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KUDU DAM
DESIEN REPORT

INTRODUCTION

For mpst of its history, Zimbabwe has been self sufficient in {pod
produciion, beine able to produce enbugh for consuepiion with
surplus for expori. The ﬁorxtultural industry is one of Lhe aa;ur
foreign. currency earners ih the cnuntry.

Hence Lhe importance of Aoriculbiure Lo Ziababwe cannet be
everdnphasized.

Hiowever, ihe low mean annual rainfall in most of ihe rouniry,
cnunled wilh ithe erratic pattern of "ihe rainfall from year to year
does nopt atoer well for a balanced conlinuily in produciion ang

"hence develnnment nf the industry.

It is with Lhis in eind Lhat the Bovernmeni has stated a‘pnlicy ip
progete irrigated aoriculiure throughout the country, particularly
in communal and resetilemeni areas.

Kudu dam is sited ang smized to opain vomplete conirol .of the waier

respurces of Lhe Hunvati fiver ou a large catchmeni area, in a

convenient situationr Lo achieve Governmeni stated policy. ~

The dan w;ll tu a very laroe extent develop ithe uutentxallv
sroduclive communal areas of Banvati,. Copper Queen. Chenjeri and
Lower BokWe, all siluated douwnstream of the dam. In addilien it
will also serve reseitlemeni schemes in the vicinily of Llhe dam
antd spme of lhe hiohly productive tommertial farms in Lhe Kadoma
district. :

The areas Lo be served represenl the major colton producing zone
of limbabwe, bui ihe crop is currenily orown under dry land
condilipne and is prene to drouchis. Irrigation from-the walers
of Kudu dam would enhance yields and provide. securily anainst
years nf crop failure, as well as enablino the production of other
fuood and cash crops like maize and arpundnuts, which bave also
proved Lo flourish in Lke area.

&lihough Aoritex is still carrying gul inveslivations in irrigaﬁle‘
land in some of Lhe areas, Lo date about 25 00Oha of irrigable
land is anlicipaled donnstream of the dam.

The cusrent drousht {(1991/92 seasor) has starkly highliohted Lhe
importance and necessily of such schemes as the Kudu das project.

LOCATION AND ACCESS

Kudo dam sile (CUN 1/9) is located on Lhe Munyali river, aboul 1.5
kilomeires upsiream of the Noondoma river confluence, Ils
position is at Grid Reference BK 561770 on 1130 000 Hap nuamber
1829 A4. {See Locality Skelches 15832~H and 14732-5K).
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Arcess o site is v&a the Kadoma-Sanvali road. The tacred foad
leads norihnesiwards lrom Kadoma for 19 kitomelres Lo Patchway
Hine. AL Patchway eine the route lurns wesiwards aleng the

Sanyali road for abbul 25 kilamelres. to Boterekwa turnoff, It
“then turns sauthwestwards into a oravel road for about 10

kiloaetres Lo MNyvamatani School and Clinic.  The gravel road:
continues for anotheer 17 kilomeires fros here to the viciniiy of.
the dan site, ’

GEQLOBY OF SITE

The oeolopical report was produced by F.Jd. Broderick of Jeresy

Privce and Associales in 1991, Belails of ihe report cam be found
in the Hater Develnnment Desions library at HMakombe buildings.
The maln features are summar1sed below.

3.1 General

The Hunvati.River has eroded downnards through an oricinal
cover of Karoo sediments into the underlving Lomagundi and
Deneras rocks and onip a basesent of araniles and
greenstones, Rackward erosion of its iribulaties has
resulted in Lhe face of Lhe Hafunoabusi Escarpeent lo Lhe
vest and in a lesser slope break east of the river,
Refleclipe more recent periocds of deposilion and erosion, up
to 40 pefres of alluviem is presert along the Mumvali which'
is preserved in lwo 1erra:es cat aboul 13 and 3% welres above
the present river level, ’

3.2 Recional Geulpoy

The Basemeni rocks in the vicinity of Kudu das sile are
assigned to the HMalivael Furmation of the Bulawayad Group
and are penerally pale areenish-orey fo slightly '
bluisht~grey, fine to mediun-grained, id part porphyritic,.
massive or lotally fplialed, pyroxene-bearing shdesilic
‘lava, These rocks oulcrrop a little over 1.5km upstream of
Lhe proposed centre line above ithe Karoniks rlver confluence
with the Hunvali. Here their peneral trend is . .
soulb—eastraris and they are inlerbanded with finely beddud
{uff hprizens and intrusive nicrodiorites. Some of the
later rocks oulcrop acrpss Lhe extreme right bank of the

~saddle dam below Noondoea triobnometrical beacon, A Turther
inlier has been mapped across Lodestar Ranch, north-west of
the Noondoma ridee. Some of lhe soils over these ancieni
volcanics -have been identified as borrow areas.

franites are intrusivé'into ihe basement.iavas'bkn
spulh~west of Lhe dam sile aluno ihe Chevecheve valley helow
ihe Hafungabusi Escarpeent. They do net affect the dan site.

