ghown in Table 2-5 for reference.

~17-



Table 2-3. Unit Water Consumption Forecast by DSM Mastet.Plan

Year - Resi&eﬁtiélvAyeé:ir.ﬁ. Industrial 'Institutional
House Connection | Stand Pipe {. ‘Avea ‘Area .
o ed) T o edy | T a/ma)d . (1/na).
1979 185 94 50,000 9,000
1984 205 100 50,000 13,000
1989 225 107 50,000 17,000
1999 270 120. . | . .50,000 25,000

Data Source:

Dar es Salaam master Plan, October 1979

Table 2-4. Water Demand Prediction'by NUWA DSHB -

Yéar Per Capitsj Poﬁuiatioﬁ waier Cqﬁsumpliﬂﬁ' fﬂ3/d).
Consumption Domestic Institutional - Total
(lcd) : & Industrial - .
1978 130 843,090 109,600 54,800 164,400
1988 140 1,382,668 193,580 96,790 290,370
1998 150 2,267,576 340,140 170,070 510,210
2008 160 3,718,824 595,030 297,520 - 892,550

Pata Soufte: NUWA DSMB

- 18-
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2-3 Problénu;oftﬁE_E;}EEjgg;ﬁaféf;Subplflfaéilipiés-

3 The Dar es.Salaam water'sﬁpply system is composed of three water tyeatment
?'plants. The Upper Ruvu and Lower Ruva plants have capaC1t1es of 82,000 m3ld
é‘and 182 000 m3/d respectlvely and w1thdraw raw water from the Ruvu River, located
60 km from the c1ty, flow1ng from the southwest to northeast. The oldest Mtoni
plant has a rated capacity of 6,800 m3ld and w1thdraws raw water from the Mzinga
river b351n located south of the c1ty area, Each plant is designead for water

] purification process.cogslst1ng of flacculation, sedimentaticn, rapid sand
filtration and chlorination, Both the Upper Ruvu plant and Mténi plént are

{ 0ld and faced with problems of deterioration.

Most of the city area water supply is distributed from the Kimara and
University reservoirs, The Kimara Reservoir was constructed at HWL. EL.135.9 m

for sﬁpplying:watet'by gravity flow to the high area where the international

-,alrport Dar es Salaam UniVersity, factories, ctc. are located. The University
Reservoir was constructed at HWL., EL. 70.4 m for supplying water also by’ gravzty
flow to the low area where the city centre,_port, etc, are located. Mtoni plant

‘dsupplies a narrow area covering the low and high areas in the south of the eity.

Due to the deﬁelopment progress of the Dar'eslsalaam water supply system,
initial d1v1s1on into Upper and Lower service areas was made on ‘the occasion
of compleétion of the Lower Ruvu plant system. Pr1or to thlS, the Upper Ruvu
plant system had been supplying the entire service area. The development of
the system abparentlyihad nbt.been based on an integrated plan. Consequentiy,
3 as mentioned'1ater,l0ccurrénce of water shortage in some areas is the result

of the existing improper division of the service area,

Next, present sitvation of the Facilities and problems realized through

j;field investigation arc presented hereunder.

-3-1 Upper Ruvu Plant System

Operation of the Upper Ruvu plant system was started in 1959 by using
raw water from the Ruvu River as water source. Its capacity had reached
82,000 m3/d when the 5th phase construction was completed in 1975, with financial

é id from England and West Germany. At present, equipment from. both countries

_21,



are being operated tOgether.'.The'water treatment process and present condlglon

of these facilities ave shown in Fig. 2-5. Problems identified as g_result

of the investigation are as follows:

1)

2)

3)

4)

5)

Intake

- - Silt deposits near the intake =
- Improper 1nstallat10n of screens o
~ Lack of grit chamber to prevent high- turbldlty raw water.

inflow duriag the treatment process |

Intake Pump Station

~ Deterioration of the intake pumps

~ Breakdown of air pressure tank for water hammer countermeasure

Raw Water Mains

- Hater.leakage_Caused by deterioration of pipes

~ Breakdown of flow meters

Water Treatment Plggg

- Deterioration of the chemical dosing facilities, with chlorination
equipment out of use. _

-  leakage from the inlet, outlet and ﬂrain valves of the raﬁid sand
filters _ '

~ Lack of a laboratory and instruments

~ Deterioration of the water transmission pumps

- Breakdown of air pressure tank for water hammer countermeasure =

Water Transmission Mains

- ‘Insufflclency of the water transmission capacity of the plpellne

- {assumed)

- Breakdown and-leakége of the air valves

~ Breakdown of flow meters

- 22-
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2-3-2 Lowér Ruvu Plant System

Operatlon of this plant was started in 1976 at the capacity of 182 Q0o
m3/d with the Ruvu R1ver as its water source. The intake fac111ty is
'constructed about 20 km downstream of the 1ntake polnt of the Upper Ruvu plant.
The plant is divided inLo two units, each with a capac1ty of 931, 000 m3ld. The
water treatment process cons1sts of floceutation, sedlmentatlon,:rapld sand
filtration and chlorlnatlon. After belng pur1f1ed, the water is transmltted
by pumping to the Un1vers1ty Reservolr which is located about 50 km away from
the water treatment plant. An adjacent lot in the water treatment plant site is
reserved for futurée expansion of another unit of 91,000 m3/d capacity. The
water treatment process and present condition of the facilities are shown in:

Fig. 2-6. l

The facilities of the Lower Ruvu plant system were constructed 1n 1976
by financial assistance from the Covernment of Canada. It took four years to
complete the facilities, beginning with land survey and designing, About 50

Canadian engineers participated in the construction work.

Problems of the Lower Ruvu plant are not numerous since the facilities
are comparatively new. Following are those problemnis ‘identified through'. {ietd

investigation:

- Breakdown of intake pumping system (completion of reéair séﬁeduled
within July)

-~ Highly Fufbiﬁ water is conveyed to the water treatment plant due to
lack of grit chamber |

- Water purification capaclty decrease to half capaclty during washlng '
one-half of the Sedlmentatlon basin. '_,

-~  Excessively rapld filtration rate (d031gned rate: 280 m/d)i

- Breakdown of flow meters

2~3-3 Mtoni Plant System

Mtoni water treatment plant draws surface and river bed water from the

Mzinga River basin where it is located, south of the city. The facilities

,_24_
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have been in_operatiou_since'1952. The plant capacity is 6,8QO_m3/d, using

the same purification ﬁrocess as the other .two plants. Afpet being purified,
water is distributed by pumps directly to the city, covering a'small supply
area. The water treatment process and present condition are indicated in Fig.

2-17.

- The HEOni'pléﬁt capacity represeﬁts'Only 3% of the tota1 capacity of the
Dar es Salaam water supply sysfem In'éddition; the scarcity of raw water and
the old, worn-out condition of the facilities wake expansion and maintenance
of this plant less significant for future operatibn of the plant. Fqllowing

are the problems concerning the Mtoni plant system.

