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KA Kidatu 204, 0 MW

Mtera 80. 0~ (E”Wﬁ 19884t EI )
Hale B0 -
Pangani 17. 65 ~
NYM 8 0
‘Others 2T -

it 333 2 MW

i 9(_)’] Limngo 40. 5 MW (73‘"2';- g -y

Dodoma 6.0 (74 — W)
Mbeya 135 { p 3

T Mwanza 460 0 ()
Tabora 9. 0 ( ” )

Mgt 85 0 MW ”

5t 418 2 MW

Wt . TANECO@E Lower Kihansi Hydroelectric Praject,P 4

%2—3 O kHRESEHNE
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Sl # AR 5 Bl T 4

o
Pangani Falls Redevélopment _ _ 49. 5 1992
Downstream Kihansi ' 162. 0 1995
Upstream Kihansi 45. 0 1999
Masigrira | 80. 0 2001
Rumakali 204.°0 2004

g : TANESCO, ANNUAL UPDATE FOR 1986, P 5
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Th; Lowar Kihansi project area lies spprovimatsly 72 Mm south of
Iringa, on the Kilombaro escarpment to the Wsst of Chita viliage.

ﬁ pre—feacibility ztudy $for this prajéft waz ecarified out by
qu?qnsult.:a¥ Norway. The project is described in the "“Rfiji
Basin . Hydropower Master Flan, MNorconsult  1984"  as  the most
Suitabla_hydrépdwar project in  the basin for early development.
The combination of laroe avzilable head and relatively large dry
s2as0n flows  makes the proisct very suitable for  run of e
devel cpment. ' '

During 1985 sz part  of the Tanescoc Long Term Fower Development

[ ]
' fa )
HéStEF: Flan, CRCRES - reviewed the Morconsult  report and
recommendations with a view of s=lecting suitable hydropeower
candidate projects fraom anrd outside the FRufiji  basin for

iﬂCluEiDh'ih the generation planning phase of the studiess.

ACRES apart from reviewing the Harconsul: proiect layouts, and
cost estimates, they also proposed an - alternative layout which
resulted into & much cheapsr project. The ACRES  laveouts, based
purely on topboraphical maps of the project arez and information
from the Morconsult report, was found to be the least cost hydro
E:Dject among  the many candidate projects included in the Mastar
‘lan.

The final layouts and cost ectimates. for the preject are to be
determined after completing  the feasibility studi=s for which
thig write up is 811 asbout. These studies will examines in detail
the ‘geclaogical and geotechnical aspects  of the proiect site,
propose an optimum lavout, installied capacity, =and determine
project cost estimates for the recommended alternative. The
study wiil zlso determine the optimum  timing for implementaticon
of the projizct based on the performance of the power sector in
particular and the national economy in gsneral.

LAYOUTS.

Two alternati&e'layﬁutg have been propozsd:

1.) arn underaround scheme conprising of two stzagse:

- An upper stage which nrovidez storage and  develops &
gro=Es haa cf 240 m 2t & powsmr sta*ion with ar installed

capacity of 4% MU,

I

- i 1 ower shégé_which develops the remaindsr of the
available head, 1000 m at & power station with an
installed capacity of 240 K. '



A4 surface powerhousa and penstock for the lower stags.
Thie alternative utilizss only about 54 of the head
associated with  the underground scheme. The cpﬁt'eavinga
a=spnciated with this swface schems oubtweligh the reduced
‘output azzpoiated  with  urilizing less head.  The power
station will develope a head of 798 m in & station with an
An&ua};=d cagmcxt, af 152 Mh.

3

The preposszd 1 vcut~ have other. d1£‘mrmncs~ re!lated to Hth“N:YE,
developaent strateqiss. reservairs and intakes., In the Follnu1ng
few parzgraphe,  the salient featurss of each altarnatlve aire

briefl“ dizcuszed.

NORCONEUL T LAYOUTE.

in théir ‘plarning =tudies. HMoresnsult proceszed & six =ztaged
development as follows. S

FHASE Lugzaggzg_geﬁaglzi_:_ug

UFFER: L AWER

i - &0

2 - 60

Total Fhases 1 & 2 - 120
% Dam only -

4 - &0

5 ~ 50

Total Phases I to & a5 1220

Total FPrases 1 to & 35 240

Concrete agravity dam approximately 250 m  long iz proposed.
Maximum height of dam approximately 33 m. - ; o

Intake structurie would be located about 150 m  north of  the dam.
A headrace tunnel appragimately 2.6 km long is proposed.

Fovier °c4f1 Ot .