Nasqxve. ofien epidelized basaltic lavas of Lhe Deweras
-Group: lie across the distinchlly clieaved lavas of Lhe
Baserent Complex and in lhe vicinity of Kudu Dam they ocouny
a north~east trending zone trossing (roe Zhosbe Casdunal
Land onto Kodu River and Lodestar ranches. Basal ophitic
basalticv gpreenstones represeni ihe lowesl Deweras unpil near
the dan and ihese were capped near the Karonika confluence
as an aliernating sequence of lava flows and asolomerates.
Overlving the basal unit to the north~nest iz Lthe aain lava
unit which creates much of the bedrock achosc the msin dam,
zpillway and saddle dap areas. ’ '
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These lavas have been exposed to a fossil lateritic
sealhering process which has resulled in the developegnt ol -
‘purplish~broun horirons and in jasperlilic veinino,
particularty of fractured and brecciated lava. The
phenomenon is well redgresenléd atross Lhe dan site,
gspecially on the left bank of the wain wall, In the field
the Dewerss lavas pive rise Lo lioh! chocolale-red soil upon
which are segn smaii and large rounded boulders.

Faullino and fracluring across Lhe daa environs appears Lo
ecccur comanniv on éastﬁnorth"east, northerly,
north-north-weslerly; nerih-westerly and easterly trends.
The main linesmenis identified as culting across the centre
line bf the danm are north to nerth-north-west and,
subordinately -easi and nnrth evast. . North-east trends cut
ihe spillWay and saddle dam area whilst & fa:r}y laroe
norih- westerly_fauit crosses the saddle dam to the right of
centre.

harnu sedimenls have lone since been eroded from the dan
arpa. Some 20 meires depth of sandy alluvium is nreserved
in ah upper lerrace’ on Lhe lefl bank of the daw and Lhis has
beern dearaded to §0 aetres acrusa ihe rioht bank. At least
a 10 metre thick remnanb of ihis alluvium fills the celurn
channel Lo the munyati where it has been'-partily eroded,
Colluvial seils develor closer 1o ihe proposed spillwav.
-Marron, low alluvial lerraces oceur on either bank adjacent
to ltre Hunvatli and sand banks with basal bbulder beds actar
intermittentiy alono ihe charne! bed, The sand tends to be
reddish in celour, is fine-grained and conlains a fairly
high nercentaue of tlay minerals, Boulder scree ocours on
antt at ihe fnot of sleep slvpes, especially on the lefl bank
of the dam. : ’

5. INVESTIBATIONS

4.1, Geplechnical invesiinaliuns

4.1.% Hatertals lnvestipalions

A materials repert was cospleied in Juné 1992, and
below is a sumsary gf the guanlities.

feouired ﬁm?) froved ta)
Impervious core 2 300 000 b 567 700
Rolled fill 3 00 000 2 485 400
| .
Sand + Fillers 85 000 42 30¢
(Crusher Run) &0 000
Rockfili 1 Rip-Rap . 360 000 - nol locally available
Total 8 003 000 ' :

Eore material was clgéaified uéjng nlasiicily products ranoing
from S01 - | 200 and above, and (i1} malerial froe 100 - 500.

LN
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CGufficient core waterial was nrovad for Lthe construclion of the
dap but more investipalion on fill material is reouired further
away froe the dam when construction begins.

The cross-section of the dam has accordingly been designed Lo
utilise Lhe large vnlume of impervious material im close proximily

of the sitle.
Draﬂinn No. 1SEBR-H shows & layout of Lhe BRortow Arreas.

The xnvestzﬂatlon also shows thal a source for all silone
renulren@nts #ill have to be established furiher away from lLhe dam

site.

ﬁlthnuuh there are sand denaslts at Lhe site, more river sand will
have to be nnurced fror further unqtrean or downstrean.

4.1.2 Seismic Investioalbions’

8 refraclion seismic survey across the lefi and right
bank of Lthe main dam; ithe proposed spiliway and the
saddle dam was planned in Sepleeber, 1989 and wanm

:completed in Februarv, 1990 by Hinisiry of Energy and
Waler Respurces and Bevelopment. This survey invelved
a line of 265 meires lenglh on the itefi bank with one
92 melre cepss line over the =slluvial lerrace. The
riophi bank seismic was shot over 349 metres along the
cenire line with three 92 meire cross lines, one on
the louwer terrace, one on the vpper Lerrace alony the
power Yine irack and the third across the voper
alluvium tlose to the break in slope. TYesl pits were

. dug in zlluvium al. the cross oeints of these seisaic
lines_and‘at the base of the right bank sicoe where
res clavey soil conlains lava cobbles and overlies
decomposed lava.

On the saddle dam the seismic iraverse alono the
centre line totalled 926 setres. Three 92 actres
cross lines were placed close to borehole S5D1 nesr the
lefi bank. in the cenire where the centre line curves
northeards and across the low saddle near borehole
Gb4, B test pit-.at the cenire line curve expopsed hard
decomposed Deweras lava. One in the saddle showed
_green, epidolizred deconposed. D4 showed dark-green,
spolted decompesed tava benealh red-brown seil and
tolluvial rubble.