- Deterioration of facllltlcs

~ Only one pump each is ‘available for intake and for water dLStrlbutlon

2-3-4  Watei Distribution Facilities

There are two major distribution reservoirs in the city. One is the Kimara
Reservoir (storage capacity' 34 000.m3) for the Upper Ruvu system and the other
is the University Reservoir (storage capac1ty 45,600 m3) for the Lower Ruvu
system, One of the threc b331n3(ﬂ?the Kimara Reservoir is out of use due to
water leakage from the bottom slab., As a result, present total storage capac1ty
has been reduced from 79,400 w3 te 71,500 ms ﬁith'6}3'hbur retention time for
maximum daily demand. Water is distributed by gravity flow but a ‘small section

south of the city is supplied from the Mtoni ‘plant by direct pumping system.

Distribution pipes are installed to a length exténding 529 km, including
a 96 km-long section using pipes of more than 4400 mm. The type of pipes used
are steei pipe, cast iron pipe, prestressed conerete pipe and polyviny1 chlﬁride
pipe. Steel pipes were used ﬁainly for those of large diameter ($700 mm -

$1,350 mm) at the time of construction eight years ago of theiLower Ruvu systém;

Problems facing the distribution facilities are planned to be resolved

as follows:

~ Division of the service area into the Upper and Lower service areas

'due to the wide difference in elevation, extending from El, 0 to El. 110m,
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which causeé'uueven or inadequate flow
- * Installation, supplementing and replacement of distribution pipeliunes
“to solve the water shortage problem ' '
Countermeasure for water leakage: for exanmﬂe,replacemcnt of the 41,350 tm o

and 6700 mm steel pipes between the Unlver31ty Reservoir and the Clty area

-~ 1Installation of water meters for 1mprov1ng révenue

- Countermeasure for water leakage of one bas1n at the K1mara Reservo1r

Also, the following measures,wh:ch were. recommended by the prel1m1nary
study mission for the 1mprovement plan, were taken 1nto conslderatlon in order
to secure adequate water quantity by eliminating water_shortage:areas in the

Upper Service Area and by rehabilitating the functidﬁ of-existiné‘facllities.

l) To install confrol valves on lhE'dS25 mm and 4300 mm maiﬁé'frOm the
Kimara reservoir Lo secure a constant water supply from the reéefvoir to
the Upper Service Area while aE the same time taking.into éoﬁsiderétion
any possible detrimental effect on the' water supply to the Lower Service

Area.

) To install a connecting piﬁeline\(d?ﬂﬂlmm; L=4.5 km) between the
University reserveoir and Ubungo and constructing a boosting puﬁp station
(420 kw x 3 pumps) to provide water from the Lower Service Area to the

Upper Service Area.

3) To replace intake pumps {one (1) 490 H2 pump and one (1) 1 0?0 HP

pump) for the Upper Ruvu plant system to secure existing flow rate.

Of the above three recommended steps, Step 2) whlch is 1ntended to

supplement the supply from the Lower Service Area to the Upper Sorvlcc Area, was

modified to utilize the ex19t1ng pipeline and the booster pumps 1nstead of the

connecting pipeline and the booster pumps, This construction work has already

been started by the Government of Tanzania For complet1on as soon as p0351ble.

The booster pump stat1on, as a basic rule, is operated to supply water of the

Lower Ruvu system to thc Kimara Reservoir in the Upper Ruvu System when the Upper

Ruvu system suffers water shortage. Accordingly, the booster pump is operated

The boosting pump station is de31gned to supply
13.2 m3/min by three pumps (including one stand- ~by unit).

intermittently, as required.

As of July, cons—
truction work on the basements of the pump well and the pump station had been

started. Fig. 2-2 indicates the location of the booster pumplng station,

The basic project plan is based on consideration of the existing problems
and the study mission recommendations, one of which is already being undertaken
as described above,
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Chapter 3 CONTENTS OF THE PROJECT

3-1 Objectives of the Plan

various problems facing the Dar es Salaam water supply system have been

clarified in Chapter 2. Thése are divided into five categories, which are.

examined to determine the best methods for improving the present water supply

situation.

1)

2)

3)

4)

5)

To establish an effective water distribution system based on reha-
bilitating the functions of existing facilities in order to eliminate
the water shortage areas in the city. For example, division of

the service area, replacement of the low lift and high tift pumps

" in the Upper Ruvu plant, replacement of defective air valves installed

on the rising mains, etc.

Repair or replacement of time-worn equipment to operate and maintain
the system appropriately and installation of new equipment required
for upgrading the operation and maintenance of the system. For

example, , pressure gauges of pumps, flow meters, eto.

Rehabilitation and installation of equipment such as the chemical
feeding equipment at Uppér Ruvu Plant, chlorination equipment at the
Kimara and the University reservoirs, etc., for improving water

quality,

Relocation, expansion, and countermeasures for leakage of the water
distribution network system. For example, installation of pipes
for Msasani area and Kigamboni area and replacement of andfor supple-

menting the old pipes in the City Centre,
Establishing a future plan which formulates the future use of Upper

Ruvu Plant, expansion of the Lower Ruvu Plant and a long-term develop~

ment plan, taking the present situation into consideration.

‘_31_,



However the most pressing problem for impreving the Dar es Salaam water
supply system is the frequent suspen51on of water service, espe01ally, the water

shortage areas in the Upper Service Area, which presents a-great social prob{em.

Therefore, the basic deéign study aims to formulate an urgeht plan~for.
establlshlng an effectlve water distribution system, as described under” the-
aforesaid counterméasure 1), and to carry out the basic design of the fac111t1e3
required for 1mp1ementation of the plan. This plan.ls based on provision of «:::

a grant from the Government of Japan.

3-2 Plan Formulation and Urgent Improvement Programme

The purpose is neither to increase the capacity of the existing facilities
nor expansion of facilities but establishment of an effective ﬁater'di$tribution
system based on the existing flow capacity by rehabititating the functions

of certain facilities and supplementing required parts of other facilities.

Considering the points prescribed; viz., the urgent plan recommended by
the Preliminary Study Team and the boosting pump station under construction,
the following three items are selected as the major objectives of the urgent

improvement programme for reasons as described.

1) Division of the Upper and Lower Service Areas

a. The service area in Dar es Salaaﬁ extends in éléﬁﬁfioﬁ'from Omto
110 m. With such a difference in elevétiqn'for.the.ser§icQ area,
internal pressure of pipes in the low area, such as the.CiEy Centve
where many old pipes are laid,'rises more than 10 kglcm2'6333éﬂ
by static. head from the high water level of the reservoir, causing

additional water leakage.

b. The Ccity Centre of Dar es Salasm is loéated in the lower part of the
service area, where the most water is consumed. As long és the
distribution netwoxk is designed ptoperly, 1nsuff1c1ent
water pressure over the eatire pipe network, even at the farthesl
end of the pipeline during peak flow, will not occur. However, the

large water consumption in the Lower Service Area would cause

-32-



insufficient water pressure in the Upper Service Avea, unless the
“distribution network is installed based on a careful design by
hydraulic analysis. This unusual condition has been proven by

water pressure test during the field investigation. {See Appendix:3)

C. ﬂhén ihé'booéfing.pump station (the Link Project, now under
F cbﬁstfuction) supplying water to the Kimara Reser&éir and the
Upper=8ervice Area is operated, water pressure in the outlet
pipes of the booster ﬁump will exceed more than 10 kg/cm?, which

will cause more watex leakage from theexisting old pipes.

d.'ACCOrdingly,'the service area of Dar es Salaam must be divided
at least into two areas, such as the Upper Service Aréa'(E1.30m to
E1.110 1) and the Lower Service Area ( ELOm to 30-m ) in
order to balance the water amount consumed in the respective
service areas as well as the capacity of the Upper and the Lower

treatment plants.

