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PREFACE

The Report on the Survey of the Awash -diver Basin comprises the following
volumes:

Volume I Gener1 Report.

Volume II Soils and Agronomy.

Volume III Climatology and Hydrolo.v.

Volume IV Water Storage and l'ower Development.

Volume V Irrigation and Water Planning.

These velumes are all issued on the authority of the Special Fund of the 'United
Nations and the Food and Agriculture Organization.

Volume I is a comprehensive Report covering concisely all aspects of the
Survey, and setting out the conclusions reached and th2, recommendations made.
It is wholly prepared by FAO. It embraces and is based on the contents of the
other volumes.

The other volumes were all drafted by the SubContractors, S.O.G.R.E.A.H.
of Grenoble, France, who carried out the main work of the Project. They have
subsequently been edited by FAO. Each of these volumen in its mor.e specialized
field provides and analyses the relevant data, discusses the results, and sets
out the conclusions to which they point. The discussions in one volume of course
in various respects have reference to and deLend on the discussions in other
volumes.

The scope of Volume IV, as will be seen from .116. Table of Conte ts, covers
the following:

Water Control for Irrigation the rroduction of
HydroElectric Power Potential Sites, and the
scope of Studies Recuired.

II The Potential Diversion of flows frcm the River Meki
into Lake Galilea, with a oreliminary estimate of costs.

III The rejulation of the flows of the River Kesem, with a
Preliminary estimate of costs.

IV The regulation of the flows of the River Kebena, with
a preliminary estimate of costs.

V The regulation of flows of the River Awash at Tendaho,
with a preliminary estimate of coSts.

The information contained in Volume IV, and the conclusions reached, are used
in the discussions contained in other volums, notably Volume V.

Rome 1965.



4CONOMY CONSITATIONS

REV:1;.1i OF PLANT AND EqUIPMENT

DEVELOPING T

CY)

Chapter I. CONTROL 0 ATER RESOURCES AND PRODUCTION OF HYDROELECTRIC
POWER

WATER STORAGE A1P POWER DEVELOP -PI:

Reducing Lossaa

Selecting Advantageous Timing for Water Use

Matching oupplies to Demand

IV. WPRLSING THE .,(12.,(77T.IISS OF THE KOK DJSIllirOIR

IV - 1. Proven1;ic: c Evaporation Lose

IV - 2. Prevention of Seepage LoSses

IV 3. Silt Control

IV - 4. Improvement of Average Filling Conditions

IV - 5. Onn7,tion for Turbine Loses

OE TR POTENTIAL OF THE AWASH :91-JJ.13

T ES IN THS AWASH :',-JAS:CN

VII - 2. Keaem

VII - 3. Kebena

iba Samuel

Koka

Schemes in Progress Iwnetre from Koka

IC REGULATION RE

Power Production

Irrigation and Flood Protection

Princinles Involved in ther Control

OTHER D BU11 POSSI

DM SITES ON Ar:

VII - 1. Art Dims



TOPOGRAPHICAL CONSI»'

U.

VII - 4. Awadi

VII 5. Other Tributarios of the Middle

VII 6. Mile

VIII, DAM SITE'S ON THE AW.LS7 Trps71'7

Mount Dofan

2 Dabita Al,

VIII 3.

VIII 4, a the Chaleka and the

VIII 5.

VIII -6 t;ream from Lake Abe

IX. rESTIGATIONS

Topographi cal Surveys

2. Cological Conditions at the Sites

IX 3. o and Civil Engineering Investigations

Chapter :T., DIVERS:0: FTOFS FROM TF.E RIVER KEKI TO ',Ala GELILEA

07 ANNE'L

Page

19

20

20

21

21

21

22

22

22

23

23

23

23

24

25

25

25

27

27

29

30

30

31

31

32

IV, HYDRAULIC CONDITIONS F TEL -ERSION SCHEME

DANGERS OF TEE u?ER: PIOICAI.PrION6 REqUIRED

SCREMATIC DATA IUR

:MARY COST AND

VIII, USE 0

vII 1. Power Production

VIII 2 Mpment of Irrigation



IV.

II - 6.

EHOLE AND TEST SURVEY

III - 1. Description

III - 2. Geology of Fou 0. Ai.0

II/ -" 3. Alluvium R4 ounAssanc:_.: Survey

III - 4.

III - 5. Reservoir Boundary Formations

III - 6. Conclusions

naissance Work Program

Permeability Measurements

of the Hillsides

II - 3. Geolo 1 Conditions of the Alluvium

II - 5. Problems

aesults

Abutment Areaa

..-p ULIC SURVEY AND BASIC D -T,TS:f.ON5 OF THE SCHEME

Cha rIII. REGULATION OF THE REGIME OF THE RIVER KESEM

PROSPROTION FOR DAM SITES AND TOPOGRAPHIr T SUR-

II, TJll(E CEOLOU':: SURVEY

II - .. oioe of Dam Site

II - 2. Geological Conditions

II - 4. T Oonseuenoee

IV - 1. Limitation of Sto) .ge Capacity

IV - 2. Choice of Probable Flow Fi

IV - 3. Li- of the Reservoir

IV - 4. of Floods

- 5. Evaporatior m the R servoir

IV - 6. Irrigation Requi ts eBe

IV - 7. Electricity Gene tting Requ r. ate

IV - 8. Final Operating Calculations

IV - 9. Size of the Power Station

IV - 10. Sunply of Po r to Irrigation

IV - 11. Insation for Flows T' the Turbines



Watertightness of the Reservoir Basin Around the Dam

Type of Dam

Layout of Appurtenant Works

Grout Curtain

Reservoir Capacity

Flow Cycle

Life of

Flood Flows

iv

V. OUTLINE PREJ=VARY DES

1. Cto cnt Slopes

2. Bed of the River

3. w tertightness Near the Dam

4.

- 5.

- 6.

- 7.

- 8. Summary Cost Estimate of Works

9. Conclusios

phapter IV. REGULATION 02 REGI OF THE RIVER KEBENA

I. CHOICE AND TopooB:::.L STUDY OF A SITE

CEOLOGICA1...1.21GO-JJHAIS LNCE SURVEY

II 1. S',..,ructure

II 2. Volcanic Series in the Gorge

II 3. Old Alluvia posits

II 4. Recent Formations

II 5. Tectonic Structure

II 6. Foundation d Stability of a Concrete

II 7. atortightneso Around

II 8. Watertightness of the Rese

II 9. Program of Borings

III, SHORT HYDRAULIC STUDY OF THE RESERVOIR

a e

52

52

53

53

53

53

54

55

56

58

59

59

59

59

59

63

63

65

65

65

65

66

66

66

67

67

67



IV, OUTLINE PR LIMINARY oIGN

Evaporati,

Operatia& Ca).Gulations

Size of'777 P4tation (first solu.tion

Choice c- Type of

Description of the solution)

S.L:Aary Cost Estimate of Worka

Conclusions

v

Chapter V. REGULATION O. AWASH FLOWS AT TENDAHO

I. IMPORT2ITICE OF TILE TENDAHO SITE TOPOG C FEATURES

SURFACE GEOLOGY SH

II 1. Structure of the Region

II 2. Vcanjc

3. Recent . . :.ary Formations

II 4. Tectonics

III, T9c71 T(IL GONSFDTIT'rr"T-' FOR THE PROPOSED STRUCTURES

III 1. T Darn

III 2. Secc Structure at the Tendaho Saddle

IT 3, The Reservoir

IV. 'IMPUISSANCE WORK PROGRAM

1. Rightbank Hill

IV 2. Main Si e

IV 3. Tendaho S,

IV 4. Upst e 1weg Saddle on the

IV 5. i al for the Main Dam



V. BC-J-.0"1,E5 r.:ESTS

vi

VI. RTDRAULJC 0T:ERATIO:4 OF jHS RESERV0:cR LLTDDIMEBST.OITS_OF
STC-17R-05:1-1 00Tharp-61TTIT,MIT

VI - 1. Present Water Supplies Ava'lable at Tendaho

VI - 2. Probable Water Supplies JYer Development

VI 3. Ri of Silting in thc trL o Reservoir

VI - 4. J oir LOS388 to Atmospe.

VI - 5. ,,,Luaities of fA,0,01 for Irrigation : --7ements in

VI - 6. Additional Volumes of Water Returned to the River

VI - 7. mination of Live Reservoir Storage Level

VI - 8. Reservoir Operation Tables

VI - 9. servoir Salinization Risks

VI - 10. Aows

VI - 11. Hydroelectric Power Station Dimensiona

VI - r rbine Flow (.,,xipensation

VII. O3: . IMINARY DAM A;SIGIT

VII - gn and La.,;ut of Structure

VII - 2. Grout Curtain

VII - 3. scription of the Sumary Pre yout

VII - 4. Summary Structural Cost Estimate

88

t Outf o- 1.

- 2.

- 3.

- 4.

- 5. G

- 6.

- 7. Tw piris

- 8. Conclusion

dial Between 01277ows

y Formationsssanc( f Recent

Measurements

2oundations

82

83

83

83

84

84

85

86

90

93

94

95

96

96

98

103

103

104

105

105

105

106

106

107



vii

VIII. ANTICIPATED EFFECTS OF THE TENDAHO SCHEME

VIII - 1. Beneficial Effects

VIII - 2. :i.71e Adverse E:7

I. PRELIrTT'A oTDGICAL ;CONNAISSANCE SURVEY OF THE AWADI SITE

OTT COSTS CONS.T.PEREO gar, TIN SUMMARY COST ESTITIOTE mOR TT-17

':-.,TRUOTURES_ _ _ . .

SOILS MEODANSCS r,:'ESTS OK Al ALLUVWn SMAPT,V FRO(1 TEADATO
S.0

Fr -TES a HE TEXT

Fi:. 8.

Koka Reservoir O:. :7-cteriE,

Mean Pa113! ".0schF,rge VPrilon o-Tor nlii;17.0
07.7 tho Aurl.sh from Ko17.. to Her'Galo .7).7j.3y Noall irs.rja-cop

o 7oTum,: Lhrouh Trvb1nes c-yi; VO7Q?:

-tation Gorges

and Hydro-Pow

of th -ay and Gelilea

a Di

ow Dais Site

Si te

Fig. 9. ._raphica1 Yap c Reservoir Kebena
Geological Survey

Fig. 10. Tendaho Dam Site : Schematic

Fig. 11. Tet:1:. Dam Site : First Geological

Fig. 12, Dam Site Second Geological

Fig, 13. Awadi Dam Site : Geological Sketch

Fig, 14. Soil Mechanic Tests Tendaho Dam Site

'e

6

12

14

17

26

28

34

60

62

o ogicaT cross-section 74

11r,'

110

110

112

114

116

86

87

115

117



LIT OF PHOTOG:224S

Pam

Kesem : Upstream Dam Site 35

Kesem : Downstream Dam Site 39

Kesem : Dam Site Abutments 40

Kebena : Dam Site - General Views 61

Kebena : Dam Sito - Abutments 64

Tendaho : Dam Sito - General Views 76

Tendalo : Dam Site - Abutments 78

Tendaho : Dam Site - Particular Features 79

Awadi : Dam Dite 113



ix

1.

MAPS AND DRATINGS

Meki-Gelilea diversion Sketch of main control structures

2, Kesem reservoir : Topographical map

3. Kesem damsite : GeoloiTical Survey

4. Kesem damsite : Borehole profiles

5. Kesem damsíte : Cross - section

6. Kesem dam : Solution hollow dam. Main dam and secondary dyke

7* Kesem dam : Solution hollow dam. Yain dam elevations

8. Kesem dam : Solution hollow dam. Main dam sections

9. Kesem dam : Solution rockfill dm: plan view

10. Kesem dam : Solution rockfill daJ11: upstream vieW and typical
section of the dam

11. Kesem dam : Solution rockfill dam: longitudinal section

12. Kebena dam : General arrangement

13. Tendaho reservoir : Topographical map

14. Tendaho damsite : Borehole profiles

15. Tendaho damsite : Cross - section

16. Tendaho damsite : Geological Survey

17. Tendaho dam : General arrangement

18. Tendaho dam : Detail of concrete works

19. Tendaho dam : Sections



COT:O 1T J1 i.CS AND PRODUCTION OF HYDROELECTRIC POWER

The elima,te Ld. hydrological investigations d12c.n.13s.;,d in Volume 11.a.

Established the basic oaterv.6 of oater es an essential faotor in the sb River
:resin, These pattonuo, thoueh still partly governed by natural oonditions, c0?0
stronziy inCluenced ty :Igenoles, espoA:ially 1,11 th Uposr Basin. The trend 'ho-

wards the control C' resoofcas 1E, certainly azoected Lo con.:,inue and, it is
hoped, uader a rotional plan for .Lie 1129 of ,,,he uater. Its economically efloient Use
deponds oa (i) ei.:Acient1;/ reduo-inl loases 5 (2.1) odnaivtageous Liming of (rater use
(iii) scouring addli,loni durin6 shorages ; and (i-,r) a-Lohinc: sapolicis Lo
demand.

I 1. 1 "ne:, Loss s

The hydrological ,iureys shou ;,hnt the no oral water 10S2 maialy
evaporation from o;ion ro Ger ourfacos and marshland Two forms of preventive actic. .

Ao be considered ar6

(i) Limitin ecaooration lossA,s from ar GifioioJ. reservoirs by buildimg the
duna tr., suoh n Icight that the proporticn (cif sbellow natei reas nemains
reazonable e-Ten o.t ma:,.ionma storago level, and by so framing the opel'e_ting
rules 611e,i durotion of ML1:_!.MUIll storage periods is LeoG strictly '1,o

t)in minAmum.

Reducing marshland and flood areas to a minimum by controlling the -elver
flows (discussed in this 7olume) and also by appropriate flood protection
and d,Ailia:ge arrangements (disuussed in Volume v).

*o,ssos ln exoressed by °irrigation efficiency'
wIll be reduced by G ea teohnioal nrrangements and operating standards discussed in
Volnqw V,

Ilater case creas i,e., irrigati( selected and their bounda-
ries defined ch000:011,:; tO 1;he ouallty of land and th.. and proximity of
uater enloplLe uolA as rural development prospects ah facilities.

In partioular lqAter uoasumption tn a:',poo-Gea '60 5,a(.29e.se in the Upper 132,cin,
whero more supplico uill henostied Cor touns, pars, ryci\wt,e and market gardons and
orchards, and for ircigation as a means o; controlling farmland ecosion. These
asnocts of water uoe In the A-trash De,01P d]9OUSSOd 10 VuloMe

Tho aeod for rn annual calendar of water use arises mainly because monthly
roquirements o) nater over tha .4aricu8 of the bacin are staggerod in
tim, .:.nd JO balance out Go oomo o.7toht. This is discussed at the end of -Volume
The ' must also 20). the 1C,ghest peras ibis g-uzranteed electricity
production, Ta volnme ,clates this question to large ai-tificial reservoir
operatioo,

Attention has airea
an adjacent satc.1»

' into t

I 3.

drawn to the possibility of diverting supplies from
rash Valley.

The uhole pioblem L L hydraulic re -.11 ion by big clams hinges on this question.
As the thome of thJs Volume, it is discus A unde2 iYe Aain aspects of :

I 2. Use



sfying 6he irrigaticn uater requiremento for azrioultural dovelopmt;st; and
11) securing the Ph-L-1mm bydoelectric power poduction- The potra is (1) n.;ener-

al revie-a of e.ructin.6 plant and equipment in the basin (1i,) a determination of its
effesimveness so nato est-Iblish new re-luiremenls; and (111) a complete review of
hydraulic regulation possibilities.

OF PRESN AND B,411T.Pi

This is limited to two exclusiv- po. -production plants : Aba Samuel, a
comparatively small plant which has existed for a long time; and 1,he much bigg.er Koka
plant now in operation, and its immediate downstream extensions undor conEal.nction.

II - 1. Aba Samuel

The first rational use of the hydraulic potential of the Awash Basin followed
the completion of the Aba Samuel dan on the river Akaki in June 1940. Its site7 some
30 km from Adis Abeba, was eminently suitable for the capital's initial electricity
requirements.

dam, a masonry si,ructuo. as a of 25 Lad a ,Ailume of 40,000 m3.
It supplic. th,: poner station in the Aaki via 1, a peri .tooli head tank
and a num.h:a of penstocks. The chief features of this pl-nt, which is still in ser-
vice, are

djsoharce 250 - 300 hm3 annually
Total. s'Gorace 65 hm3
Net 95 m
Installed output.................. 3,250 kVA
Guaranteed ontout......,.......... ,750 kV
AVe,y.so p.roduc GWh/year
f.oL710. 55 %

Improvements under consideration for a fuller use of the hydrological and
topographic.i.1 features oC the .11,:aki are : (i) raising the fil:Ci.3-0.17:2; Jam to inc7easo

its storage capacity to about 200 bm3; (ii) proq-iding a pnuer station at the foot of
dam; and (iii) umng an additional 55 m nsWral fall immediately downstream from

the present power piant.

By these combined improvements. 1,110 producLivity of t" .- plant could be
increased by 00 GUb/year. Thcy R,rs noL, houeve: p-171WVViq t the Etniopian
E!ecc Light and Pouer AuthoT.Ity's OELPA) -ofoLim, ;;bich s i o a preference to
conceutrato on tho Koka scheme.

II - 2. Koka

Tbc comm ,siol:ing of tho Koka plant, Lwash 11 1q60, a.fter prolonged sindies
and desion work, marked the rkrst step in Ghe control of 'the laue-. Awaoh. The dam lo
o conc,retc isravity- structurE,, :bove che bed, uherc il is of tbe butt-Kess
type ath four gated spillways (neci;o,' ,;atos). ") measures 450 m alunc; 16s cvect and
T1SQZ to e. ma.::imum height of /2 m. Tt features a bottom outlet and a irate". iutaLo

Qt.:0:11001re, The conca plan t i snppliod vla .01vee 305 m Ola, oe'fio3?,-- each feoding

a vc7..ical-shaft 17:-.0voL5 uhi io, Th(: Loha renca crOl i Lnoan Celilear. lies

In a o i.d.e co the uest boyoad Pie, tiidamo road,



Particular for this first major Ethiop:;.aki hydroelectric scheme are listed
for reference. 6ome of the data, especially hydrology, still await exact confirmation.

Catchment area si c boo"."aeommeto e
Mean river disch:e:
Min. and max. dischH::ge recorded

between 1943 anC_ 1960.............
Total storage........................
Available etorage....................
Reservoir surface area at maximumstorage.....0000O00000
Aean specifin evaporation rate at Koka
Mean poss]ble turbine flov...........
klominal flood
Freeboard to absorb f1oodo...........
Geometric head range.................Installed output...................
Guaranteed output..................
Mean
Load

Flows discharging f2om the Koka dam arc fully regulated for power production
and are thus available for Curther use at the natural falls downstream where the
Awash enters the Middle Valley. For this reason EELPA is now putting into effect
two projects

Av'sh. Ii2 comprising a small
M-3mmedial.ely downstream f

to anel), a diversion charm 1
the thalweg collecting d
long tunnel to be driven i the

11,000 km2
1,535 hm3/year

1.5 m3/s and 630 m3/s
1,840 hm3
1,660 hm3 (between 100.30 m and
110.30 m)

236 km2
1,600 mm/year
42 m3/;3
1,000 m3/s
2.5 m above max. 110.30 m level
between 32 m and 42 m
54,000 kW
23,000 kW
110 GWh/year (lino lo, ,ducted)
55 %

m with a -.rater ?Intake (reservoir capacity
Bebe bridge (on the road from Na.7.ret

for overflows from the small reservoir to
,bLe Wenji plarctation, and a 1,870 m

_ bank to Awash II power station.

The power projne . conveyed to Adis Abeba (81 km) and Dire Dewa (337 km)
by two 132 kV transmissice ines. The overall cost of the schemes amounted to
ES 35,500,000

For the 0..cm and Dts equipment ....... ES 12,500,000
For the powei. station and ito supply

E$ 12,500,000
For the pc7777 t:-ee-e7,1,7.eion line ..... E$ 10,500,000

II 3. Wess DowAsream from Koka

(i* Awaeh III, comprising a dam and a reeervoir collecting the discharge from
awash II, and a 15280 m long tunnel to Awash III power station.

Overall characteristics for these double power schemes are :

Total net head 119 m
Installed output..................... 64,000 kW
Productivity............,............ 364 ah/year



Based on estimates made in 1964, the combined cost of the Awash II and Amash
IlI schemes is expected to be EZ 60,000,000. Awash II is expected to be ready in
1966, and Awash III in 1967. A third site of about the same size is to be developed
between Awash III and the warm springs at Sodere at a later date ash IV).

TTYDRAULIC REGULATION REQUIREMENTS

The Koka scheme and those immediately downstream already favourably affect
power production and the control of flol,o downstream.

III - I. Power Prod ction

Total electricity consumed in Ethiopia in 1964 amounted to roughly 125 GUll,
and consumption from 1960 to 1964 has increased at an average rate of about 15 G0h/
year. This is likely to increase in the next few years.

The Koka plant has amply catered for demanu not covered by other Ethiopian
power plante. Awash II, III and IV should be more than sufficient for the anticipated
increase in demand over the no:e. ten :fere, at least in their area of influence, which
is basically the developing-ec000my region from the capital to Nazret.

nd Flood Protection

Present knowledge of the natural flows in the Awash before the filling of the
Koka reservoir is based on data measured from July 1953 onwards at the old level
gauge on the road bridge by Lwash station in the gorge. The practically linear
correlation established beGpeen these data and those provided by the new Awash staion
gauge installed at a poim 3 km upstream from the bridge in 1962 (which has been in
regular use ever since) shows that

Before 1960, the lowest water levels occurred at flows of about 200 1/s,
so thEet the river esed to dry up completely downstream from the Middle
Valley.

Since the Koka dam has been in regular service (1962), the lowest rates
of flow recorded at Awash etation have practically never fallen below
30 m3/s.

The Koka dam makes it possible to use run-oP-the-eiver AlTash flows to provide
::ereuar irrigation supplies Zor the Aiddle V,aley plains. Without -oka, Lt would
(..eedy have been possible to ensure regylar iirege.6ion :Z'or a very small amount of ]and,
or, citernetive)y, to oractioe watDr-sp,reading during high-water periods, as is still
being done in the Asayita

Flood beahe formerb reewhvag about 700 m3/s at Awash Ste,tion are now attenu-
TAakimum -nows op abou 2.00 m3/s ,ere now recorded only Phen due to such mejor

ributaeies as the iohaOima.

Certain riverside (Ireas in ;he Middle Valley, and even the Wenji 14 in before
dyking, used to be regularley submerged before 1960, bu t ere now safe from flooding.
It le generally assumed that the several huddred meter pide band of forest along both
banke of tbe Awash has suftered frem tbis reduct?on in aooding frequency. Trees
are dying in large numbers along its edges.
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reservoir variation. This is given by the top line of figures in the table below;
the cecond line g:.ven the correaponding reservoir surCace areas (taken from EELPA
diagrams); the third one gives normal monthly evaporation from a large open expanse
of water (from climate data observed at Koka), and the fourth gives normal monthly
evaporation losses.

(km2)
EvRporation.

(mm) :158 126 130

: Evaporation
: loss , 34.9 26.7 26.4

109 171 194 156 175 149 128 152 ;4751

21,1 31.1 33.4 25.3 i 27,3 21.9 15.0 22,2 32.4 '317.7

The loss of an annual average of some 320 hm3 of water by evaporation is con-
siderable. It is equivalent to flow at a continuous rate of 10 m3/s, or about 30 GWh
of lost electricity production.

Unfortunately, no direct preventive measures against evaporation can yet be
rously considered. The development of suitable preventive methods is still at the
eperimental stage (e.g., non-miscible, non-volatile surface films immune to wind).
Th. 7, only possible action mi6ht be to reduce the total evaporation arca of the reservoir
(i.e., to increase mean'reservoir depth) with the reservoir operating conditions re-
maining the same as before. As evaporation is certainly more active in the shallower
fringe areas, which re less apt to receive fresh water supplies and, therefore, more
liable to -Farm up, they could be profitably eliminated from the reservoir. This idea
lines up with the one mentioned in the erosion study; i.e., sacrificing the shallowest
marshy part of the reservoir upstream from the Sidamo road and reclaiming it by warping
with sediment-laden water from the Awash and Mojo rivers. Before undertaking a syste-
matic warping program, much could be gained by iso/actnG these areas 1-7ith comparative-
ly impervibus dykes, so as to stop any further regular inflows.

IV - 2. 7tion of See o

Appreciable ter looses observed at Lbs iniial filling of the Koka reservoir
showed that the basin is not completely imporviou. Some losses are obvious down-
stream from the dam in natural °funnels el, the 2oot of the right-bank wing dyke.

Tn a depression al;; right bank of the river about 2 km below the dam,
there was a very hot spriu (IAllbula) before the dam was built. Not only has its
dishar j.ncreased since th -Ailing of the reserToir and itn temperature dropped,
but se-Tral new springs have also appeared nearby.

A5 Oao areas in which these losses of water occur are scattered, direct measure-
ments of 1;be total leakage rate is a delicate matter. An indirect assessment is pos-

162 156 147 148 173 213

uam gauge
level :109.30108.75 108107.6!5!107L0106.40;105.80P5.40;104104.85.10645 8.80

roadinc;

ulTater surfao?:
aro:221 212 203 193 182 : 172



sible, by comparing the total inflows into the reservoir with its total outflows (tur-
bine flow + evaporation loss). This is done in Volume III, and shows an annual leak-
age loss of about 400 hm3. Its exact value apparently depends on the mean water level
in tde reservoir. The mean leakage rate thus amounts to 13 m3/s, less than half of
which reappears between Koka and Wenji. These estimates show how serious the problem
is. The losses alone represent a lose in potential energy production of around 35 G h/
year for Awash I, and twice this amount for Awash II + Awash III.

Leakage observed at tae foot of the wing dyke may be traced to a fault along-
side the full length of the eastern reservoir edge. It may be due to erosion of more
or less pulverulent volcanic ash, directly above the fault, of the type also observed
in the escarpment rising above this particular area Closer study of this problem
may suggest a grout screen of some appropriate material as a possible remedy. This
might not be a simple operation, as there do not appear to 1717 any suitable impervious
formations to which to join the bottom and sides of the The springs further
downstream are much more difficult to explain without a sye%ematic survey.

The bottom of Lake Gelilea ie a very thick clay deposit of lacustrine origin
overlying a thick tuff blanket. A pervious forma-tion, generally consising of fis-
sured lava, i5 only encountered below 50 to 60 m depth. Since the deep hot springs
formerly in the basin must have broken through the impervious top formation, water
from the reservoir may be finding its way down these passages, mixing with the warmer
water at depth and flnally reemerging with it in the springs' area. Tests with aye
might show whether the passages in the bottom of the reservoir really communioaki
with the springs, or whether the increased discharge of the latter is due to come
other cause. Temperature measurements and chemical analysis would also produce in-
teresting information.

Other investigations to be carried concurrently with the above would be
(i) further surface inspection and borehole surveys to complete present knowledge of
the geological structure of the springs area; (ii) the study of water levels observed
in the boreholes, and the uso of piezometers L'o' determining the local ground water
flow conditions; and OA' further flow gauging operations to establish more reliable
spring discharge data.

IV 3. Silt Control

The origin of the solid mateeials depositing in Lake Gelilea are mostly the
Awash itself (a systematic sediment load measuremenT program has been in progress at
Melka Gorge since September 1962) and the river Mojo, which discharges directly into
the seservoir. Measurements at the railway bridge gauging station have been eupelyin
sediwent load data for tne Mojo since August 1962.

Despite its size (2,300 km2), the complementary catchment area above Lake
Gelilea only features steep slopes in a small part of its area and is only drained by
small streams. Its sediment contribution can be neglected for initial Analysis pur-
poSes.

Full data for the /r,ellza Gorge and Mojo gauging stations are covered in Gbe
hydro1o6ical surveys discubsed in Volume III. These suggest that the total quantity
of sediment brought into the reservoir during a normal year must bo less than
10,000,000 tons. Thus the problem or the useful working life of the Koka reservoir
is not nearly so serious as had been anticipated. Even if the full quantity of sedi-
ment were to settle out permanently in the reservoir (under prar:ent operating condi-
tions, the water seems to discharge clear for most of the time) e :everage annual



stor,-.: :!os s would Iount tn about 6 hm35 1,c., 0.P, cf, .of the total st,ora,ge oa-

pe,(A.P. thin rae, bbe '?csor;ro).:' ).:on3d taU niDou 00 yoars to silt np compleoly.
hover, be sedimoncotIon process in voobab3x such that the fine' mater:alc

nottlo ()au in hootal loyer-; in the dee-oect part of the roservojr, Ile02 '6he dam.

Tho materielfz p;:ocumably short15. af.c,er enteria3 tho 70ROV017,2 and,

auo '60 the E.,halloIr bod slope i.ì tbo lattex- (about 50 om/km), their deposit MIIWt, oaly
build up ve4 slon1N 0.owunteam. Tbongb no ay.co-o.t,ionaJ inflouc ho:u-o been experienced
al preselit, the ts 'co ensure Aormal fiJ J.n, of tho reservoir) it may be

aocesso)7T to dlochrgo some of the -,7a.ter dotrustream withom passinG it throu3h Lhe
ialxbiuo,,,3. 'Obis -,hould be deuo, -_.a the bobcom ou'Oet so as aleo 'co flush out somo of
tho r,cdimon.;; at the ZPOi; of G1V_' dom.

_lthough erosion cootro] measures are difficult and take a long time to be-
come :2ffoovve, is hoped. tha b a general erosion control program along trio lines
diceusok,d in Voltuu: :c rrilJ, b'egin to pyoduce rosulGs after a few decades and help to

,rit loads carried by the rivers.