"The spillway reaion was investioaled »ith Lwp seismic
iines set aleost al right anoles, beino 162 nmetres
lono along the tefi bank abutwment of. the saddle dam
andg 276 melres acrross Lo the the righi bank abutment
of ihe planned spilluway. There were 1¥p cross lines
of 92 melres each and three test pils in lhe saddle
showed Lhe sresence of deep, sofl decowmposed Deneras
fava. :

e
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4,1,3 Core Drillino

Tender No. E.H.R.D. 29720 :feor site invesligations on
Kudu Dam was pazetied in fuoust 1990. This called for
the drilling ef vertical and inclined explorsiory
boreholes. - Eiohl boreholes were drilled along the.
1efl bank centre line and six alono the line of the
lef{ bank outiet tunrel. A furlher eighl boreholes
where drilled to deliseale Lhe riohi bank centre

line. Six boreholes were sited along the saddle dan
centre line and eighl boreholes were desipned Lp test.
alternate locations for Lhe founding of the spillway
followino the adverse indicalions of the seisaic
survey. A ninth hole {5P2B) was inclined across a
possible fault lYine crossing ihe alierrative &pillway
alipnment. " in all. a total of t 197 wetres of dianond
drilling was coepleted in May, 19791 by the contractor,
€. Steniunde and Cospany (Pvi) itd.

The core was veolopically logeed by T.J. Broderick of
Jdereay Prince and delailed records of the drilled
borehples inciudino ¢olour photoeraphs.of the core are
in the library al ihe Director of Water Developmeni's
offices in Makombe buildinos. The 200 core boxes
containing Lhe recovered cure are stored in a wired
stpckade sl the dam sile.

The initial report of the dianond drillino painied an
sgdverse piciure of ihe geoloogy of lhe original
irtended position of the spillway.

Hence in Novewber 199!, C. Stenslunde and Company
{Pvi} Lid. was recalled to site to drill boreholes at
an alterantive position of the spillway. The
alternalive prsition was more to the lefil of {he
original position, nearer ithe main Eabankment.

from the diamond dritling resulis, ihe alternative
posilion was (ound lo be sliphily spre favoursble and
is Lhe posilion finally selected for the spillwavy.

The chanoe in position necessilated changing the
orilginally planned arch desian of the spillway io a
straiohtl ogee spillway, '

The surface peplpoical fealures were wmapped actDSS'tﬁE
dam site and 'are described in a delailed report by
T.J. Broderick in Lhe light of diamond drillino and
the seismic invesiigalion. The detailed reaprt can he
seen in the library at the Direclor of Haler
Development's offices.

Intevpretations of ithe deoleoy of Lhe sile mav alier
as new exposures are excavated during construclion and

desion aspecls may be required to take chanoed
circumslances inlo account. )

6/
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S, _HYDROLOGICAL DATA

RIVER

HAJOR TRIBUTARIES

CATCHHENT AREA

HEAN ANNUAL RAINFALL

KEAN ANNUAL RUNDFF (am)

CDEFFICIENT DF YARIATION

- HEAN ANNUAL RUNOFF (2%

9.l

FLOODS:

HAXIHH PROBABRLE

i s 2000 YEAR
TINE TO PEAY INFLOW
STORM IHTENSITYV

VOLUME DF INFLOW
HYDROGRAPH (112000}

DESIBH:.
FULL SUPPLY CAPACITY

YIELD AT 10% RISK

CAPACITY/M.A.R. RATID

$0% YIELD/M.A.R.RATIO

CAPACITY/YIELD CURVE

L. DESIGH

6.1}

SUMMARY OF DESIGH

RIVER BED LEVEL
CREST LEVEL

FULL SUPFLY LEVEL
HIGH FLOOD LEVEL

HAXEHMUN HEIGHT OF DAM

.

e

-

e

~

-

HAXIHUMN DEPTH OF WATER T

T

—~ 145 —

HURYATI

NYANATANI, HAZDE, UNSWESHE,

IHOMRE, SEBOMBI, SEBAKKWE

17520 kn?
700am
56, 7an

1104

993 X 1063

16 3360575
12 1228315
'33.3} hre

4.73nn

-1907.55 ¥ 108a3

1535.4 X ipbu3-
380 X 1ob§§;annuﬁ
1.860

0,38

PRE No. 14755-BK

BBQ.Sbw
9395, 20m
947.00n
éﬁs.lém
72.70nm

&4, 50m



LIVE STURAGE

HINIMUM DRAW DOWN LEVEL

-

TOTAL STORAGE 2

DEAD STORAGE

SEDIMENTATION ALLDNQHCE

AT (6.5% H.A.R) : :

o

-

{oX YIELD

CREST WIRTH

nr

CREST LENBTH

e

HRYXTMUM BASE WIDTH

]

SADDLE DAM {MAX HEIGHT}

SADDLE DAN (MAX LENGTH) :

TOTAL VOLUME OF ALL MATERIALS
CSPILLMAY CAPACITY (1:2000)

ﬁUYLET CﬁPQC!TY_hT LEVEL

{10% FULL CAPACITY)

SURFACE AREA AT F.S5.L.