2) Installation of Connecting Pipeline from the University Reservoir to

. the Lower Service .Area

a. If the service area is divided into the Upper and the Lower
service areas, there is fear of raising problems .of water shortage
and insufficient residual pressure in some places in the prer
Service Area which ére presently being supplied from the Kimara

Reservoir.

b. Water from the Univefsity Reservoir is distributed by $1,350 mm -
diameter main pipes. It is assumed that there would be difficulty

in distributing the maximum hourly flew by using only this pipeliune.

c. According to thé two points mentioned abové, installation of a new
pipeline connecting the University Reservoir and suitable distribution
pipes in the Lower Service Area would be necessary to obtain maximum
hourly flow in order to avoid probable water shortage and water

pressure problems due to the division of the service area.
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a. The Upper SerV1ceArea andLower Service Area wlll be created ian
Pr090¢t11n1tothe capac1ty of the tespectxve water treatment plants.
However, it is doubtful.whethertluzlow lift and high 11ft pumps in
the Uppetr Ruvu Plant can prov1de constant water tranSmlss1cn to‘the

Kimara Reserv01r because ‘of deter1orat10n of the eqU1Pme“t'

b. The capac1ty of the pump unit is designed taking'inte consideration
the water transmission C&p&Clty of the rls1ng ma1ns comnecting the
Upper Ruvu Plant and the Kimara Reservoir which is assumed at
approximately 42,000 m3/d The number of pumps to be replaced are
determined by the condltlon of the existing pumps. ‘Countermeasure

for water hammer is to be examined carefully.

‘The. foregoing three points are considered to be effective methods for the
urgentlmptovementprogramme. Similar results are expected from the follow1ng

two measures:

4) To reglace leaklng air valves on the r151ng maing in order to reduce

water leakage in order to secure cont1nuouslyadequahawater transmission

quantity.

5) To install chlorlnatlon equipmént at the K1mara and UanEISIty reservoirs

At present, residual chlorlue does not remain: in the reservoirs Wthh
evidences incomplete’ water dlslnfectlon and threatens to serlously affect
the health of the re51dents. An effectlve countermeasure would be to
feed chlorine at the reservoirs in order to keep residual chlorine at

the far end of the dlstrlbut1on plpes.
The above five countermeasures, including those concerning the above-mention

air valves and chlorination equipment, are considered to be the most appropriate

points for the urgent improvement plan.
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-3 Basic Design.

-3-1 Policy:of'Basic_Désign

Theé basicjdesign is carried out according to the following three points

B basic p01icy5

- Basic design is conducted for rehabilitating the function of the

existing facilities and not intended to expand the system capacity
- 'The'design shall be coordinated with the existing facilities

- Rase of operation.and maintenance:shall be important points to be con-

sidered in seleetion of facilities and_equipment_tp be installed.

Up to the present, no water bupply de31gn manual has ever been 1nst1tuted
by the Goveinment or any water supply organization concerned. when the United
Jations Congress in November 1980 designated the decade from 1981 to 1990

s the UN.Intérnationaifnrinking Water Supply'and Sanitation Decade .-

he Government of Tanzanla took th1s opportunlty tO step up its plan for con-—

cstructing facitities to 1ncrease ‘the coverage of water service for the country,

This ig being accompllshed‘by reorganizing the water supply administration bodies

Hconcerned, as well as through technical and economical assistdance from overseas

::countries. ‘Preparation of a water supply design manual  wag necessitated
?1n connection with 1mp1ementat10ncﬂ’the plan, and at present, 4 draft is under
;examlnatlon and mod1f1caL10n for the purpose of u51ng it as a design manual

*for the country. The draft water supply desxgn manual st351ca11) “to be nsed

for planning facilities.. Therefore, items not stipulated in this manual w111

i

follow the Design Criteria for Water Works Fac111tzes, 1978, issued by the

Japan Water Works Assoc1at10n..
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3-3-2 Basic Plan

1) Establishment of Planned Supply Antount

Regarding water supply planning in general, the scale of facilities is
decided on the h3515 of planned supply amount as determ1ned by water demand
prediction., Two future water demand predlctlons, are used one made by the
NUWA DSMB in early 19384 and the other in the Dar es. Salaam Master Plan, 1979,
although the rate of iuncrease is too high to be con31dered-a real water demand.
Moreover, sufficient data is not available to predict future water demand on

the occasion of this study.

Accordingly, thc scale of the fac111tlesare.determ1ned conslderjng the
water distribution flow for the planned supply amount, when the water demand
reaches the flow corresponding to the capacity of existing facilities, since the

proiect aims to rehabilitate the function of the existing facilities.

Also, the water transmission cépacity of the riéing mains is doubtful,
compared with the capac1ty of 82, 000 n3/d for the Upper Ruvu Plant. Therefore,
plannlng is carrled out, flrstly, by exam1n1ng “the water transmission capac1ty

of the rising mains and establlshlng the capacity of the existing Eac111t1es.

2) Water Transmission Capacity of the Rising Mdins

Planning of the intake and water transmission fo¢ the Upper RuvU P1ant
system are determined with the scale of facilities in close relatidn Lo the

capacity of rising mains.

The plant has a capacity of 82,000 m3/d. Two means éfé:conéiéeréd_té
obtain the capacity of 82,000 m3/d: (1) by deciding the number and capacity
of the pumps to be replaced according to the possible water transmission
flow and without changing the total head of the existing high 1ift puﬁps and {(2)

by increasing the internal water pressure of the pipeline.

It is not favourable to increase water pressure because the higher the
water pressure the higher the increase in water leakage from pipes, as exists
in problems even now. Consequently, the plan is carried out on the basis of

method (1) meationed above; i,e., by replacing inoperable and irveparable pumps.

,35.;



For the purpose of exaanlng the water tlansm15310n flow rate of the
ising malns, the system head cutve which is derived from the friction

0sSs calculatlon of the p1pel1ne and the performance curve of the existing
umps were obtained. The flow rate tentatlvely obtained from the above exami—
ration will then be conf1rmed by plotting the. hydraulic gradient line which
hows the 1nte;relat19nsh1p between the pipeline profile and the residual water

3 i . Lk . £ : ¥ . . .
Zpressure at various points of high places. The examination of the rising mains

is described in detail as follows.

Profile of the water transmission facilitiesis schematically drawn in
Fig., 3-1 for calculat1on of friction less of the pipeline and for plotting
isystem head ‘curve.