Thc already mentioned idea of deliberately accelerated warping of the marsh-
land upstream from Lhcs Sidamo road by 'uotal diversion of the river Y,ojo is also a
means of direct sJi it control. The Pojo nolr spreads out over part of this area
through its natural buL N/tes aad some eartb-moving worM will be needed to
divert all ite floocA from the deeper ()arts of the reservoir, The most urGent re-
quirement, however, is a study e.L' cponenk sedimentation conditions, with the assist-

ance of EELPA. It L.hould be (-acy 'Lo or3.auise a.progTam c) survoys by depth--

HouJ3dov. ab say i-outdar intoinaJ-,7 Ci five -,yeal-s so as to establish up-to-date cua-vo
of _ceser-7oi2' aveas 2,nd capacties agalns r oacr lud also to assess the
vcog-,..oss 0i sediment depositon, j,e, to compare voi_o,les of sediment j.nflous and
doposi.LN, and to loeatt, theso d:apesits. The implomenttioll of thts progTa depends
051 rcliablc Doefaratozv topogfaphjoal suvvoys, and ecp,,,cially OD the settinG up (,17 a

geodet:to suT.7ey ma:»:c avouad the 1?ae.

IV 4. ,a,nt of lling

loke 0,e1A1,7.c2 has not been ft3iia3 up as rtomuleely as had been anticipa'6ed.
The lello-JinG p01.0 LO ome,:ge from the aator J,ernl Tariatiea ploLs produced el.nce tbo
dam von,: icho scvr'3e

(i) The 'er level during the yen': (4,5oaeroaly from late September
to late ) and the lowest water levc1 (late June to ear17; Jul;,r)
increased 2p r,ably between 1960 and 1962.

The )-ose.7:.voir level has fluctuated around an average level of 107 m
Dillue 1)1A20

(iii) The dam rniiJ,:rn,n has noi; had Lo operate onco in.four years
(seilliaG le,Yol 130.30 m), and the top tenth of the storoze J
i.e., about 130 1m3 - has neve). boon ueed.

'che laot annual cycle, the mean monthly volume of water through
tbe tuJ71DIneo cc' e;: reached 100 hm3, This ie equivalent to an average
'11017 uJ2 ml/s ins-6cad tico 42 m3/s provided for in the original

(v) Er1712s,,,P1c annu,-J uroduotioa au Kol:a haE asver o::ceeded 100 On, evoa
.c,he i,acic 'neorcled cycle (No-,-ember J963 - Oc'Gobor 1964), whereas a

p)'oductIon 11.0 C;Uh un ir onccnallN el:rectod aftor_dectuctin
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tbe day. Except for the month of May 1963 wher te demand was exceptional, the quanti-
ty of saor through the turbines seldom r 1. .5 hm3 daily. The capacity required
for daily compensation works out approximately at

. 1 hm35 n 5

The graph, however, shows that a discharge fluctuation damps out progressively
as the wave proceeds down-river. Horeover, irrigation demand at a compensation si te
upstream from the Liadle Malloy will tend to soread out along the time scale (compared
to the u'rigation sohedule on the greph), because the i.mes taken by the oupply flows
to reach the various Irrigation areas down-river will be dirfferent. Por both hese
reasons, the daily sompensation resorvoir capacity seems to alloy a wide safety margin.

Second type in a weekly modulation, which shows a drop in consumption on SWO-
days, when the turbine fl"Ou 1; only 70 % the average daily flow over the previous
six days.

Thus, to ensure f o,r> uly distributed over the week in the Awash downstream
from Koka, it would be neces to provide for an additional capacity equivalent to
about 4 of the weekly flow t.. ough the turbines. This has so far amounted to, at
most, about 35 - 40 hm3 (eT:oept in May 1963). A capacity of 1.5 hm3 is thus sufficient
to ensure compensation of turbine flows during the week.

Third type is monthly modulation, which does aot occur according to any evident
law, as can be seen from the monthly turbine flows plotted together with Koka reser-
voir water level variations in Fig. 2. its caeuaJness is similar to that of the in
flows downstream from Koka. IA assessing methode of compensation from one month to
those following it, therefore, it is better to consider not the flows passinG through
the turbines at Kol:.a, bu t those in th e »sash in the arca in which a compensation dam
is desirable; i.e. near Awasn Station. Tbe flow data "A" to consider, therefore,
are those recorded at the 1:.wash gorge gauging station, from 2eptember 1962 so October
1964.

The recorded flow values "A" indicate a critics) pertod 17YOM December 3962
to March 1963, during which the flow was lowest. Yet, for forecasting the probable
J:nture flow of the river, present values "A" nhould be further reduced to account for
an lnol'eace limited to 50 hm3/year in the water consumption in the upper roaches of
the basin, which is liable to follow the ropid oconomit; development: and aleo to
account for the oo consumption of water for irrigation purposes in the ffura-Era
Uotehax.a region, whore the total development e.rea may be .Len;;atively eetlmated
about 15,000 ha.

The esticd amounts of cumulative ato consumption "B" to be deducted from
the currently meassrs flow, are shown on line 2 of the table

7.2r 1.) (1962)

59.5

" J (1963)

68:A (hm3) 80 63 104

:B (hm3) 15.5 25 23.5 23 1805

:A' (hm3)

0.8 bd (m3/ha)

64.5 3,105 44.5 40 85.5

769 1415 1315 1270 955
: Al

(110-57o-1J GO, 000 24 500
: 34 000 31 500 89 500
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Line 3 thus gives the probable flow of the Awash A° . AB available in the
future.

BY comparing the .11_ A' with that e.7 "I ctare irrigation requirements
in the Middle Valley, and that about 1/5 ,io ayoljed Eer uill 1:1) draia0
back to the Awash (0.8bd), becomes possible to 0.7tLwate 'oheozio ma.7,imum oreo.
which might have been irrigaed in ha lUddLe Vally by eLlop13 di7ertiog al) the
Irate?: available in the ri',./er durin, the - - ovioa, Thee 171g1Jra0 'mA3 rpved oa
line 5.

The effective r oce ca.pacitie ::,,.cuired to compPnsate flows fi:om one month
to another during the critical eerlod are lieted lyeloï 5.0 relation to the ars,7s uhich
may be actually irrigated by each iven eapocity,

(0 An available st
ly costing as much 3

developing irrigatic.a in

13

These respite do not c,ppear to bae E,,ay general bearing at first sign'o. They
merely show the impossibility of supplying more than 2500 ha of land 11) the f,liddle
Valley dounE;tream f.00m Awash. Station vith water duriu the critical -period. °,:et tho
soil survey put ].he maimum crvor:E%11 amount of 17..r7.g.,ble land 11] the miacao Valley
belou A..Tash Station at 75,000 ha. E,ren dl.oregarding the eJ:k3A commanded by the Ke,7ow
reservoir, -chic still leaves 50,000 zo 55,000 ha of land 'L-;-rigable by tbe Avash0
compensation storago capaci-zN oi -foughly 100 hml uould thus :tave been nec,,-:onary
ensure adoquato supplies duriog the critical period for u] J. '611.e land irrigable e,:ono-
mically by ].be nuaah, Nevertbelece the fnllowing poinz:1 should be consxdore

e of 100 hm3 would have required o dam probab-
Kesem dam (350 11,13) and far less olYeove fo:o
e Middle Vallay.

The inflow shortes are uallEely 1,0 :COGUT ,711J.le Awash Iremain.:,' the
only hydcoelectri.o pol:er plant Ln service on hc Awash. as operatiolk
of the Kol.:a plan, will Ln autur::: become inereaslly regular iu mc.et2og
growing industrial demo_cld. OWODU Aw!,sh I rae alread,-) 2alily con-
tinuous from July 1963 oo October 191z much so that no compensation
would havo been reouiJr.ed throughout that niod.

Although suppli .,°,, 'Tibute. c:!1- Volley tY2ibutaries A,rbav
hocen, Kebena) , ;oad th:' i_ilations, they aro not entire-
ly negligible d g t.e Doce o 1 loeratee period.

(iv) Rill aovelopmout of the Niddlc Valloy airJo amolles .11.r,;_gatiol', fol.. tivi

Kesom-1:o1)e1a olo±Ln, ihicb deponds on the construction of the Kesem dem.
Regulation by this dam rill oonsiderably ..1.ffect flews un the )vtach,

-Area

2e1,,500 0
25 000 0.5
30,000 8
313,000 91,5
L10,000

45,000 59.5
50,000 82.5
55,000 103.5
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Although these points are reasons for deciding against a compensation dam,
it should be rea]ined that a particularly severe succension of sub-normal inflows
may cause operation of the Koka resere)oir to be restrioted aaa that overall turbine
flown may be reduced as Awasb IT, and later awash III, go into service, at least ehile
their additional potential production is not absorbed.

It appears prudent, lherefore, to keep to the principle of a compensation dam
th a storage capacity of about 50r000,000 m3. Its full benefit would not be felt

before de.veloping an apprecieble amount of land in the Middle Valley; i.e. 20,000 to
30,000 he.

7)een pointed out that a dam compensatin,f; for turbines flows from power
stations Jnpding on the Koka dam should be sited douastream from the natural falls,
though also nell upstream from the large Middle Valley olaias. The roughly 50 km
a3onc Anash gorge runnin8 from the last major fall (Gotu) to the ford at Melka Sedi at
tho entrance to the )1ains is a geographically suitable site. Typical structural
fcatucee: of Lbe gorge arc

Tall cliffs to either side of the river, becoming higher upstream.
From a height of about 20 m near Melka Sedi, they rise to about 80 m
at the railway bridge, and 100 m at the Awash Station. Below the con-
fluence with the Arba Dina, the gorge 7,.s nearly 200 m deep. These
features are eminently suitable for a ervoir of substantial capacity.

The width of the gorge : from only about 100 - 150 m wide uith near-
vertioal sides over its initial 25 km downstream, the gorge then
suddenly opens out above the railway bridge to a width never less
than 500 m and frequent)y exceeding 1,000 m. This points to a site
near he ralluay bridge, where the gorge is about 80 m deep and
roughly 150 m wide across its mouth.

The only topographical surveys carried out so far are a few levelling runa.
The results are shown in Fig. 3. Though fragmentary, these data enabled reservoir
curves to be plotted /7or a Jan across the Awash at the railway bridge. They show
that a dam about 40 m high ohould store about 50 hm3 of water. This Jam site is
mentioned only tentatively, its technical feasibility would depend on detailed
topographical eer7oyn and hydraulic, geological and civil engineering investigations
well outside the restricted scope of the present project. If necessary, it could be
included in a second investigation phase.

In July 1964, a set of four boreholes I was sunk in to obtain additional
information on the possibility of building a road bridge across the Awash immediately
above the railway bridge. At the 810 m level 40 m approximately below the railway
bridge, all four boreholes ran into a bed of basalt in sound condition over most of
its depth. One borehole penetrated this bed to a depth of 30 m.

If a comparatively high dam should be found technically too difficult or too
expensive to build, the only remedy would be to lay down a form of compensation for
operating the chain of power stations dependent on the Koka dam. They could be made
to discharge volumes which ensured that the flow in the Awash at its entry into the
Middle Valley never fell below 70 to 80 hm3/month (i.e., 27 - 30 hm3/s continuous
flow). For example, if it had been necessary to irrigate all the land in the Middle
Valley from November 1961 to October 1964, the power loss at Koka would have amounted
to about 15 ah, whereas the total production for the three years was about 275 GWh.

By de Leuw, Cather and Company responsible for des the Awash-Tendaho road.
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An important question is whether it might not zubsquently prove difficult for
the power plant to accept program chen6es requested by 6hird parties.

V. DEVELOPING THE HYDROELECTRIC POTENTIAL OF THE AWASH DOWNSTREAM

It is advisable to harnac-,1 all the natural falls downstream from the Koka dam
so as to make the most of ita , ting action.

Downstream from the Awash IL [II on6 IV projects i.e., below the hot springs
at Sodere the Awash still features fallEI an4 -,:apide all the way to Melka Sedi, where
it finally emerges from the Auash StaLioa ,orcP, The bed level falls from 1,345 m
to 748 m along this ]70 km stretch of the river; i.e., an overall level difference
of 600 m and an average slope of 3.5

m/

km. The averaue slope of the Awash from Melka
Sedi to Lake Abe is little Oval: '/50 km, despite tbe a2astence of several irregular
river sections.

In view of the gross head it offers and the proximity of the consumption
areas, the section between Sodere and Melka Sedi is the one most worth developing
in the near future. Actually only a fraction of this gross 600 m head can be used
economically, but this is not surpr2Ding, An initial recennaiasJ,ace survey of the
hydroelectric potential of this part ol7 1:.e Awash Iras car)ed out IT a Yugoslav miesion
early in 1958. Its data hao sine been amplified by racoinoi samce surveys a7etatinz
GO the Project. Among the main :rindings uere a number of ye-cv uir fallo aloncLius
part of the river. Going downriver from Sodere, these are

(i) Era fall, about 12 m high, 23 km from Sodere just before Nura bridge;

) Melka Bokara fal:1 about 10 m hi,?.h 47 km from Sodere between Nura
bridge and Yel.ehala;

most imoortaut of all, a 20 m hjgli fall at Cotu 115 km from Sodero,
marl:lag the outlet from the Netchara plain and the beFianinc of AIT,,,7A1

StaGioii sod..
The available head can be quite easi:ly increased by a the

water level by a few meters or so and resulting in an effective anC 7tnexpensive pro-
ject of the type of Awash II to IV. Thus it ahould be possible to bring the total
head available for use at the three fe.tls 60 about 50 m. (To cai:.ie the level at Gotu

too much, however, might interfere w.lth '611e natural drainage of the floteha.va

There are several series of rapids between these falls. They could also be
developed for power production, but less profitably because longer supply tunaelc o.a
higher dams would be needed to give adequate operating heads. These rapids are

(i) in a defile ea:tending for 20 km Lo eiT,ber side of Nure DPidge, whichv
without Era all acido up to a Lross r:alt of about 55 Fl

in a 10 km long defile leading to the Metehara plain, in which the level
difference probably adds up to as much as about 100 m.

in the Awash Station gove, but their hydro-power pro6uotAon possibili-
ties are limited by the compensation dam reed. ,d Cor irfae-ation. The

most it might nawaasc ic bead o.0 about 10 m, c',6 the foot of the dam.
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therefor(:, shou7d ba poss2ble to harness an net head of
about 50 m by short-eieuTton,L;° sow) o!p10.2 in the Awash.

In the absence of large-scale topographical sarr-ey 1,1,7is is about as far
as one can go in defining the hydroelectric potentir-21 o Piir Dart of the Awash.

A pr0111-01.ncl,Py idea c07 the preductivity of these scfaemes is summed up in the
bi belowl based on the heads and on an tlow of 42 m3/s; i.e.,

sane as LA V.WLLI, once i u working to full cap0Joity, CompariE:on between con-
jttions in the Awash below L a and Methe.ra shows thEct the .ribut,Tries (Geleta
aad Ore.)--ol only afA"sot the A.7ash fl o e during '010 e1 nea6om. Thej contrIbue no

fCc,7 power oredion,

head °1--coduct2v-ity
(m) (Ohh)

150

13:,0,7,0E-Q1,1011 addii:ional dar eJl,es in the Awa.:,:h Basin is primal:211;v needed
to meet ir,.1:iat2en rev2rementn A,71 Jic Viddle ValJey and Lmiee PlaiLL.n. It has also
the seo,ondoxy ouro:..e uf enablw; amouai elecThciGy to be produced for
newl,v devai.olpq TRi;loo.s. This lirospertion vill ao-,; be colleen-led :7'611 the Uoper 3azin

of the Apash, but -,11.1 couctder 1-,be rIver iGsel.f (downstream '.(rom Aw-tsh 31.ation) und
thoso ,Jupplyi PL.;cha jrec beF: Tutu of water,

tr,.ntion has been dra.ws to C(',Val0 :-ace3 ill earlier survey:3, oopecialb by
the - mission 2)1 1953; o6bers uerc J7nund duri n 0.1e aexiea nurveyc t'cw
Proje, nurveyn vrera earied on se'qe.col of these si. tes, ,tnd at the two
con '70.2. red ths, mont promisinosem and Teudaho - hystomanie topo,,v0-yloical and coo-
lojioal we-ce unde76ahEn 01.11d pr,Tliminary civil ela,s,i;leerinj de si orepared0

mE221 r.or Ousn the 211,:asb ftor its elly
into iba TLidcble Valley0 sioes alead[ developed, in course oP devolopment, in-
vestigated or simply conodered are sbour in P1,3,

° Three downetreE sites - arst priority: 50 150

OT-JER DA1:1- POsSTJ.,-T7 ';16 N THE AWASH I

° Koka plant (Awash 1) - in service 36 110

.11-an1 Ij end III - under construoLior 119 360

0

58 180

Rapids - sceoild priority 50

TO T A 1.1 313 950
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VII - 1. Arba Dima

T-Th is the bigges right bank .6t-ibutary of the Awasb. Gauging at a point

about 10 above its eonflueace with the Awash revcled a total volume o;' about 336
hm3 co uring the annual cycle fom November 1963 to Ootober 1964. Its regime
is very uaevea, with low-water flows likely to fall as low as 100 1/c. (February/

arc) This tributary does not lead itself Lo rue-of-tho-rvver use of its
supplies. oi;orage Tiof3sibilities seem ver,y limatod. The bese paa't runs through a
narrow canyon, but the upper valleys immediately ustream slope steeply. No appre-
ciable aoatrol is possible over the flows but the dam p:,-oposed îox the Awash Station
gorge uill partly iron out flow ir,:egulori6ies caused in the Awash by this tributa-
i'y's flood peaks.

VII - 2. Kesem

This in the mont prolific tributa: of all, Observations at Auora Idelka

gaug-tng tion hOtWO,)11 All_Ma'6 J962 and October l964 showed en avoraze aonual volume
conveyed of,7 550 hm3, floos are oven mof'o irri;gular than 'those of Le Arba
Dima, :nth loatot .fews of less than 500 1/c, and flood flows o::coeding 500 m3/s.
Attentto was giou rtght f/.01q the cGart 60 regulating GtIls 'i ser, and a group ol7
sates -tto jdent)fiod rbout 10 km nu-rivef Ci.em iora Mel'7_ao chiefly be causo they
noemed suitable for erctJng a big dam gi-,7inc a storage capacity of 350 hm3 in this
section, which is nnfricent to egulate the river so as to meet the needo o2 regular
irrigatioti for almost 209000 As, of laad in the Kesem and TLebena plains. This dam
would. siso oroduce an appreciable amount of electricity. Because of the site's

cco9e e-na Fet of special studios ware carried out and a preliminary civil
eng-ineering design ore)ared. They are discussed in Chapter III.

VII 3. Kebel

The Kebena with its catchment area immedia ely to the north of the Kesem's
cannot ;7;upply os mucti qater (yearly aver,ge of 350 hm3 fnm Yovember 1962 Lo October
164), but it Loatcii,3s a dam si te likely Lo give 4 pacity of ove): 50 hm3
at n nolat 20 km unsteam from the river's uonfluence witIL the Awash. Doo of the
floas in the Kobens 12 no t ensentictl for the developing of the plain lowef down, where
the irrigation supplies from the Kesem alone would suffice. Any plan to use the
Kebena to supply other irrigation areas (e.g., Bolhamo) would create major difficul-
ties over channelling supplies to them. Thus it was considered pointless to investi-
gate this si Le as thoroughly as the ¡(osen site. Studies and their findin:_, on it
ae preseated in Chaoter

A further site on this river was observed at a point about 10 km farther up-
river (below the Kori river confluence), but the river section there is much wider
and the slope of the bed such that only a small storage capacity could be achieved,

VII - 4.

The first peanently flowind river farther down the Awash Valley is the Awadi,
which springs from the Termalt7 uplands. A small narrow section formed by a vol-
canic outflow was reconnoi. short distance up-river from the Melka Askwafen ford.
It is suitable for cr,t)cting a dyke of alliorial materJal roughly 350,000 m3 in volume
and 00L2.nc app_vomialtely E, 6,000,000) but the capacity of -the reservoir between
fairly high alluvial ;c.rracep uould not c::eeed 5 - 10 hm3, Thus, investigations re-
main at the preliminary )?econoaissaaes stage. &.i,.ologisal data are given in
Appendix 1.
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VII - 5. Other Tributaries of the Middle Awash

North of Debre Sine, the road from Adis Abeba to Dese crosses tributaries
in the following order : Robi, Jawaha, Ataye, Jara and Borkena. It follows the upper
valleys of these tributaries above 1000 m altitude, which are 'suspended' above the
Awash rift, with which they communicate by narrow abrupt breaches in the mountains.
Most bridges cross the rivers at the lowest points of these high valleys. Here use
was made of the narrowness of the river sections to set up gauginc; stations. Flows
at these levels are permanent and add up to about 800 hm3 in the y.,;E.Lr, half of which
comes from the Borkena. This is an appreciable contribution oí aer uo the Awash.

Uhat are the flows in the lower portions of these rivers; i.e., beyond the
Rift cliff T As the Project's limited means ¡nade it impossible to set up gauging
stations farther down the river, no more than assumptions can be made. It seems
likely, however, that these rivers must be supplying water to the very faulted old
alluvial formations marking the Rift piedmont terrace, for the superficial flow in
some tributaries disappears at low water condiulon. This results in a certain natural
regulation of the flows contributed by them to the Awash. The fact that the flood
flows must remain roughly as they are in the higher valleys justifies regulation.

The possibility of providing reservoirs in these upper valleys was considered,
and the narrow sections closing the valleys appear to be the most obvious sites.
Unfortunately, even low dams at these points would result in the immediate permanent
submersion of a lot of valuable land already under cultivation, or of land easily
reclaimable for farming; e.g., in the Borkena marsh. This idea must be rejected.
There are other sites higher up in these valleys, but they are frequently wider. What
is more, their basins are very limited in size.

Solely from the power production angle, several authors have drawn attention
to a possibility of diverting these rivers in tunnels through the mountain and 'run-
oftheriver' turbine operation, but this is unsuitable for local conditions, because
the river flows are liable to dwindle to a few hnndred litros/seconds, i.e., a very
low guaranteed pouer output. The high cost of tunnelling uhrouEh the rock woul6 not be
economic. It would be preferable to meet addiT;ional power demand along the Adis Abeba-
Dese itinerary by progressively building small local thermal power stations until
as will eventually happen a power transmission line from powerful plant (Kesem, Blue
Nile) is available.

VII 6. Mile

Beyond Dese towards Asmera the road runs across high valleys of Awash tri-
butaries ultimately forming the Mile and Logiya. Though dama could be sited on these
rivers, they would seriously affect T)resent agriculture. More interesting are ;he
sites reconnoitered dvrang operations cars.ied out under ao Project on the lower Mile
on both sides of the Aseb road. Probably the MO[1'6 -011;0I0St11-1L; 1S it a point 10 km

upriver from the 7oad bridge. There is not yot a track to this point, but from
direct aerial observation and -photographs, a dam there would probbly no t e:zcoed about

30 m in height and measure 200 100 m along i o crest, gilFing e. storage caparnty

somewhere between 100 and 200 hm3.

A further site ediately upstreem from the road bridge, could be closed off
by a main dam about 15-20 m and measuring 150 m along its crest, with a 400 m long
dyke on the left bank; but the storage capacity would probably be lesa tban 100 hm3.

A small dam could be considered at a point 13,500 m downstream fron the br.Ldge, where

the river passes through a email transveree range of hills in a short cutt:inge
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The value of these sites ehould be considered c1/2.el'ly fe.om the viewpoint of
their ability partly to regulate inflows from tbe '1ie whioh can be considerable
(539 hm3 from November 1963 to October 1964) and to trap sediment. The Mile supplies
part of the sediment conveyed by the lower Awash. The purpose of developing one or
more of the sites reconnoited would be to prolong the 10E. of the Tendaho reservoir,
which, as will be shown later, is the keystone i o develooLilz the Lower Plains cer the
Awash.

VIII. .-11-.TES ON TU wH ITSELF

Daami on the !ogash downstream fi'cT a:oe neceseary to iron out flow irregu-
larities caused by inflows from each suc Ive tributary. The need for this
additional regulation, ,,'ter that afforded lj Koka, bccomee increasingly marked down
the riaer. The advantage of a dam downstream rather than upstream - i.e., concerning
the Lo 7 Plains more than the Middle Valley - becomes even greater with the assumption
that t:er: biggest tributaries upstream - the Kesem and Kebena - can be regulated in-
dependently. Even assuming these general principles, however, a systematic reew of
all the dam construction possibilities on the Awash itself remains of inerest,

VIII - 1. Mount Dofan

Mount Dofan, a Tolcanic salJent, restricts the width of the flood elein of the
Awash near Melka IJerar J7ord, so that it is possible to erect J low dam across the
Awash from the Coot of Ulount Dofan on lhe left bank to tne toot of the elongated hill
on the right bank. Its length would be about 250 m. Unfortunately this idea must be
discarded. The reservoir would have to be fairly extensive to be effective, and cover
a lot of the best land in the basin. It would also interfere with the draining of the
Kesem-Kebena and Melka Sedi irrigation areas. In the investigations diecussed in
Volume V, only a water intake structure to supply the Amibara area by ex-
tension, the knelele and Bolhamo areas will be considered for this sit3.

VIII - 2. Dabita Ale

The Middle Valley plaine are isolated from the Gen: area in the north by
volcanic outflows, through whioh the river has opened a pa ee gradually becoming
more like a gorge, with falle and rapida, before rushing do'ih the canyon ending at
the Maro Gala plaine and Lake Hertale. This configuration is eminently suitable for
installing regulation and power production stracturee, despite the small total differ-
ence in level (less than 100 m from Angelele to Maro Gala). This part of the river
cannot supply the potential available at Koka. It would also be pointlesz. Lo con-
sider massive regulation facilities at the Dabita AN, as the Gewani marsh a few
dozen kilometers down-river (and especially the riverside flood plain extending down-
stream of this marsh) represent an enormoue natural storage capacity. One should
merely consider the possibility of creating a reservoir of limited capacity, followedby harnessing the steepest falls. A reservoir of this type could be created alongside
the Dabita Ale, where the valley begins to narrow. To avoid impairing drainage of
the Angelele plain, the dam ehould not be more than 10 m high and 1,000 m long. The
valley widens out again belne this site, but a similar dam might also be built at a
narrow section farther northeeed, if ita topographical and geological features proved
more suitable.

A substantial fall less than 2 km downstream from the Awadi confluence might
become the main element in the hydroelectric development of this part of the Awash,
A second power plant could also be built at a smaller fall 5 km farther north, where
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the river enters its final caayoli Thie(7on-') y isolated region where
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VIII - 6. Upstream from Lake Abe

The overall fall alone the final part of the Awash between the lower marshland
of the Asayita delta and Lake Abe is nearly 100 m. The section runs between the vol-
canic Damahale hills in the north and outflows from the Asmera and Masera volcanoes
in the south. This fairly uneven portion of the Awash features two small falls.
They might be developed at some future date to supplement the eleetricity supplied by
Tendaho to the Lower Plains.

IX. MORE DETAILED INVESTIGATIONS

As a result of the foregoing review of the major hydraulic development possibi-
lities in the area, emphasis can now be laid on the four main developments, which are
discussed in Chapters II to V. They are

schematic study of the diversion of the river Meki into the Koka reser-
voir.

summary preliminary design for the Kesem dam.

i) schematic preliminary design for the Kebena dan.

(iv) summary preliminary design for the Tendaho dam.

Preparatory topographical, geological, hydraulics and civil engineering
research prior was necessary before accomplishing these studies.

IX 1. To.o-raihical Surve

Summary surveys by compass, range finder and clinometer were undertaken on
the major dan sites during the preliminary reconnaissance stage. Once the si tes
were selected, regular surveys were carried out to a scale of 1/1000. The reservoir
basins were mapped to a scale of 1/20,000 by plotting from air photographs. A few
complementary levelling surveys were made to determine the exact altitudes of parti-
cular points; e.g., saddles alongside the reservoirs, and boreholes.

IX 2. Geoloioal Conditions at the Sites

The particular features of the geological structure of the Awash basin, to
which attention wae drawn in Volume II, largely determine the implementing of major
hydraulic development projects in thie region. The only potentially suitable areas
are uhere the rivers have dug into gorges i-Jarough hard volcanic formations, con-
trasting with the wider alluvium areas upstream and downstream. It is expected that,
as a general rule, the alluvium surrounding these volcanic formations also occurs
above and below them, though not at all the sites, where the volcanic layers are
frequently very thick.

Difficulties may result from the variegated ground betwea individual hard
volcanic rock bars. Frequently this is fine alluvium, loam or tuff, ash and slati,
which might be subject to underground erosion through piping or decomposed volcanic
rock (especially montmorilloniLe, which acquires plastic properties and swells when
moist). This type of formation must not be included in any structural foundation
zone. Permeable volcanic rock may cause leakage problems near and around the dams.



The numerous factors which must be analyzed in dimensioning dam structures
include

(i) Natural river inflows, as well inflows provided to allow for changes in
conditions due to plant upstream going into service.

Reservoir evaporation.

Irrigation water requirements.

Damping out normal floods and discharging exceptional floods.

Providing a minimum guaranteed hydroelectric power output without ad-
versely affectind irrigation requirements.

The analysis gave reasonable structural dimensions for Tendaho and the

development.