FOUNDATION AND CUT-OFF

6.2.1'Hain bab

£ 905, 00m .
1551,4 X 10&a3

50,0 X 10bg3

64,55 X 1093

1 426,85°X 1obgd

380 X 106mS Jannus

. 00n

860m
380 melres
30 eelres
B75 melres
8005 X 10303

1 040a3/8

31.490° /5

7 800 ha

- The Inﬁﬁdatinh-belﬁw the core will be excavaled to

hard fresh and comoelenil dewaras solid rgck,

Thus the

whole lenoth of the npain danm will have a positive

" cut-ontf.,

This is considersd o be essential in- view

of the large size of .lthe dam..

Single line oroutino will be careied ﬂut belon this
cut-off according to the normal praclice of lhe

Depariment of Water Develvoment.

Grouling 'is

necessary to reduce seepape and is cosl effective in
view of the scarcity of water resources in Zimbabwe,

Where faces of the cu{-u[( trench pruvé ie be sorous,
fissured or anvy other fora of incoapeiency, thev shall

be ounited.

The cul-off is to be excavaled al 111 slopes in soft
"matarial and 1:i0% in hard malerial (See drawinp No.

15B21H) .

fn all contditions the (i1} will be founded on ifm

material.,

A lot ©f excavetion ic therefore required

on Lhe vpper terraces ol the river banks where in
particular 20 melres depth of sapdvy alluvium has been

observed an ihe lefit. bank,

The richt Hank terraces

have sandv deppsits of uwp tbp 10 metres depth.
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Three
tosts

ti)
fii}
(1ii)

a}

n.g-.'

Dréwino Ho. 15834-H shows details of lhﬁ foundalion of
ithe maxn dam.

Gaddle Dam

Due to the tonsiderable deplh Lo competent solid rock
and the'relatively mofderate heipht of the eabankment
it willinol be economical Lo excavate a positive
cul-gff in this section. Henpce core waterial will be
founded an an-iniereediale cul-pif alonpo the 'whole
iength of the saddle dan.

Recause nf the intermediate nalure of the foundations,
a groutl cap will be provided acress the shole widlh of
the cut-pif, and an extensave prouting programee Will
be carried out {o improve Lhe impermeabilitv of the.

Cinterpedisle zane.

Fnr ihe same reason, thal ithe curentrench is founded

in medium velocily- mdtersal. both faces of the core
Lrench will be pupited alann the whole ienolbh of Lhe

emhankment.

Just &5 on the main das Che slopes bt the eut-olf ®ill
be i:1-in soft material and 1:05 ip the weathered or

intermediate material,-

In the QBnerai-area of 1heiemhankment a siripping of
shaliow depih to reesove topsoil and vegelalion should
be Sufficignt enpugh Lo expose & firs foundalion for
the fill material. )

Drawing No. 15B22-H shows details of Lhe foundations
of the Saddle dah.

. EMBANKMENT

types of embankmenls were considered fer romparison of
and other coensiderations;

a Rockfill eabarknenl with toncrete Tacinp (CFRD).
. , , .
a Roller Compacted Concrete dam (RCCH.

an earthiill embankaenl.

"CFRD. The materials invesfigatian repori shows ithal

there is no rock amatertal in the vicinily of the da»
site, In fact the comparatively smaller cuantitiy ol

“rock reouired for rip-rap of an garih eabankoaent Wwill

have Lo be imported to the sile. Hence this
allernalive was discarded due to lack of rockfill
material on Lhe vicinily, and the high cost of
transporl from furiher afield..

Pl
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REE.The whole embankment needs ip sit on selid rock.
Thus excavations for toundatjons will be exlensive and
tostly, .

Furtherpore Lhe guantity of concrete reguired is too
enormous for the present trend of high cost of
concrete in this country, Hence this alternative was
discarded because of the aplicipaled cost,

An Earthiill embénkmenl.was selected because it was
found to be the cheapest and easiest solution.

ﬁlthaunh znadenuale guantities. of rpolled fi11 mater:al
were found near the site, more than adeouate
iopervipus rore material wab proved in Lhe orowimily
of ithe site.

Fill malerial can be sourced a bit furlher anay froa
the sitie.

The dam has been desighed as a zoned earihfill
enbanksent with a central impervious core.

Due Lo the proven laroe puaniities of core material
and the scarciiy of fill materia) the imspervious core
will have stopes of 1:1 rather than the conventional’
1:0.5., At its crest the core will be & aelres wide.
Thus Lhe impervious core will be wide.