Alr Vessel

Sufge Tank

Water Treatment (E)— [?_ Connection Pipe
Plant . 1!9 _1" . '1“ I" ‘"
@— qpn 245 24 215 245 | 203
N e - 4 Kimara
307 1 30" 30" Reservolr

l"

@
|
®

Rising Main
Pipeline

EL.168.55

HWL EL135.90

_“ﬂLhL EP128.43

yw HWL EL.60.00

LWL EL.54.05

' 21,200m 9760w | 9115m|7925m] 28120
40,075m - 10’737nk.m
L. 50,812m ]

Fig. 3-1, Schematic °~ Profile of the Rising Main
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The friction loss is calculated by d1v1d1ug the plpellne lnto flve sectlons
since the plpe size 13 dlfferent in each section. Results of the calculatlon
are shown in Table 3-1, assumlug the ve10c1ty CO&fflCIQDt (C value) at 110 '

and the water transmlsSLOn flow at 20, 000 to 100 000 m3ld

Dlstrlbutlon

" High Lift Pump . R131ng_ﬂ§lg-‘ C .+ Reservoir
__ Vi dfn Vintl o
' dinti
VZn d2n V2ne2 .
T dZn+1
- Ln o Lo+l

As the head loss of each pipeline is the Same,

Head Loss = fr. {L/dn) - (Vnzlig)‘

Where , fr = (134/@1 85) (1 /ae0" 167/Vn°'15).f:;.. (tazen-Williams

formula)
Therefore, (an'SSIdnl'lﬁy) = cGnStaﬁt
2/v1) = (d2/a1) @-63
@2/Q) = (a5 » vo/dl - v1) = (a2far) 263
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Table 3-1. Frictien Head L.osg._

Cwipe 3 _ Pipeline Flow Rate {m3/a) _
fiaméted — — ‘Factor | — - _ B —_—
Typet: -| Diaveter | tedginfam) 20,000 . | 40,000 50,000 60,000 82,000 160,000 :
R R . 0.23203/5) }(0.46303/5) | (0. 57603/5) | (0.69523/5) |(0.930m375) (1.157ad/s) |
Flow Rate ; '
: : Pk P 0.086 0171 0.214 0.257 0.331 | 0.z
: 812,54 : "e("}“”’ 0.292 0.580 0.726 0.872 NI 1451
Y 30,960 a/s) - — e -
A 1 : (2!»1 } LA Fr. Loss -
2 e 0.0293 0.0264 0.0255 0.0248 6.0237 0.023%
Fr. Bean:l j [ ; " N
: sk 6.5 22.3 3.8 48.6 BL.6 125.6
Flow Rate ) ; oo
. P 0.145 0.292 0.36% 0.438 0.593 0.729
- Velocity 0.130 0.861 0.824 0,991 1.35% 1.650
. 2 7508 30,940 {m/s}) - . . :
: (30™) Lroloss 1 p.0as 0.0250 0.0242 0.0235 0.0225 0.0218
Fr. Bead 6.4 1.0 4.6 49.0 87.0 15t
Loss{m) : . -
Flow Rate | 5es 0,136 0.170 0,204 0.279 0.3
. {mL’?) e .- — )
_ 5358 | “(‘m‘;‘;;"’ 0.13%0 0.599 0.749 “0.559 1.230 0.498
1 (it!") . 9,15 Fr. Loss : . -
R e 0.0258 - | 0.0268 0.0260 | 0.0253 2.0241 0.023%
Fr. Head 2.3 8.3 12.6 12,1 3.5 55.2
c Loss{m) ‘ } .
tlow Rate [ 5 yos 0.327 . | o0.408 0.491 0.67) 0.817
_m3/s) : : . P
R Velocity g p N E 49
o8 1 e | aan 0.750 0.924 L 1.519 184
z [l I $.115 Fr. Loss - S . .
. i 0.0273 0.0246 0.0238 ©.0231 ©.0221 0.021%
Fr; Head . 175 N : -
fonslos .3 5.3 12.6 L k) 85.3
Flow Rate 0,109 0.247 0.271 "0.326 0.445 0542
_ {wd/s) ! . s _ _
512,54 . "‘(‘;‘;‘:;W 0.528 1.052 1.314 1.586 2,157 2.627
1 . (20!”) 2812 Fr. Loss ' - . -
i ' fre Lo 0.0276 0.0259 0.0241 0.0234 0.0223 0217
Fr. Head 2.2 7.7 1.6 16.3 29.0 41.9
i & Loss{m) . _
Flow Rate 0. 123 0.245 0.307 0.369 0.505 0.615
i ‘ (dfs) : .
537.54 | Velockty 0.547 1.08% 1.353 1.626 2.2226 2.710
2 12,802 (a/s) = :
13 3. i E:;‘L"“ 0.0272 .| a.o01% 0.0218 0.021 0.0220 0.021%
Fr. Head 2.t 7.7 1.6 1.3 29.1 41.9
. Loss{m) _ -
Flow Rate 1" " bay 0.171 0.214 0.2%7 0.351 0.428
| {w}fs) b
612:54 | - Velocity 0.292 © 0.580 0.125 0.872 1191 1.453
' TSl BRI ML) — ' ; o
(243) fe.toss I 0.0 0.0265 | 0.0255 0.0248 0.0137 0.030
. ef, - :
Fro Read . | 45 5.8 8.6 t2.5 22,2° 32.1
o Loss {m) ] _— _
Flow Rate 0.146 0.792 0.36% 0.538 0.599 0.729
{nd/s)
Velocity 0.3310 G.661 0.52% 0.991 $.356 }.650
71504 A(mfs) : ——
2 0 2,005 | :
(20" fr. Loss 0.0278 0.0250 0.0242 0.0235 | o.0225 0.0218
oef . : RN _
[Fr. Head . .
1.6 ] 12.5 22.3 12.0
: Loss {m) s’f_mm 3.8 =
Total Friction TAssuming 12,7 44.9 67.6 95.5 170.1 266.9
= Head Loss(m) e=110 .

* Refer to Fig. 3-3
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The system head loss curve is plotted in Flg 3-2, based on the total

frlctlon head loss and flow rate indicated in Table 3 1. Also, the performance

curves of ex1st1ng pumps No.l and No.3 drawn’ w1th the system head curve in Flg

3~ 2- illustrate . the system curve of the pumplng facilities.

Regafding No.l existing oump; in Fig, 3-2; ‘the operating p01nt where it
1ntersects the system head curve and performance curve indicate the flow rate
of 42 000 m3!d at ‘the total head of 163m. In the case of No.3 existing pump,
- the flow rate is given at 33,000 m3/d at the same total head When the exlstlng
pumps No, 1 and No 3 are operated at the same time, the flow rate 1ncreases a:
llttle,.lﬂ relatlon to the increase of output pressure 1n ‘pipes. It is prefer—
able not to 1nofease water pressure since it causes an increase in the amount
of water leakage from the pipes. Therefore, the maximum cap301ty of water
transmission is determined at 42,000 m3/d which is the operating point of No.l

existing pump.

Next, the hydraulxc gradient ]1ne at the flow- rate of 42,000 m3/d is
drawn and indicated in Fig. 3-3. 1t was conflrmed that the rising mains’ have
the capac1ty to transmit flow at 42,000 m3/d through the hydraulic gradlent
line, as shown in Fig. 3-3, which does not fall uader the ground level at

various points of the high places.

A trial calculation is shown below to determine whether the flow of

42,000 m3/d mcets the water demand of'the'Upper Service Area,

Populatioﬁ of Upper Seérvice Area in 1979 : 85,5d0 _
Rate of poputation growth during 1978 to 1984 : 7.3%/yr
Predicted popu]ation of Upper Service Area in 1984 : 121,600 .