With the civil engineering design studies founded on these basic dimensions
and the available geological data, and after examining a number of alternatives, it

became possible to submit a set of summary preliminary design documents for an econo-

mic scheme for each major dam. These preliminary designs include a summary estimate
of project construction costs based on the unit costs summed up in this section of

Volume IV 9 Appendix 2.
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Leakage problems also ariee if the reservoirs widen out into the alluvium
surrounding the volcanic formations. The more perviouu the alluvium and the shorter
the seepage path (e.g., towards a lateral valley), the more serious the risks of
leakage are likely to be. A much more unpredictable form of leakage is caused by
faults through which water is already circulating and which offer leakage paths for
water in the reservoir, as may be happening at Koka. Reservoir leakage losses ara
both likely to occur and difficult to predict almost anywhere in such substantial
alluvial series.

Like all volcanic subsidence regions, Ethiopia is subject to earthquakes which
are sometimes violent. According to the geophysicists, the Fentale area is one
showing the most permanent activity. Though this activity is generally moderate,
this risk should be recognized in designing any major structures. Thus the overall
geological conditions in the Awash basin are not particularly suitable for hydraulic
or hydroelectric development schemes. Various difficulties may be expected. Some
are predictable, as the geological studies show. Others are less predictable; e.g.,
the Leakage problem at Koka.

Although these foundation and leakage problems were recognized during the
initial expert surface surveys, borehole surveys were necessary to obtain the infor-
mation needed for assessing the practicability of certain structures.

cause funds uere limited, it was not possible to extend the borehole opera-
tions to cover many sites. Only the Kesem and Tendaho sites were prospected by this
means.

IX - 3. draulic and Civi 4 nineerin nves ons



CHAPTER II. DIVER3I0N S FROM THE RIVER Mai TO LPJ-.0EA

VI shown in OhapVr T. one my of" making ;,ho ech.eme moi.e ofFectime ironla
bu to alvei:t all or part o he 17me.7 mten)liec in (,o Lake Gelilea. )1.

numbev topographioal surv,»c earriA by the Piejst e.aabled. the ua",ler 1 orelo iii
bakes Gelilea and Siwa,) ;;e lu ¡Al.e 1noc-Obonian Railway
sur7ey. Thus, tbe 'ater level io Lake beL,%reen a161tudes oZ 1.50) m
aad 1590 m (dam aua 3ele3o 100.0 aaa L10,0) Jhtle ia Lake ',iT-Tay Demaano
aeonnq 1635 m wilh oodoonal. .,TariaGions c ooay a 2,1r Jo cpie orr, T31.11.3 13
pofmauenk aiffeene bialeen e.be ]evel lo 1.Deoe lam lakeo, boore':,a m

and 55 mo

otx)r(.11.-at.; ;;he map (F.L.:. 5) oí -che ojeo boeer hO i,lro ]_ol:oe ihe natuj.al
choice appears EC6 S1,51,Cu t 0 be rb r'ZT C t. he eioi'1c e cii eanco j.,
ii2rom the novth-oastern tin o1 r,ou:Qiern o f bake Co]'iloa, and
tor;:ning eRot the road. around 0e,,7'.onnoinoalo;e suvTey ;!bowed, h.ol,ever, );hat
tins would xun jni3O '240unt a°6 an a1:,2tude oi 1 C.1070 M700 m; e7Ten the road_
rioes 'lo an al tuco () 169:, mal a polTi, 6 l;s1 souqh-w3r..1% of 21,1em Teua. was neQeo-
sary. LhereFore. to :look for on alteraati7o vooto ueol, of the :',idemo road wh.oh2
though tonger, woula cua aL an ,,,ceop-Lable Cli). 1ucle eajini ohol,oczapbs revealed a
small IntePmitentily flowing i.iver, the Dubt=ta, a 'eir 7.ilomei,ors to 'che west of the
road aaa diochav,via into 'che maoshaand a% ;,he ho:id of Lace Gelilea. Thts rioer
comes to 1;i6hin 5 Lm o,7 the iqe171, vhieh o, main tr.ibu.%ary of bake Z1Vay,, The idoa
of a divece, liak ),ate 5j1nay uas finaJly abaaaoaea ?o:: a .s.:dlome lo ClaTC:12"u -Lhe Meki
157'60 the Dube;:,e.

Inopeotlon of the aoa, bocoicen rizfors reoealea a sinuous clepYesior
conneolanL them, bel,ween 'Zokelz noki ,:,na a poia oA. the Dube'(,a a.bout
7 km dlreotly due north-east, This depision, which. boomeo a mareh durInE the
oboes :.vory oleo of once b.ninc boom a bea. of whioh .the Dubeta vas probably a
difect elYtenoion. Thio ocome au eminently sulable vous fo:: the proposed diversion.

WATER SUPPIE TO BE DIVERTED
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Lako Ziway is supplir,..d basioally br tiro riveD-r, thc 1;_atap and ho noki, ul'uh
oa-6ohmen't areas of 3,t',00 k62 aad 2.00 1:m2,espec17.o-ely, io the (200 km2 c' o%Terai.1
lake baoin. Owing. to -ate leoal relief, tire di,.roi.sion onzuno] will have to Woart fL'om
the Uok.1, so thal, Jt '1111 'Duly be possible 'coa a:1-rt 1113 supplies available in thia
river, vhich drains o:oly a thirci of e70142,11 17ke uatohmon'6 a-fea, ;7ould bo

impossible uo 0:1'aAT -)0 110RV11;T 00 11,11:1 111C10Va 211'1,0 L11:':: 'Zeiva;v a7.1 tho ,'esultipc
paftial drying-out of 'Om and 'the, eloo.oaion oil i62 OUT;a0T; :).;10 Lake Hora
Abiyata would hawo vnecceptE,bai e.onsoquen,

Uieaouromon6D e the Uieki vilaace- n-l;ao.oa einr,o 1.1a:r 1q63 shoi: an
anillo'.anillo'.o.;:2 3z! hm3 tl; eou ember 1963 and Oeto bci: c.;.7 17117 ob clirfd-r,tw:zGe6

between Junc, and Ot-Aobi.i.'. Yhese moasuresmeats and Olio r.i:Infall/fuaoff correlatiow-1
cotatlinhed AlTa.211 Basl.n are Hubstantiated 1.),y the hyd,folocy sua-toD lU q'olumo

Three, vhioh eiver LUi normal volume di,lha;od h» the qehi aaoually as6 hm3. The
1963/6/1 cycle thus ar.peai'o o haTo been nub-normal 1,0 J:eL;ardc, bui;
otend)ng 'C-con November JLIc.2 te Oo'opbe 1963 seem to haio }peon .-.1.1ilost floamol with
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Flows in this river are very irregular, and it is liable to run completely dry
at times (as in March 1964), or else to carry substantial flood flows with peaks of
up 100 m3/s (which are recorded at least once a month during the rains), or occasion-

ally even exceeding 150 m3/s (e.g., 155 m3/s on May 1, 1963). From November 1963 to

December 1964, mean daily discharge exceeded 40 m3/s only on ten days.

In making a aro7isional estimate of the volume to divert to Lake Gelilea, it
is important to mainain Lhe present lowwater flows downstream from the diveraion in
the Meki and to divert, for instance, only the excess above 1 m3/s. It is also im-
portant to divert only part of the highest flood flows, for instance, under the fol-
lowing assumptions

that the entire flow in the Meki will be diverted if under 40 m3/s

(except for the 1 m3/s reserve flow).

that when flow in the Meki exceeds 40 m3/s it will divide between the
lower course of the river and the diversion channel in proportions
depending on the total flow to be apportioned, but probably about
equal at the exceptional flood discharge of about 200 m3/s.

Calculation on this basis shows that about 240 hm3 could have been diverted
during the nearnormal inflow cycle from November 1962 to October 1963. This should
be considered as a gross inflow, however, for the diversion of the Meki to improve the
filling of Lake Gelilea will also result in higher evaporation and seepage losses
from this lake, though it is hard to estimate by how much at this stage. It seems
reasonable to allow only for a net normal inflow of 200 hm3/year, which i8 an appre-
ciable prospect.

TOPOGRAPHICAL CONSIDERATIONS

A further series of levelling surveys provided the necessary data for
longitudinal profiles of the lower Meki, the middle Dubeta and the sinuous depression
between them. Altitudes of the corresponding landmarks are shown in Fig. 5, which is
a tracing taken from the aerial mosaic.

The actual longitudinal profiles are shown in Fig. 6, from which the sur-
prising fact emerges that the average slope of the depression is towards the Meki
and not the Dubeta. This seems to imply that an orogenic movement always possible
in a volcanic region caused this whole area to tilt at some comparatively recent
period, and also the Awash flow to be diverted northwards.

Though this slope inversion is a disadvantage for the diversion schene, the
fact that the Dubeta has a steeper slope than the Meki means that a canal starting at
Melka Wokele with a slope of about 50 cm/km would connect up with the bed of the
Dubeta after a run of 18 km, and that in the highest ground along the route, its bed
would not be more than 22 m below surface level. Not only is this a reasonable
scheme to consider, but no better alternative-routes appear to be available.

HYDRAULIC CONDITIONS FOR THE DIVERSION SCHEME

Assuming that the diversion channel will run through ground similar to that
into which the Meki has dug its bed, and that the total river flow trill be diverted,
the equilibrium slope of the new mver bed should be similar Lo that of the old bed;
i.e., about 1 m/km. The slope of nhe Dubeta, however, is much steeper. This was to





be expected as it carries much less water. It would 1 pointless to give the canal
the same slope and cross-sectional dimensions as tt-'1
to consider it as an initial channel which the wate2
gressive erosion. The natural development of the divT
ei.pected to proceed alou, these lines

29

Lnd much more reasonable
-ubsequently deepen by re-
>n channel could then be

(i) Ini ia . Deepening and possibly extension due to meander formation
of the lower coursc: of the Dubeta and the downstream canal section;
incipient sediment lition in the upstream part of the channel and
the Meki due to re; Aion of the flow by the inadequate sise of the
channel cross-secic

Second phase. h. sive channel erosion catching up with the sediment
deposition drocens.

(i Third phase. General deepening of the bed to a continuous slope equal
tO TtS enuilibrium slope.

Throughout this process (see Fig. 6), material eroded from the bed would form
an alluvial cone on reaching the marsh at the head of Lake Gelilea. This would build
up until the equilibrium slope was established. The eroded materials would deposit
in this particular a::.ea at the head of Lake Gelilea. As it is marshland,it is the one
most likely to requi?n priority warping treatment. Similar use of the Mojo river
floods is considei-ed 2or the opposite end of tAis marsh.

Once the diversion channel has stabilized its bed, it will convey into
Lake Gelilea the sediment normally brought in by the Yeki. Very small quantities are
involved, compared with tnose brought by the Awash and the Mojo (only 370,000 tons
from November 1963 to October 1964).

V. DANGERS OF THE OPERATION AND PRECAUTION.) REQUIRED

The operation is hydraulically perfectly feasible, bue may involve certain
risks and disadvanta3es, Por e::ample, the higher water le,rele near Melka Uokele might
haTe caused the Meki eo overflon during the tnitial phEnie. Portunately, a suPvey
traverse along the zighe ban17. of the Meki showed that the present bed ir sufficiently
deep to rule this denger out.

The most s problem concerns the type of ground. run through. The area
between the depreaujon and the Sidamo road oontain e7:t; omely light erodible soils,
probably orinrinatin_; from volcanic ash heal ore-,aseo havP t'ormsd, possibly as
resolt of intense inCilGration. A stiang of crevacsoo ts seen on the left; bank of f,he
ri,Ter and half-way beGween Melka Wokle and t,hs toun o Meki. They are a sure sign of
underground flou touards the Yeki. Is t,htn an isolated caso associated with some
local geological accident, or are the -[in,.,es due to xtensive highly y -b for-
mations ? A painetkinnT geomorphologicEl study is tic,. to clarify this p::rlem, as
well as a borehole dro6ram to establish the nature cv;' subsoil directly un.'erneath
the diversion, espet-nally in the SlflUOUS depfesstoa.

The third natural development phase of the new Meki also provokes misgivings.
For one thing, it .1,1es out any possibility of to thn initial stat?., or
even mal.Pti.* 1 1e of the 'lo in the preeont bed, as ,1 control strucW.Te at the
diversion nannel 5 nìrte )ould be oventuafly destoed by re6i'essive erosion. The
alluvial , o:te at the head ol' Gake ne3±lea iself 90 e dan6.or e. it tended to
displace the Dubeta castuards 1.., ':1170,Tri,i the Sidamo 2oed.
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Before undertaking the operation,one must be quite sure that the diversion of
the Meki will not too severely affect present conditions in Lal e ,:dway and its dis-
tributary. Suitable climate and hydrometric. measuremei facil-jaos (rainfall, tri-
butary lake and d]stributary flow gaug]ng, evaporation .Gank) : 1,ov,Jci be installed as

soon as possible ho provide the basic a,t, N7 a, full hydrologicaJ survey of the basin.
It seems advisable to take the following precautions

progress17e barring of the f4ek% by a sill initially low, but subse,s,uently
made higliv if the diversiod uored satisfactorily.

construction of gated control works at the he'd of the diversion channel.

(i Provision of bwried sills along the final 9 kilometer stretch of the
Dubeta to concrol regressive erosion and stabilize the bed around its
present level. At a rough estimate, seren sills abou 5 - 6 m high will
be required, one being combined with the small br7dge taking the track
from Alem Tens. te M1ha Gorge across 'Ghe river.

VI. SCHEMA-LT-J-7 Pi!..T2. FOR TIE DIVERSION 0CH12,ME

Topographical and hydrological data are still insufficient for preparing
preliminary designs for the corresponding structures. The following charac,ter)stics

are only approximate

Invert width 5 m

Initial channel ........... Side wall batter 3 on 4
Longitudinal slope 50 cm

Head works ................ : Three gates 2.5 m wide by 3 m high

Temporary sill in the Meki : Top 1.) m above bed level

Final sill in the Meki : Top 3 m above bed level

Based on the above data, about 10 m3/s could be diverted during the initial

phase. During the second phase, the entire Meki flow up to 40 m3/2 could be diverted,

but, if necessary, some of tilts could be returned to the original river bed d wn-

stream by setting the gates ab Ghe appropriate spilling levels. Flows in excess of

40 m3/s would divide between -Ghe Meki and the diversion channel, in roughly equal

proportions at the lhaXiMUM cdii,tcipated flood discharge, which is tentatively estimated

at 200 m3/s.

VII STRY COST ANTITY ESTIMATE n Ethiopian Dollars

Initial ch;:...r,

E.7cavat:i.on requirements would amount to 6,000,000 m3 in loose ground

br.A. :;ing the cost to:

1.2 x 6,000,000 73$ 7,200,000



VIII. USE OF DIVERTED SUPPLIES

VIII 1. Power Production

200
12

Results of the last annual cycle show that the present mean monthly volume of
water through the Koka plant does not exceed 100 hm3; i.e., an average rate of flow
of 38 m3/s. The additional annual inflow obtained by partial divereion of the Meki
estimated at an average 200 hm3 during a normal year will increase by about 6 m3/s
the mean power plan-L discharge. This can easily be absorbed by the present plant
equipment at Koka, as its three power units can handle an overall flow of 135 m3/s,
even under the minimum head. The net result will be 15 % higher productivity for Kbka
and for the power projects now being built or designed between Koka and Awash station.
An increase in definilely saleable power output will only result, however, if the addi-
tional Meki inflows can be used o run the turbines strictly ac o d' - to ower demand.
This demand is illuEtrated by the volumes passing through the turbines at Koka each
month,.which are tending to even out. If Meki inflows are to boost output, they should
pass through the turbines at as regular a rhythm as possible; i.e., at the following
rato :

16.65 hm3/month

Headworks

200 000

6,600

161,300

Excavation in loose ground
$1.2 x 5,500 m3

Metal sheet piling, 6 m ay. width
$225 x 1.12 x 640 m3

Concrete
$100 x 800 m3 80,000

Additional for reinforced concrete
$50 x 560 m3 28,000

Gabions
1st phase : 580 m3
2nd phase : 120 m3

700 m3 x 40,600
Rock fill

$12 x 160 m3 1,900

Total for civil engdneering work 318,400

Mechanical equipment 201,600

(ii Sills in the Dubeta

Excavation in loose ground 1.2 x 2310 m3 2,800
Reinforced concrete 150 x 250 m3 37,500
Rock fill 12 x 1140 m3 13,700

For 7 similar structures 7 x 54,000 378,000

Total 8,098,000

Additional for unforeseen items, design and super-
vision 30 % 2,429,400

RAND TOTAL 0 O 0000E 10,527,400
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Under these conditions, the following increases in output could be expected

Plant now operational 16 01qh

Plant under construction (Awash II and 57 GWh
Potential future power plants.................. 76 GWh

Diversion of the Neki would thus boost power production by some 150 GWh yearly.
This more than offsets the corresponding construction coste.

VIII 2. Development of Irrigation

With an additional 200 hm3 yearly, it is in theory possible to irrigate
roughly 14000 ha of land in the Middle Valley at u rate of 16,740 m3/ha each year.
In fact, however, this could only be achieved if the Koka reservoir were designed to
ensure regulation strictly according to irrigation requirements. This is by no means
the case, for the dam tends to discharge roughly ecival quantities of water (100 h
each month, whereas irrigation demand varies throughout the year.

Thus,it is important to consider two extreme cases of use of the Meki inflows:

Use exclusively for ower roduction. The additional 16.65 hm3/month
will only be available for irrigation during certain months, when there
is u shortage; in other words, this quantity will serve no irrigation
purpose during months in which water supplies are already in excess of
irrigation demand. The effect of the diversion of the kaki for irrigation
is then comparable to a partial compensation effect, and calculation
confirms that diversion of the Meki during the November 1962 to March
1963 shortsupply period considered in Chapter I would have enabled
roughly an additional 10,000 ha of land to be irrigated in the Middle
Valley.

Use exclusively for more s read ' ion, here the compensation
effect is much ajore pronounced, as the entire 200 hm3 release can be
allotted solely tu the shortsupply months. Calculation shows that
in the same critical period, this use of flows diverted from the Meki
would have enabled over 40,000 ha of land to be irrigated, not only in
the Middle Valley, but in the Lower Plains as well.

If the Meki diversion scheme is practicable, it will be most important to
decide for which purpose to use these additional supplies. This choice will be taken

into account in determining the broad outlines of water planning policies for the

Awash Basin. This is the subject of Volume V.



CHAPTER III. REGULATION OF THE UF TU 1?..TVER KESEM

PROSPECTION FOR DAM SITES Al-:11; TOPOGRAPHICAL SURVEY

In Cha pter I, regulatica of Ole ,eglme of the Kesem by a big dam was suggested
as a moFA., valuable measua:e for developing Middle 'Valley of Ghe Awash. On the
basis of nofmal flows, the Kerem che moot abunden GrihntaT Lo Lhe Awaoh., Pro-
vided Lhese resoureer can be regulated b;, a dam, Lhey should he suificienL to irrigate
more than 20,000 heeaD:es of good lend and also io generate a substantial amount of
electricity.

The sonigurion the 1sem bauin tras ::urveyed from 1,b.e air at Che StcQq
of the Projeet, The .7Jigh.,e shoued thaL the r-tve -(1.7112 ]fl. na_rro71 valleys f,hrough
several volcanic ouLfloos be6weon cUez)0j.11C. he ere i-L le aves "6he high plateau and its
conflueose ,!1).:11 01c o: eh One ouGfloa, J.Crmed uf 1,,va from LUe Pentale cve'Ger's, is
deeply eu'L Lo lora c gorge 1'e00 meters long and 70 meuere deep, 3 Un' to '6he, ,';'C,61, 0(
Awora Melke. This gcroe 3C; rr leiively e,+,FW Lo rec4,0j cAerland bw a reut,e some 15 km
long, on uhe le f6 ten). from vrdore, Melk. Thp.s, It eac righL at the ouLset,
to starL e topoa.raphieel and c?ologlcal 61.ilve:y of 6he gorge a,ad -6o identify all
likely si es for e d o. Shorielv a)-.Ley'wc..rds, a series of ucpograpnical operations
furnished a regular 0000 survey cel uhe gorges and a 1/c20,000 map o-_,7 H iceservoez
plotted from existing aerial photographs. Thee doeumerta, aL,ached to UricVolume,
were a basis for subsequent geological, lwdraulLc and cp,i1 engineering -udies-

Inspection of the 1/20,000 map shows that the future reservoir could widen
out fairly far no...7thwards, but that above the 1360 to 1365 m levels, it would communi-
cate through e.eer:l separate passes with thalwegs outside the catchment area. To
reduce the si':e of.a..icillary works, the normal water level in the reservoir must, in
practice, be limited to a relaLm altitude around the 1365 m mark. The 1/20,000 map
alzo provided the filling curve -;:or the reservoir, with the figures for the upper
seoL on

These figures prove that a work of reasonable size can dam a very large mass
of water and play a arminant part in regulating the flow of the river.

SUP!' GEOLO )T"'iry

Site

Two sites rth eodlideeelng in the Kesem gorge : one upstream (between
x - coordinates 9,000 Jnd 9,100 co LUe local squaring) and the other one downsGrear-
(between x coordineces 9,700 and 9,800). The two sites are geologically simila'

Relative .ce Capac y
altitude are e (hm3

1360 50 270

1365 2300 370

1370 2850 500



a

L -

-e

e°

l-

Scale

o

( 4 )

3 4 FI G.7

M DAM SITE



'

,

,

r

,

" 44.

THE UPSTREAM AND DOWNSTREAM SITES SEEN. FROM TI-TE POINT AT WHICH TI-TE TRACK REACHES
THE LEFT BANK PLATEAU

This view 1 ulrly shows ttse alluvial plateaux (a) overlying the volcanic
outflows t; which tit , -)12.'e runs. Note the two major faults (F) and (P)

LnL crup t upsetH,: - L e alignment of the volcanic series downstream
from dc h ites. Thn volcanic Fentale range is in the background.

'

^^' ,^11, ^

"

PliE LEFT BANK AT THE OPS'IREAM SLTE

Light-coloured volcanic rock (Ignimbrite) forming a cornice

Soft tufa forming an embankment

Volcanic breccia forming a reddish bar

Largo high-level outflow of grey rock (andesite)
PA G E 35
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but the upstream one has disadvantages; it is distinctly wider, and there are many
hot springs near a fault some way downstream.

The downstream site has the double advantage that it is not affected by these
phenomena and is much narrower. On the other hand, the cliffs are a little lower,
so that the normal water level at the dam can scarcely exceed the relative height of
1365 m, which is the limit already contemplated. The site has also the major dis-
advantage of being only about 200 m from the gorge exit, marked by a straight line
of cliffs at rightangles to the river and correspondinE to a great fault. The
leakage paths from the dam to this escarpment are fairly short, and a grouting curtain
may be necessary beyond the dam if the volcanic formations are permeable, which i8
by no means impossible, especially in the upper cliff.

II 2. Geological Cond ons o le Hillsides

The strata dip a few degrees upstream, but downstream the foot of the slopes
is covered in coree. Thus,it is difficult to tell from a surface survey, just what
are the strata at the actual dam. On the left bank the series can be clearly seen
between x coordinates 9,700 and 9,800. The layers, working downwards, are sketched
in Fig. 7

(4) The great upper cliff, about 40 m bh, This is a thick, irregular vol-
canic outflow with levels of la-7o, forming- outcrops alternating with softer beds of
slag or small tuff levels. at IL(E, base, several regular banks are seen. They consiet
of olivine andesite and contain a high proportion of glass as well as fairly large
microlites and large phenocryse of corroded plagioclase. The olivj..ne is in the form
of granules, which are often ueathered. This whole layer, which is ofíen chaotic, is
probably fairly permeable.

(3) A thick reddishbrown bank, brecciated and cellular at the base and about
5 m deep. It consists of ignimbrite.

(2) A slope of soft ground, ochreyellou or red in colour. This consists of
tuff, often vory friable and sometimes sandy. Under Xr2y analysis a sample taken
from the middle proved to consist almost entirely of plagioclastic feldspar.

(1) At the water's edge, there is a hard cliff, about 5 meters high, con-
sisting of a bedded volcanic formation more or less brecciated in appearance. The
rock is lightcoloured and mottled, but small blackish vitreous parlas reveal it to be
an ignimbrite originating from ver fluid lava flows which consolidEJted before they
became completely crystallized. Uhen studied in thin sheets, it proves to contain
lightcoloured slightly ferruginous glass and a few large broken or crazed plagioclase
phenocrysts with glass in the breaks. There is no pyroxene.

On the right bank, a little further dounstream, tuff reappears in places,
alternating with volcanic outflows, but apyarontly predominant. It explains the scree
slopee and the absence of cliffs. This iG -Ole typo oi" 'Lorrain one may expect to

find underneath the structure. It should be invesi,igabed by means of boreholes.

11 - 3. Ceo Condition the Alluviul

At no point in the gorge are volcanic rocks seen to cross the river, Te raro
points where they are encountered are shortcircuited by former thalwegs filled by
alluvium forming short epigenous sections. Under these conditions the probable depth



There shoul e T"J) jo difficul-,,y in buAldia,s, ,i3O2- 2ockiill. dam
this site, even -.7eas of 0.",7 .1CA'e '6o subsideou,l,

if the (ce- l, couJd be bcp'6 onde.z LPL E-,,!.'uelal.ce by a ;;;TO111,711:
ouri;ai:1 T4e 91 iF.1; ILO.Jer.er, 503. ra e e C111. y p C,2: cL
i,u.ce 'bc ro1. e a c ou r c' aLrur .w.c, 1 1 ro 61i01.01.1;Illy 01E, a L'ecl

of loo,le rock, which ii,av iwrolve lo- ,J1,7,...y be (scoun.'ue2ed )11
LIce a(:,.:111 rive2 ,he layer of alIvouolm Tel-W (J[111.L Un t c'or:,=1.1n)

or if tuff exis..,r, !':OUCH.e. GD on 13.1 e 0" TO p0;,33 tn. C3 1111Q 17, be .-azplored

boreholes.

' Tba mo5t 6 L'ea;,a 'criGh ';J,C 611F, laYel or more or
lesa pulTo2ulent depa 111./3, ,o ,,,7'.t')Ushed by -die boTeholes. If
it is Aol, \re-4.7y doe OIL 1,;)ndo,ton f,0.1 be EEiEol 2iLtL, dola- 'Lo the

under);/Iog bar of roula be no?deJ O0-a10ur.7,am oC i*,lic op_IJJfle[ to
prevel, zeour, rould bQ io boi:h ccLL ao.d

Two other points require special care, an, . to be examined by boreholes

The '0.1;71? ba1,7u03,r up Lha ¿y- sido

al Llioa,li ao:roun, IG ra-)en woL ,o be venby aermeoble
bu., I, !Uhl 1c as tic 11, co p52.,71,111.16.0 0 911,111C,
decLi.colat,',on by rico 0lc1 c 03 o o2 62-deri rubble mal,
fo-frnj -1,3 0, I ben. fni: S e no-) ';he tube LT's am -a

The upper outflow, which is liable to be highly permeable,
eac,euao1'13- Oirou6h its lacecciated or scoriaceous levt..le, and
also requi2 -Tiew cy,r its 12o.amiry to the Zau.,ar,
dowaLre,.m, a.1 ocitenoir' and cost,1;; aubu,'f wall some (1.1fl,aA('1,!
furtber.

II 5. Reservoir Problems

In theo4v, C i2 imnocible ,boa, ;Ale byl:aeoolin cconnuie oC Oie 2eseza.oir
7i1ay the ha, ua tbe ups*.beam ,o ,aospe elneabore, '6hus 0::'fOrlD.¡:: a

ponnIble :Line foa howeae',, in uoL ,Jea-6a1.11., Ta, f o diMoulL o nee aow
o-r,udy tain pPoblem, eer,ao, eleDiebn, 0,0' im.'st be abnopload.

Extensive etrt, 0:1.-0! o ,v,o cani JF.:CÌ 'I:, L::():A:e U003 r'he
ni ,e mos.L Ole LdiaJoec:77joiniU-,.:, 'or;:e tu Lhin a.rea, bu, ,71,170 1.10

1,12C1.1a6GS vory- clor" 'ro 1,11.7."./ 6100 001.7;3 113C. p e aad bacro le ab.;:, u1d o
as.ce maio-z rina nhoulc. be capeca,e0 ,;:co- Lb, 'oyeaa, faolt 0ad the lco, sp2..,ags.

ola, prob,,,b1:, Tertiary, alluvium di.26ctL7 overll. boce volc,caulo foimatioas
of the go-Pge. It hae the same ehuolug up :1;-e7-Tbs OI sa T 01" all;0113
and, fu.2be,7i, a volcanic formi ¿'UOO'Go or ,lappio,; o Moat
formations are »q a:o by soi°e',.. aarl 7sel,aci.on blv rrons aeo vasible aL
oor-ain {10 :LA E.-; cud ptctuJ,r OOIISJ ii L, cf beda cr or la L 112- can

ocio . ho: y heel 1.10 d 01)03 ax VIO;) 30 n sr;OL he '6(..b)s o .17 C., Loe lii 1,1s.
IL in hoper) illaerJa1 uo-'6 be pa.rmeable alien ia colLiori-
rion -c) che nos], e U Llìc cc Gorat:,e Olo OC 011U'
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of this alluvium.ated merely by a surface survey. This is a problem
which the bore: cioar up.

II 4. auenoes



On the other hand, more renent alluvium fills the i of the main vallev
and the former thalwegs G116 into Ole earlier alluvium 5' 'tni nlluvium has formed
terraces remaining horizontal. That is why they are prolnid nnnierna'nyn The main
terrace lies at about 1360 - 1365 m, where it takes the *:ce:htci se7n.ral rairly wide,
flat saddles on the left bauL. Tho largesh .e,,,ddle forms th largo (with a
little abandoned village) wl%t the to %he dam ni La rininin alongside it. This
means that the normal storage level oi the 1.cE'ervei-c lo,11 hyn, to be limited to the
1365 m level. lOren inith a reservoir level limited in this ,n-ay- 0).e:re, will be a n. sk
of leakage through the more stony alluvia, if the saddles ceoara(la:, cho rener7oir
basin from the neighbouring thulwegs are narrow. ;3dddies in nuc), Cf017G CormJ:tionn
could well be subject to rapid and deep degradation.