The upstrear slopes will be 1:2.6 to level 925 and
1:2,4 to crest and will be preiecled by llp Fap DR &
filter laver of crusher pun,

The dornsireanm face will have 4 beras at levels 904,
918, 931 and 944.  The berms will be 4 oelres wide and
will have concrele lined drains. The dnwnatream fate
#will be protected by orassing.

fi thioney drain apd downsiream drainape blankel have
teen incorporated to intercept seepage throuoh the
core and foundation and to improve.the slability of
the downsiream fi1}. A downsiream rockfill toe has
been provided te assist in solving probleass of
drainage, uptift vressure and tailwater erosion,

107.,,
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The majbr tharacleristics of the eain dam are as

follow:-

Haxipua Heioht _ 2.7
Haximue Depih of Hater T 54,5
Cresl Lenpih _ B&Gm
Crest Width . ' Br
Crest #idth (Impervipus.Eore) b
River bed level g82. o
“FeS.L 947,46
H.F.L (1320000 : : 953.10

Dry Free Board {1:2000) 2.10
Creést Level ' 955,20
Hain Das Quanlilies 4.2 million
Saddle Dag - : 1.3 million
Embankment Yolume . B 005 000sS

Drawing No. 15821-H shows Lhe delails of ithe
Embankment Cross Sections,

Saddie Dam

"The saddle danm will be ol “imilar cross-section Lo the main.

dam emhankment.

Drawinq Ho, 13822-H shows details of the embénkment EFDSS
sections of the saddle dam.

SPILLNRY

Anart froa the expoesed rock in the river bed, there is np
exposed cnmnetent ‘rock on the embankeent cepireline or
adjoining flanks on which Lo found a spillway. Hente
eviensive diamond drilling had to be carried out in the
exercise of tryino to find competent rock al a reasonable
econimical depth.

The spillway is sitvated bn Lhe northern flank cof the right
bank embankment. belueen the main embankment and the saddle
dan. 11 is desipned lo take advantaoe of a tonvenient
saddle and ndtural return channel to the Hunvati river.

Following worryino seisgic resulls acress the ideal spitlway
alignweni, extensive diamond drilling was carried oul in lhe
area. The diamond drilling confireed the seismic results
that there was a pontential of up to 30 setres depth of
hichly weathered rock and exiensive very sofl decosposed
lava within ihe ideal alignmeni area.’ '

Thus the spillway alionmenl was Lhen moved nearer the main
esbankaent on Lhe bouldery hill on the right bank in wWhich
the embankment is anchored. 0Diamond drilling in Lhis area

‘proved ‘that coampelent solid rock was at a shallower deoth
“ tian at ithe oripinal area.

...
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However extensive excavalion of eubble depcsiis will hive to
be carried oul throuph the bouldry Will in order to create
&n approach channel to Lthe spillway proper.

- S b .
Drawing No. 13020-H shows Lhe position antd sligniaent of the
spillumay. Co

The foundalien condilions and the required discharpe
favoured an OGEE TYPE spillway with an apron.. On the left
flank it-will anchor inlo matural reck. On Lthe righl flank
it will joir a concrete thrust block which will alsp serve
as a retaining wall for Lhe saddle dam embankaent.

ThE‘sbillway has been designed for a 2000 YEAR flood nlus
dry freeboard allowance, Co

The basit parameiers of the spillway are as follows:i-

"CREST LEWRGTH 300m
HEIBHT OF CIiL 2. 0m
MAYIHUM WIDTH OF CILL 5.2n
LENGTH OF CONCRETE APRDN 30m
2000~YEAR INFLOW- 12 4220 is
2000-YEAR TIME TO PEAK INFLOW 33.33 Hes
2000-YEAR OUTFLOW FLOOD - 10 va0ad /s
CTINE TD PEAK DUTFLOW {2000 YEAR) 45,32 Hrs
2000 YEAR FLOOD RISE , 6.128

2000 YEAR HIGH FLOOD LEVEL 933, 10

Bther paramelers are:-

{0 000 YEAR FLOOD : 16" 336md /s
10 000 YERR TINE TO PEAK 28.37 Hrs
10 000 YEAR OUTFLOW FLOOD 13 tiom3/s
10 000 YEAR TIHE 7O PERK (DUTFLOW) .. 38.0BHrs
¢ Q00 YEAR FLOUD RISE 7.2m
107000 WEAR HIGH FLODD LEVEL © 954.2m

fi slppe of 1:200 was adopted for the return channel. Here
again a bit of excavalion is reguired Lhrounh the boulderv
hill for the chappel ihat will divect the.water 1o the
natural water course ihat returns back’to the Hunvati river,

QUTLET WORKS

The Dullel works.are localed on Lhe left bank of the Nunvali
river, The works consisis of:-

i) fn uostream free S5landino Tower.

i1} *A circular cvoncrete lined free-floninq tunne!l conduit
renning  Lhrough lhe lefl bank hill,

111} A multiple discharoe structure comprising a radial
pale at a louwer level and weir .al an upper Jevel,

12/...
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Fhe criteria for Lhe Bullet desion is ihat the pullaets

should be able Lo pass a flow of iwice ihe notent:al
J0% vield of the: catchnent in a vear al the head
available with the reservoir level ai 10% of its full
sunply capacily, Seua!ate slandhy rapacily of at

"least 50% should also be provided.

1. The Free Standino Tower

The prihcipal feature of the Dullel desion ie thal all

-thE.pxnework and valves controlling the flow are
" lpocaled in the upsiream Lower. This is largely dry,

the level sf water heing conlrolled by the discharge

" Weir at the donnsiream end of the esmbankeent. The

water flows at low bressure throuuh {he conduit to the

_dxscharne chamber.