Water demand by use in Upper Service Area (Appendix - 5)

Domestic use 1 12,170 wm3/d
Hotel use s 470 "
Industrial use .t 22,520

Institutional and school use : - 6,840 "

Total . ' 42,060 "

Watér consumption per capita per day : (12,170/121,600)x103=160.icd
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The rate’ of water consumptlon as supgested in the draft water supply

design manual of Tanzanla is as follows:

‘Peopleé hsing.kiosks.of public taps: 25 led
People with house connection _
low income group housing: 70 lcd

high income group housing: . 200 1cd

Based on the above rates, the per capita water consumpt1on rate of 100
lcd, assumlng 100% rate of water service; would be suff1c1ent for domeéstic

use water demand.

- Accordiugly, it isassumed that if the water transmission flow of 42, 000
w3/d is secured, _the water demand in the Upper Service Area will be satlsfled

for the time belng

' 3)° Water Distribution Plan

a. Introdaction

~ Water d1°tr1but10u plan is. formulated to determlne the location
.of valves for d1v1310n of the water serv1ce area intco the Upper and
Lower-serv1ce areas and to determine the alignment and size of
distribution trunk main to supplement water servvice in the Lower
Service Area in order to av01d p0351b1e water shortageasa result

of d1v1310n of the service area.

The scale and content of the plan will be determined in accordance

Cwith the f0110w1ng flow d1agrama

,43,4



. Water distribution flow

Petermination of

location of valves for
dividing the service area

]

Determination of _
alignment of supplémentary

trunk nain.

Preparation of distribution
network model '

r

Calculation of distribution

: Determination-of - - - m_.,_'.

Det e_rmihat ion of

“wateér. demand by use

¥

~ Determination of take-off
flow of each junction

network L

Determination of scale

and content of the plan

‘Detérmination of Water Distribution Flow

The watér distribution Flow under norial operating condifion
- could not be obtained during the field investigation period.
- Accordingly, the water distribution plan is based on the rated
capacity of the existing plants, and the flow (maximum daily water
demand) in the Upper and Lower servicé arcas are determined as

follows:

Upper Ruvu system, Kimara Reservoir : 42,000'm3/d

Lower Ruvu system, University--Réservoir {182,000 m3/d

Total

e
224,000 m”/d




Determination of Watér Demand by Use

In order td_cateébfize'water'demand, four classes of water use

are established as follows!
— Domestic and commereial .use

~ Institutional and school use

Industriat use

Hotel use

Each rate of water demand by use is determlned by referring to
: the water consumptlon records obtalned from the NUWA DSMB and the
‘Dar es Salaam Master Plan, whlch‘are 1nd1cated in Table 3-2 and
Table 3—3_réépectivéif. ‘The rate of cach water use is determined

as shown ini%hle’3—4; considering'past recorded rates.

Table 3 -2 Past Water Consumptlon Record by Use (1)
. L : : “{Unit: m3/d)

Year Domesti?;& Ip§ti§gti?pai? gchool ATotal
commercial use & industrial useée
'1943f 3840 1,620 | 7 5,260
1958 14,140 7,080 21,220
1968 35,260 17,630 | 53,890
1978 109, 600 54,800 ] 164,400

Data Source ': NUWA DSMB

_Table 3 3 Past Water Consumptlon Record by Use (2) - _
,,,,, T ~(Units: mi/d)

Y'“ : Domestlc g : —IhstitﬁtiOnal &l Industrlal usel o o1
2040 | commeréial Use | Sehood use ) 4 -tota
1979 | . el,520 . | ... 12,860 ). . 27,650 102,030

Data Source : Dar es Sélaam Haster Plan

,4.5_.
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Water distribution flow for hotels was determined based on the

number of hotel rooms, guest occupancy per room and the per capita

consumption by Buests, as shown in Table 3-5.

Table 3—5.‘Watér'Cohsumptioh_df tlotels

Note: # The guest occupancy per room for ‘the resort hotels were estinated

at 4 persons; considering family use,

at 2 persons/room.

__4?,,

r; Number of Cuest “Number of Per capita Water
rooms occupancy | -guests consumption®* | consumption
................. perféﬁm* R T Y ) <. R PR B -
Hotel L T o
ote () D) @] (%) (5)=(3)x(4)
" Room CPéeson | 1 Person | - led mfday
Kunduchi Beach| pq 4 400 250 100
Hotel o . o
Silver Sand 80 4 320 250 80
Hotel
Banari Beach 64 A 256 750 60
Hotel . o
Rungwe Beach: 50 4 200 250 50
Hotel o
Africana 180 4 720 250 180
Hotel _
Kitimanjaro 198 ? 196 250 100
Hotel .
New Africa ]
Hotel 104 2 208 250 50
Mocel Agip 57 2 114 250 30
Hotel .
Twinga 28 ) 56 250 10
Hotel o . ) ) :
Oyster Bay 20 2 40 250 10 3
Hotel ) . o
N . r - . Tt -h——‘)—-‘
Total 881 - 2,710 - 670

Other hotels were cstimated



%% Per capita consﬂmﬁtidﬁ was determined at 250 lcd, based on the

‘figures of 250-300-lcd quoted in-the’Aii'Conditioﬂiﬁg~and

Sanitary Eagineering Handbook of Japan.

" Water distribution flow by use was détermined as shown in Table 3-6.

Table 3-6. Wateér Diotrlbutlon Flow by Use.

Ratio of : Water Dns§11but10n
water Use . Water.Use [ . Flow (m~ /day)
_____ o I N | T

Domestic and 65 144,930*
commercial A
Institution ' . L
.and _school . | .,TL.??.L;. L,i..;??’%zo'
Industry .22 49,280
Hotel - . 670 .
Total 100 224,000

% 224,000 w°/d x 65% - 670 a3;d
(Hotel water use ratio is 1nc1uded 1n the Domestlc

- and Commercial Use h5Z ratlo)

d, Determiﬁatioﬁ'Of Location of Valves for DiQiding:the Sérvice’Areé=,

Following are’ trial caleulations to determlne theelevat1on for’

efficient water d15tr1but1on from the Un1verq1ty Reservolr.

Elevation for efficient
water distribution = LWL of Univ, Res; =~ Residual Head
= Mead Losd éf'Pipeliﬂe"
= 64.8 -~ 15.0 - 22,5 = 27.3m, say 30m
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Where,

Low water level of UnrverSLty Reservo1r = EL, 64.sﬁ_
ReSLdual Head ' o 15, Cm

| Head Loss of Prpellne : LxTI=15% 1 5 = 22.5m

- 15km- (d_l;,BSOmm and 41,050mmn)

'l.SII,DGb (aVerage)

Length of Pipeline : L

Hydraulic Gradient }' : 1

Consequently, if the leISlon of the area to be supplied from

'the Unlver51ty Reserv01r is made around elevatron of 30m, the residual

water pressure can-be kept above 15m, which is- considered to be

suff1e19nt water pressure for city supply. The water servlce area

of Dar . es Salaam s d1v1ded as drawn in Frg.3 4 by setting the hlghest

"boundary 11ne of the LOWer Serv1ce Area at BGm elevatlon.