II - 6. keconnaissance Wo
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It is worthwhile to curry out a minimnm ol7 forech and brtin cicaocace Jo-eL
in the dam site area. The tuff levels nbi;uld hc hared on 'hne sur daoc by medon of
trenohes at right-angles to the river, dug ont right denn ke .the bed la)ck along
full leng%h or the trench. In theory, clict.r.-ncnes -hould be plaeed as near an pos-
sible Lo Oln dam centerline, but a certain tolerance is allowable if it makes the
work easier.

The followinj boreho]es nro ne most onneni. and should be made along the
the probable centerline oC hhe dam

(i) Borehole No 1, about 60 m deep, located if possible on the river center-
line, to enplove the depth of alluvium and the foundation zone pre-
sence of tuff, 1C any) and the permeability of the formations.

Borehole No 2, on the left bank about 30 m from the ed,e of the cliff,
to avoid the zone of more or less uncomprerne rook, It should be taken
down 10 m below the point where No 1 meel-,n %o ,,vinTe a o):enn-

check on the series and to make sure it Oloron;h1,y enbloreC,

(iii) Borehole No 3, the samn as No 2, but on th Lcight bank,

pecond prior:ity. should be n.eh to ",,he folLolann ly)reholen, Jnnocialln- )n: the
first ones inveal hcgb degxees oi nnnmeabilit winth hhe poualble need for acn:on:tion;
ourtaln fu,rher out, Lo we cid ha nink of laskdge round thn dam

(i) Borehole No a. on -tho leN bank, 50 to 90 m d)ep and nefle 150 m out
from No 2, about hal.C.-wa» be Lacen the -Cuu7oe ,'ese7noin and Ole great
fault cliff.

Bore)ole Po b. oh th,,cigh baxa, abouh :200 from borehole No 3 and
also in the middlo of Lhe harr6w platean , ing the last thalweg
upshream and the rnal, fatA% ilj)wtì )i1' OC 0111

If high degrees of permeability are encountered thr inhout 'te ebo,na bore-
holes, they would have to be driven down below the river 15 hui; iC, an in pro-

bable, permeability i6 high only in the upper outflow, tH* hples - aken

no deeper than e fol,, ineters into the underli.ng %ufC, just io cheel che. i ji,n3 nerme-

ability is low. accondin,:j lo the reL-Jults jive-,11 tni botcholo lfd 1, Lhe enact pro]lc?

of the rock under tho al u1 i,uri would. have Lo bo cilled nihh hhe help of Uw-o oi
three boreholes all lined up in che car,r, oreso-cecronni, aCer a minnaum ponetra%ion

of 5 m in the rock, to avoid errnrn due to 3ange de*tsch,,d boolderc,,
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THE RIC-HT BANK AT THE DOWNSTREAM SI TE

The prominent features of this bank are the bottom formation (1) showing up as a
cornice and the big upper outflow forming a cliff; the rest of this formation is

partly hidden under scree (A) and old alluvium (a1). PAGE 40
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Tile aim should be to obtain something like a 90 Y, sore, yielo. The cores
should be properly marl:ed and sorted in Lo e,uprouriate arar those from loose
grouicL should be Ja.ed and placed in protective plact.Lo casinss or metal i,ubos.

The permeabjlitx measurements are e::tremely impo3-tnht and call for great orixe.
In thoory, they could i.e planoed for o. re.ry five meter s, as is usual, ribera conditions
PoYul-t, dsuendiag- oa (Thonges form-It:Lows (basalt ur tuff:). Tire tests should be
carrie0 out Lo Luj,?,e-n standards pormeabtlity e7.pressed in liters absorbed
pe-rrn 1).1;;(D, each cor1 I lastin?,; ten mlnuLes As Car as possible, lacreasinrs then
decreasing pressurer, ::J11 be sea, care hcing 'taLen Lo u;,arL vlth ion pressures for
the tuft' Zormat)ons (e,c., .) to 2, kr.; pey sm:,2) to 0.70.V.I. shattering the layer. lao A7ar

as possible, sreosnres of up Lo 15 w P0 1:,; per cm2 i cli. be used, nerever poscible.
the stato la,ter le-?1 in the boreholes he noted (ro check possible presence of
Wauer ,0,1311.7).

Priori 1;y sbuld be given Lo tuo reonuaissance boreholes, Nos and 5, at tho
two little saddles norn oU toe dam si te. Thoy 7T1T1 make 1-17poss)ble to get under the
al_zvium (perhaps net very )(11:1 aad )nvsstigallo the permeability of the undeclying
basal L aP it is rasar ..okough TO che surfaes. Tice ez:pocted (Louth of the boreholes
will 11:: (.20 io 10 ml unless the perm,.iebilio: is still very hicb at [he boItom. Tho
alluvium will be fartner c..7,1ilered by open test pits used los sam2liag and full-scale
pe::meability 6e2A0 They could also be sarljed out in a largo diameter pilot hole.

Second prjorlty should be given to work of a similar nature at the 7,arious
other nadffles where there is a Likelihood of leakage owing to a short leakace path.

BOREITOT,T, , 9,1TINEY
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liffJ.sulty with tbeee horeholes will be drillinc: throush both very ho,rd rock
15 be basalt and other volcanic rooLs, as usll as v u;; roA. and sometimes svea pulveru-

i. f0.1,10110, 1, eE.,::,ffln o r5i ith a hole diameter laYge enonoh for
the sample;; Lo be properly taken in this loose ground; if necessary, with the help
of a double-tube sampler,

,ulte

The reconnaissance p-ro,,;ram vas put into ofZeut Pebruary and March 1964-
It lavulved bor,eholec from 3j; uO 07 o deop and [ro (.)i-Le dug by hand, 10 m deep.
Despit,c recoomendaLl.ons, no test trench Tian dug in the tuft. a5 [he information
obtoined fri om both Joro hamples und e::aminatxon of ouLorops was considered F,deoual.e
for a Zeacibility etnd:;. The location of the pito and boreholes ic ahorre on '[he
coreraj 1:20 000 scale 'nao. in .1,ddition, the boreholes nearest the :aiver are shoa
with great accuracy en the 1:1 000 scale sr,6e, plait. Diagrams are attached showing
the )1Lhogical croas-sestioils, witn oemeab2lity -Talues ladicated.

III - 2. 0wil Foundatie e.

The deocriotiol of the geologieal formations at tho dam si Le aras oonfirmed
filled in by the fl.,re mein boreholes ().e., Nos L P 3 a, and b0 and_ tico results

4n diagramuetically In the ,tached oroso-cectiou, described below

(4) Large volcani m deop, the surface of which forms the
plateau overlo. Kesem,



Tbis fo3.maioo :;ao.c.ompley t...eversee. uy bcc,?ebole We a. and pa-o6tallp- by
14oe fl ap0 3, vlonh were fik.toad sli_jbla:,7 below '6he st7t.uml;ural surface ofl the pla.;;eau.
LAA,)nlo6ieally, tt

(4b) andesite outflow, fairly fractured

The nora nein>lec. c.rom f,eveYA 1.10-PL50nr, 110 cc o smE,A. fragments, which
indicates either heroL,olieous rooL vrp;,b i le cof(er conctuclIzo d to pieces by
the urill, or, more 1.1Lely,

(4a) Cellular bkaalt, overtopped by a 1 m horizon of ash and lapillii. an.d
itse)f 1;,ri. on another be0 of lapilli and ejected volcanic matec,
2 m

The basal . Te5T .'..rt nd on several cn riions the bit encountered
cavities several do: which may J.7F,... :er) caused by gas pockets
in the cooling lava. Pet-porp.,)hic on.alysis of a core e. ple -i,c1. .ed at 2,3.(0 m in
boreholc No 2 reeelod ciolerl,e wilh pla14aoclastic phenoupyntr,, ; r,be olivine is

(3) (2) Red grey or fawn volcanic tuff, generally soft and friable.

lieefogeneous aopeo,, as Ole tnj.0 cori cinc innlus.1,eue of andesite. basalt and
basaltic slag. The outcrop (U. fc,rmlyin e ver;; regular cliff which ic r5.elble

on ,:och sides of tile gor,z,e, oenss6 of a hae6er layer iul,erbedded in tho oi2f and
pa'oeably of Ihn sano litho]oa3 Boroho)e Na 2 ;ave tho nial dep.01 c)-7 this

formation as 24 m.

(lb) Bank of ignimbrite.

This shows up in tire form oJ': the lowest c)i Cf, only a few me.t51..sabove the

river. It is 4 m thick at borehole Wo 2 but become:-, thinner flsom rionIb to north, as

can be seen from the crosssection.

(1a) Soft, purplishblue ignimbritic tuff brecciated structure.

Outcropping at the Kesem low water level, it is 9 m thick.

(lb) Bank of hard rock, light in colour and brecciated in aapect.

This forms a re,7erence level rhIchi o'Ln boreholes Nos 1

and 2. The rock can be terpra rritI3er ao ccruroJ,iclaioi vIrf lava of the

anclesii.e ..i;ypc The layer ).^ 5,F, 1,0 d m deep,

(la) Light yellow soft tuff, depth 2 to 3 m.

(-2) Large basaltic series.

The rock. fairly fractured, Z7.eQueni,1,71 ee3..1,-1us small hoo(::T-Gombs,

levels they are numous c.u0 ;7,e6m ro lin17_ up wiLh eaob n;,her, T.,,,,.boraGory

eruina ii 01) shociccl iba i he r; 1,1t 2i.crçi o e.7,.e.fr,1 r' 01) s°,; 1,11;,;

(. 012;;,7,.11) 11071 'OliO OLii 1cm i r',;)/ 1V,,10.11, eC,2_ ,Yre)..1 Ger.+ c,cLid r cit7 ro c (.0.6r1

1.w. structure and .,,be cells lilled vo, ib (tal c: 60 and r-lome'c,A.meE; o2

x.o.d rock, O b m Jeep, J.3*iltoTmc...a(loa vi 1h Ghe bacaU. The ,c'k-,a1 cleor,h (:)J: .no fownp-

1,loo, is abou:- 25 m,
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Volcanic ash or very soft tuff, which up on contact with the drill.

This material contains many inclusions of volcanic matter belonging to the
basalt family.

Complex basalt formation, made up of : (-4c) 7 m of hard but very
fractured basalt. Fine structure, with some plagioclastic and titani-
ferous augite phenocrysts (-4b) a three meter layer of volcanic
sand and soft ash tuff, containing frasments of basaltic slag at the
base ; -4a) bco'(L very fractured basalt, traced over a depth of 2.3 m.

Borehole No I ended here, at the relative level of 1236.4, i.e. roughly
59.5 m below the low water level of the river.

urn Reconnaissancee

Light was thrown on the problem of the recent alluvium by borehole No 1
passing through 5 m of these deposits and giving the following results

for the first three meters : a large andesite boulder, the result of
a local rock fall from the cliff, and rounded pebbles.

for the remaining two meters : muddy sand, with remains of rotting wood,
a few pebbles and some gravel and corre black or violet loam produced
by the weathering of tuff boulders from (la).

As no other boreholes were made in the bed of the Kesem, our knowledge of the
rock profile underueath tbe alluvium is incomplete. In view of the lay of the land
and the narrowness cf the alluvial strip, it is reasonable to suppose that borehole
No 1 gives a fairly close approximation to the maximum depth of the alluvium, i.e.
5 m. Old alluvia forming a superficial deposit on the right bank cliffs will have to
be removed before the dam is built.

III - 4. Permeability Measurements

One objective of the borehole survey was to study the permeability of the
formations near the proposed dam site and the saddles bounding the reservoir so as
to assess the leakage danger and the work necessary to counteract it. Darcy's per-
meability coefficieat, conventionally called K, was established for the various
formations studied from tests made in the pits and boreholes. Two types of permeabi-
lity ocre encountered : interstitial, depending on the nature of the rock (e.g., tuff
alluvium) and permeability of a secondary type due to dislocation (andesite and
basalt) The K values are shown on the cross-sections opposite each section of ground
tested and, wherever possible, the permeability is expressed in Lugeon units (i.e.,
the average number of liters absorbed per minute by a one-meter length of borehole, at
a pressure of 10 kg per cm2, each test 1aslia6 ten minutes).

The risk of leakage escaping round the ends of the dam, and the resulting
resurgence downstream, can be assessed once the permeability of the valley sides
upstream and downstream of the dan has been ascertained.



The table below gives the ranges of permeability values measured in boreholes
Nos 1, 2 and 3

: No 1

1353 - 1364

: No 3 1325 - 1353

These results show an unsatisfactory degree of permeability on the left bank
abutment : in borehole No 2 the absorption was so high between levels 1290 m and
1315 m that Lugeon tests could not be carried out, as the discharge available was
not sufficient to provide the required pressure. The K range was estimated from
observation of the absorption conditions affecting the drilling water. The lateral
boreholes Nos a and b, further away from the Kesem gorge, gave more encouraging
results

No 2

° No a

Nob

1280 - 1290

1272 - 1280

1246 - 1272

1236 - 1246

1315 1364

1290 - 1315

1282 - 1290

1289 - 1325

1328 1361

1286 1328

1338 1379

2 to 4 x 10-6

2 to 5 x 10-6

8 x 10-8 to 2 x 10-7

4 x 10-7 to 10-6

2 x 10-6 to 10-5

10-5 to 10-5 probably

10-6 to 2 x 10-6

10-7

10-6 to 5 x 10-6

5 x 10-7 to 10-6

7
5 x '0 to 10-6

7
4 x 10 to 6 x 10-7

7 x 10- 2 x 10

,

The area of high permeability seems to be restricted to a strip of land paral-
lel to the Kesem, situated on the left and not more than 200 m wide.

.ative height rango (m/s

Relativo heigh K rango (m/s)



III - 5. Reservoir Boundar Formations

Three areas warrant special attention. The Piral area is the thalweg joining
the river on the righ bank upstream of the site. 1--.73.1.1 be submerged along some

500 m by the reservoir. This gully is only 300 to 400 m from the great escarpment
downstream and the leakage path at the 1365 m level is even less, being under 200 m
as measured from a small secondary gully. Borehole no b, was located just there,
near the saddle giving the shortest leakage path. The resulas obaadned from this
borehole showed that the general leakage danger is low, ahe e-verage permeability of
the rocky barrier being fairly low, but there is a definite risk of leakage along
preferential flow pa61iE,, accentuated by the existence of a difference in height between
the reservoir level and -che plateau below, which will be about 20 to 25 meters.

The second area comprises the rounded hills forming the northern boundary of
the storage basin, where there is a risk of underground leakage towards the '1,halwege
joining up with the Kesem downstream of the gorge. The surface layers include coarse
and loamy alluvium overlaying tuff, which is extremely light and friable id noastain
horizons. Boreholes Nos 4 and 5 :rea located in the two areas most li)zely %o be sub-
ject to leakage, as indicated by 'che lie of the land. The shortest leakage oa. b.s

measured were respectively 200 m and 350 m, at the 1365 m level (expeced normal
maximum storage level).

Borehole No 4 revealed that, under a thin layer of low permeability alluvium,
were more permeable tuffs, themselves lying on the great andesite outflow which forms
the plateau to each sido of the Kesem. This andesite is highly crevassed, and here
the highest permeability values were registered. Approximate K values are

Relalave beigh
,

' 1359 - 1367 (alluvium)

: 1352 1359 (tuff)

: 1339 1352 alternate andesite :

: and basalt) ; l0 4 x 10-6

° 1332 - 139 (fraci,ured andealte): horizons at 10-4
:

The third a?:ea is a saddle linking two very flat valleys, one inside the
reservoir basin and other outside. Here 10 m test pit, No 6, was dug. The saddle
is situated at the 1360.7 level, and a fairly long, but not very high, embankment
will have to be built across. The ground into which the pit was dug was uniformly
composed of clayey loams, apparently originating in the weathering of tuff or tuff
ash, which are both plentiful in the nearby hills. As a pit No 5, the tuff becomes
less and less pea:maa---.a the deeper one goes

1: range (n/a)

-7
2 10

10-6 to 4 x 10-6

7e.fmea1a1ia7) K

6 2:

:

' 402 .: .10' 6
;

1.5 x 10-6 :

5 x 10-7

Relative height

1357,2
1355.3
1353.1
1350.7
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III - 6. Conclusions

The ,!,eolo62cal sructuee of the site is simple : except for a few variations
in thick7Dso,-lhe-eeTri :51--Tiereement between the layers on both sidea of the 2ver
and the same alternation of ouflow and intermediate layers continues undernea(:h the
Kesem where the depth of alluvum is about meters,

As far as the dum CouadaLions this alternation of very hard and
soft 1.vers does no t se.), any ;rea t problene, or flexible earth or rockfill dam
likely to adapt itself to large-ssale diferential eubsidence. For a concrete dam,
howuver, these dangerous leliele would have to be eliminated. This is quite feasible
with the little level under the Lesem. This consists entirely of Montmorillonite,
wh3cb can be cleared away ami )die foundations set in the large level of dolerte, but
the right and left bank abutments are a different matter.

As far as the leahace oreSlom is concerned, boreholes Nos 2 and 3, actually
on the dam site d5 cl not reveal aa excessive decree" of permeabilty, except for a
certain section in No 2 (:Mt be.nk), where the permeability wn high as to prevent
tesbing, and in certain stretches of the three boreholes, corrceeceding to either
soft porous layers (possible source of pipings) or large cracke in the hard volcanic
outflows (where there were cavities), an ee,:tensive grouting ourain will be necessary,

but Yts exact nature can only be defined Iv' more detailed studies labor. In the areas
be and the dam the alluvium has a fairly low degree of permeabilit,y, whereas the levels
of tu f or ashes are more permeable, as are also, on occasions, the underlwing
volcanic rocks. There is thus a definite risk of leaks, especially through preferen-
.tial zones which are sometimes difficult to detect. On the whole, the studies so far
made auggest that this problem is not insoluble.

Laten studes should chiefly concern the leakage problem and clarify the
grouting curtain reviremen-Go, bo,;h near the dam and ou'6 beyond it. Grouting curtains
will be difficult to carry out owing to the varied na-'6ure of tne rock strata along
any one vertical, ranging from hard and cracked to soft and porous, and also the
mechanical qualities of the various soft luyere separating the beds of hard rock,
where clay is abundantly, and sometimes exclusively, present.

IV. HYDRAULIC SURVEY 1RD BASIC DMNSIONS OF THH1

IV - 1. timitation of Stora-e Ca aci

T7 topographical and geological surveys of the dam site and the reservoir

basin show that the highest normal water levels could not easily be set at a height

of more tl n 1365 m. This maximum elevation will be a basis for the operating cal-
culE.eions whi::11 follow. The level of the reservoir must not drop below a certain

altiWde, so that

(i) the weter retained uill include a bottom layer (dead storage) in which

most of nle sediment earried down by the river will collect;

the heud of wn available in the power station at the foot of the dam

does not 17a1 fie:11re compatible with the teolvical and economic

regniromorcts of the gencrai,ing reto.

reqve-e 1K it takes precedence over the first, :11d it is assumed

ate" 1 1 will not normally fall below about 7345 m. These upper



The following monthly readings were taken at the Awora Melka hydrometric
station which, being slightly downstream from the dam site, is fully representative
of flow A at that site

0 . 78.5:

: 1 : 6.5 : 3 i 118 : 32 : 72 :559.5:

; 184 : 253.5 :97.5:623.5:

:

Subnormal

Normal

Above normal

47

Statistical study of rainfall in the upper basin shows how the monthly inflow
varies from normal conditions; the following symbols are used

Although rough, this assessment suggests that variations from normal approxi-
mately cancel out within the two complete cycles given, so that 600 hm3 can be re-
garded as a substantially normal flow. Operating calculations will be based preferab-
ly on the first of these two cycles. It was the more irregular and corresponded to a
lower total figure for the year. It represents therefore, the minimum results
expected in operating the dam.

IV 3. Life of the Reservoir

October 1963 to September 1964 is the only yearly period for which complete
and significant returns of sediment load in the Kesem are available (thousands of
metric tons)

.;O'N°D'J'F° ° A M

' 1.8 : 0.5 : 0.4 : 0.4 ° 0.1 : 0.3 : 72.2 123.3 : 50.7 : 1997 ' 3034 ' 306.5
:

Minus sign ;

Equals sign :

Plus sign :

:1964 24
z

anC, of reservoir level give the followin', final figures for capacity:

Dead storage (below 1345 m mark) ................. 79 hm3

Live storage (between 1345 and 1365 m marks) ..,.. 288 hm3

Total normal storage ..moomoOeoesametwomee.".000m. 367 hM3

The sole purpose of the following calculations, based on monthly figures, is
to determine the optimum operating conditions for this capacity ; on the basis of
average probable inflow, this capacity must satisfy as fully as possible all require-
ments for irrigating the land commanded and generating electricity.

IV 2, Choice of Probable Flow Fi u es

:1962

:1962-1963' 11.5 245 : 2 : 2.5 : 1.
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In all, the Kesem carried down almost 5,600,000 metric tono of material,
99.95 % of this total being. between April and September; the studies in Volume III
show that this quantity is well above normal (3,570,000 tons/year), giving an average
silting rato of about 2-3 hm3/year. Consequently, the theoretical life of the re-
servoir is certainly more than a hundred years. In this respect, the Kesem would be
less dependable than Lake Gelilea. The following points should be taken into account

6ediment is carried down almost wholly bj the floods which stir the
water in the reservoir to some extent and help to keep the finer
sediment in auspenaion (e.g., sediment made up of particles with
an average diameter lees than 50 microns). In a normal year, the
reservoir should regularly overflow at the end of the rainy season
(August, September), thus diacharging part of the sediment brought
down.

Above the dam, the slope of the bed is about 1 in 200, so that depoaits
tend to accumulate towards the bottom of the reservoir, where they can
more easily be collected and evacuated by flushing through the dewatering
conduit of the dam ; the gorge leading to the dam will help to carry
the flushing current a fair distance upstream, into the thickest part
of the sediment.

IV - 4. Passage of Floods

Kesem flood conditions are examined in Volume III and the probabilities
are shown by the followirm; peak discharges

Biennial flood...................... 310 m3/s
Maximum 1964 flood (13th Auguat).... 340 m3/s
Maximum 1963 flood (6th August)..... 570 m3/s
Ten-year flood...................... 840 m3/s
Fifty-year flood.................... 1100 m3/s
Hundred-year flood.................. 1180 m3/s
Morphological flood.................. 1400 m3/s

For safety, the dimensions of the dam outlet system are calculated on the
basis of a nominal flood of 1500 m3/s. In reality, the dam must be so planned that
it does not return excessive discharges, except in unusual circumstances. Otherwise
the downstream works, comprising the irrigation intake and the embankments alongside
the Kesem in the irrigable plain, would have to be made too big. On this basis it
je assumed that the dam will not return more than 500 m3/s. To lower the level of
the nominal flood, provision must be made for storing some flood waters in a section
of reservoir above the 1365-meter mark. If the nominal-flood hydrograph is represent-
ed by an isosceles triangle with a base of 3 days and a height (1500-200*) m3/s, the

calculation gives a storage of 100 hm3. This assumes that the highest water level
in the reservoir could reach the 1369 m mark. The elevation of the crest will be
1370 or 1371 m, according to the type of dam.

IV - 5. Evaporation Losses from the R

Knowledge of evaporation from the reservoir is based on data recorded at the
Awora Melka meteorological station. They are processed and interpreted in detail in

Volume III and provide the specific figures set out in the first line of the table

below. For accuracy, natural evapotranspiration in the reservoir area must be

200 m3/s , which is the basic flow from which the exceptional flood starts.
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.*LuH;ed from each of the abo7c 1:igures virtuallT, iu means rainfall (beoause
R1faee runoff is ner,71i6i1ile), Net atmospheric .LOC,OOS 'e" from the futuro Kecom
roserwAr eau be caloulated fi'om the ures ln Lhe thi?:d line of the table, expr
112 m3/he_ of resorvo**.c

1962-1963 ° 11

°

"D"."i Y Pi °A "14','IJ"
Evaporation :

0

(mm) - 174 10 186: 190: 232: 166 : 208: 2.68(240) 242: 260:

: Evapo'uranc- :

23 18: 0: 1: 18 71 : 84 ' :(221): 121 11:

. ,
: Lo ss "6" : 0 :

°

m3/ha) ;(20);15.1.O:1(:9018b041090:2140: 950 :1'10:2610: 190 ;1210:2490:

Multiplying the annual tHtal (20,040 m3/ha) by the average area of the reser-
voir (1750 ha) gives a total 1 H. of bcut 35 hm3 per annum.

IV - 6. ation Requireme:

'J'be regula-L,:d flow of the Kes,A1 will be used primariy to irrigate the plain
known ac "Kesom-Keben4, where an area of 17,550 h L ,,-)an be 1.Nred by e (7avity cysLem

see Vo11me 1.7) Se,:oifir, cpc,uiroments of irrf,- on ;:or iAle ;addle Valley,

0,',esOmetod in sl'Ime AI? ap.01:7 to the Kesem-Kd p1ai give the follonr,
annual water requirpmr,'nt

17,550 x 16,740 294 hm3

This is li low total inflow (even after deductin6. ),and it is
possible that the reservoir mey requiomel:,,s e::::coodiug those
of Lhe Ieron:-Kebc-n,' clam. UnfortuuaGely, It is impossible economicuAly to build Lhe
dam blglicr, an(' Wier,' is no quectiwn of nsinL the whole- ennue.1 311;'107 Co-; e:t6-indiag
the irrig.ated area.

Assuming the reservoir to be full on 1st October, it will empty continuously
until 30th June, when it should theoretically bc at its lowest level. 0.qor these nine
months, iufloP (37.5 11113 .,:1-()IE Ootobei- 1962 to June 1)6.:,) pl.:0 be largely lost by
evaporation from the Tieservoir, so Lliv 7.iolume sliuh.L1 in ecnIess of the
15,1°.e stora;se - i.e., about 300 latC, - will provide enou,-11 water to irrigate tbe
followingaree

300,0007000 22,500 ha

On a first esLimte, come 5000 ha could be supplied, in addition to the
Kesem-Kebena area. This land would have to lie within the area of the Middle Valley
which is to be suppJ.:_ed direct from the Awash (Melka Sedi, Amibara, Bolhamo, Angelele
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If the 7olnme pasPda, throvI: ho i rtiJ. e monhh h mon6s uc.rc
:itT:jci,J;/- to 'the uatec .leeded irrigAtion. Lhr moun't o; eleor.lo-Lty generdted
duvin;,;. rno 1jr of owall i-ov11,1ion demond uon3d io c ,Insi;LLfy 'Ghe poure.L.

whir,h wan. be. :oonomic oaly IC mTrAmuw arm amonnL; Is ge,leraod.
Durind those eso th ho ,uJ'bineF, ouJ i. noed more wz,,-tel- than 1.e Thlumc required Pos

loo, These t?pi.i6o suuid olightly reduoe hs irrable Jve,L uhen 'Mae reoervoir
7,7ac empLying. Thw; q()L1.1d qo effect uhlle 3G rae fil i The 'tailvE2.Ley:
Tklow the clini can be rii. -.Lboul. 12:96 m. meepR thal, the 11;7(..ro-olectr5.n plant
wL11 .lorm11.37 eoerai,e uitb o geome.Gric hdd of betwer.-d 69 dild. 49 cleS^

and the

5 '2 (i v))

iv- 9. -1 O,.eratin Calculationo

ec,moremLoe haJ 4:,) be 1.eaehed between tbe line(Ls of the area to be irrigated
ncod C'or Ti),w onur ou. i»' L. Optimized sc-heme operation gives

Total ir igated area .................... 2,000 ha

Firm 20 3.5 TWh 2er month

The figures' va1ic13.1' is confirmed b,y the foli.s table

...w 1
,sf T22 1.

.7,-,'L,,,,,n 11)tf'1,..-_,i. I )2,6 -", . 0 ]:, OA. 1 ) Ti;it.l.': I 1,-,F6,5 13- ,6 1353:n 335 ',..0
i 1

' 67 I :),, ,0 I :25, 5 2f.';;.'-', ..".!!Z.:',..,5 ' -'12 *.r.1-.'. 5 162 1:1 5
i .

i

21;7i'...7...'50 li 2'17..') IQ ,..o :).75 1545

; -

ji, (7., 1 2 ri : 2$.. ; I 5
J

'2;5 21

0,.`; 1 2,,h 0 C' 0

2 2 or)::,,2 .k ..;,9
. ._

,,
_

"'::(::

71. ) o - 25 1 - :-3 , 7.,,,, - 5 - -2":,,' .5

l'o't1-2,) ',7 ,5 1 :29 ; ?$$ , 5 252

1C.IN 5

22ILLL 22200 112040

;17:50 1535 1;1'5 :PC

010 t,:;50 .!ers 1.11.5

11;

(P) o (76 9 ;o 61,7 59 o 5r,' O

(o111) o 3:11 5.73. 31.0 4»o 1F)3

A b Tear "4

,1,357,,e! J365,9

73 166 367

770 305 23 30

8 332 72
_

2 5 17 2U 168r5

0 16

30 25 ..,7 V)-1 -4,5°

323 107 /2 1-75
;_

366 167 367

3.2.0 ' 1233

,2000 12130

6 1-LH'

2 0

2;55 4 v:0 5 1_, 9-0



51

The symbols have the following meanings

Z1
Elevation of water level at start of month

V1 Reservoir capacity at start of month

S1
Reservoir area at start of month

A Natui.al inflow
Irrigation requirements (22,000 ha)
Additional volume of water to be returned in order to secure firm

power output
T B + R Volume passed through turbines
A T Rise or fall in reservoir capacity

V'2 . V1+(AT) Storage capacity at end of month, not allowing for evaporation
S' Reservoir area at end of month, not allowing for evaporation

2 si 4- 012
S =

2
Average reservoir area

E m eS Net loes by evaporation
Average geometric head

p Potential power output
:150

The table shows

At the start of July, the level of the reservoir is at its lowest
(1344.9 m), but the rise does not exceed 20 m, except perhaps for short
periods when the floods overflow, from midAugust to midOctober.