There are_three completely-independent sels of 1 500qa
diameter pipework and valves, two of which can pass
the reguired flow, the third beino on standby:for
periods when mechanlcal maintenance is required on one
af the olher.sels. The buiterfly valves are
inmediately adjacenl to Lhe inlels and the flows
regulation i= ?rnvided by ihe “bhotieom discharae
valves" at the base of the Lower.

Rn atcess bridoe leads. irom the Mboro Cliffs into the
Touer. The bridoe has to be aore substantial than
usual as all Lhe valves and 1| 500wm diameler pipework
have'tu'bé tranporied across it.

The main advaniages of this svsten are ihat the
pipework cap be very short,. and the normal gate shaft,
inlel Lower and valve house are combined into lhe
iniel teower. The problem of designing a oate shaft in
Lthe embankwent sirong enpuch to resist the huee
passive.pressures which would develop due to
downsireas deformation has been avoided.

-The Tunnel Conduil

D:aaonu grilling along the hill on the left flank of
the wain embankmeni proved that at the reguired inveri
of the outiet conduil the rock is cospetenl enpugh lo

'excavate a_tunnei through lhe hill,

The onlv section of the tunnel that will need careful
watch. during construclion is the Intake point where
the tunnel slarls qfi in weathered and decomposed

material.

The tircular tunnel is 2.5 metres in diameler and is
Tined with a 400aa thick reinforced concrete linino.

"It is abpul 650 melres long from ihe Intake to the

d]scharne struciure ang runs alnno the whole lenath at

& slppe of 1:200.

137..,
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"For a dam of this larpe magritude il was . a oreat
advantage to find {oundation conditions that perait a
Lunne} pullel works., Besides being more etpnomical,
it has more advantaoes over the other iypes of oullet
works. A tunnel is nol in difect contact with the dap
embanknenl and, therefore, provides a such safer and
more  durahle lavoul than can be achieved with a |
cut-and-cover conduit, Litlle loundation settlement,.
differeniial movement. and struciural displaceaent is
experienced wilh a tuanel that has beén bored through
competent sbutsent. malerial and seepace ‘alonp the
outer surfaces of the tunnel lining or leakaoe into
Lhe material surroundino the tunnel is less serious,

"Furthermore, it is less likely that failure of some
porlion of a tunnel would cause failure of the dam
Lthan the failure of. a cul-and-coyver conduit ihat
pagses uhder or Lhroush the das.

Al the Intake Tower end the tumnel invert level is.
"B98.00 and at the discharoe end il is abeut 893.00.

The conduit seclion ol the putlet shall also serve as
a diversion channel durino tonsiruciion,

6.5.3 The Discharuoe Strucipre

Investioalions into the irricalion potential of .ihe
area below ihe dae revealed that a discharoe level of
210,000 would enable the dam to irrivate land up to
90ka below ihe dam by -ravity flow. Hith the invert
level of the conduit al 89%.00 al the discharge, it
becane necessary to have a sultiple discharoe
siructure.

The lower discharge ab inveri of B95.00 will serve the
noraal purpose of diversion and maintaining river flow
downstream of the dam. The higher discharge level al
910,000 will feed the irrivation capals.

For efficienl working of this discharpe systea, it was
found convinient to put radial pates at the lower
level outlet and a discharoe weir at the upper level
outlet.

Draning Mo, [5833-H shows details of ihe outllel werks.
HISCELLANEDUS

The area Lo be flooded by the dam is -aboul 7 .B00ha at HFL. On the
right bank the flonded area is mostly commercial farming land,
characlerised byjravchinp. Some of these Ranthes have however
teen recently turned into Resetllemenl freas which iargely
concentirale on crop farmino.
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On the left bank, the whole flopded area is part of Zhoabe

Communal lands and consisis wainly of grazing land with some
arable., ‘tand -acoquisilion apd servitudes of slorage will be
pbtained over the reservoir area, with a smaller portion of land
aciuired around the das émbankment and for peraanent atafi housing,

From recent pract;ce. il is believed the Departaent of Nat:onal
farks mipht alsoe acouire a small portion of 1and around the
reservpir for recreational and conservalional purposes.

Matural Resourtes Board approval of Lhe project has been obtained

‘and Hater Righis have been applied for,

COMPENSATION
B4 Reiocatéun_-

Some people in Lhe Thombe Bommunal Lands nzll have to be
poved. One.schosl in this area, Samabwa Schosl will also he
inundated, ﬁllowance for ihe estimated rosis of
cumpensaiion for fixed assels and relocation of displaced’
persons has been made in the Projecl Cost Estimate.