For phases 1 and 24 an underground powsr ﬂtdtlﬁn cantalnzng 2
&0 M pelion turbine/generator units is  propozed. Frovision o

additional 2 wx &9 MWW during later phasss would be made. Fowear
would be delivered to the =wfacs through a 3 km long cable



fun?el, - The tailrace would also be & tunnel approximataly 4.8
un lang. . :

Dam.wlll be ﬁituated.apprmﬂimately 7 kin north-west of ihe dam for
the meer Kihansi project. It will  be an sarth-fill structure
having & mazimum hzight of &5 m. : '

A ;'? ki long headrace tunnel with intake gates near  the third
- point of the length iz proposed.

Underground power -station with 1 3 45 MW vertical Francie
twhbinesgenerator unit ie proposed. :

Tailrate will be'a tunnel appra imately 4.587 km lnng.

ALFFS LﬁYP“TS

Dam will‘be a zoned earth -fill structure.

Instead of a headrace tunnel, a power canal canzisting ot tmo
gidehill earth sectiong 9.7 km and 1.1 km long joirned by & G.25
km long steel cdnduit is proposed. '

Intah, and’ an tDcP

Intake will be a concrete gravity structure founded on bedrock.
Stezel penstock extending appron 1mately R km will convey the water
to the turbines in the power station. - At the power housze the
penstock will be subdivided by manifold inke thres penstocks to
feed the three units, as shown on Figure ES.6.

Po;er Houde.

The powerhcouse will bs Constructed on the surfiace and will house
3 o454 M Felton whéel turbine/generator seil:




- QQEQCltywﬂalancE

In order to assess the extent to which the existing capability
will satisfy the future demand, the following reserve and
reliability criteria are assumeds-

Hydro un1ts forcead outage rate 2%

Diesel units forced outage rate 40&

New Gas Turbine Forced Dutage Rate 24%

Reserve margin -~ largest Unit out

'Expected Unserved Energy — 0.1% mf the Annual Energy Demand

The existing system after cumm1551an1ng of Mtera will cumprisé,
the following:— : :

Capacity
: _ | B |- N
Hydros Kidatu 204.°0
Mtera - '8B0.0
Hale 21.0
Pangani 17.5
MYM - 8.0
Others 2.72
Jotal Hydrao 333.22
Thermal: tbungo 40.5
. Dadoma 4.0
Mbaya 12.05
Hwanza 16.0
Fabora 9.0
Total Thermal B5.0
Total Capacity 418.22

Rszsuming ‘th= Scenario A Igad +urecast the capac1ty balance for
the interconnected sysfem beg1nn1ﬂg 1?89 is as follows:—

DEWQND - HN

YEAR 1988 19689 1990 1991 . 1992 1993 1994 1995
HYDRO XD6.6 326.6 3264 I26.6 3I26.b 326.6 I26.6 226.6
THERMAL 51,0 S1.0 5!.0 S51.0 51.0 St.0 51.0 Si.0
TETAL 377.8 377.6 T77.56 I77.6 377.6 377.4 377.4 ZT77.6
MAX IMUM ' - : : - :

DEMAND 241.5 289.C 331.2 384.7 3460.

_ 60.7 379.0 399.7 421.5
SURPLUS  136.1 82.4 49.4 2.9 16.9 1.4 -43.9

—
T

As  may be seen from tha table the 5urpiu5 capaﬁity decreases

rapidly over time. In the year 1990 the excess capacity "is not
sufficient +to satisfy the reserve margin criteria {largest

_.34'__



unit out = S50 MW thus dindicating a very high probability of
capacity shmrtage. ' '

The abovg= table refers to the entire interconnected- éystem but
does not include  any additional generating capabzllty after
_;Htera. The forced outage rates tabulated above have been applied
in determlnlng the available 5urplus capac1ty.

So .4based  purely on ,capaclty requ1rement5 and the reiated
reliability  criteria, additional & generation capacity should be
commissioned in 1991. To bridge the gap until a new plant is
cnmmzssxmnad- 20 MW of oil fired Bas Turbines are proposed to be
1n5talled at Ubungo in 1990. The: resulting Capac1ty Balance Table
is as follows:— o

DEMAND _ ~_ MW

YEAR 1988 1989 1990 1991 1992 1993 1994 1995 .
HYDRO 36,6 I26.6 326.6 I26.6 326.4 ITh.6 326.6 3I26.4
THERMAL 51.0 S1.0 S51.0 S1.0 51.0 '51.0 51.0 5S1.0
NEW 6T o 15.2  15.2  15.2  15.2 15.2 15.2
TOTAL 377.46 377.4 392.8 392.8 392.8 392.8 392.8 3Iv2.8
MAX THUM : '