Average annual reservoir level is 1358.2 m, so that average geometric
head is 62.2 m.

A total additional volume of R . 16 hm3 must be passed through the
turbines to b:,_ing firm power up to 3.5 GWh per month. As these amounts
are mainly drawn off while the reservoir is filling, they do not affect
total irrigated area (22,000 ha).

(iv) Loss by evaporation, amounting to 35.5 hm3 per annum, represents only
onetenth of the total reservoir capacity.

(1.) Total annual energy output (P 51.91 GWh) corresponds to a theoretical
productivity reached only if there were no limit to the installed power.
Firm annual energy output is

3.5 x 365-
30

= 42.5 GWh

IV - 9. Size of the Power Station

The firm energy output of 3.5 GW11 per month must be attainable even when the
reservoir is down to the 1345meter mark; i.e., when the geometric head is 49 m.

Average power to be generated in these conditions is

Way.
.34.500:L0P.P. = 4,700 kW

31 7_ 24
Applying the sane assumed load factor as for the Koka plant, (i.e., 55%)

firm peak power is

4/2Q 8500 kW
PeWak0.55
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It would be a pi*i,y, however; to limit installed power to this figuro ond it is
reasonable to assume that the generaOng sets n,usG also work E%i; full power with bile
average head of 62.2 m, so that installed poue:,:. 13

inst
11T_ (le) 3/2 12,000 kW

Thus, full power is no ;uaranteed when the head is below 62.2 m. In practice,
the station will have one 4000 kW set and one 8000 kW set. Total plant flow is 24 m3/s
with the average head of 62.2 meters.

IV - 10. f Powe ion Pumps

The foregoing calculations apply y if the electricity is used by regular
domestic and industrial consumers. The position would be different if a substantial
fraction of the electricity generated by the Kesem station were reserved for irriga-
tion pumping and had to vary accordind to chanwes in water requirements. The outline
development study for the Middle Valley will show, however, that irrigation by pumping
j.c, not an operation of the greatest economic value. It would not require more than a
relatively small amount of power (1000 kW for the Bolhamo area).

IV - 11. Com ensation fo: , the Turbine;,

The flows returned by the Kesem station will be affected by daily and weekly
variations in the demand for electricity. They are not the same as the variations of
irrigation demand. The subject was considered in Chapter I, where compensation for
the turbine flows at Koka was discussed. Making all due allowances, a capacity of
some 500,000 m3 should be sufficient for the daily and weekly compensation of flows

through the turbines at Kesem. With a structure 5 to 10 m high, a reserve can easily

be established in the gorge stretchind 9 km downstream from the site of the dam to the
point where the river enters the plain at Awora Melka. Inepection of aerial photo-

graphs and the line of the gorges showed three possible sites

(i) 3000 m downstream from the site of the main dam

( ) 2500 m upstream from Awora Melka

At Awora Melka itself, with the compensating dam also serving as the

irrigation intake dan.

The final choice of a site will be based on a general large-scale survey of

the Kesem gorge and a geolodical study.

V. OUT INE PRELIMINARY DESIGN

The remainder of this study is concerned only with the downstream site, which

was preferred to the upstream site on geological and topographical drounds.

The conformable strata on the two banks slope along the lino of the river,

dipping some dedrees in the upstream direction. The lower slopes are covered with

scree and part of the escarpment on the right bank is masked by an old alluvial de-

posit culminatind near the 135-mater mark. Five borings taken along the dam axis

showed the following succession of the strata :
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Between the 1345 and 1375 m marks, an andesite, fairly fractured in
general 5 this stratum rises above the crest of the dam which will be at
the 1370 or 1371 m mark.

Between the 1330 and the 1345 m marks, a vesicular basalt outflow,
separated from the previous stratum by a thin horizon of ash and lapilli.
Like ande site, this rock is very hard, but badly fractured.

Beten the 1305 and 1330 m marks a complex succession of mainly soft
and :friable strata (volcanic tuff

(iv) On either side of the 1300 m marh, a bed of ignimbrite, thickening
from the left to the right banl- (4 meters at boring No. 2, 11 meters at
boring No. 5) and with its baso near to river level (1296 meters
It stands on soft purplish tuff.

V 2. Bed of the River

The Kesem runs over recent alluvial deposits, roughJy 5 meters thioI with
no volcanic rocks crossing the river at any point. Borehole No. I revealed the fol-
lowing strata below the alluvium

a hard brechoid layer, o 6 m thick 3

( ) 2 to 3 m of soft tuff

(iii) a nìaor basaltic series, some 25 m tItic. with its highest point at
1282 m - hard, but rather fractured roek identified as dolerte.

V - 3. Wate nese near the Dan

Permeability tests in the borings saowed that the risk of the dam being by-
passed by percolation in the volcanic formotions seemed confined to a band with a
maximum width of 200 meters running parallel to the Mesen, on the left bank.

htness of tao Reservoir Basin around th

:3add1,,, on right bank : low permeability, but with no grout curtain, the
percolation gradient would be around 1/20.

(i Saddle at boring No. 4 : hi6h permeability in the andesite, where the
percolation gradient would be around.. 1/30.

Saddle at pits No. 5 and 6 clayey loams, very watertight to a suf-
ficient depth to rule out any risk,

V - 5.

After cement groutio, the basalt and andosiLe outflows and the igoimbvite
bed will have a voy high mechanical strength and moduius of elasticity, Th-tc, does
no t apply, however, uo the intermediate tuff stvta, ILO arch dam seems uo be ruled
out, but a gravit,7 dam, hollow if possible, wiult the Idoche bedded on die liF.ed otrata
would be well sitiod to the goology oî the si te. A rocLfill dam is also foasible.
An earth dam seems uusuit.thle ion a uumi4er of roasons there is 13.ttle alluvlum in
the river, the soils of 4he plateau are very olavey ai'd die base thickdeco of die dam
would be excessive.



T o possibilities a hollow gravity dem and e roc!:fill dam were selected
for final study. Each study produced threo sos of drawings whioh ere attached '6o
this Report and show the main oruotural features.

(1) Hollow gravity dem The work comprises 11 blocks, each 18 m wido
topping at the 1370 m mark. Nu,aboring these blocks from the left bank to the rldht
bank

(2) Rockfill dam : All strata are strong enough to carry the dam. The scree
would have to be cleared and all old surface deposits of alluvium on the right bank
removed. The dam would be made watertight by a coro of clayey earth from the plateau
on the left bank ; in the river bed, it goes down to the brechoid )evel revealed near
to the 1290 m mark by boring No 1. The upstream and downstream facings are obtained
from the basalt and andesite on both banks, particularly from the e2ecavations for the
spillway and the water intake. The crest of the dam is levelled off at the 1371 m
mark to provide 1 m freeboard greater than fixed for the concrete dam.

V - 6. out of Aourteriant Works

(1) Hollow ee avity dam A.11 aepurtenant worke are incorporated in the dam
or set again it

the water intake and penstock for the power station are incorporated in
block 5 (installed flow 24 m3/s);

(ii) the power station is immediately downstream 3 it contains two vertical
Francis sets generating 4000 kW and 8000 kW respectively. Access is from
above, at the 1310 m mark, because of the subotantial rise downstream
when the river is in flood

the flood spillway with its sill at the 1356 m mark. comprises 2 gatos
12 m wide and 9 m high, capable of passing the nominal flow of 1500 m3/s.

The first date straddles the joint between blocks 5 und 6 and the second
the joint between blocks 6 and 7

the dewaterind conduit is in the middle of block 6. Its shutoff date
can be raised through the center pier of the flood spillway. Its control

gate is a 12 m2 sector gate

there is no temporary diversion tunnel, because the water in the river

remains low for a loee. time ; the bottom part of the center blocks can

be built in two s'6ee;es, and it is assumed that, at the end of the first

stage, the flood eaters will flow over the uncompleted blocks without

destroying any final works.

-54-

(i) Blocks 1, 2 and 11 are based on the andesite, at the 1360 0 and
1360 m marks respectively

(i i) Blocks 3, 4, 8 and 9 are based on the ignimbrite at 1302.5 m.

Blocks 5, 6 and 7 are based on the dolerte, at 1280 m,

Block 10 is based on the cellular basalt at 1340 Si,
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(2) Rockfill dam : The appurtenant works are sited on the river banks

Right bank : the flood spillway with the same gates and standing on the
upper andesite

Left bank : a temporary diversion tunnel *, of 5-meter inside diameter,
which will finally become the dewatering conduit. Its roof will be in
the ignimbrite, but its floor in the purplish tuff.

Also on the left bank : the intake, headwater tunnel, surge tank, pon-
stock and power station (all for the same flow and power as in the first
scheme). The headwater tunnel is driven through the ceJlular basalt
carrying the intake and the chamber for the penstock stop-valve. The
power station stands on the brechoid bed.

V - 7. Grout Curtain

Whichever dam is chosen, the grout curtain must extend from a point 300 or 400

meters away from borehole b, on the right bank to a point some 150 m away from bore-
hole 4 on the left bank, with a possible break around borehole a. The gross total
area of the curtain can be put at 100,000 m2, less the tuff strata, which are very
watertight. The rest consists of fractured basalt and andesite levels which can be
easily penetrated Úy cement grout. There will be a good deal of absorption, but no
technical difficulties requiring the use of special products.

A buriel is indispensable. It will even be essential that work on the dan should
begin in Octobev so that it can be raised to the 1345 m mark by the following July.
Calculations shou that, with an inside diameter of 5 m and with allowance for
lowering of the flood level by the bottom storage layer in the reservoir, the tunnel
could safely evacuate the flow from a ten-yearly flood lasting 3 days and with a
peak discharge of 900 m3/s.
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in Ethiopian dollars

2 turbines 0080Ve000099Q0000 550,000

2 alternators . 00M000 930,000

2 main butterfly valves 102,000

Overhead crane 041006.0000 145,000

2 transformers 200,000

SWitChYard $0000.000M00 370,000

Auxiliary equipment and services ........... 500,000

Loading gantry 004100B000900.000000000000000 E 42,000

TOTAL 0000mmoommopooee0000eeeamea0000000eoeo 39,291,000

Contingencies, design and supervision of
works : 30 % MO9000904000000000 8730O

GRAND TOTAL ..................... ES 51,078,300

(1) fiollo ty dam

Civi en neerin

Cofferdams mee000$.00001,000000004100000004,00. 2,000,000

Rock excavation
5 x 240,000 m3 m00.0600000me00.000e00 1,200,000

Concrete structures
85 x 320,000 m3 . 27,100,000

Additional i'or reinforced
concrete 65 x 20,000 m3 ..................... 1,300,000

Grouting 0.009000110040000pOese000.08.0000 3,000,000

3eCOndarY dais 0.4.00001.490ememeelpe0440 orn0000 1,000,000 ES 35,700,000

ectrical and

Flood spillway 00900009Q000000040m00.000.40.0 387,000

DeWatering conduit 9000.4009000400p00000elpme0 97,000

Intake 0000000000" 00.000000000.00008000000 0 165,000 Es
649,000

Power station



The estimas for this type of dam, which seems cheaper, gives separate

costs for the following

the dam alone and all elements necessary for its operation, so that
it could be built in a first stage, if required for irrigation pur-
poses only 5

the power station and such parts of the dam as belong only to power
generation, which could be installed as a second stage.

Firat stage : irri ation

Civil

Cofferdam3 ....................................... 2,000,000

Rock excavation 5 x 24,000 m3 .041,.0040000000000 120,000

Rockfill 12 x 690,000 m3 ................. *0000060 8,280,000

Watertight core 5 x 110,000 m3 ................... 550,000

Filters 20 x 95,000 m3 ................... p4000000 1,900,000

Concrete 150 x 22,000 m3 ................. O4OeiVe. 3,300,000

) Shaft 4950 x 40 m .................. 198,000
Dewatering ) Tunnel 3530 x 400 m ................ 1,412,000

Initial 5_ .6;_ tunnel 1665 x 50 m................. 85,000

Gangway givilig access to control room ............ 223,000

Grouting 00000004"09.00*000***000000000.000000000 3,000,000

1,000,000
E$ 22,066,000

(i)
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(2) Roo*ftfir

Secondary dam Oev0000.4,01,.00000000004,000V0000000

o and mechanica

Fl )od spil ..,.m., ama 595,000

Dewatering (onduit ..p......v............o..ma.v. 298,000

Intake 006064.6,610006001000"e¢,01*0000000600
66,000E3 959,000

TOTAL 000800000000000000000000090.04.00.00000000* E$ 23,025,000

Contingencies, design and supervision of work: 30 % ES 6,907,500

GRAND TOTAL .............................
.."?.2L27 r'°(?,



COMBINED TOTAL FOR FIR3T AND SECOND STaGES
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Second stae

Civil enin

Rock excavation 5 x 11,000 m3 ............... 55,000

Concrete 150 x 8000 m3 1,200,000

Intake 1665 x 140 m ......................... 233,000

Surge tank 3850 x 24 ni ...................... 96 000
5$ 1,584,000

Electrical and mechanical equioment

Dam Intake 337,000

Power station 2,942,000
53 3,279,000

TOTAL 0000"00006000"000001,000O0O00000.*0090 E$ 4,863,000

Contingencies, design and supervision of work ; 30 % ES 1,458,900

GRAND TOTAL .............................. 53 6,321,900

E$ 36,254,400
1.7 El=

0 0 00
159,7.7.1Ett. 14131:71M is

The rough estimates strongly favour a rockfill dam. There is a risk, however,
thut the driving of the diversion tunnel may encounter serious difficulties. It
would be wise to drive a '6fia1 length of tunnel before calling for tenders, although
it is unlikely that the difT'iculties would outweigh the economic advantage of a rock-
fill dam. Even excludiaiconinencis t e c;ravity dam si1l costo more ; and the
nost, of c.iir,l en47ineerin works fcr - e diversion tunnel is only 12600,000 5a,
against a 6oul of 7 000,000 E for Contingencies,

If there are no disasrous results with the trial tunnel, the choice should go
to a rockfill dam, which migb"G cost slightly over 35,000,000 ES, including 30,000,000E$
for the first stage, leaving the remainder to be invested progressively whenever the
demand for electricity justifies the installing the first generating set and a power
transmission line.



pTER IV. REGULATION OF TES REGIME OF THE RIVER KEBENA

As stated iu Chapter I, the regulation of the Kebena is not a key eloment in
the hydraulic and agricultural development of the Middle Valley. Nevertheless, it is
useful to summarize the information collected on this subject.

CHOICE AND TOPOGRAPHICAL STUDY OF A SITE

Some 20 km upstream from its confluence with the Awash, the Kebena runs through
anarrow gorge, some 200 m long, which seems at first sight to be very suitable for
constructing a fairly high dam. A 1/1000 plan was draer and a 1/20,000 map of the
reservoir basin vez produced by plotting from aerial photographs ; this map was used
to drao characterist]c reservoir filling curves.

The gorge is 200 meters long ; the plateau through which it is cut slopes
steeply downstream and the greatest depth, of about 70 m, is at the upstream entrance.
The stretch about one-third of the way along the gorge from the upstream end is very
narrow at the base. The dam should be sited at this point.

At a relative altitude of 1265 m the gorge is barely 125 to 130 m wide. Above
this level, it opens out, and at the 1275 m mark it is more than 200 m across. Solely
for topographical reasons, the crest of the dam should be set at about 1265 m.

With the crest at this elevation (i.e., with the highest normal level in the
reservoir at 1260 m) the total capacity will be 50 hm3. For this reason alone, the
scope and value of the scheme are much less favourable than that of the Kesem dam.
As a variant, the possibility of raising the dam by 10 m (highest normal level at the
1270 m mark and cair.oity 75 hm3) will be examined.

GEOLOGIC CO0a:LLCSSAECE STITIVE:

II - 1. General Structure
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The valley of the Kebena runs through a thick muss of varied alluvial deposits,
at some places including regular, dark bRnds of volcanic rock, and frequently broken
or displaced by faults. At the site considered the ..,orge cuts through a particularly
strong volcanic series, with an aparent thickness of more than 80 m. The bed-rock
cannot be seen because the series, which dips downstream (and rises upstream), is
.sharply broken by a big fault running south-east and north-west, bringing it into
contact with further alluvial deposits which are probably more recent.

- 2. Volcanic Series in bhe Go -e

The volcanic series, illustrated in Fig. 8, comprises the following etrata,
reading downwards

(8) Old alluvial deposits covering the volcanio formations.

(7) 4.n upper basaltic outflow generally well-bedded and prismatic, of regular
appearance, but heavily fissured. Some levels are scoriaceous or cellular. The out-
flow is about 30 m thick. It consists of a fluidal dolerte, containing large micro-
lites and serpentinized olivine, tcw-ether with some bieplagioclastio P henocryst.

(6) Intermediate bed of tuff with varying amounts of loam 5. this tuff is
friable, yelloW at the bottom, red and eometimes very hard at the top 5 the bed is



SCHEMATIC GEOLOGICAL CROSS-SECTION ESTABLISHED BY SURFACE SURVEY

( UPSTREAM LEFT BANK )

o

KEBENA DAM SITE
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(8)

(7)

SECTION ALONG THE LINE OF DIP GOING DOWN.

THE THALWEG TO THE RIGHT BANK DAM ABUTMENT.

Scale
50 100m

50m

Scale
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2 to 3 m thick. Analysis of a sample tkeli at the top from the part reburned by the
upper outflow (7) gave these oonaGiluonGs In decreasing amounts ; plagioolasic feld-
spars, calcite, illite, quartz and haematite.

(5) Large intermediate outflow, some 40 m thick, forming the shoulders at the
bottom of the si te. This is made up of a basaltic rock, whioh is generally strong but
irregular (continuous half-bedding hnd single half-prismation) and fissured (due to
shrinkage and tectonic action), Thai> is a dolerte with a distinct intersertal struc-
ture, containing big microlites, titanium-bearing augite and a few large phenocrysts
of plagioclasic feldspars.

(4) tuff level, from 7 to 8 m thick, consisting, at the bottom, of a
fairly hard, pihh or cobre, very light, brechoid tuff 5 montmorillonite and feldspars
predominate ; ene, at the top, of a fd,ilay Q0d,r00; white layer, which is not very
coherent and breaLs down oompletely io caLer 7 de,spite the presence of granules, only
montmorillonie is revealed by X-ray. Dip to '1,(c.h thaU this layer must pass fairly
close under the bed of the river dircohly belov as Si .0,

(3) An approximately 3 m band of long-vesicle brechoid tuff, containing a few
crystallized glomerules of plagioclasic feldsparF augite and haemaLite, together with
a '7,ew hcateved Lvanules of quarty and feldspar, The rock is but strong¡ it
is heavily fractured, perhaps because of the 5P02:1Mly of the big Cault Fl.

(2) Somewhat friable grey and pink tuff, with small beds of ash (cinerite).
This leybr comes to the sur7C v4istream, near to the river's edge on the left bank.
ILs ;;hiotness is not knowh, re soft formations could be 5 to 10 m thiok.

(1) Follo a break is Gre series, due to the rioar and its alluvial de-
posits, there is a r escarpare ( of TEry cellule.r, basaltic rock, at the
foot of the slope, stream on the right bank. Detailed analysis chows it to be a
dolerte (basalt containing olivine and very big microlites) with intersertal struc-
ture. The olivine is present as numerous small granules. Small vesicles are.filled
with oalcite. There is no pyroxene. This must constitute the sub-stratum of the
previous layer, but its thickness chnot be ascertained as it is abruptly cut short
by the big upstream fault Fl, ronaoquently, there is even less information regarding
the bed-rock (alluvium?) of thjs holcanic series.

II 3. Old Alluvia) - Fits

Tbe normal alluvial deooF, L-c, covering tho volcanic'. series appoe.r to predomina'oe

On uhc lohrt bank, checo the,y Corm the whole hill up the 0.,.rrow voloanic band at the

top, riz,,ep gullios up Ole gorge hhoN mainly l'airly Fine loams irle ich a.oe often compact-

and various shades of pink. On Ole oher baeucL Gnere is P sony allurium, conLainiug
largo blooLs, abovo the escerpment on i,he right bank 7 ibis is probably more recent,
Forming guilles iboogh the preview: lavr,:rs, This Cchcmhion must be much more per-
meable iban YAlc'e On the ohposita bh,ok. As a tributary LhrmJ :reg o:.ning dOVTUSGX'OcIIII Of
;be ei-Ge outs throuhh 1-6, ube Jealhge musl, be oonhidered

11 - 4. Recent Formati,

.:2A the rocio nowhere acrohs ;he xlver appears eboire ehe neceo alluvAaa deoo-

sis, there is no :lay oC arriving 4'4 their thickness, To .iudge Pi!' the narrowness of
Lime horge and 0-ao tdff a beeP bahe of the serios ilasy mey be thick. The

coreo sometimes consiss oZ 1,,rge blocks aad iO oonsoli,laed. by 1. mehtoae 61.1.7í' in

many places. A the si'ue itself scree oo-vers 'c;be hboulderc of the middle ouLf]ol,,,

bu". does -vi L seem very uhic, narticulevly on 0.1th 7iight banh,



Only the three top formations are viciblo on h..
An intermediate-level outflow forming a oi
surface partly undo:2 ::cree,
Note the exten;Tive cpT,TchIng oi Lh o rook,
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Permeability le. seldom g-...eat at depth in fissured basalto, but this should be
confirmed by bo:,:ing:;, Particularly on the 31;ft bank, Ule upper alluvial deposits may
have protected the -3alts against scouring underground flows, but this must be veri-
fied. In depth, in tb,- underlying tuff formations, it should be possible to find an
almost impermeable l r to which the grout curtain can be joined.

A lateral leakage ib possible particularly on the left bank, due to faults
Fi and F2. An oblique boring of the fault F2 would be helpful. If there were a
substantial risk, the topogruphical survey would have to be continued into the small
valley upstream on the left bank and borings taken to see if the grout curtain could
be extended across fault F2.

II 8. o f t -oir
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II - 5. Tectonic Structure

Faults of varying extent are associated with the sito, (see Fig. 9).
The v.pstream fault ?J. cuts off the series up the gorge, while the strata dip re-

gula / by 10 to 12°c1ohnotream under the dominating alluvium. Its throw is diffi-

cult to assess, but ny be us much as several hundred meters. Its prolongation is
clearly visible in the upstrsam thalweg on the left bank, where the vulcanic rocks of

the gorge reappear locally below the alluvium of idle upstream section of the fault.
The whole zone is fairly heavily fissured and losses might occur there.

Pauli, F2 0.1)El.Tall on the left bank worsens geological conditions at the en
trance io Lhc-gorge ; on the surface, it produces a gully, revealing very fractured
rocks, eolrered Le a varying ::%Itent by scree.

Faul'6_F3 ie downstream from the site and has a very limited throw. Its main
effect lc, a gaping fracture, mainly on the left bank, where it becomes a large verti-
cal crevasse in ti(e upper cliff. Above the ledge, it disappears below largeblock
alluvium.

AS it is almost parallel to the axis of the dam, it should not give much
trouble, unless it continues other fissures which might cause leaka

II 6. F fiation and Stabilit o' a Concrete Darn

Even thoui he thicknes clr1(, recent alluvial deposits is unknown, they
may extend to 10 20 m. The upst-LJ tuff series must run not far belou the actual
site. This may complicate the problm of foundations. The middle outflow forming
the sbeulders of the site is irregular and crisscrossed by fissures. Despite the
teneredly good appearance, there could be fairly substantial decompression of the rock;
if an archdan were deGided upon, it would be necessary to consolidabo by grouting,
which often proves c,ffectIve in this type of fissured, hard rock. The same applies
to the upper outflow, but to a lesser extent, because only the upper part of the struc-
ture would be concerned. The intermediate layer of tuff can easily be cut through
during the excavations, so 6hf3 concrete .)Ein bed on the underlying basalt.

II - 7. Watertin t

The storage ]in has high, otee p banks, and the highest water will always be
some distance from -i,he saddles leading to adjacent valleys. The risk of leakage from
the reservoir into oLher valleys seems to be very limited, even though some old allu-
vial strata may be .;'airly permeable.
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Date

III - 2. Flow Cycle

The following figures, recorded at the Kebena hydrometric station, represent
flows at the dam site

O D j :

:
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Inflow (hm3)

A S : Year

The seconJ -le is consistently higher than the first. As the proposed ca-
pacities are much iss than the annual inflow, the dam must overflow during the flood
season, and act a lar from October to June only. If we take only this nine-month
period, it is seen that the first cycle is much more normal thdn the second, Trhich is
irregular in April. Operatin6 calculations will be based on natul.al inflow fi.om Octo-
be:e 1962 to September 1963.

III - 3. Life of Dam

The Kebena hydrometric station recorded the following sediment inflows

October 1962 to September 1963 : 1,325,000 metric tons

October 1963 to September 1964 : 3,160,000 metric tons

The second figure is substantially affected by the exceptional figure for
April 1964 (1,460,000 t). The expected annual sediment inflow can be put at about
1,500,000 t. Thus, if all the sediment were deposited permanently 1 hm3 of capacity
would be lost annualy. On this basis, the theoretical life of the reservoir would be
well under 100 years, so tht the Kebena dam would be even less favourably placed than
the Kesem dam. As with the Kesem dam, however, a large fraction of the sediment should
not really contribute to permanent silting of the reservoir, either because it would
remain in suspension or because it would be flushed away; long life for the dam would
be favoured by the slope of the bed of the Kebena (1 in 100), the relative narrowness
of the reservoir and the stirring of the water by annual floods in the rainy season.

III - 4. od Flows

The Kebena flood flows are discussed in Vblume III, which estimates the
100-yearly flood at about 1000 m3/s. On this basis, a nominal flow of 1200 m3/s can
be used for calculating the size of the dam's spillway. Too much reliance should not
be placed on the dam freeboard for any substantial reduction of so high a flood, which
may produce more than 100 hm3; indeed, the reserve capacity provided by a 5-meter
section above the highest normal water levels is only 10 to 15 hm3. I]mbankments will
be needed to prevent the Kesem-Kebena plain from flooding by the Kebena.

III - 5. Eva oration 7

As the two sites on the Kesem and the Kebena are close together (15 km), the
figures adopted for losses from the Kesem reservoir to atmosphere can also be used for
the Kebena project. With an average water surface of 200 ha, total annual losses
could be about 4 hm3.

1962-63 : 8.5
: 4.5 ' 1 : 2 :2 : 10 ' 15.5 3 : 42 ° 114.5 ' 28 ' 237

!1963-64 ; 5 ° 78 ' 12.5 ° 15 ' 96 : 130 : 30.5 ' 387

° ° A :



III - 6. Ope F r"r loulations

From October 1962 to une 1963, 6he roseriroir would emp-y almost
ubile iuflow (less evaporatio0) 07er those nine moviths would be 49 hm3.
-qclumes of water available for 1.,crieLe.tion uould be

p(c.:;e:)

III - 7. 'me of Powe
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L-"

For the variat solut ' d elmiler calouia6ion proves that 6,500 ha. can be

irrigated while maintairmlic same i:irm dower ou-Gout of 12 Mib/per annum.

(first solution)

Calculations exactly the same as those for the Kesem dam give the following

average power with minimum head (39.2 meters):

Wav 1,350 kWo

Firm peak power
° Wpeak ,450 kW.

Installed power with a,: ' ad (52.2 mete.

inot BOO k7.

)

continuously,
Thus the

!IT1 (hm3): 50 :50.5 48.5 : 43.5, 35.5, 28 19.5 ! 18.5 ! 23.5 ° 15.5 ° 48 50

(bm3), 4.5 : 1 : 2 : 2 10 : 15.5 °

:
3 : 42 114. 28

:13 (1,m3)° 5 5 ' 9 : 3 , , 6 1 6 9 5 10 5 : 5,5 :4 :1;
°R (bm3): 2,5 ° 2.5 ° o ' 0,5, 1 ' 4 5 o 4 4

;

'E (hm3): 0.5 0.5 ° 0.5 : 0.5 0.51015: 0 : 0 : 0.5 o ° 0.5 0.5

'.0.-(MT1-:-E): 0.5 ° ° -5 ' ,-7,5 :-8.5 ° ° 5 : -8 ' 32.5 : 106 : 20

°T.1 (m) '1.0,15°599 : 58.35, 55.1,50.8 :45.55! 42.1 : 43.6 : 42.35° 49.2 , 551,6 ° 60

P (Cm) ° .1,00° 1..00: 1.17, 1.04, 1.01: 1.01° 1.03 1.02: 0.99: 1.04° 1.06 :1.00 ,

' 1962-63 ;O:N:D 2J2 F : iii : m : : A S :
: : : : : :

(m) °1260,40:]260,-; :125p.,5 .1.25[.219.53.0 :1248.6 :1242,5 :1.241.7 :1245.5 :1239°2 1259.2 :1260.03

First solution est at 1265 m),
49 + 33.5 . 82.5 hm3, allowing .1.1.e irrigation of 6,000 ha,

Variant (crest at 1275 m),
49 + 44.5 - 93.5 hm3, allowing the irrigation of 7,000 ha.