3,2 Road Reqlinnmenf

The only known road thal will be affecled is Lhe Kadoma Lo
Eopress Mine highway, "which mioht have io be realigned by
4km. #p alternalive Lo realignpent miohl be Lhe ralsing of
the bridege across the Munvali river as the highway is ai the
upper reackes of ‘Lhe reservnir. A spaller bridoe acrouss a
stream near ihe Hunyati unuid alsu renuire to-be raispd,

8.3 Power Lines

Power Lines wx]l be affecled at the upper reaches of. the
dan. one across the Hunvatl Yiver and anoiher across ihe
Umsweswe. arm ol the resecveoir., A power line bringing
electricity Lo a homestead will be folocded at ihe dam sile
will also be affecled. '

CU&STRUCf[DN PROGRAKNE

The dam is the largesl ‘embankaent . dan desiuned in Zimbabwe to
date, the laruest consiructed beino Osborne dam at .5 235 x 10303,
There should be no problems in lhe rale of plaving of core
material as it is in the viciniiy of ihe site. However, hecause
the site localion is hilly, acctess problems could be encounlered

“in the placing of fill eaterial. Thus the rate of placine fi11

material conld be affected by lack of avaifabilily in the vicinity
and access to site, . It is therefore anticipaled thal the

"consirdction will be cnanieLed in FDUR years.,

The 5tnrt1ne date for construction wlll be hiohly dependent on
.receipt of a full Project Repori on the use of the water (lpration
of ltand, crops io be grown) :and on ihe availability of finance.
Cnnsadpratzon also has Lo be given to olher priority waler
‘developmeni proiects, 11 is nol considered fdrobable ihat
construclion would siart before dune 1995 al the earliest.

16/...
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The preposed vonstruction sropramne is as iollows:—

. JANUARY, 1995 . EALL FOR TENDERS

éPRlL, 1995 AWARD TENDER

JURE, 1995 COMMENCENENT OF CONSTRUCTIDN WORKS
HAY, 1999 _ .;UHPLETIDN.BF WORKS

h detaxied cnnstruct:nn prooramee has not vel been drawn up and:
will denend on the time nf auard of tontract

Any delav in i{he approval and financing of ilhe project will reaull’
in ihe postponenent’ of the proposed prooramee, #ith the preseni
trend of escalation of prices, such s postponesent will result in
an asirononical increase in the overall cost of the dan
cunstructlnn.

10, QUANTITIES AMD COST ESTIHATE

the following Cosl Estimate was determlned as at November 1292

CISTAGE - 6m : ALl Costs
P '
|
IBILLED ITEHS SUBR TOTAL
i

10.1 KUDU DAM - DESIGN COST ESTIMATE

LYTEM YDESCRIPTIOH IQUANTITY LUNITIRATE = | ANDUNT i
INDY i ] - o t
} I ! i 1 i i
1 JEXCAVATION . ] i ! i I
1.1 STRIPPING AND CLEARING ! IR T v - 1
1 a) Main Bam Foundations | 23 § Ha | 35001} - g 3001
] b) Saddle DBam Foundations |} 19 1 Ha ! 350017 52 95001
! ¢) Spiliway Area f 101 Ha | 35001 35 0004
| . | I i | |
11.2 SOFT _EXCAVATION } P S i
{ al Hain BDam (Cut-0ff) | 144 500 § w9 } 6,001 8467 0001
1'b) Saddle Dam (Cut=DfFf) | 125 200 & nd | 64,00 °~75%f 2001
| ¢} Under Fill | 300 000 | a1 4.501 1 350 000)
t d} ‘Spillway I 453 400 | ¥ { 4.501 . 2 041 2001
i i | | i |
11.3 HARD EXCAVATION ! : ! { | }
! a) Main Dae {Cuil=-Dif) I B3 900 t m3 | 47.501 3 985 2501
! b) Baddle Dam (Cut-Dff) I 33 800 | o2 | 47.501 1 605 S001
i ¢} Spillway I 368 Q00 | a% | 42,501 19 640 Q004
i ¢) Dutlet Tunnel { 10 000 + @3 1250.001 2500 0001
(I i ] I | i
2 FENBANKHENT, t i ! 1 J
i2.1 Core Malerial 12 500 000 | ad | '9.001 . 22 500 000!
12.2 Fill Haterial 15 000 000 | o 1 10.001 S0 000 0001
12,3 Sand 185 000 1. ad { £0.001 . . 850 0001
12,4 Crusher fun L 60 000 1 nd 1 50.001 3 000 0001
2.5 Rockfill : Rip-Rap {360 000 t a® | 50.001 18 000 000|
i i ) i ! i
3 IGROUTING { T | o
i I 750 { No.§750.00) i 312 5001

{ f !

N | !