DEMAND 241.5 268.0 331.2 344.7 T60.7 I79.0 I99.7 421.5
SURPLUS  136.1 89.6 &1.6 43.1 32.1 13.8 -6.9 -28.7

Addition of  the 20 MW  of Gas Turbines '5uf$1ces demand and
reliabxllty criteria up tn ‘and 1nc1ud1ng 1991. In 1992 :pnly the
resarva margin crlterla is  not satisfied. However the shortfall
is only 5% af that year's. peak demaqd- : '

To sat1sfy_ Fuhure demand, the Pangan: 'Redevelopment prnjéct is
proposad  to be.gompleted in 1924, then from 1992 onwards the
wapacity will be augmented by additional  42.5 My so  that the’
capacity had ance now becomes:—~

DEMAND_—_ My

YEOR 1988 1939 1990 1991 1992 1993 1994 1995
HYDRO  326.6 326.46 326.4 3I26.6 T68.2 36B.Z 368.2 I609.2
THERHAL 51,0 5i.0 51.0 51.0 S51.0 S5i.0 51.0 S1.0
NEW BT . . 15.2 . 15.2 15.2 15.2  15.2 .18.2
TOTAL 377.6 377.6 392.8 392.8 434.4 434.4 434.4 334.4
MAY IMUM : I : L S

DEMAND 241.5 258.0 331.2 344.7 350.7 I7H.0 IV9.7 AZ1.GS
SURPLUS  134.1 B9.4 &l.6 4B.1. 73.7 55.4 34.7 @12,

The.additidnmg capacity of‘42.5 MW of the-rEdEVElngd Fangani is
good enough for 3 years and in 1993 a new generation plant would
then be required. It is hereby proposed that this plant shouid he
the Kihansi Frojzct which is the least cost project.

_35--



The underlying assumptions here are that during wet years hydiro
power is generated to a greater extent than during dry years when
more thermal power has to be produced to maPE up for the reduced

hydro energy production.

The existing hydro #irm capability including Mtera in 19788 is
1480 Bwh. The diesel energy capability assuming a total forced
cutage rate of 454 which includes a planned maintenance period of
& weeks/year ar 7. 7% and a unit forced ocutage rate of 404 is 410
Gwh. The combined energy  capability  1is  thus 18906 Gwh. The
resulting energy balance table assuming the scenario A forecast

im as follows:

ENERGY_ DEMAND ~ GiWh

YEAR 1988 1989 1990 1991 1992 1993 [ 1994 1995
HYDRD 1,580 1,480 1,480 1,480 1,480 1,480 1,480 1,480
THERMAL 410 410 410 - 410 410 410 410 410
TOTAL 1,870 1,890 1,890 1,890 1,890 1,890 1,890 1,890
ENERBGY - ' o : o .

DEMAND 1,477 1,845 1,083 1,960 2,051 2,155 2,272 2,397
SURPLUS 4173 45 7 =70 -1&1 -265 -382 -507

' The above -table relates to the entire intervonnected network but
does nuot include any new generation prm;ects after ttera. UOnly
the thermal. genpratlng units forced outage rates  have been
considered in deriving the thermal plant energy output. For
hydro plants the limitation in energy output is the hydirological
conditions which 1imit the firm energy ~ capability of the hydro
system. The drought sequence of 1:30-yr (3.3% risk of ¥allure)
has been used in calculatlng the hydru capab111ty.

As can be seen {rom the table the energy’ capabtllty . of the

system  is sufficient to 'meéﬁ__the' projected demand up to. and
including the year 1987. Thereafter the surpilus capahility is

negative  and the E%DGEtEd unserved energy is 4% of the 1792
gnergy demand which 1% mobe than the reliability criteria of 0.1%
thus 1nd1cat1ng a savere shnrtfall in =nergy capab111ty.

Iin the short term in erder to brldge the gdp until a lurger plant‘
is commissioned, 20 MW ef il fired Gas Turbines are - proposed to
be installed &t Ubunge in Dar es Salaam. The energy capaolllty af
thp new 20 MM GT  assuning - & forced ocutage rate of 24%,
maintenance oultage of 7.7% (Total outage of SOL? is 53 GWh frowm
1990. The res¢1t1nq anergy balancﬂ table iss



ENERGY DEMAND. - GWh

YEAR 1988 1989 1990 1991 1992 1993 1994 1995

HYBRO 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480
THERMAL. 410 410 410 410 . 410 410 410 410
NEW 6T : 53 53 . 53 53 53 53
ToTAL 1,890 1,890 1,942 1,942 1,942 1,942 1,942 1,942
ENERGY . o