We must keep a little lielow maimum figures so as o Ly3perat'o enough
firm power. Thus, .ror the first soluGion, tbe area to be has been limited
to 5,000 ha. so as to allow- firri; power output oí 1 Glib./pr month. Tilo i.e veriTied
by following 000r,ting toble (which usas tjxe some symb)la the td.ble for the

servoir).



The station will have twu generating sets of 2,500 k and 1,300 kii;respective-
ly. Thuo,the plant can be developed and operated more flexibly. Total flow through
the plahL is 9 m3/s with a head of 52.2 meters. A small additional dam would be
needed to compensate for the water passed through the turbines. It might be located
on the site of the Kebena measuring station.

IV. OUTLINE PRELIMINARY DE3IGN

IV- 1.

The width/height ratio and the remarkable symmetry of the gorge suggest the
construction of an arch dam. There are, however, many difficulties. Formations of
doubtful strength might be found down to a depth uf about 20 m below river level
before the lower outflow is reached. The intermediate and upper outflows are separat-
ed by a horizon of no great strength and may perhaps have fairly dissimilar mechanical
properties. The arch supports at several levels may behave diisferently. 5ome rela-
tive movement between the upper and lower parts could be disastrous for arch resis-
tance. These problems could be solved only by detailed studies on the spot, in the
laboratory and in the design office, going beyond the scope of the project.

For the moment we offer only an outline preliminary scheme, for a structure
less well adapted tu the topography of the site, but more reliable : a sir-block
buttress dam, with two blocks based on the lower outflow around the 1180 w mark and
the remainder on t'e termediate outflow at levels between 1210 and 1240 m.

IV - 2.

From the lei's; to the right bank the layout is as follows::

(i) block 1, resting on the upper outflow rock Lass

block 2, which is the first section with running buttresses; vertical
upstream face, downstream batter of 0.75 and width of 22 m,

straddling blocks 3 and 4, the "ski-jump" spillway, with a capacity of
about 1200 m3/s.

between blocks 4 and 5, a dewatering return conduit and the small power
station. The dewatering conduit ru_ns through block 4, the water intake
and the power station penstock through block 5. a.ccess is from the left
bank, under the spillway.

block 6, linking up with the upper outflow un the right bank.

IV - 3. Higher Dam (variant : crest at 1275 metres)

The crest of the di can probably be raised by 10 meturs. On the left bank,
the 1275 m wark should be about 40 m from the escarpment edge, along the axis of the
dam; on the right bank, which is a little lower than the left, the 1/1000 plan does
not go far enough to determine the length of the extension, additional expenditure
would relate mainly to the highest blocks. It can be estimated at roughly 25 % on
the cost of civil engineering works.

e 0
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t:'ion of the dam (first solution : crest at 1265 meters)
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: Flood spillway .................

Dewatering conduit

Intake ... eoemm000 oe0000meemee

eloooe0e00M00000eee000mooe

Power station

'2 turbines (00000000
2 alternators .mOMpom....
2 main butterfly valves ...o....

Overhead crane .................

2 transformers ...........,.....

2,237,000

T 0 T 18,437,000

Contingencies, design and supervision of work:30 % 5,531,100

GR,LND 23,968,100

IV 4. Summary Cost Estimate of klo Ethiopian dollars)

COfferdalliS 1,500,000

Rock excavation
5 x 80,000 m3 400,000

Concreting
85 x 135,000 m3 ......................., 11,500,000

Extra for reinforced concrete
65 x 20,000 m3 1,300,000

GrOUtin6 eomeeeomoomeeeeooeeeeoe0O*000041 1,500,000

Jwitchyard ..................... 240,000

Auxiliary services 2_51,000
o

(ï) First solution 265 meters)

Civil eníneerin,

16,200,000

Yotrical and mechanica ,7,nnment

434,000

129,000

66,000

85,000

714,000

242,000

522,000

36,000

53,000

179,000



j:itjolu o rest 1275 meters

Civil ,..:ngineering .........,.......................... 20,000,000

Electrical and mechanical equipment .................. 2 237 000

TOTAL 00666660604.6m6060060"666"6649866".1"06.6 22,437,000

30 6,731,100

GRAND TOTAL..............o.................E$ 29,168,100

IV - 5. Conclusions

These estimates reinforce the arguments in Chaoter I against a dam on the
Kobena. The variant soluti,An can be ruled out streigh,uay, because it involves
inresln, a furne [!], 5,200000 to eatend Octe irricai,Hd ares by only 1,500 ha.
Comparison w?..th the îlgures ro4: the Kosem dan shous ;12,Lt 3:run the first solution
is too costly.

Cost ( E$ )

: Irrigated area (ha)

:Elctricity generated(GWh/per ann

71

:Kebena (1265)

: 24,000,000

5,000

12

36,300,000

22,000

42.5

Failing some economic means of carryinc water to the Bolhamo plain (which
oannoi, be supplied easily from the Awash), the Kebe'Qa dam could only servo the area
of some 5,000 ha north of the lower Kebeua, The scheme would be of valuo only if the
1(c dam supplied only 13,000 ha. in the Kasem-Kobena plain and 1-;" the o.rea which it
could servo in the other irrigable parts of the Yiddle Valley 71er,,, increased o

10,000 ha.

It would be difficult and costly to draw off flowing over the Kebena
dam because a very big and vulnerable structure would lAa',7o, to be built to divert
water from the wider river downstream and also because the establishme)lt óf an ).n-
take higher upstream - e.g. on the si te of the gauging station already con.siderd for
a compensating dan - would equire a long and delicate :reed alou6 the foot of the
escarpment on the 10-N bank.



ri oTilcz V. REGULATION OF AWASH FLO16 AT TmNDAHO

IMPORTANCE OF rr 3NDAHO SITE:TO, T0,7 TMES

The large amount good potential farAland in tIL: Lower Plains of the Awash
was indicated by the irrigability study, which estimated that nearly 70,000 ha of this
land are in classes II and III. Irrigation is essential for its development, but is
at present practiced only on a fraction of the overall potential farmland reconnoitered,
and only by intermittent extensive and often rudimentary flood water spreading methods.
Present farmland is exposed to unpredictable flooding and particularly active forms
of river instability. The only permanent solution is the fullest possible regulation
of flow conditions in the Awash, to ensure

(i) New flow conditions capable of meeting irrigation requirements

Damping out of flood peaks to limit river overflowing and bed shifts.

These measures imply erecting a dam to form a large reservoir, integrating
most of the flows affecting the Lower Prains and adequately commanding the entire
region. It is remarkable that a single site ruaaing through the village of Tendaho
and directly accessible from the Aseb road can weeL ull these conditions at once. It

is suitable for erecting a main dam running northwest to southeast, with its left-
bank extremity abutting agarns't the hillside, od which the village is built, and its
other end at a long narrow spur jutting out into the river from the right bank.

A 1:1000 scale topographical survey of this site area was carried out for
geological survey and civil engineering design requirements. It extended a fair
distance beyond the river bunks in areas likely to give rise to leakage probleme.
Hei,shts on the map produced are diven as relative altitudes (i.e., the altitude of
Tendaho village above sea level iS 409 111).

As this map shows, the hillsidee to either side of the river fall away fairly
abruptly, so that the 'gorge' only increases from 200 m in width at the foot of the

hills at level 575 m to 380 m at the plateau on top of the hills at level 615. Thus,

even a dam rising to a height of 40 m above the river bed would still be comparative-
ly short along its crest and assume excessive length proportions only if built to

above the 615 m level. If the top of the dais were above the 600 m level, a secondary

dam Pould be needed across the saddle at-Tendaho village.

Thus,it was essential to estdblish the relationship between storage capacity-

and dam height. Thie information was ascertained by photogrammetric plotting of the

aeriFi photographs to produce a 1:20,000 scale map of the reservoir area. It showed

that a dem impounding at a 600 m level would produce a reservoir e:::tending 30 km

upstream end covering the Mile river confluenee, as can also be seo :?rom the reser-

voir ailing curves plotted. A few significant vulues are listed tbe table below.

596 63.5
598 81
600 r 104
602 131.5
604 165 (approx.)*

606 r 210 (approx.)*

* Extrapolated.
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0
0

0

0
0

376
516
716
970

1300 (ae]Jrox.)
1800 (ap:)-rox.

Rela ve a ude Area Capacity

(ra
(km2) (hm3)
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These figures ladicute that if the normal ptorage level ez=ceeds about 605 m,
the store volume might be fee' greater than neceocary for floil regulation pueoosee.
Though the e:r:amination indicote thet the higheststorge levels ere likely to be below
605 m, only a complete reservoir operation study alloeing for avoalable supplies,

water requirements, evaporation losses end flood damoing can determine tlie highest
level it would be uneconomical to ee:eeede, i.e., the optimum storage capacity of the
reservoir.

Stdro ,-OTOGY SURVEY

II - 1. ')eneral Structure of tb.

Although the cround in the Tendaho 3ion resembles that around. Kesem and
Awash station in that volcanic outflows predominate compared to the ground elseune:oe
(alluvium or tuff), it has a peculiar 117x,D., 77 multiple-parallelogTnm
which is clearly visible on the aeried 3hotophs. Quo fault system running south-
east to north-erest has produced elone;ated bills, which are _run through roughly from
north Lo eouth by a second fault system (eepeeially Treat of Tendaho). Though those
Zaults shou up very destincvly In the general structure, they are fairly difficult to
locate accurately on the ground, as deep coree layers cover the hillsides and the
tTealuen-s have filled up with more recent tertiary and quaternary c7pOSits acre too,
- heee eiajor faults have produced hot and bo-kling Tratev sp.rings (e. the Alala-bada
ge7ee

II - 2. Volcanic Formations

These form the 'skeleton' of the entire fLua and, though by
faults, appear to feature homologous strata sequence (at least near e I sito, and
especially to the east of the road).

The best most complete section is observed in the low hill between the awash
and the Tendaho saddle, where the following formations are visible in their order from
top to bottom. (Seo Fig. 10)

(7) An upper outflow, forming an overhang towards the Awash above the bend
in the track up the hill. This is hard scoriaceous-base black rock with fairly pro-
nounced prismatic and cellular features and very numerous cracks on the surface.
Examination of thin plate samples revealed fine-grained busalt, except for a coarse
corroded plagioclase from u first consolidation ; calcite occurs around the cavity
edges and also in diffused sones.

(6) An intermediate level which, at the same bend in the track, consists of
scoria and indistinct loamy broun tuff with white calcareous concretions, red with
evidence of reheating near the top.

(5) A second black outflow, with a yellowish patina, which is frequently both
stratified and prismatic. This is fine-grained basalt with a microlitic tendency
(seldom with olivine, non-cellular, fairly frequent glass, magnetite).

(4) A second soft intermediate level, which cannot be identified completely
as it lies under a coreo embankment. It seems to consist mainly of scoria, but may
also contain various types of tuff.
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(3) A third outflow, of vc,..rj compact black rock, thicker and more massive
than (5), with more pronouncec. craeLing on the surface. A scoriaceous level is ob-
served at its base. This is basalt with a doleritic tendency. Thin plate samples
were found to contain irregular zones with a very fioely crystallized, partly vitreous,
ground maas of darker colouring containing small micro lates ; the rest is lighter in
colour and contains big microlites, less magnetite and practically no augite or olivine.

(2) A tbird soft intermediate level which, though not actually visible in the
section, is probably the same as the one observed in u small cave above the road pass.
This consists of cobre or light brown clayey tuff with u distinctly red zone in its
upper portion, which has been metamorphosed by the third outflow (3). X-ray analysis
reveals mainly illite und montmorillonite.

(1) The bottom outflow, which dif'fera considerably from the others. The rock
is invariably dark in colour, coarsely graaular and breaks up into large balls. Bcept
for their dark colouring, these outcrops are rather like coarse granite in appearance
but thin plate sample analysis shows, that they invariably consist of fine-grainea
baaalt with small auite 6ranu1es2 occaoional olivine, a few calcite-filled cavities,
and fairly frequent glass.

This level (1) alao occurs along the right bank downstream from the dam site,
where it is about 20 - 30 m thick, more or less prismatic at its base, and (rverlies
tuff.

Though the intermediate layers above the dam site on the right bank are hidden
from view, the email cornicea in the upper portion of the abuten zone seem to be of
the aame material as those on the loft bank. The deeper intermadiate layers (1), (2),
and pOssibly (3) disappear underneath the scree and alluvium.

Examination of the strata appearing on the surface west of the Tendaho saddle
reveals an isolated outflow (9) over the upper outflow (7), consisting of medium-
grained dolerte with a distinct intersertal tendency, which iE1 part]y concealed by
nv:Herous E ities. It contains numeroua augite and olivino granules, also glomerular
plai7iorlas feldspar, fairly large quantities of clear glass, and magnetite or inter-

il:
A different series occurs along the firat kilometer south of Tendabo, featur-

in tiro main outflo-ls ; one below, and the other above the road. Both resemble the
upper outflows. 1! aort level runs between them at t.le road, which Taries iii thicl'Laess
up to about 6 m and mainly consio6s of light brogn loan wi.th lime concretions
a generally very red upper portion (contact metamorphism). Thio level raintly 2'esomb-
JO3 leve]. (2) iuthe typical section, but its bottom run differs considerably from
level (1). As this is not the same sequence, a fault must run through the Teadaho
saddle.

II 3. Rec ons

ii basically sandstone series, tus colour of which varies from red (frequently)
to yelldir(occasionalli), oo-Cies the.entire downstream part of the dam site area
(a small oigo in 'Oe. ,olash about 1 km north of the actual site). These formations
bear directly against the north-eastern hill slopes in the site area (by direct
transgression, not by faulting) and generally end up as a completely silioiled very
hard horizon formin6 a distinctive little flat-topped cornice (mostly at 600 - 605 m
relatikre altitude). The formations filling the large left-bank tributary thalweg west
of the road are probably also part of this series ; the deposits associated with them
are generally of a finer lo;amy material, but these formations too end up as the sane
peculiar silicified cruet. Between the two formations, sandstone forms isolated out-
crops in the bed of the aa:a or la its banks, in the dam s» .e area. This level may
be of Pliocene origin (late Te:t.tiary).
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,,eherelly ,,reyooloor.id LUTC0.0C, of loam, coarse sand occasionally consoli-
dated to suadstone, ao0 IDoir:istrPea from the si te, this terrace 'dovetails'

,ie abo-he sandetedE o.i'c,cun so occurs at the foot of the hills upriver
the eciì cule. nfr, le oYesumabl;! of early ,,,uaternary origin ; it frequently

e:-.teodsij te 600 1, alvitodo 'ftere -Lhis loose material has been carried
aees, b' 005 oi the eilina) el ac(:, s J Ll observed as an 'onionskin' type of tuff
encrustment 5 e.g., all the way along the rightbank hillside and at the foot of the
leftbank abutment.

Liht b2oiro ]ova fermog several terraces at lower altitudes along the banks
of the Awash. The vopmel, ,Arraces frequently show evidence of severe ravine erosion.

11 - 4. Tn -Jnics

The strata o no), dip very much in the general site area. At the actual dam
site, they dip sli iy from Tendaho towards the right bank, so that the lonor strata
disappear below the urface ; they then run roughly level all the way upriver along
the right bank. W of the road, they initially run level in the long straight
stretch south of TGh.daho, then rise towards the northeast in the hill on the western
side of the Tendabo saddle. Thib honconformity indicates a fault hidden under
quaterhary alluriuu io the upstream p.e-j7 the area and riiriniol;- along the small
thal from Teadaho to a po:Iot upstrah, from ,13.e daw se Le. Aaother fault probably
follows the straight upstream scarp of 'Jae etoagated hill on the right bank and then
crosses the first fault near the Tendaho saddle, This explains the breaches visible
from the road on the western and northwestern sides uf the saddle.

At least two faults in a bundle running from northeast to southwest iutea-
ser,t the western series at the small rood bridge about 200 300 m soutb of Tendabo.
They are probably the saíne as the faults observed about 500 m upriver from the dem
site at the small saddle on the oloqgaLed hill Oil the right bank. Thoui3O1 fauits ere
numerous in this area, none appear in the Awash at the actual dam si e, Differences
observed in the two abutments appear to be due to the dip of the strata. The bore-
holes shoul furthe information.

T-J7;fICAL )POR TBF, ii

III 1.

With a 'aehAble' structure (e.g., an eartn or rock fi]l dam), there should be
50 appreoiable diffieuiy ";00.1. 6he hell si e ibutment foundatien, dcopite the tuff
Wevolc In the oLeur,uerJ,,,.ate T.Dlulas 7- ieo Lhe out;')oob. ft win mere ly be neces-
sary Lo provide suJtabje orotectiod [c iìese soft foIloo.ounn, so as to preveol, them
Txom bt'oaliing up either during the c.: work or by underground erosion. The
problem can be solved with grout Between the hillside ablitmeots, on the
other hand, only u few recen; ,,coacistone formations have been identified ill the river
bed. The depth at oheil 0Jo c_.1canie reek lies and the thieness of possible sand-
stone and clay formations it are unknown, and can be established only by the
borehols survey. Phe righ I. Penh is taken up by a witie band oC quaternary loan which
becomes ei:tremely p1.ast3c Then wet. This material will have to be removed from under-
neath the foundation, bu-I; the quantities involved can be determined only by the bore-
hole survey.

The leaL e problem around site is similar te that asso,liated with the
Kesem dam ; on tie pet.mFi,s-oilir of the deeper votcanic outilov formations,
knowledge of depends on the borehole surveys.



RIGBY-BANK ABO IbB SEEN
ACROSS THE Rl_V

view clearly el ¿o the terrace
',4Tlly of light brown loam os both
of the river. The actual abutment

co aits of altenating hard black
basalt and so. t. tuff layers, with
only [he forLgJ-
under the sere:. covering.

LEFT-BANK ABUTNIENT HILL

A loam terrace and alluvial sand are seen in the foreground, and behind
these the following, from bottom to top :-

(i) The bottom outflow of weathered globular basalt.
(2) A tuff or slag bank. (5) A thick basalt outflow.
(4) A tuff bard.: under scree. (5) A basalt outflow.

(6) A tuff and slag layer visible at the bend in the road.
(7) The top basalt outflow.

PAGE 70
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THE SU;Y:=1.11.1iY LEFT- TRIBUTARY VALLEY

This small valley may cause some leakage towards the
saddle in the background, but is of ancient origin
and has filled up with practically impervious clay

loam (probably Tertiary) under silicified
limestone (note the small cornice).

A RED Cr,Y TIT. TION
11,

BESIDE

This is ah example of the soft layers
(t) separating the various basalt

'1i1111111 outflows (b). Such formations are
seldom visible as they are almost
invariably concealed by basalt scree.

THE ROAD SADDLE SEEN
FROM UP-RIVER

Though the ground is hidden
under scree, a basalt
outflow can be seen above
the road and an intermediate
tuff layer above the houses.

PAGE 79.
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The three )c°.eholes were necessary to reconnoiter this complex area

No. borehole 10 15 m above the road t o ti ) west of 01.le saddles

The se boi.ebol -cFollAC be ; Tink to at least 20 m boJ
c.s_oep L 'ci the: ni,cldJc ooc u1ccashould extend to a depth

alues ac fonA.d in a.Ait ion to e t zdying 1
o, 3 Alc tux e which w -11a p-fol _)1.1y not 1; eh h, hì boro': oj

permeability and the possibility cl - nd

T aft Bank

Zo ' f ' ) would be useful in more clos
of th. oJ ddlo 9 also the Lr-mce of co

- formatil if any) undsvne ti the een

Is ol.) the I2C,=.7,51 a. t;na sites, the purpose of I ':aconnaissance work was
to e-i,abJisb the ieobnioal litbility of the project, LLc . a final scheme is worked
ou;., Pfovision have of couaz to be made for additional * .:)stigations.

V. BOREHOLES AND =IS

In -01-! 1.tot 1 ; p, ry
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foR.00:,' 0:901-0Ior0 1):, '010. cl' lit lio col avo 3 UlD":1 e eta. L. . acacia 1.1
thoska ob-talAed boleno,. ThE it, riaoLrJoOrL OCr00111O r,f these boreholes and
10eis.mcohdli..6y YespiLs ac 21(oon (..o. 611C Acakj-Jr_;s, ii b Lbts

The boi.e,bolt,s, uteopl 1e 6 1;I LIOL'I,lr-, 'Ginn 0a,2! ca I;uva J i1hE -ol,r.rirj.c and alluvial

formations 1,y(--i- a vd be Aa types of
;.'ormcs t on, 10.1 A oa t-hs 0 t).nrct through the

S:1La chou a.c choc ro 'oo:ct, tol

No 2, 3 and 4 wet the ma crow

r ;jilt ;',f1 i1, o Bcrr No,, 6

Atiash and th.i Tndaho ;.:6r t'llk le bank. Tbls,

:impo EY.rtd Lt and .1(..) r.*6 1. Boreho:ie No

t .ht l'urto S tJc V03 CC) 'Li 0 k

V

ow the lEiel of the saddle,
which surf-Aciently low
foundation problems for
7T)uld serve to investigate

" 7 aT" ong the

J. hill tice

40.1 1,11-L° o 11E411

0,7oit .-OpLo ,-,1-lorv,i).m. at

ly es tablish-
ot atively
.1:ricial scree.

Taest..): 3 o '.11 6 o A-PI II 'y 19 m
,ttr':"IS' F'CY¡-.3 ,:oc11.7 cc ty 17 good Slid ont ,JE c t, J e. r; SOIS 11.0O23., ,`YS

110.0. 1,h pk.,e; 5;,.:1 -.6 coo The,y 3.0 00 n q.k. o 1)6 c on

Iritszt?Es..ob. o t,b.o o atr.i l.J, ;:y o o-cin itcnî

No 'd' borehole 1 -ct n the road and th 1-, a f?n sido.

No 'e' borehole in n. hill on the eastern siAc of the saddle, starting
15 m above the road,
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Xg,codn,x, !un 1,4-,7oligh nearly all the basalt banks ; there are
sometimos so mad:it- Lmn, J2ednoed '6o a heap of disjointed fragments. This
was most notice,,Ile ¡There the particularly pronounced state of
dislocation of the basalt b,(K,1.. must be duo to a nearby fault. Cavities in a few
horizons prospected (-00T,1 ) from 0 to 6 +) were partly filled up with calcite
deposited by infili,e6lng'

The core Le, nl.0 do not show any prevailing direction of fracturation. From
the lithological o o O vi,, few differences are ovident by direct visual obser-
vation between tho r in Ghe successive outflows, except for a bank with a rather

appearanc, ,ad a X,,u it.g feldspar crystals scauered about in tho basalt
t'ais 1,. .ter type of hl ;; he one in outflow (1) ; 1,e., the bottom formation
reconnoitered during 61C. preliminary survey. A new bdsalt unit with a fine inter-,-
serial $tructure was identified underneath it in borehole No. 6, which is shown as.
(- 1) on the cross.

l'etween Outflows

Their fti": . ;,bout 10 m 3 i.e., roucbln,( as for the
basalt outflows. C on of o of both types of fo,...mation along
aertical (nn, pre, tes on the ric211.1; where it
acnol.nts for 60 Go rbo oz.n-x,%,11 depth of ground reconnoited:01 boreholes Nos.
2, 3 ;,:nd 4 ; bu G bo .en,1( ,ox o the ieit-b,Ink hill ran througL1 roughly the same
thicknesses of pasoll nix 1., 'VJ142(:.

and volcanic ah in various f consolidation are the most fre-
quent fo:nms of rock in l,he -t..y)nl,,,,.0ons, The top levels in the left-bank
hill, plainly visild, jn xo ,CITL; dug thero, consJst of neauerl scort-

CE, LLL r 0, 1-k(' c' 1.1 5j30000 ''11"S1 1A6'lre
nn daf;:'ioult to 'dent) whei,her

volcanic adn Crom ojI1J-t by bind, bnodann, uuant/Lies
cL octl(fl_am 7*, u, 1,,xni_ons 'JuppoJ the second assumption. Elsewhere,
the intermediate J. al 's', f-Jort tdi.ff, frequently in a reJ11..,72n,ed condition,
cinerite and erapX. unl, as lnpiltsx. which form bed.;_ i ost 2 m thick
between the slag

V- 3. O `'.edimentar=,; Vors.. ions

Boreholos a
. .

5 (c.,`') (30 m) in the h'f.n;Jx-water bed of the Awash, ran
through forma;,ion6 (n2 nllu al u P ith no sign cf -'olcanie rock. Tbcn," are LI:a.y
1,:vM b101 Vary:La,: nropenti,on,. of cx a. nd containt*, intercalations ojl fine sand
por,?ily ,nna.nsfonmod sand.;tone, and stone oi rounded pebble bcd6 .7.1.-Lh e jew
con,glome--,Lo lime uoich, where present in gr,qate-e (ula_litios in

ho-;nnons oom,ilh bonding. the sandstone and conglomerates.

V - 4,,

01.hltratio.,1 tosc uox,- ...iod ouG unde.t: pressure at ambie:r.X.; conditions
2n all .;-,he boeio_n lo x;:o,-.1,,,..11 the peo:m.?,b11-xc.v of the Thu p.D.meX'dility co -
eZiac:lon6 X coo ;-(PT alluvium and porous volcanic 2.ound. _:Jxx.',1t. rock

ilself is imper.Xions, but i.JA2 baeolt bnoXs hn,.,e as a whole sertain wx1;-'r -conducting
capo.cily br,olo.use coodi,ion. As the infiltration tostn riere cafraed
onm on. -qe..-tion1 Ale;:i.;Y,J an d:k.d,h this rock can be consideYed perme-
;2 e ;;,) I 3 03.1,71. .2,1 it, ['flu. 1,,y ,3 fab. C.,1. cL 2 17 Or ale Cla WTI
A!) p!'0:'.71.1110, ;.."- r (-.1 it :I. "bT,E.Ci bolos'



(i) Volcanic ground

No. 6 - Surface to 15 m : 5 x 10-7 to 10 x 10-77 m/s
15 m to bottom (49 m) : 10-7 to 3 x 10' m/s

No. 4 Most horizons : 2 x 10-7 to 4 x 10-7 m/s

Higher values were found in a few horizons, but never
more than 2.6 x 10-6 m/s.

No. 2 - Values ranging between 5 x 10-7 and 2 x 10-5 m/s,
the highest rates being measured in the basalt banks.

No. 3 Surface to 35 m : 10-7 to 5 x 10-7 m/s
35 m to bottom (47.5 m) : about 5 x 10° m/s.

Sedimentary formations

No. 5 10-6 to 6 x 10-6 m/s

No. 'a'- 6 x 10-7 to 4 x 10-6 m/s

No. 4 Alluvium horizon (50.5 - 55
V 5. Geology of Dam Foundations

The results of the borehole survey have led to a clearer view of problems
assooiated with the dam foundations and the impermeability of the ground in the
vicinity.

The two hills against which the dam would abut consist of very heterogeneous
rock, with soft occasionally friable rock, such as tuff, ash, slag, and even alluvia,
alternating with hard basalt outflows. This structure is clearly visible on the
surface on the left-bank hillside and has also been identified in the boreholes in
the right-bank hill, where the successive strata are largely hidden under coree.

No volcanic rock was enoountered underneath the hii bed of the Awash,
but material of undoubtedly alluvial origin was found, suoh as sand partly bonded
with a calcareous cement, loam with varying proportions of clay and horizons contain-
ing large quantities of gravel or rolled pebbles. This ground lacks consolidation
and does not feature any rock of sufficient strength to be a foundation for a con-
crete structure.

V 6. Leakage Prob

(0 Near the dam : few leakage problems are as$ociated witb the ground
underneath tbe Awash, as it is practically impervious. Though not
especially high, permeability rates in the volcanic hills on both
river banks and in the abutment zones are sufficient to require
grout curtains at least in the more pervious upper ground layers
(K varying between 2 x 10-6 and 3 x 10-6 m/s).
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: 1.4 x 10-7 m/s.



ReseridAJ' the fault running through the small saddle at
1.ore'171To'il-IT7T--h-UT;-p'roduced a dislocation .J2sa; so that permeability
:aoes ro the Jooel basalt euG..:lows are bound to be fairly high (maxi-
mum Y obu10-». m/s) 5 a ._;:201+ curtain -1)1i1d be necessary in this
ore.. JPartber foub,, borehole No. showed that the elongated hill. on
che rght liddk s oomparativel_7 inivious beyond the small saddle,
l'ermaabliit,y rates between thiL ,aC.,7qt and the Awash are not known'

as fundo did no-6 permit the curryi-out of borehole No. 1 ; a grout
curtain may also be necessary in this hill, but probably need not
extend. for more than a short distance south of the saddle.

(iii) ftescr-rejr_left:balli : the special leakage problem associated w
Yeajaho saddle 7;as-clearly shown up by the preliminary survey,
or ruledan the three boreholes which had been proposed
tDTs area, da wail as borehole No. ' in the left bank tributaTy
ilialuepal..ttdie. The work required o seal the left-bank area is still
largely a Ille.tcy 0J. conjecture.

.D3cP lofiÌciitioo under present conditions, seepage from the Jwash
merel/ adows ut. as capillary rise, which susl,ains narrow strips of
ve!ecion l oti boi4 river banks. The nearlz impervious alluvium
bebe ,bou m deAh underneath the river c:vents any major seepage
Lhrou i;,) a graato:: depth. This explain ::bo aquifers were en-
countered, except in borehole No. 'a'. whic ran through sandstone
banks in communication with the river at shullow depth. If a dam
is built, the re-iervoi7 1.111 e-rtend up the loca volcanic hillsideu,
and i.er dill tafIli,rat'e )nto neir a,.:12meable actual leakage
ra-tes tt. deptb oannot be es,imted, '[hay depend on the
na-ture o; the :,J:Jund unaerueuth the visible volcanic series.