Fof the purpose of d1v1d1ng the’ serv1ce area, fleld investigation

'_was conducted to check the extstence of valves for the entire distri-

butlon network at around 30m elevatlonu As a result, the' location

‘ ;for new valves to be 1nstalled were set for Mﬁﬁ?ese and Mtambani.

'Installatlon of valves at these two places will divide the service

area 1nto the Upper and the Lower areaso The size of valves are

B determlned to be the same as the exlstlng plpellnes of d375mm for

- Manzese and dBOOmm for }kamban1 respect1ve1y.

Determination of Aligadent of the Distribution Trunk Main

The d1str1but10n trunk wain ains to supplement water serv1ce to

:the Lower Serv1ce Area, especlally durlng operatlon of the booster
pumplng statlon. Therefore, the p1pe connection ‘must be done at the
ymost su1tab1e place for eff1c1ent dtstrlbutlon of water in the Lower

Service Area.

At present, there are two trunk main systems. Route(:)and Route(:)
(see. Flg. 3-5). For Route() lavge dlameter p1pes are used and

1nsta11ed-1n the_lowerfpart of the Lower Se:vrce Area, Meanwhile,

'water'pressureitest eondueted_during'the field investigation showed

1.6kg/cln2 at the end'of_ROute(i)end'thst OE_Route(:)showed almost

o kg/cﬁz.'Considering these'conditions, reinforcing the R0ute(:)system

a9
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f.

would ‘improve the efficiency of water distribution in the Lower Service

Area,

Two routes forthe new ‘pipeline are considered. These are Route

(:)and Route(:l The length of pipeline for Route(:)would be longer
than that for Route(:l resulting in higher installation cost. Also,
Route(:)WLII be 1nc0nven1ent for ‘supplementing water dlstrlbutlon

to the Lower Serv1ce Area since allgnment of the plpellne.route wopld

pass through the Upper Service Area,

Consequently, RoUte(:)is selected for the alignment of the
distribution trunk main and will be called Kijito Nyama Trunk Main

hereinafter.

The major pipelines to frame a skeleton for the Upper and Lower'
d13tr1but1on network are chosen and drawn in Fig 3~ -6, hlS network

is used for the network model for hydraulic calculatlon,

‘Determination of Také-off Flow at Fach Junction

To determine the take-off flow at'gach junction of the moﬂél.
network, water demand is allocated by use for each Biock. .Regarding
the method for 3110cati6n, that for'domestic and_cdmmeréial_use was
allocated by population rate in each block,’ Institutionél; Séhbél
and industrial use‘was'aliotted by the rate of the site area and
allocated to each block. The flow for each hotel was'dfréctly
allocated to the block where the hotel is'sited. The allocated
flow to cach block was further allotted to each Junctlon of the
network within the block. Details of the calcularlon of take -off

flow is shown in Appendix - 5.

Hydtawi¢ Caleulation of Distribution Network

i) Hydrauli¢ Equation
The Hazen - Williams formula was employed, assuming the

.....5 2 -
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"C_Value"at 110,

Calculation was conducted by computer
aftex preparing the energy méthod network programme,

'Eésign;Fiow

The design Elow to be used for hydraullc calculatlon s
based on the maximum hourly flow obtained from the maximum

hourly Elow coefflclent calculated as follows:

Max itsum daily flow = Avérage daily flow x 1.4%

I

Maximum hourly-fiow. Average daily-fldw x 2,0%

Therefore, :
. Maximum hourly flow coefficient = 2. 0/1.4 = 1.43

(* indicates figures in the Dar es Salaam Master Plan)

“The design flow of each distribution system was calculated

" using the maximum hourly flow coefficient as shown in Table 3-7.

Table 3-7. Design Flow {(Maximum Hourly Flow)

Distributien| Maximum daily { Maximum hourly | Maximunm hourly
system flow (m3/d) flow coeff. flow (m3/d) |-
(1) (2) (3) = Q) % (2)
Upper Ruvu 42;000 1.43 60,060
Lower . Ruvy 182,000 1,43 260,260
. Total 224,000 = 320,320 .

' Déterdination of Cascs for Network Caléulation

“Four cases for hydraulic calculation of the network were’

the distribution system.

~ 655

determined .in consideration of present and future operation of



Case-1:

Case-2:

Case-3:

Case-4:

To calculate the flow to be distrih&ted'by“thé Kimara'
and Un1ver31ty réservoirs and from the upper area to
lower aréa ynder . existing condition before the service

area is divided.

To calculate a situation of insufficient water pressure

after division of the service avea. -

To calculate an improved situation of Cése—Z'with repard
to the low water.préssure area. Also, for selecting -

the size of the new trunk“ﬁain.' Pipe size 1s tentatlvely
determined at éSODém and $900mm considering the connection

with the #750mm existing pipe in the downstream.

To calculate in case of changes in water, pressure
situation, the head of booster pump and the inflow rate
to the Kimara Reserv01r when the booster pomping station
(under construction) is being operated uader Case-3

condition,

Each ' case for hydraulic calculation is summarized in Table 3-8,

Table 3-8. Cases of Hydraulic Calculation:

Case } Number of Distribution Booéter\?umping Distrisut;oﬁ Flow
Service Avea | Trunk Main Station * S (m3 ld) ;
1 1 - = | Kimara © 42,000

University’ | 182,000

2 2 - o - . Kimara | . 42,000
~{ University | 182,000

3 2 4800 & #900 | Not opcrating |Kimara 42,000
‘ University " | 182,000

4 2 #3800 | In Operétion_ Kimara f‘ 23,000

University | 201,000
Booster'P;S. _ 19,000

Note % Indicates the booster pumping station for transmitting and

_dlstrlbutlng water from the lower area to the upper area which is -

_being constructed by NUWA DSMB under the Link Project.

456 -



Results of Calculation

Outputs of the computatLOn are. attached in Appendlx—ﬁ

'All junctions showing a fall in water pressure below 15m were

'p1cked out and shown in F1g.3 7. The results of the calculations

are summarized as foliows'.

Case~1t

Case~2:

withOut dividing the SErVicé afea into the upper
and lower serv1ce areas, the dlstrlbutlon flow from the
Kimara and UnlverSLty reservo1rs are obtained at _
124, OOOm Id and 196 000m™ /d respectlvelyo The flow from
the Klmara Reservoxr shows two txmes the plant capacity.

On_the contrary, the_flow from the University Reservoir

'*shOWs_only_jsz of the plant cépacityn The distribution

flow in each service area is not balanced,

The phenomenon occurred caused by the large elevation

"difference of 64m between the Kimara Reservoir (HWL:EL.

135.9m) and the University Reservoir (HWL:El. 64,8m).
The operation of more than two reservoirs ia a service
area with such a large elevation difference as in Dar es

Salaam, without regulating water pressure, would be

almost impossible, Thus, it was proved that the service
‘area of Dar es_Salaém_must be divided at least into an

. uppet and lower service area.

When the service area is divided, the water pressure
drops below 15m in the KLmara Area in the Upper Service
Area and at three places in the Msasani area; one place

south of Morogoro Road -and two other places at the

,end.of the pipeline in the Lower Service Area.

._5?,_



Case-3:

Case-b:

The drop in pressufé'éffthe Kiméré‘aréa;is unaVoidable
since it-oceurzadat a place of particularly high elevation.
New pipeline must be inétalled ‘to solve the lack ‘of water
pressure in thé.Lower'SbrvicérArea’énd supplement the

existing distribution network.