I ! i

! 1 i

) -
| 124 498 50|
' |
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{ITEH IDESCRIPTION- TQUANTITY JHNITIRATE . 1ARDUNT . j
fHO. % } | i i S
l : 1] i | . i )
S4B TOTAL BROUGHT FORWARD ) 1 } 124 498 £50)
| . ) - I { } : : {
4 ICONCRETE - I i [ { 1
14,1 Grout Cap ! 2 450 1 n2 1300.004 793 0004
14.2 Spiliway | 16 170 1 ad 1350.001 5 659 5001
4.3 Qutlel Horks ! 7 580 | aS 1500.004 3 790 000}
14,4 Reinforcenent | 80 1Tonsii560.01 - 120 000!
i4.5 Bridae Beams & Planks |- “tSun 12500001 230 0001
l tPrestressed) (I i } ] !
H ! i 1 | l
5 1STEELWORK I | IR i |
45,1 QutletPipes 3x1000Dia i I i i _|
i X Y7o ¥ 51 t & 1900.004 25 5001
15.2 Butterfly Valves i F 1 -
1 1500 Dia -1 6 iNo. 1 20000Q) 120 000}
15,3 Boticnm D)scharue Va}vesl 3 IHo. | 300001 90 Q00 ¢
1 i 500 Dia ] - | i i
15.4 Ancillary FPipework i tSum 11000001 {00 0001
i and Sl&e]work | §. i | B
lsUB T0TAL { i i 1 135 448 6501
| l: i 1 i |
& IHISEELLANEGUS | (I A | S50 & 772 4321
7 IPRELIHINQRY AND BENERGL i V4 F 20% 3 28 544 216!
8 IE);TRR F & 6- FORE1GN | i i H - 'I
i CBNTRRCTDRQ i VY 30% i 199 5901
9 JCONTINGENCIES | P21 §154 i 3% 279 73351
10 IESCALATION DPURING t i H I o
} CONSTRUCTION } %V _30% L Th 543 3871
i - i i { | |
FCONTRACT PRICE I ! o I 331 688 0091
i ) | i R 1
I 154Y H ! i 3314688 010!}
§ | | ! i i
lDEPARTHENTﬂL i i P l |
| IACCESS & REROUTED RURDS | 4 IKm 125000 | 100 0001
12 ITEMPORARY HDUSING ] {5um | § 1 200 oo0l
12 IPERMANENT BUILDINGS - HATERI 1 [ ol |
JBRILIFF ETC. ’ } {5um 15000001 500 0001
14 JLAND COHPENSATION- i3 000 IHa | 250} 750 0001
15  1SANABRHA SCHOOL } {Sum | t 500 000}
14 IYREPLACE FLOODED BRIDGES i 1 INo, 14000001 - 400 000!
17 18AUBING KEIRS i 3 INo. | 580001 159 0001
18 IDEPARTHENTAL EXPENSES l 4 I¥rs 15000008 2 Q00 0001
19 JCDONTINGEWCIES ON 11 -TO 17 ! [ AN I Y T 660 0001
ISUR - TOTAL | 1 t i 5 0460 0001
- _ I | i I i
| THEREFOGRE TOTAL PROJECT | { i i 1
| COST AT TiNOY. 1992 1 = b 343 008 0I10F
} i ; i b +1
| 1 i | i
)SAY I | ) 343 000 000)

1 | i I

H
{
|
i
i
!
i
|
[
|
|
i
l
f
}
i
§
l
!
{
t
|
!
f
|
{
|
i
i
I
!
H
|
1
!
|
|
|
{
)
t
|
1
}
!
i
)
|
|
!
t
)

i
}
|
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1. An exira 304 Preliainary and General Cost has been added in
aniicivation of the Contract being awarded Lo a foreign Contraciorn.

2.  Ap escalalipn of 30% has been allowed for to cover Lhe duration of
the contract. This is considered reasonable for ihe current
economit itrend in limbabwe. The total estimale of I$343 wmillion
is as at November 1992 and is equivalent to U5 $63.5 million., For
censtruction startine in June 199%, ke orojeci cost is eslisatled
at US$74.2 million, Anv furiher delay in the comeencemeni of
works »ill resuil in‘the cosl increasino by aboui 10% per vear,
uhen given in U8$ currencyv.

0.2 UNIT CDST OF WATER

.Ensting'hﬁs'beén dgelerained using a 40 year redeaplion
period wilh 93/4% inlerest rales

TOTAL CONSTRUCTIBN CDSY S $ 343 000 000

INTEREST AND REDENPTION AT 9%/4% _

OVER 40 YERRS o= § 33 443 000
ANNUAL DPERATION AND NATNTENANCE - $ 300 000
TaTAL ANHU&L £OST = $ 33743 000
ANNUAL DAH YIELD : = 80 X {oﬁm3
THEREFDRE LOST OF HATER = 26 88.8071 000n3

This represenis an increase of about 193% sipce the
feasibility report was written in 1987. The increases can
be atiribuied io

{i) \he rapid chanoe in the Zimbabwe econoey mhkich has
resulied in a very high inflation rate and

{ti} Chapges in desion after Lhe resull of the.geolngical
investioations. :

11, CONCLUSIGN
1i} The area below and around Kudu dam has great agricultural
potential. The eaijor plantation crops in this area beino
coilon, maize and orowndpnuts. These crops are aol only

major crops for dopesiic consumplion, bui are alse some of
the chief exporl cvash crops of Iimbabwe.

187...
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(i1} Zimbabwe has a greal potential of water resources. of which
only a small pertenlage has begn Lapped lo dale. When
buill, Kudu dae will be ihe largest earth dam in Iimbabuwe

“and will have Lhe second oreatest sivrage capacity of all
internal daes. after ihe proposed Hukorsi Dam.

‘The construction of a dam nf';his‘mégnitude will therefore
g6 a long way in Lhe guesdt of trying to-tap the full
polential of the water resources of the country, and enable
oreatly improved levels of asoriceltural produciion in the

areas downzirean,

DESIGNS DIVISION - DEPARTHENT OF HATER DEVELOPHENT

ik
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