V- 7. T
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Two asonmuti.oas coo ho made on the strength of the information obtained so
far, as shown clitisully on the sketches with this report

The first aasumstien (Fig. 11) is that, slightly below the level of the Awash,
the volcante o:cnc ci 005 overlie a thick old alluvial deposit probably dating buck to
the Pliocene and eonteiniog substantial clayey horizons. This means that borehole
No. 4 penotrd.ted into the alluvial formutia.1 co a depth of about 5 m, al so that
aitor runsidg bhreuh a 141 m layer o; rtaaent alluvium, borehole No. 5 penetrated the
old alluvium form,n to a depth of 41 m without reaching its base. In fact, this
old formation may extend to a depth of several hundred mete,:s. If this is correct,
the alluvium dating before the volcanic phase presumably u largely almost
impervious floor reducing the risk of deep infiltration lo ::5 to negligible pro-
portions, except in a few coarser horizons.

The second asnmdtten (Fig. 12) is that, the alluvia in the bottom of borehole
No. 4 are the remvlauts of an tn1;erim episode in a volcanic series of unknown overall
depth. This implies that, a long time ago (possibly as fan back as the Pliocene),
the Awash must huve dug out u deep valley in this formation and that this valley then
filled up with clayey alluvia ttici the 1-e0e0u alluvial loam deposits over them. If
this is correct, the basalt and tuff si: ca (whicli'may also Gontain intermediate
alluvium beds) me»,' hi'c'e con;aderable dejth It so, water inCilloating from the
reservoir would gr,dbially fi 3.1. up the voids in the formation and finally form a water
table extending throughout alce surrounding region. This might result in greater
water losses than in the previous case, as volcanic rock i2 generally more pervious
than fine alluvium.
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V - 8. Conclusion

The borehole survey provided closer information about the geological structure
of the site, especially as regards

(i) Variations in the lateral extent of the basalt outflows and the off-
setting of the strata probably by faulting between the river banks.

The substantial relative sise of the soft intermediate strata in the
basalt outflows.

i) The considerable thickness of the - probably Pliocene - loose material
formations underneath the Awash.

From the structural foundation point of vieii, it is important to dismiss any
idea. of building a oonorete dam 3 only a structure iath sufficient 'give' in it (i.e.,
a rock-fill dam) could adapt itself to the very heterogeneous nature of the ground
and the differential settling effects to be epeced.

From the leakage point of view, very high permeability rates were observed
only at the smell saddle on the right bunk, or on the surface. They generally de-
raed fairly cl,uickly ibh depth. Precise data are still lacking for the left bank
nd a serious problem is that no evidence was found of a water table, even in the
pe3t borings.

Further reconnaisaamoe suiveys are essential. The leakage problem should be
given priority consideration throughout the left bail area - especially at the Tendaho
saddle - and also in the deeper fermatIons aloud the right bank so as finally to
settle which of the two assumptions Is right. Only then will it be possible to decide
on the extent of the grout curtains to be provided. Their positioning involves a
number of difficult problems because of the alternating hard fissured and loose finely
porous rock in the ground.

VI. IIYDRAULIC OPE ,TION OF THE RESERVOIR AND D-MENSIONS OF BASIC PROJECT
COMPONENTS

The previous discussions allow fairly wide latitude in choosing a etorage
capacity for Tenduho, but determining the optimum storage capacity is a comple7,: pro-
blem, Its solution calls for studies on the following points

Modification of present flows supplied by the Awash at Tendaho due to
various degrees of use of river water upstream.

hffect of reservoir -water losses to atmosphere, which may rise-beyond
an acceptable value if the average reservoir level exceeds a certain
altitude.

Formulation of the water requirement to be met below Tendaho for
irrigation, river stabilization and power production purposes.

Each of the above headings will now be reviewed in turn.



These can be assesed on the strength of data from Dubti gauging station 5

they are summed up as monthly inflows for all three 'hydrological cycles' of the
Project in the following table

Expressed in li1E3

The annual inflows vary greatly between cyclùs. In comparing them with normal
conditions, it is best first to consider rainfall in the whole region affecting the
lower Awash ; i.e., basically the western hillsides along the Upper Basin (the Koka
catchment area cannot be included as its flow contri bution benefits from interannual
regulation). The resulto of this compari son for the ti,o predominant 'inflow quarters'
of the year is summed up in the following condensed form

1963

: 1964

larch : April ° Dlay
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: well below normal conditions

: below normal conditions

: normal conditions

+ : above normal conditions

++ : well above normal conditions

There is a satisfactory correlation between monthly rainfall supplies and the
corresponding runoff flows, except in September. The table also shows that flows
supplied during the 1963/1964 cycle were above normal, whereas the two previous cycles
were below normal ; especially the 1962/1963 cycle, when the over-abundant supplies of
the first rainy season were amply compensated for by the subsequent shortage.

The direct flow compari son made in the basin hydrological inflow/outflow ba-
lance study in Volume II I (i.e.; between the flow as related to their normal values)
confirms these results. Preferably, this comparison should not be concerned with the
total flow recorded at Dubti, but should consider the difference between this flow and

Audust 'September'

VI - 1. Presert "-t- -u ies Available at Te

; Date :N:D:J:F: ° J J ° o Ye.ar

:1961-62: - :89.5:105.5:102.5: 124 : 103 : 81:45.5: 78 : 520 :340.5: 254 : (1961

!1962-63:127.5:9205: 118 49.5: 57 , 239 :319: :161.5:397.5: 571 :213.5° 2477

:1963-641255: 110:129.5:107 : 93.5:183.5:122:86.5:593 :1158 : 685 : 313 : 3706.5:



Da..6a N J ° F ° ° j'A'S 'O :Tear°
;

1962-63:127.5! 92,5: 118 ! 49.5: 57 235 ! 315 : 131 ! 157.5:393.5: 567 ;213.5:2457:

Expressed in hm

VI 2. 1.35 after Development

Flow conaitions in the awash ill Change as development of the Upper Basin and
Middle Valley pro ce mainly theov

A gradual reatm:61oH! in p:.-esent supplies due to the amounts of water used,
perttoularly- for ftrigation.

Rcgulation of these supplies as other dams similar to the Koka dam become
opere,bional.

In predintlu those chauc,,es, oerala a!:;zuvio-Glon IMIS'k, be made for the actual
water consumption 6.7ends ana fn7 the eff,?oGs of chanL;ee 1.1) loe coeditions due to
those on conditions several hundred 17ilomeers aounstr.?am, Tho hydrological analysis
work desovibed in Volume III reet1»' eased ne seoond di.:710 by producing
quan'6rtaTive river loss data b?i;I:ecn 7,Lolra and Tenaabo rad, 'y throvide, some ljcb on
no 'deformation' of flows in the itwash duo to the floodable areas in the Middle
Valley,

(i)

_90_

the volume of water nroush hurbvIes e, 1,olza (which is not connected with any na-
tural phenomenon). Thie csive, the loll rp atfferential flows

1961-1962 (1961) 880 1,081 hm3

1962-1963 : 2,477 - 1,044.5 1,432.5 hm3

1963-1964 3,7o6.5 - 1,179.5 2,527 hm3

Normal condition : 3490 1200 2,290 hm3

In the absence of data covering a larde number of years from which 'typical
inflow cycles' for a known probability ran,_:e could have been constructed, tbe hydro-
logical year from November 1962 to October 1963 will be considered in Staviu,; he use
of Tendaho reservoir supplies. A good reason for continuing to consider thia ueriod
is that il has already served for hydraulic studies of te other reservoirs. On the

h.-vDd, it is preferable to consider the 1963/196/! (cle in determining the
effectiven,-es of Tendaho reservoir in protecting the Lover Plains against flooding.

For a more riorous riation of awash flows at Te- .0, it is vwceaoary
to deduct the quan6it;y of wa c Lpplied by the Losiya frodl flows arrivin;J at
"Nbti This is very small, and is estimated to have only amot:eted to 20 hm3 duc'ing
the 1962/1963 cycle, equally distributed over the five months (April, May, July,
ALIZ6 and 6eptember) during which flows in this river reached any appreciable 2ro-
portions.

Awash flows supplied at Tenddhe during the considered annual cycle were as
follows
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Three 'development cases' have been singled out to illustrate probable in-
creasind water consumption trends in the Upper Basin and Middle Valley up-river from
Tendaho.

Case ioderate development. This allows for any developments likely to be
put into e fact uithin a relatively short-term period (say, about ten years) without
involving the State in any heavy financial commitments. Two possibilities were con-
sidered.

The first poesibility was iso ed water consumption in the Upper Basin, which
mUst be expected as the population increases and higher standards of living are attain-
ed, also with the c:epansion and increasind industrialization of Adis Abeba and its
surroundind region (especially towards Nazret). Net consumption in the Upper Basin
may be expected sooner or later to reach a limit deliberately imposed to restrict
the possible effects on hydraulic potential depending on the Koka reservoir; e.g.,

it is assumed that reduction of present water resources in the Upper Basin will not
exceed 50 hm3 yearly, i.e., 4.5 hm3 monthly. This is equivalent to a gross water
consumption of 100 1/s by a population of 1,350,000, which seems largely adequate to
cover domestic, municipal and industrial needa.

The eecond possibility is due to new irrigation areas going into service
downstream from Wenji plantation, as follows

between Bofa and Metehara ............................ 5,000 ha

in the Metehara plain .11e.o00.powevegeopooamwooeveMemoi, 10,000 ha

'run-of-the-river° supplies from the Kesem and Kebena : 2,000 ha

in the Melka Sedi and Melka Warar plains ............ 7,000 ha

Total 0,41,00.moopeo.00.0000000000o0 28,000 ha
M1632======M

Total 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 24,000 ha
tn.:man...Nam.=

A main reason for selecting these areas is that concessions for them have
either already been granted or are under negotiation.

CaJJi Advanced development0 In addition to needs oonsidered in case (i),
this one allous for a number of developments in the Middle Valley, which are selected
from among the least hazardous to implement and the most profitable to run. These
are

Irrigation of additional areas (for present purposes, only considering
those irrigable by 'run-of-the-river' supplies from the Awash 5 i.e., .
disregarding any needing new pumping plant). These areas are

Amibara............................... .11,000 ha

BolAamo (gravity) .0.0000040000600M00e0 2,500 ha

Angelele 0 o d 0 4,500 ha

Initial area in the Muro Gala Plain .. 10,000 ha
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Note. Compensation of Awash flows where they enter the Kiddie Val ley, by o
dam in the gorge at Awash station, uill be necessary to enouro run-of-
the-river irrigation for these areas. Alternatively, if this peoved
Loo difficult or too costly, a new schedule of turbine operation at
Koka power station and the other stations below it could provide the
necessary adjustments.

Oas develooment. This covers the full ranee of developments po-
tentially app 'cable Lo 1;he Middle tTalley, including some operations which, though
technically feasible, are less suitable for immediate application. This case should
be considered only as part of a long-term policy. These potential developments are

Increasing Awash supplies by 200 hm3 annually by diverting the river
Meld. into Lake Gelileu. Though this would be a profitable operation,
a number of serious hazards still remain, as discussed in Chapter II.

Regulating flowu in the Kesem by the prpposed big dam.

Maximum e:ztension of irrigation in are se ieetioned under cases (i) and
(ii)above, as follows

from 2,000 ha to 17,500 ha in the
Kesem-Kebena plain ................ 15,500 ha

from 2,500 ha to 8,500 ha in the
Bolhamo plain by pumping in stages 6,000 ha

from 10,000 ha to 22,500 ha in the
Maro Gala plain 0000 12,500 ha

Total 110 34,000 ha

Probable flow conditions in the Awash at Tendaho can be deduced from the
results of the hydrological survey of the basie and compared with present conditions
for each of the above development cases, as follows

° ° °

MONTHLY FLOWS ARRIVING AT TENDAHO DURING THE 1962/63 CYCLE
(ha,)

:AIS0°Year sN D J F MA
: AO

.

:127.5 :

.

92.5: 118 : 49.5: 57 : 285 : 315 : 131

. ,

:157.5:393.5:567.0:213.5:2457

: Al : 80 : 59.5; 80.5: 31 : 60.5:281.5: 241 :68.5 : 210 :412.5: 543 :216.5:2234.5:

: A2

(i

: ,58 : 43.5: 59.5: 20 :

:

25.5:188.5: 204 :23.5 :

:

190 :405.5:
.

525 :201.5:194.5:

70 ;
44.5: 61.5: 22 30.5:190.5: 200 :27.5 : 128 :280.5: 505 :199.5:17-9.5:



VI - 3. . Silting in the
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Annual flows arriving at Tendaho in the three .. es differ by less than the
net total water consumption of the irrigated areas, as e:banges in flow conditions due
to water consumption ,rtificiaJ flow regulation help to reduce losses along the
entire course of th ,uantities gained work out as : 149 hm3 yearly from pre-
sent conditions to caL.;e (i) ; 84.5 hm3 yearly from case (i) to case (ii) ; and. 70 hm3

yearly from case (ii) o case (iii).

Comparison of monthly inflows leads to frequently obvious though also occasion-
ally conflicting, conclusions. They can be eimlained only by a detailed h7deological
analysis of the phenomena involved. No all(nance could be made in the hydrological
calculations for the Oes which will be required for the protection of irriga-Lion
areas in the Middle Valley and which, in helping to limit the extent of flooding, may
reduce water losse ..7urther.

Reservoir

Sediment loz, data observec at Dubti gauging station are summed up for the
entire Project observation period i o he table below. Figures are in millions of
metric tons.

These data are seen to differ considerably between years ; e.g., the total se-
diment load during the last annual cycle shows up the very heavy rainfall in the
northern part of the awash Basin during the last rainy season.

The normal sediment load at Dubti calculated from the overall synthesis dis-
cussed in Volume III works out at 32,800,000 metric tons annually. The sediment load
in the Logiya, which will not affect the Tendaho reservoir, can be established by the
same method. Assuming a specific normal degradeAion of 875 t/km2 for its catchment
area (4,330 km2), it works out at about 3,600,000 mecric tons in a year. An average
29,000,000 metric tons of sediment may find its way into the Tenducho reservoir each
year. If all this material setlEd out ntorage capacity would be reduced by
about 15 to 20 hm3 aennally. Nith this pessimistic assumption the useful working life
of the reservoir would not ex,%eed about fifty years.

Although silting ia still a serious problem feo this reservoir (and more so
than for soy of the other reservoirs), there are proepcts of reducing this risk to
more reasonable pvoportions. ,Athough no grain sis analysis data are available
aseeralnig the relati-ve qua..lity of sediment likel to remain in suspension for
lengni of time, visual ,lbservabion shows that this sedimcnt largely consists of very
fine material, with big prcporticn.n )robably origina-binc from the 'badlands' along the
41(1dle Awash. Even if certi mainal areas in the reservoi silt up rapidly with
this material, the deepes'6 coca loo ,L the reservoir center lane might not be seriously
affected by silting for Gime,

hat,s N U I J ' ° A C :Total:

: 1962 : " 01 0.1 ° 0,1 : 0.2 0.1 ' 0 : 0,9 ' 8,6

1962-63° 0.2 0.1 ' 0.2 0 : 0.1 5.1 5.2 0.2 1.1 ° o' 4.0 - 0b,u 0,[ 21.5

1963-64° 0.3 0.2 : 0.4 1 0.3 0.2 2.6 0.6 0.2 "24.6 :32.0 :10.6 : 1.7



Sediment-flusl1g operations through the dewatering conduit could be practiced
as at the otheT prc,p dame. This would entrain come sediment deposited, or set-
t1ing'out, It-ar the o i. Thes operations imply fairly delicate schedules to ensure
tba-u deliberate lossee of storH do not adversely affect subsequent water requdrements.

If, after a few years of observation, the sedi,mentation risk turned out to be
more serious th.:n haa been anticipated, one could conider buildteA :leco;Idary dams to
retain some of uhe sediment loid on the river kilo and un the aus.h itclf above Ten-
dehc ,.'nd below Ledi (au 1)yegT11); the sediment could be removed with earth-mo-
equipment. Similarly, í the msin reservoir silted up too ra2idly, the desiltin
with floating suction dredgers could be considered.

Yu: any evo, lt is essential to lea,To substantial dead storage volume in
the bo-uuom of the reservoir to allow the coarsest sediment to settle out. A reasonable
alle':ance for this ohould be about 100 hm3 ; i.e., the storage volume below the 590 m

-1.

VI - 4. 1.0servoir Losses to ,tmic

The meteorological station at Dubti unable to yield representative data
for the climate at Tendallo. The only alternaUive was to rely on the general relation-
ship developed in Volume III between altitude and normal annual eva2oration from an
extensive open body of water, and to modulate this annual total by applying a series
of monthly correction factors. Normal evaporation figures for Ihe absolute altitude
of the future reservoir at Tendaho (400 m 410 m a.s.1.) are lied in the first line
of the table below. The third line gives the specific loss neu after subtracting pre-
sent evapotranspiration, which is virtually the rainfall at Pubi.

Specific irae-c losses to atmosphere from the Tendaho reser,j'oir are thu9 20
hi ' than for the Kesem reservoir. They increase very rapidly with risinw mean
::aie.r level, as shown in the .A table

. Relative altitude

596
598
600
602

604
606

Mean depth H
above bed

(ni)

26
28
30
32
34
36
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63.5
31

104
131.5
164
210

Nean d.rea S

(km2)

AnnuA loss
(hin.3)

189
241
310
392
491
625

b?sil;nat,iou a D 7 J ' l ° X " A ° 1,1
: J :

° s ' o :Year
.- ...

:Normal evapo- : 208: 208: 206: 228: 291: 322: 318: 331: 276: 324: 333: 255: 3300:
:rai,ion (mm)
:ProenL ovape-: :

:.;;ralspire:,ioa : 3z 2 : 7 : 7 : 17 : 58 : 19 6 50 : 86 : 58 : 7 : 320

:Lose e (m3/11 ;2050:2060:1990:2210:2740:2640:29903250:22602380:2750248029800:
:
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The loss E varies exi)onontially with mean aepth of water H by the following
relationship

H + 17.8

where e is the natural logarithm base.

To ensure minimum evaporation loss, the reservoir should ideally be run with
the least possible mean depth of water H, but the final choice of optimum live storage
level depends on requirements mainly connected with electricity production by the
power plant at the foot of the dam. This study cannot be concluded until all the
water requirements to be met downstream from the dam are known,

VI - 5. 0Aantities of Water for Irri ationRecui.rements in the
Tower Plain=;

The specific water requirements for the Lower Plains (bd) are estimated at the
end of Volume II. This gives the figures in the first line of the table below

bd (m3/ha)

" a (hm3) :125.5;89.5:105.5'49.5: 57:103' 8145.5° 78 '397.5'340. '213.5'

a/bd (103ha)* 79 :61.5! 125 '56.5: 65:146' 28442.5°40.5 246 ' 164 ' 106

It is interosi,tng to establish the maximum amount of land irrigable each month
purely by 'run-of-the-river' supplies ; i.e., assuming no dan at Tendaho and only con-
sidering present inflows for which the quantity considered for each month is the
smallest inflow "a" recorded during three yee,rs observation at Dubti. For the Lower
Plains, it is unwise to rely too much on certain percentage of the irrigation
supplies ultimately finding their way back into the Awash. Most drainage water will
be run off into marshland areas and lost for good. Yhe required maximum irrigable
area is given by the ratio a

bd

These data show that no more than 40,000 ha of land in the Lower Plains could
have been irrigated by 'run-of-the-river supplies between 1962 and 1964, and the
figure would have been even lower if it were possible to consider a longer hydrometric
observation period in the calculation. The possibility of the Awash drying-up com-
pletely during certain months would have to be allowed for. These consequences become
even more serious in a case of reduced supplies through increased conuumption in the
Upper Basin and Middle Valley. River flow reguleoa is an absoluto necessity to
ensure supplies for all the irrigable land in the Lower Plains throughout the year
i.e., at least the land in categories II and III (as shown in the semi-detailed soil
surveys in Volume II). The maximum area covered in the Volume V studies amounts
to 66,500 ha, of which roughly two-thirds (43,500 ha) will require pumped supplies.

Irrigation water requirements for the Lower Plains are listed in the table
below ( B refers to the full 66,500 ha, and B' to the 43,500 ha to be supplied by
pumping plants).

D J S O Year

1590:1455: 845 ° 875,880:705' 285'1075 1935' 1615' 207 2010' 15 345 "



Expressed in hm3

VI - 6. A.dditional Volumes of Water Retu to the River

P'
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If no more than the amounts of water required for irrigation were
downstream from Tendaho dam, the mean discharge of the Awash would gradually ' -ease
from Tendaho to Lake Gamari. 1,1132) ta low-demand months (i.e., January to May, and
especially May), the river disc-arì might be reduced to only a few cubic meters/
second past the points at which ijlr, substantial quantities required for the Dubti and
Dit ':?ahri areas are diverteac TbJs would no doubt complicate riparian economic
condItions, and perhaps harm animal life in the downsti-eam areas.

Since the normal annual inflow exceeds irrigation requirements (even allowing
for Tendaho reservoir losses to atmosphere), it is advisable to discharge as much as
possible back into the river downstream during most of the year. This purpose is also
achieved in the operational c-slculations discussed in the following pages. Their
object is to determine the "critical pro.Titability" for the firm output to be produced
by the future Tendaho plan't. These calculations will be slightly more complicated
than for the Kesem as some of the power produced at Tendaho will be needed for the
pumping stations and, therefore, strictly geared to irrigation demand.

Although the required total pumping head muy vary appreelably according to
where the supplies are diverted and to flow conditions in the rl,rer2 7m for the small
pumps mainly in service in the Asayita delta and 9m for major pumping stations should
represent average values. Because the smaller pumps are less efficient, with values
of about 60 % compared to 75 5 for the - pumps, energy in GWh required for the
pumps is given by the following expressic, :

D' 7 9

450 0.b (LO ;,(-) 0,75 30

(0.8 80% turbine efficiency)

VI - 7. Determination of Li, -'s ervoir

From the -0-.Lewpoint of ma:amum reseroi.r produ atmosphere E

increase sharply rising mean reservoir 1,a ter Jevel;-a1:1'd the quantity available
downsGream from the dam A-E is acoordingly rednced. T1.113 Quantity A-E will serve
no on1;r to supply irrigation b1.1 a]so hi produce elecricJty and to maintain ade-
quate flows in the river downstream. They caa be exprabsed by the relationship

A - E B R

where :
B is the annual volume of vaLcr reserved. for irrigation, ana R is the addi-

tional volume of water to be retu:;:nod o the D.Imer,

0

- - :

: D°,:r`P°

56
:

37:
,

7

Y; °A° J:J ` ° o ° Year

: B109.5"96,5°
'

69

5C;58.5°
- : .

; :

47 ' 1.9 '71.51285'107.5'133133.5:1019.5:

'63,5: ;
38°38.5°30,.5'32.5

:
47 ' 84 ' 70.5! 90 87.5 668

. : .
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E'In addition to the energy P° reGerved for the pumping stations, the
energy output given by P also inclu,1 -,'oo additional quairi,Ity

'PLT'L (A E)H
450 30 ,150 30

where H is the mean geomeGYic head available for the turbines (the tail water level
is at about 570 m). The Lreater H, tho ,_reater also will be this energy, which will
be available for sale to consumers othec lhan irrigatio oprators. The product
(A E)H, the two termo of whioh vary in the opposi must be made mjmum ;
i.e., its differential coefficient must be reduced to »i:o by solving the ,:ollowing
equation

17 S

j

The roots of this equation are

(i) with A
1

2234.5 hm3/year, H 33.15 m (603.15)

For OU:_,J ( ith A2 . 1944.5 hm3/year, H . 32.20 m (602.20)

For case (iii) with
23 1759.5 hm3 year, H = 31.55 m (601.55)

To get the most out of the reservoir, its a voll would have to be set
at about 602 m.

Fi'om hha ,i(,.;poiall, of .:ojeot , if electricity production is sacrificed,
the rem,:r'cir 1,o 1 solely the 130 hm3 dead storage volume, plus the

ro,n,uhis0 fof
. 1-tion, which works out at between 500 and 600 hm3,

the dc,7,)lopmen ,:lonsidered This s:I.:11.1.rs Vii1 be checked i;7';,ho
final ope2.aoloo calculations. If Ole onl oLjeo6 lamio .Ohe holght of
the dam L.: reduce is initial oonstruction ros, ohc ro Le LF., LoTa,c2'c capaoi'oy ot' 'ohe

;:oservoir need not 07:Gf,a 701) hm3, for which rir xv-eroge level during 1he ye.:2. -would
be about 595 m and t;ie normal maximum level 6(,0 111, (JoLail-: leakage problems might
become serious if the reservoir level were allowed to rice systematically above 600 m

Though full consideration of this subject requires a general economic study
outside the present ,cope of the Project, a reasonable course would be the followio6
rough compromise beti,en both points of view

(*) To choose a storage level abe7,e eT:onomic optimum so as to
have an r,.7o"1.,p'Gional y.sgultiop olume ' wh.ich is invaluable in a
subnorm,L raaoy

(ii) To choo stoca,e level a few vi: LESO Ldow the optimun productivity
level, 'ThLii Ghoul.C. not serioul,';- al-Tcs6 power productivity.

An average storage level of 599 m will be R' 11)10,,,"(1. ih, hho ouldhlouc (112
Ad further on, or, which amounts to the same thiiignorwp.1 ma_;Amum 1;ater

. _
m.
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0 eration Tables

To establi ore closely probable reservoir operation results, a monthby-
month Fuo)ysJs of its behaviour is eusential ; this information i7 7iven in the three
following bobles. Each one refers to one of the three considerl River Valley
devolopment c.,,,ses. The notation, similar to that in the Kesem re rwoir operation
1;ables, is as follows

Z1 : Relative water level at the uing of the month (reservoir
assumed to be full on the ist November l96).

V1 Storage at the beginning of the month.

Area of water at the beginnimg of the month.

A1 a2: Respective reservoir inflows for the three development oases.

: Irrigation water rer,kuirements for 66,500 ha.

: Additional flow to be returned to the river.

B + R : Volume passing through the turbines.

: Increase or decrease in storage.

V1 + (AT) ; Storage at the end of the month neglecting evaporation
loss,

Average water areu dux.' considered month.

: Net loss to atmosphere.

0
: Relative power plant tail water level (varying with T)

: Average head (Z, z0) during the month.

: Total producible energy.

Pt Energy reserved to supply irrigation pumping plant.



1962-63: N

:z1 (m)

D °

'602.0 :601.3 600.3 :599.

:vi (hm3). 970 .870.5 : 750 : 064 . 722 398.5. .9.5!")23., . .
. . . . . . .;o1 (1-m2Y131,5 ° 120 107 ° )3.r) : 92 : 6o.5: 13 : 52 ° 66.5 : 66.5 : 92.5 : 128

A 80 : 59.5 80.5 ; 31 : 60.5 : )3).5: 241 : 68.5 ° 210 :,-W-.5 : 543 ;216.5. . . : . :

:B (hm3)105.5 : 96.5 : 56 58 58.5 d7 19

:R (hm3): 48 60

53.5 . 56.5 146

F IV

:1°2(bm3)696,5 ;773.5 :684.5 : 542 419 468 '546.5 423.5 : 416 636 :(987) ,(1010):

(km2): 326 ;113.5 : 103 )0 74 : 70 77.5 , 74 66.5 : 79.5 : 110 : 130

(hm3); 26 : : 20.5 20 : 20,5 : 18.5: 23 24 15 19 ° 30 ° 32

11 (m) 30.25 29.40 :28.55 : 27.45 *.,-!5.85 :25.25 :26.20 :25.75 :24.80 :26.15 :28.90 :30.50
;40 (m) ;57].4 :571.4 511.4 :571.4 ;57).4 :571.5 .571.4 :571.5 :573.6 :571.6 :571.6 .571.5
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,Oase (i) : MODER/iTE DENZLOPMENT

598.1 :596.1 :597.1 '598.

90 : 95 ; 105 ; 115 ; 125 97

401 617 957
,

71,5 128.5 :107.5 138 ;133.5

65 : 70 35 30

53 :163.5 : 162 : 144 :168.5 *193.5 :1775 ' 173 :163.5

;P (GWh);10.32 10.22 : 9.27 : 934 9.40 : 9.11 : 8.40 : 9.64 :10.66 :10.30 :11.09 :11.08
P' (oh)z 2. 30 2.12 1.2.3 1.27 1.28 1.02 0.42 1 57 2.80 2.35 3.00

-(.98 : 8.10 : 8.04 : 8.07 : 8.12 : 8.09 : 7.98 : 8.07 : 7.86 : 7.95 : 8.09 8.16 ;

;-65.5 ;_-122 16.5 : 235 : 370 : 53 :69.5: 97,-103



!V1 (h3): 970 871 : 759 :675.5 : 549

(ima2 :131_5 :120.5 108 : 99.5 : 85.5 : 69
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418.5 : 455

(1m2) 126 114.5 104 : 92.5 : 77 ' 71.5: 77 73

:A2 (hm3); 58 : 43.5 59.5 20 25.5 188.5 : 204 23.5 : 190 ./.05.5 55 :201,5

133.5

:R (hm3): 25.5 : 35.5 : 66 : 68 : 76.5 : 86 100 : 71.5 : 44 : 47 10. . . . . . . : . . .

:T (hm3): 131 : 132 : 122 : 126 ° 135 : 133 : 119 : 143 172 5 '15n 5 : 148 : 139. . : : . . . ; . . . .