Computation was condﬁcted_based on the new pipe being
of ‘#800mm and 4900w diamétér. In case of $800um pipe,
water pressure becomes insufficient at two places.

These are the Msasani and Mtambani areas. The same

places showed lack of water préssure for computation

of the $900mn pipe.

It was found from hydraulic analysis that there was
little difference in the effective water pressure of the
distribution nctwork use of either in regard to the pipe

diameter being 4800mn 'ar 4900nm.

When the booster pumping station is in operation
water pressure of most of the typical junctions fall
about 60cm, compared to that‘of’Case“B, and the water

distribution condition is not particularly different.

Détermination of Scale of the Valves for Division of the

Service Area and the Kijito Nyama Trunk Main

The diameter of the new distribution trunk wmain was examined

by computation of Case-3 and Case-4. The computation results

proved that the difference of #800mm and $900mm in pipe diameter

did not change the water distribution situation.

Accordingly, the diameter of the new distribution trunk main

is deternined at ¢#800mm because of its lower cost., This long

pipeline is laid for the length of 4,100m between the Univefsity :

Reservoir and Mwana Nyamala, (The distribution trunk main is called

the Kijito Nyama Trunk Main hereinafter). Ductile cast iron pipe

is adopted for the type of pipe duc to reasons of ecohomy and

,;58“
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superiority of material,

" Specifications for the Kijito:Nyama Trunk Main are as follows:

Pipe=Diamefér S i A800mi
“Length of Pipeline : 4, 100m - B
~“Typé of Pipe ~ % Ductlle Cast Iron Plpe, .Class 4,
: B T-Type Joint '

Conuectioﬁ'tq Existing Pipes

[y

d']OOmm:

p]acé:.
$41,350mm: ‘1 placé, #800mm x 0m
' éS?Smmt.} ﬁ}ace,_dSOOmm_k_ZOm
$750mn: 1 place * - | | |
. Washout ‘E:hl_ﬁlacé,”djqum X% 6m with sluice valve
CAQr Valve i ?rfpléce's, 4100mm dual’ head -

_Riyef CtdSsing' I'place, éSOOmm x 45m

VéiVé . © 110 units .
.éSOOmm x 1 unlt Butterfly Valve
: dSODmm % 8 un1ts, T o

él 350mm x 1 unit . ", u -

Regard1ng the valves to d1v1de the servxce area, it was
 pr0ved in, thc process of hydraullc analy31s of the dlstrlbutlon
‘.network that the 1nstallat10n of valves at Manzése and Mtambanl
' complete the d1v1s1on of  the watet serv1ce areao: The d1ameter of .
,the valves are determ1ned to coxnc1de w1th those of the existing
ﬂp1pe11neS‘-these are 6375mm and ¢300mm for Manzese. and Mtambani

re3pect1Ve1y, Sluice valve is adopted for the type of valve 1n
_cqnslderat;on ofithg_superlorlty of ;ts closing mechanism,
:Thus, the valves are détcrmihed-as féllpws;

_Manzese : ¢4375mm slbiéé”valvé and chambef x 1 unit

 Mtambani . ¢ #300um sluice valve and chamber x 1 unit

_6.1,— :



4) Water Intake Plan

At present, six tow lift pumps are installed. Pump.Nds.'I; 2 and
3 {England)} and Nos. 4 5 (West ‘Germany) and 6 started operation Erom . 1970
and 1974 respectlvely. It is con31dered that the wear and tear on the
runner and on the impeller, where contact w;th water has resulted in lowered
efficiency in pumping, were caused by silt deposits in=thé'pump well from
the turbid waters of the Ruvu River; Also, two pumps are out of order
due to the lack of spare parts. Possibility of coniinudﬁs opération of
the iatake facilities is uncertain, Present use sitwation is shown in

Table 3-9.

Table 3~9. Present Condition of Low Lift Pumps

Pump Specifications Manufacturer | . Condition of Operatioh
No. o '
1 }22.8 m3/min x 70.2m x 380kw England In opefation;'lbw éfficiénéy
2 " " " " Under repair, operation to
' resunrie from mld—July
3 " " " " Out of use
1.4 e3/ain x 70,2m x 190kw | W. Germany Out of use since July, no

spare parts

5 [22.8 m3/min x 70.2m x 380kw "o ‘In operation but unrel1able
due to frequent disrepair

(same as above)

The pump Nos. 1, 5 and 6 are under use at present and securing a flow
of 66,8m3/min, however continuous operation is not éxpécted. Espécially, No. 3
and No. 4 pumps are inoperable now. As shown in Table 3-11, No. 4 pump had been
operated as needed but the uneven mouthly operation hours through the years -~ show
unstable condition of the pumping unit. Therefore, No. 3 and No. 4 are designané

as suitable pumps for replaccment,

_62,,




ao _Igjake Flow

The flow transmltted to the: Kimara Reservoxr was determined at
42, OOOm /d due’ to réstrictions of thé water transmlss1on system although
the rated capacity of the Upper Ruvu system is 82,000m /d, ‘Accordingly,
the intake flqw is determined based on the maximum daily flow of 42,000
m3/do Considering wéter.leakage from the 7 km~long vaw water main and
water use within the water treatment plant, the iﬁtake flow must be

detérmined by édding 10% to the maximum daily flow. Therefore,

42,000m /d x 110%

Intaké_ Flow
| = 46,200m3 /g

b. Pump Capacity

Intake'pumps are designed with the same capacity of. the existing
No. 3 and No. 4 pumps in consideration of balancing with other pﬁmps"'
for joint operation, ({Intake pump ‘is called low 1ift pump hereinafter).

Therefore, the total capacity of the new units are calculated as,
(22.8n3/min + 11.403/min) x 60min x 26hrs = 49,200 m>/d

The capacity obtained is 1.07 times of the intake flow of
42,000m3/d; hoﬁever, the low lift pumps are designed in the same
capacity as the existing pumps considering the deteriorated raw
water ﬁain and for balanced operation with other existing pumps.
Total pump head i{s determined at 70.2m which is the same head with

the existing pump.

¢, Replacemerit Items

New No. 3 low Lift pump : 22.8m3/min x 70.2m x 380kw x 1 unit
New No. 4 low lift pump : 11.4m3/min x 70.2m x 190kw x 1 unit

Auxiliary equipment such as sluice valves, check valves,

pressure meters, présSUre tank, piping, etc. and eleetrical works

are included as necessary. for the scope of work.
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5) Water Transmission Plan

Six units of water transmission pumps had been installed originally,
However, only two pumps are now in operation, while one pump is under repair
and the other thrée units have been removed. Present cohdition of the pump units

is tabulated in Table 3~10 below:

_Table 3-10. Present Condition of Higﬁ_Lift ?umps

Pump No, Specifications Céndition'of Operation
i 34 m3/min x 152.5m x 1,120 kw In operatlon, frequent breakdogn
2 22,8 w/min x 152.5m x 800 kw Under repair :

22.8 1n3/min x 152.5m x 800 kw | In.operation; frequent breakdown

13. 6 an3/min X 152.5m x 480 kuw Réﬁoved

3
4 11. 4 m>fmin % 152.5m x 400 kv | Removed
5
6

{unknown)} | Removed

Note: Pumps are manufactured in Englénd

a. Water Transmission Flow

Design capacity of the water transmiésion flow was determined at 42,000
m>/d as described previously (3.3.2, Section 2, Water Transmission Capa-
city of the Rising Mains), obtained from the interrelations of the
capacity and perfotmance.cﬁrvé of the existing pump No.l and the pipeline

profile of the rising mains,

b. Pump Capacity

Pump capacity to be replaced is determlned based on the water
transmission flow of 42,000 m /d and the capac1ty of existing pumps,
There are three pump usage possibilities for securing the flow: (1) No.l
pump, (2) No.2 and No.4 pumps, and (3) No.3 and No.4 pumps. Considering
the operational condition of the No.i and No.3 pumps running presently,
repiacement of 'No.2 and No.4 pumps - is éonsidere& fhe best means
for securing the flow, Accordingly, the de31gn flow of the water
transmission pump is g1Ven as follows.