PEMAND 1,477 1,845 1,883 1,940 2,051 2,155 2,272 2,397

SURPLUS 41% 45 59 -18 -i09.  -213 -330 455

Some energy shortages would occur in 1991 if it happens to be a
dry year. A new generation plant should however be commissioned
in 1992 (expected unserved energy will otherwise be 5% of
demand) . : '

To satisfy futwe enerqy requirements, the Pangani Redevelopment
project is proposed to be commissioned during 1991 so that it is
available form 1992 onwards. {it adds 195 Bwh to the firm hydro
capability) the resulting energy balance table is as follows:—

CYEAR 1988 1989 1990 1991 1992 1993 1994 1995

HYDROD 1,480 1,430 1,480 1,480 1,674 1,674 1,674 1,674
THERMAL 410 410 410 410 410 410, 410 410
NEW BT o 5% 53 3 53 53 532
TOTAL 1,890 1,890 1,942 1,942 2,134 2,136 2,136 2,136
ENERSGY S o S :

PEMAND . 1,477 1,845 1,883 1,960 2,051 2,155 2,272 2,397

SURPLUS 113 45 59 -—18 BS —-19 -—134  —261

The additional tapability improves the system perforaance and
reduces thie energy shortfall. The addittonal energy capability
together with the existing firm energy capasbility suffices anergy

zmand - rooniresents  until  the year 1993. Additional capability
- will be reqguired in 1974. : :

FURTHER_GTUDIES

It is very impurtant, now that the Kibansi Project is +the least
coct hydro project and since it is reguired to be cosmissionad in
1994/%95, that it should be studied Ffurther to bring ik to full
Leazibility level., - The propased  studies. will. exaning,
. irvestioate  and make the necassary  conclusions and
recdmmendatiung ot a number of out standing issues including the
following: - ‘

ik .Carry DQt déﬁailedfgéolmgicai and geotichnical
investigations at the project site area.
ii) mvamine access and ayouts for the project.



iii)

ivi

Vi)

Mii)

" Examine the various possible layouts for the power station,

dam, spillway, intake  structures, waterways and recommend
the most optimum layout. ' ' ' :

Review hydrological data for the project and calculate firm
and average energy oubtputs. '

Determine the optimum plant capacity and unit size..
Determine the optimum implementation scenarios.

Emtablish the pruject rost estimates for the fé:nmméndeﬂ
alternative. : ' ' S

viii) Establish - the imp}eméﬁtatian schedule for the prupdsed

iX)

X

Xi)

Hii)

5cheme.

Investigate the avallabllxty or otherwise of sand, -
'1mperv1nus il and qther construction materlals from thhxn

the project area.

Determine the aptimum timing  for impleﬁentatiun of the
project. : S

Review all previous studies on the project.

Establish_ major rcontract portions ?Ur the recommended
alternative.

In 1987 a revised load forecast Jpr the interconnected network
was prepared.

The results of this work ﬂas_ an updated ‘demand prognosis whlch

toux

a)l

b}

c)

&)

into account the rUalDW;ﬁg recent dqulukﬁgnt"‘“

The Econamic Recovery Program (ERF) which sppks to increase
the capacity utilization cf industries from the present 3I0%
to over &0% . -

Supply to agro based industries in Mwanza, Sh:nydnga, Hbeya
and Irlnga R6ﬂ1uns with an aggregate demand of 10 MW.'

aupply to. Mw du1 ﬂ1am0nd mines — ? HN.

Conrectina  of Mwan231 Tdbﬂr 1 Sh nyanga and Musoma to the
fMational grid. For a nucbar of years demand in these towns
has been suppressed dus to hreakdown of generating units,
fuel delivery problems and shortage of spare parts.
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) Supply to the Mufindi Paper and Pulp HMill 25 MW Electric
Boilers. ' ' ' '

The results of this analysis is the revised 1oad forecast as
shown below: - - ' ' ' '

¥ear Eneragy - Bemand
Bwh M
1987 1234 216.9
1788 1477 D41,5
1989 - 1845 288.0.
1990 o 1833 331.2
1991 . iv960 344.7
1992 2051 360.7
1993 . 2155 , 37%.0
1994 2272 . 399.7
1995 ' 2397 . 4215

The results of this re-- analy515 are that the system will run
short of generat1ng tapability in 1971.  Since the Kihansi
project cannot be completed in time to . meet  the expected
shortfall, the Redeveimpment of the Pangani Falls which adds 42.5
MY - and 1?4 GWh to the system is propasad  for immediate

implementation. this  additional capability of the redeveloped -
Pangani will satisfy demand for three vyears up to and including

1994,

This arrangement  will give sufficient lead time to carry out the
f9351b111ry studies, prepare tender documents, implement the
Kihansi Hydro Power Project and commission it in 1994/95 when the
next generation increment is forecasted to be required.
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