(22,8 m /m + 11, 4 m /m ) x 60 min % 24 hours = 49,200 m /d
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Total head is determined at 152.5m which has the same head as that of the
existing punp. (Water transmission pump is called the high lift pump
hereinafter.) '

c. Replacement Items

‘New No.2 high 1ift pump: 22.8 m>/min x 152.5m x 800 kw
New No.4 high 1ift pump: 11.4 w /min x 152.5m x 400 kw

Auxlllary equlpment, such as slulce valves,’ check valves, préssure
meters, pIESSUTE tank p1p1ng,-etco and ‘electrical works, are included
as necessary for the scope of work.

System curve of the high 1ife pumps are 1ndlcated in F1go 3-8.

6) iRepl-acemEr‘u: of Air Valves

It is:assumea_thatﬁwater leakage of the rising mains is moetly caused by
damage of air valves, TIn this plan, water leakage must be minimized by replacing
leaking air valves which, in addition to replacement of the high lift pumps,
would achieve fhe-purbose of securing‘w&ter-transmissioﬁ'flow°

Locatlon of ‘the leaking air valves and the numbers to be replaced were
'determlned referr1ng to the '"Dar es Salaam Water Supply Upper Ruvu Low L1Et
ngh Lift and Grav1ty Malns Survey Drawings, 1973", Table 3-12 indicates the

reqULIEd mlnlmum_number of air valves to be replaced,
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Table 3-12 Air Valves to be Réblaced

Distance
from the

Diameter

Plant (ﬁﬁ_'

Pipe -
{inch)

Air valve
- (inch)

‘ Typé

Number'

Drawing

Number

‘Sitoation

4 -

4,800

9,820
14,394
17,867
20,946

K
30,739
33,700
39,077
“.

48,455
48,738
50,218

30

24 1/2
24 1/2
30

30

24 172

24 172
21 1/2
2t 1/2
30

21 1/2
21 172
20 1/2

h

= - R - = T

Dual Head

"o
‘uon
" "o
e
e
H. . "
" n o
. "
T 1t
R
Vsiﬁglé Head
Dﬁal Head

P ek e e e et e e et el e ek e

HMS/14

w46

-

o 54
-u 78
1186

u..?g

Q{1?3j7‘

;u. 127

?-ﬂéékiﬁg‘ﬂf
- 26| 3

, ' Brbken
jﬁ 37

_ Broken

 Leaking.
Under Soil

| © Under Soil
' Leaﬁing-

Leaking

Under, Soil
Under Water
Reﬁpvéd; .

'Rcmovéd'

- Removed
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7) ‘Iastallatidn of Chlotination Equipment at’the Reservoirs

At present, chlorlnatlon equlpment is znstalled in each water treatment
plant.: However, the feedlng system at ‘the Upper ‘Ruva plant is bloken and '

chlorine is belng fed manuallyo Also, 1n thé Lower Ruvu plant dlfflculty of

obtalnlng ehlorxne gas requires the use of sodium hvpochlorite or calcxum hypo—
chlorlte solution.

Problems of ‘chlorination are ralsed by the long r131ng mains of more than
50 km 1ength for ‘the- reSpectlve plant systems,eauslngthe re51dual chloriue to
be consumed on the way to the d13tr1but1on teservoirs. The chlorination systems
have nut been worklng effeetlvely, 1esu1t1ng in insufficient dlSlnfECtlon and
hyglenlcally unsafe 01 dangerous for water dlstrlbutlono

Accordlngly, it is necessary to install chlorlnatlon equipment at the site

of the Klmara and Unlver31ty reservoirs to enable sufficient residual chlorine

to remaln in the water to be dlstrlbuted

equ1pment is 1ud1cated as follows,

a., Kimara Reservoir

pistributicn Flow:
Rate of Doslng.
Chem1cal ‘to be Used
Method of Dosing:

Solution & Storage Tank:
Dosing Point:

Housing:

b. University Redervoir

Distribution Flow:
Rate of Dosing:
Cheﬁicalifb'be"Used}
Method of Dosing:

Solution & Storage Tank:

Planning for the chlorination

42,000 m>/d
‘Max. 3 ppm, Ave. 1,5 ppm
_ Calcium Hypochlorite (60 % chlorine)

Injection by Diaphragm pumps

60 1/hr % 0.2 kw x 2 units
53 1/hr x 0.2 kw x 1 unit
2.5m° x 2- tanks, steel structure

Inlet pipes, 2 points

8.0(L) x 9.00W) % 4,5(1) m

182,000 m3/d

Max, 3 ppm, Ave. 1.5 ppm
C3101um Hypochlorlte (60% chlorlne)
Injection by Diaphragm pumps

484 1/hr % 0.4 kv x 2 units

10 m3 x 2 tanks, steel structure
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Dosing Point:

Housing

Juﬁc;ion Well;'l_pointl_ o
8.0(L) x 9.0(W) x 4.5 (A):m

Facilities and/or equipment vequired for this plan are summarized below:

Construction Site

'thtént—éf'Facilities

Valves for Division of Service Area

Manzese

Mtambani

Kijito Nyama Trunk Main

University Reservoir

- Mwana Nyamala

4 375 wm 1 set

¢ 300 om 1 set

¢ 800, Ductile Cast Iron
Pipe, Class 4, Length =
4,100m

Low Lift and High'Lift Pumps

Upper Ruvu latake
Plant

Upper Ruvu Water

Treatment Plant

Air Valves
Upper Ruvu Water
Treatment Plant

- Kimara Reservoir

Chlorination Equipment

" University Reservoir

22,8 m3/min x 70.2a x
380 kw x 1 unit

" 11,4 w3/min x 70.2m x

190 kw x 1 unit

22.8 m3/min x 152:5m x
800 kw x 1 unit
11.4 n3/min x 152.5n x
400 kw x 1 unit

#100mm ~ 9 placés'

é150m - 4 places

Solution & Storagé Tank
i0m? x 2 units
Dosing Pump
484 1/h x 0.4 kw x

2 gnits
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Appurtenances

',?31Vé,Chaﬁbéf

Valve'éha@ber -

Valves, Washout, -

Air Vaivés, ete.

Sluice.Valve, Check

Valve, Pressuré Tank,

etc.

(Same as above)

Chlorination House

72 m2
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