:A2 3): -73 4)8.9 ' 2,5 *-1o6 :-109.5: 55.5: 85 -119.5: 17.5 251 : 377 62.5: - : : .

;o2 ( 3) 897 :782.5 696.5 :569.5 :439.5 : 474 : 540 :397.5 : 391 :627.5 :(986) (1018)!

630c,
:
' 78 ' :111 : 13]

: -

:E (hRO): 26 : 23.5 21 : 20.5 : 21 : 19 23 : 24 : 1/1,5 : 18.5 : 30,5 :

,
(m) 3045 29.65: 28.95: 27.95 26.35 25.75 26.50 25.70; 24.50: 26.10: 29.05: 30.65:

:ZO (m) 571.2 :571.2 :571.1 571.1 :571.2 :571,2 :571,1 :571.3 :571,5 :571.4 571.4 :571.3

I' (GUW 8 .87: 8.70: 7.85: 7.82" 7.90* 7,61' 7.0): 8.17: 9,40' 8.97: 9.55: 9.47:. . : : .

:1" (014/3.) 2.30 212 1.23: 1.27: 1.28° 1.02 0.42 1.57: 2.80 2.35: 3.00 2.92:

z
:1-1-PqGHO' 6 .57 6.58: 6,62 6.55: 6.62 6.59: 6.59: 6.60: 6.60: 6.62: 6.55: 6.55:

, :

Case ADVANCED DEVELOPMENT

i96263: °Sr;F°M:A°M",3" A o

(m) °60200 :601.3 ,60o.4 '599.7 :598.4 :596.7 :597.2 :598.0 '596.0 '596.0 o599.0 601.9

(lim3)05,5 96.5 ° 56 . 58 : 58.5 : 47 : 19 71.5 28.5 :107.5 138

' 517 '373.5 376.5 ° 609

; 73.5 81 : 63.5 63.5 92 : 130



,, . . D'J'F'fv',
. . ..

E : j
: :

:
,. .,

. . . . . .

1
(m) 602.0 601.5 '6(-)0 ( °(nn 1 .1-)() 1 '597.9 ;598.6 :599. ' 98.0 '')97.6 :599.0 :601.8

, :

-1) (1m3): 970 : 896 :798.'5 :7315 :620.5 511.5 : 567 ' 641 : 520 : 483 '609.5 946.5

(Lm2)° 31.5 :.122.5 :111.5 105.5 : 93 : 00,5 07 95 : 82 : 77.5 ; 93 : 127 2

. .

. 1 . . . , . . . :

. .
'A- (hm3)' 70 ' 44.5 : 61.5 : 2, ' -',0.5 :P.)0,5 ' 200 ' 27.5 128 '280.5 : 505 :199.5...: .

'L (hm3) 105 5 ' q6.5 : 56 58 ' 58.5 : 47 19 71.5 128.5 107.5 138 133.5
. .
'R (hm3)! 12.5 : 21,5 : 51 : '-'3 ' ',7 ' 66 : 80 : 48 : 184' : 26 5 : 0 : 0

_
T 118 ° 118 ° 107 ° 111 : 113 9i 119.5 ' 147 ' 134 ° 138 '133.5 :

0.1. ),( Gift) 7:1:

- 101 -

Case ( : FULL DEVELOPMENT

:As 101113): -48 :73.5 :-45.5 -89 : -85 ! 77.5 : 101 ° -92 -19 '146.5 : 367 66

(1m3)° 922 '822.5 ' 753 '642.5 :5355 589 : 668 ! 549 : 501 '629.5 :P76.5)1.0012.5

:3 (kw2)! 127 : 117 !108.5 ! 99.5 : 87 : 84 91 ' 88.5 : 80 : 85 : 110 ;129.5

A 0

(m) ' 30.65: 29.95 29.35: 28.60 27.40. 27.15. 27 95, .21. 5. 26.30. ,27.10. 29.20: 30.70:
(m) :571,1 :571.1 :571.0 ;571.0 5(1.1 .571.1 .571.0 571 i 571 3 571.2 ;571.2 571.2

E (hm3): 26 24 : 21.5 : 22 24 22 27 29 18 20 : 30 32

(01,111) 8.04, 7.85! 6.98! 7.06: 7.04: 681: 6.15: 7.32: 8.59: 8.07: 3.96: 9.29:

'P ' (ah) : 2.30: 2.12: 1.23: 1.27! 1.28! 1.02! 0.L)21. 157! 2.80 2.35 3.00! 2.92!

5.73: 5.75: 5.79: 5.76: 5.79: 5.73. 5 (5' r,-'079: %7 (5 A: 6:37):
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The iteration poles by which the data in these three tables were determined
were

No spillway operation 5 i.e,, full use of all inflows.

Highest possible additional power production.

It was considered pointless to take the iteca'Give procedures as far as their
absolute poles. Failure to do co would result only in a negli1ilc residual error
and in no way affect the validity of the comparison between the three cases. The
annual (total or average) values for characteristic operating daa are listed in the
table below

The various monthly a es lioted for.T sholl the regulating effect of the

:reservoir on no:is dolIns.'6rj,:m in the lwash, to-7, poi:lit at which variations under

norm:I conditions do noi; o::coed 20 Plo-u conditions are likely to become irregular

again from T:Andaho to Lake Gamori cin, to Lhe dalro.rsion of flows for irrigation.

voir water loss to atmehere never exceeds 300 hm3/yeqr.

Reservoir waber level variation ran,;eF are limited to 5,60 m, 6.00 m and 4.40 m,
Ora are all perfectly com1jèLti)1 -with satis:actory turbine operation. The mean

reservoil: uo.ter loyal is dround 599 a in aTl E,L.T.ee cases, as originally expected.

4uantities ei railab1s for va,Tlatiou vange between 500 and 600 hm3, which,

for the three cases, ires emer:enoy borage volumes r.l.nging from 250 to 350 hm3 above

dead storee levol,

: Case (i) : Case (i Case (iii)

Inflows (hm3) 2,234.5 1,944.5
a

1,759.5 :

0 0

0

Volume of water through turbines (hm3) 1,954.5 1,655.0 0 1,453.5

Loes to atmosphere (hm3) 272 274 295.5

Volume over spillways (hm3) 8 15.5 10.5

Minimum recorded water level ( IL ) 596.4 596.0 597.6

Mean water level (m) 598.9 598.9 599.6

Mean total storage (hm3) 627.0 627.5 : 691.5

'Storage available for flow regulation (hm3): 571.5 596.5 : 487.0

: Mean water area (km2) 93 93 100.5

: Mean geometric head (m) 27.40 27.65 : 28.50

Firm power output (Giih) (after meeting
: pumping requirements) 96.55 79.04 69.06



The results for cases (i) and (ii) diffe:c onJ4 as regards energy predal aon.
Their overall similarity is explained by the monthly inflows undergoing th -

modulation in both cases. In case (iii), the ranee of monthly inflows benefi from
the regulating effeet of the Kesem dam. Thus, lefes stoeage need be available at
Tendaho than in cases (i) and (ii). As eepeeted, . 11c firm output decreases ïrom case
(i) to case (iii).

Although this ehould not be taken as an imperative recommendation, the choice
of a normal impounded level of 602 m for the reservoir appears to be adequately
justified by the available information.

VI - 9. Re ervoir Salinization Risks

Water samples already obtained from the Awash at Dubti and Asayita fully
repreeent conditions at Tendaho. The measured conductivity of these samples is in-
variably 0.37 nimbos/cm which, for this eategory of water, is equivalent to a salt
content so in the neighbourhood of 0.35 di-

A. simple calculation shows that, starting from a value so, the salinity of a
reservoir tends asy-optically towards the following value

A----- se
A - E

Where R and E are normal annual inflow and losses to atmosphere. The formula
gives the following results

For case (i)
3 81

For case (ii)

For case (iii)

The reservoir salinity variation month by month can be determined from %hese
asymptotic values by a slightly longer calculation, which shows that it almost never
exceeds 0.50 g/l. As the natural inflows are fresh and their quantities sufficient
to ensure that the water is continually obanzed, its salinity i8 never likely to .ceach
proportions alarming for agriculture.

VI - 10. Flood Flows

1.14 so

1.16 so

1.20 so
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0.40 g/i

0.41 g/1

0.42 g/1

Several correlations (thousdl difficult to match, they are significant) enabled
a careful analysis to be made in Volume III of flood conditions actually recorded at
Dubti and (especially) their origlu and probable ooetanc to be determined. Thus,
it was found that the substuntial flood flows in qu,eusL 1964, which thrice reached
540 m3/s, were caused by a normal flood peak superimposed on a fairly large basic
flood (300 m3/s), giving an estimated reourrence period of the resulting flood flow of
six years.

These results cannot yet be extrapolated as the various phenomena are too
closely interconnected and too few observed data are available. Unlike with the Kesem,
no range of flood flows of lower recurrence probability than the August 1964 flood can
be predicted. The only useful indication for the exceptional peek flou liable to
occur at Tendaho is the morphological flood at Dubti, which is estimaied at 1,100 m3/s
with a recurrence period of over 1000 years. This estimate does not allow for the
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effect of the Koka reservoir, which is expected to assist in damping out incoming
flood peaks from the Upper Basin. This is why a flood discharge of about 1,000 m3/s
(as estimated in Volume III) should be considered for tie nominal spillway flow
aL Tendaho.

The best possible use must be made of the large reservoir dimensions at Tendaho
so as to attenuate major flood peaks. The principle of this control is that the flows
returned to the river below lije dam should always be less than the critical flow-
conveying capacity of the mear water ohannel of the river ; i.e., the greatest amount
of water it can carry without overflowing. This fulfils one purpose of the dam

the protection of the Lower Plains against flooding. AS the overflow level at
Dubti is reached at about 350 m3/s, a figure of 300 m3/s for the maximum flow to be
returned to the river by the spillway and bottom outlet at Tendaho is reasonable.
Based on this flow, the propoeed form of flood control means storing any inflows in
emcess of 300 m3/s in the reservoir. It is interesting to see, how much storage
capocity would have been required to control the exceptional floods during the 1964
rainy season by thie method.

Flows remained above 300 m3/s throughout from 21st July to 9th September 1964,
the perdod when the total gross inflow amounted to 1,843.5 hm3. Deducting quantities
returned to the river (1,322 hm3) and lost to atmosphere, this leaves roughly 450 hm3
to be stored in the reservoir. Had the water in the reservoir been at its normal
maximum level (602 m) on 21st July 1964, it would have risen to 604.50 m by 9th. Sep-
tember. As the hydrological correlations discussed in Volume III showed, it is
possible to calculate the monthly base flood discharge at Dubti about a fortnight
ahead from rainfall data for the previous six weeke for Lhe part of the Rif.'t between
the Kesem an0.. the Borkena. In other words, it is reasonable to assume that a flood
prediotion service would have civen adequate vurning for all necessary precautions
to be taken ; i.e., to drain '1,11e reeervoir to below the 602 m level to ensure more
reliable flood peak absorption,

am c eEe, level of 605 m io considered to be adeqiiate, as it should allow
safe normal reservoir operatioe up Lo the maecimum 602 m Ebr protection of the Lower
Plains.

VI - 11. Hydroelectric Pewe Station Dimensions

The proposed position of the power plant at the foot of the dam is amply
justified, as electricity demand throughout this (still totally unequipped) region
will increase with hydraulic and E.gricultural development of the Lower Plaine. In

addition to future day-to-day eleotricity requirements, the power plant will Tve. to

meo'4 '6hose of the ,7arious eonversion und processing (e.g., cotton ginning plente) and

the irrigation pumping staLioae, Potentiel elooLricity supply in development case (0
will probably exceed demand for a long time, and it is assumed that the two Ni)1 not
balance until the condit3one of case (iii) are aohieved. Case (iii) is the one to

considor in dimensioning this power statioa, provideu a total annual electri-

city produotion o 91 G1,1112 of which 22 GWh ara to be set aside for the irrigation
stalaons,

a.) Pumpinc plant re uirements. Demand will strictly follow that of irri-

gation. Thtle when available heads are lowest (H . 26.3 m, in July), 2.8 05h will

have to be preduced for 13 houre out of every 24, which, for the considered head,

requj.res the following output

2,800000 24
31 2.67- 5,000 h id

sea



b.) Additional outpu. As the operation table for case (iii) shows, monValy
production peaks ore a-t about 5.75 GWh, except in September and October. The peal;

output required at minimum head (in July, assuming a load factor of 0.55) works out as

W 59.750,000
m. 14,000 kW,

0.55.---K 31 2d

c.)

all heads beti, n

The corres o
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d.) Total outnut 7-itribution. To ensure flexibility in meeting demand, the
installed output should be shared out between one 4,000 kW unit and two of 8,500 kW.
Initial requirements will even be rPoplied by the auxiliary Diesel generating equipment.

VI - 12. Turbine 71 ow (1 m,Lnftion

The time taken for flows to propagate down the Awash (about two days from
Tendaho to Lake Ganan) is so long and the irrigation areas are so widely spaced
down-river, that flows released at Tendaho for irrigation will spread considerably,
and daily fluctuations of demand at Tendaho due to various local irrigation require-
ments will undergo appreciable damping. In spite of this, fluctuations due to irri-
gation demand will not coincide with any due to electricity demand. Operation is
likely to be straightforward as long as the turbine flows do not exceed the tabulated
values R for case (i). If it proved necessary to use some of the supplies B reserved
for irridation to produce electricity, one or other of the following possibilities
would have to be considered in the absence of a daily compensation reservoir (for
which no really suitable site seems to be available below Penacho)

(i) Compliance with a power production time table ; i.e., a consumption time
.table matched to the irrigation schedule.

Matching irrigation times to energy production times ; if necessary, by
creating daily vaeer storage facilities at the head of he irrigation
areas.

In practice, a combination of these two policies will be sought, implyirr.e a
atrict reservoir operation schedule and close cooperation between dam and irrigation
system operators.

VII. OUTLINE PRELINIMARY DAM ET

VII - 1. Design and LeTflU of Structures

The topographical features of the site only allow one possible dam position.
Boreholes have not produced evidence of a rock substratum below the river bed suitable
for structural foundations, but both lateral abutments are known to consist of super-'
imposed soft layers and variously fractured very hard basalt outflows. With the
appropriate cement grout injections, the latter should provide an excellent foundation
for concrete structures. An obvious choice of layout is :

u . Assuming the turbines will operate fully open at
and minimum (26.50 m), the total installed output is

(W1 W2) ( )3/2 . 21,000 kW

. &1l discharge is 94 m3/s.



(i) A 'flexible dam in the bed of the Awash.

) Lncillary concrete structures on one of the river banks.

In view of the oblique angle of the dam to the river center line, the left
bank is far the more suitable side on which to return the flow to the river, but the
anCillary structures will require substantial excavation work, and over half the spoil
will consist of basalt rock.

The only loose material available in any ai)preciable ,.;ruantity near the site is
very imervioue claybearing alluvium. A sample was tested for its mechanical proper-
ties (see Appendix 3). As a result, it is considered that this alluvium contains too
much clay to be suitable for use in bulk to form an earth dam. No constituent exceeds
0.2 mm in size, and 70 of the 2articles are finer than 50 microns; its internal
friction coefficient is low, and it gives a typical plastic clay Proctor diagam. It

is hoped that the prospection for suitable borrows will reveal lees clayey go1n(7,. or
sand giving a suitable earth dam body material when mixed with the clay on the site.

Due to its impemeeblJA.1;y, and if t i.e 1106oo dUficult to moisten and place,
17J7d Plluvium should be suo. abl,,,I -nor the impervious coe of c: rort .j,.11_, In the

present knoedge, js the form F.,): struture recommendo6,
espially as rock fill e::cvoted on the left beak can be used for 3;;E. coneructio21.

The soil mechanics tnn -,.,77Are also confirmed that the alluvium h&r1 sufficien st;rengLh

to carry a rock fill

VII 2. Grout C

Permeability tests in the borings showed the alluvium and luyers between the
bo,sal outflows to be adequatelw ianervious, but there is some risk of leakage in the
outllows, Grout curtinc eall 1)e accessary throughout the zone in which seepage paths
are flearly short. Var'6her borings wi'Gh water tests will be needed o determine the
ez:tent of the grout curtain on Ole yighL bmk, but one can safely assume that the

total length of grout curtain will be E:y. least 1,800 m, giving a curtain area of
80,000 m2, which is about the same size as at the Ecsem dam. Those curtains are
expensive, Ghough not to 'Te point of a-- ' E the economy oC the Project.

VII 3. Descri0

106

na v La o,on of the

All structures lie axis parallel to, and about 15 m downstream from,

the line of boreholes. town on 'llvee drawings in this Volume end include the

following, from left to right

At the 605 a level beside Oie Aseb road, a wide platform closing off the

Tendaho sooddle and pro-fidin,j: a parking area,

acoosa vELy from this platform to the main dam structures, via a
,ctin_!.,1 0.9 upstream leftbank hillside.

The flood spil3wej with aro 9 m x 9 m sect gateo to pass the noainul

1,000 m3/s flood disharE,e. This will J 0)1 outflow (1) roconuoiere(!

in the geologicial F,urvey

An approximately 100 m le .1,vitytype concrete dam cection standing

on ov,flow ( ) ead i..(7.:orporating the power plant weter intakes, pen-

suodzs end doua-:,erin6 co:)du. In view of the outflow's fund,u9eAte.l

(i)

(i
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bearing on the dams' strength and behaviour, it will be eesential at a
subsequent project stage to establish its depth and horizontal extent by
fairly numerous boreholes over a semi-circular area including all con-
crete structures and extending down to about the 550 m level.

The hydroelectric power station at the foot of the dam. Final power
station equipment will comprise three Francis units (one of 4,000 kW and
two of 8,500 kW). The bottom outlet will run underneath the power
station erection apron. Access to the power plant will be from the
right bank via an approach ramp on the downstream face of the rock fill
dam. The downstream portion of the temporary diversion channel shown
on the overall plan will later become he e.ilwaer canal.

A retaining wall standing on outflow ( 1 ).

The main rock fill dam measuring 300 m along its crest.

The crest level of all structures will be 605 m. (See 17-10 above).

VII - 4. Surnniar Structural Cos Estimate

The distinction made for the Kesem rock fill dam estimate is also useful in
the present scheme. It dirides the overall layout into

(0 The part solely required for irrigation and protection of the Lower
Plains (by stabilizing flow conditions, and thus also the bed of the
Awash).

The remaining part concerned with electricity production, which is
considereC, as a by-product.

Unlike the Kesem scheme, these two parts of the Tendaho scheme cannot be
associated with two completely distinct construction stages.

a.) Initial art jrrjeation and rotoctioni

The only assumptions needed for these requirements are a total storage
capacity of 700 hm3, reducing the normal maximum water level to 600 m and the dam
crest level to 603 m, nnd the non-existence of the power station and its equipment
exist. This results in a Correspondingly shorter concrete dam portion.

Civil en_ineerin costs E$

Cofferdams ........................ 2,000,000

Excavation in loose ground
70,000

Excavation in rock, without re-
use of spoil

5 x 150,000 m3 .................. 750,000

Rock fill, including storage and
reUse
14 x 260,000 m3 3,640,000

C/F 6,460,000



Excavation in loose ground
1.2 x 10,000 m3 000,0m0OOVO090000 12,000

Excavation in rock, without re-use
of spoil

5 x 75,000 m3 v 375,000

Rock fill, including storage and
re-use

14 x 40,000 m3 560,000

- 108 -

; 6,450,000

Filters and draills
20 x 77,000 00000W00.9mef00.0.00 1,540,000

Impervious core
5 x 77,000 m3 ..................... 385,000

Concrete WGvuo',.ures
85 x 397700 m3 009000MOO*00004,00001, 3,375,000

Additional for reinforced concrete
65 x 5,000 m3 ........ 325,000

Grout injection Memm000900B947, 3,000,000

Ancillary dyke 040.0.000**.4100. 350,000

Flood spillway .0000.40w00.0000000000400 240,000

Dewatering conduit (incl. gantry) .... 227,000

467,000

Rerouting of Aseb road (about 10 km) 1,2007000

TOTAL OOPqe0.00.00mMU011op*O0prOOO.400M0000a000.0000 17,102,000

Unfore waitems, design and work supervision 30%; 5,130,600

TOTAL 22 232,600_ 7

e otric't roduction

This part requires the addition of 2 m to the height of the dam, an
extension to the concrete part of the dam, civil engineering work for the power
station, and its equipment.

Additional civil en in :r costs ES

C/F 947,000

15,435,000

Ele cironschanical e ui men

b. Second
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TOTAL .0000 000000 0000.60.010.0.0 00 00.0 000..0.00 0,0 000
,

8 ri. 9

GRÀND TOTAL (i) + (ii) E$ 35,038,900

Thc p.ddi;,iow73. coat of oquippj:2, tho Ton,5.1 )770:- Z1) m?u-
duction (-). 91 thue :rtouu,c3 12,U00,000, Thle is amo1,7

if the intallation of the power plant is kept matched to electricity consumption deve-
lopment.

B/F

7]1tow. ar.O.. drain!:

20 7: 3-',-.000 m3

: 947,)0O

260,000

Imperviou
5 x 13,000 113 .................... 65,000

Concro;;e :7103-ucmes
85 3,300 m3 .0600009000000.80 3,000,000

.1.dditiowd fo:c :,-cilaforced concrete

65 .77.: 5,000 ni ,.................... 325,000

Ancillary dyke eve0001709eve00900900000 )..90,000

e'ui umnt

4,747,000

Water intake ....Oe470000.00VOQ0 114,000

3 tu.rbines 0e6000410003000000 988,000

3 genetors 000000000000.0.00.000.000 335,000

3 b;- 547,000

2 trar:' 0000.00.0000,00000000000 345,000

Switchyal: .000000.0000.00.00000000000 4000
Auxiliary equ and services ...o. L 0,000

OGO

Unfr 'Acme, design and work aupervision, 30 % : 2,955,300'

TOTAL ( 0.0.04,000400000
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Allnv:i.l deus:ition he iiothc.aid uould ba 3,ncla.lesd no tho
liment load vould be t,ppod in the laser-Fair ami only retnrne0

to the .1.17sh dJui.ne the feu IreehTs of flood dloohargeo 42,.e in cAlg otbon
development of thLc typc deteriona.tion ulll ha.wo to be ouanded eoaisot
by suitablo extificial fertiliza-ion methods, espociall;;; jrfLntoduoill.3
c4pron1j.E...to orep-rotatioA oe.t-ternso

Recoecion of the loaer latos. Tide 71o(Ild ro3ly only a.poly to Lake AtD.
All the others aro °1.ransit" and should remain unaffonW..
'rater oonsumpton for irrieation irin partly be offset by louor °vapors-
-don 3.05CV3U fin all oarsh as in -cho LOINE Pla*ne if hoy 7_.eoedo by cuy
approojEbio or:tosto The a.oductiou in luflopc jilt° Lake Al)) may no t bo
slAfflojest to affoet sor±ously thiu very unuenal geographioal a,eoiden.

All nioso dialc.dvrao OGON to hp oi e mfaton JJ,7,.0.1TO or to represent risks
for whieh ample adoeva.to counto.v-mesuros are ava3.1able.
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AREJEN.

PRELIAINAM,7 GEOhOCIOAL REOONNAI3bANOE SURVEY
OF THE AWADI SITE

The Awadi site :eosufls t:'rom the interbedding of volcanic outflows in a thick
alluvial series. Those oui;flows appear distinctly as cliffs amid softer alluvium.
The aite illustrates the important part faults have played in creating interruptions
in rock barriers and offsettinE them in several directions (Soo 1+ig, 33). The two
following volcanic formations occur above each other, with an intermediate formation
between them

(i) A volcanic formation appearing as a cliff and dipping down to river
level downstream. This upper cliff corresponds to a type of trachyt-e
mainly consistin of 'welded tuff', with big plagioolse orystalr,
numerous micTolite (7..3users in a very fine matrix, and auite
ferruginous resorpion and serpentinized olivine.

An excavated softer intermediate formation underneath the upper cliff
(on the left bank downstream) mainly consisting of debris with ocoasion-
ally fairly large rocks embedded to a varying exten-6 in a loamy material
which has often been washed away. This formation, .1:out 3 m thick, may
be more or less permeable.

The second volcano formatiou, in the form of an irregular outflow with
slag passages and often vacuolur rock. It is a doleritic basalt with fair-
ly coare microlites, numerous olivine granules (advanced ferruginous al-
teraio, much smaller proportions of pyroxene than olivine, numerous
magnetie or ilmenite granules, and large vacuoles.

Only the upper formation is clearly visible on the rightbank. Lower forma-
tions are completely hidden under scree and vegetation. The rock bar is regular
without showing signs of any special accidents. On the leftbank, the volcanic for-
mations rise fairly steeply upriver, and there are several small- faults in the cliff.
The most troublesome one isolates the block which could hew become the leftbank
abutment for the dam. It forms a very distinct cleft tords the tributary thalweg
not far away.

The dam will probably have to be aited farther upriver. This means building
a slightly longer structure.

In addition to this leftbank fault, other problems to be investigated by
boreholes would be

The order of succession of the layers in the hillsides, and their perme-
ability (risks of local leakage or farther afield to the tributary
thalweg).

Thickness and permeability of the alluvium, which would no doubt be left
in position underneath a 'flexible' earth or rubble structure. At least
three boreholes would be needed for the width of this site, one of which
should be sufficiently deep to check whether there are adverse features
in the terrain underneath the alluvium.



General view of the site, taken from
downstream - The comparative narrow-
ness, of the site is due to n substantial
outflow of basaltic appearance.
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The site seen from the left bank upstream - A substantial basalt outflow on the, right forms a cliff with scree sud dense
vegetation at its foot.
On the lett, a high-level outflow (3) rising up-river clue to successive tatrits, and underneath it a bank formed by an inter-
mediate loam and coree foyer and a softer slaaqy lower-level CAI (flow.

Left-bank abutment area - '1h lo view clearly shows the high-level outflow (3) tea-mina a cliff with a little saddleback at
fault.

The foot of the olope to thickly overgrown, but on closer inspection shows a soft intermediate loam and coree layer (2),
and a olaggy irregular lower-level outflow (I).
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_Er. 7Joi.ion and placing of rock fill for major damton ............................................2ii.'
.?-, ,,:. for rock fill storage and handling ........... 2/m3
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Bu lk co 0000OS000000e0000000eW0000.00090000000000 85/m3

Plain conc o ,Lnres beea."6600660e ES 100/m3

- Reinforced , including : ,........... E$ 50/m3
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avtd a 6troao ttc,.7 ore e'0, 012, 0 7'. '`)(4)1,, co; hi o,. r -;c2, ' pox r, a , J.To

:21 auo-, he,- brrrtitaci6 o sr, tblu Our 1,001 ic 6,7 o 4, o

To fill).1 n. 'tui the SF: 30 o ao o

ocw,;70,1,7uo tien TI(,,:l '0'1 7 .7, br o r-?.(1.(t(1, o (7.,(v.¡,,,) 116 "i CIO r1i?,LIEd, r(-1-1"1r

nnper7lsioo omouilk, cs,loo croo, aqr roo''..02
n1, 'OW id! IIL:n Cclii o .6.11.0-.. t. (1.1.171-1, 0,, 1

Pln) 612oS-.; T,Tù]ui. n

All cost quotations re e conditions as on the lot January 1965.

CO.kialPse,R1.10 1.k.)P THE airrO,,,,t1317 COFT CLI,T.16:1119'12,
_ _ .

n17 rIGE17; isttp,T013.- S107E:RN IMES- -

Thls given rpal-...er Jro , molor cut 1u; proposed (7.):. ;Jr3
o.a). 1,1 t rc.0 Ir 1c)pI»Hf dL. 1,1)^: P.iïas1 CiL; daac, oc1 ,110 11'

pc?;Jii., colt.; r J. ícr water .1.11. 6rico searl, y..e. z,11.3. °a, ,ro r ., Ito ba:t.:' 6 on vero

r f)?!.; C,01. 1 LJ5I tre,e1.1 gip rd vr; n,,,,ly:3.3 r
quo 1,,,f i-douo vr o ivi r. 1 y ruhun. 'P'; :.c1. vi laEl aldr_s,V1:; +7, Pr cae..:1 01 nr: i OH o r Rd. do. L Quopli.e 0. by

Ito e.o. c,,x-totxao:ri, 1,0 ,i. i r
YVL
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of thia 1yii cC'tsermina co3 ooTO.ol Trol.,;-.Atn for various
particl It involved. ',:b0 S7(.) ei cor rr opera,Aolla

S4uare-mesh particles coarse .1 mm under water.

(ii) Sedimentation of rtiolee finer than C.

Particulars of the resulting grain size curve were

- Abscissa

- Ordinate

SOIL$ MCNANIOS TE3T5 OE AN LLLUvIGH 1.nT1PI,E
FAOld TED] T3NDAHO SWF,"_

( Gra5.n

(

o' tv.:e content

TI.ITs was dc-ormined by :roighin::: .ho r,an2-,1os 11fo:- after ove2 ).4.int..,:

105QC foJ: 24 bourn no moj.o'cw:P, o c;rc che !:aio , the weighl o':' rl:.-e.,

(xl,ne.O. 1.n i,be cc.i(iple 3n0 1,he woi3.1, et' 11.7y -o71,

Specifi. .raviti of the solids

Th).o aivep b,r che lIcIroon the weight of dry soil per unit volume and
the coocl.tc uravl oE 7raer e,0Q0"

d, Consolidation test b consoliden,

A cmmplo 70 min ln diame-%01-. ond 24 mm Jeep cc cliG. ou. of 0.10 02:1.01X1E0
E.10,111). al1.0 oncal7,ed ).).1 a m(e4a1 r eçr,artd.w1Gbo,..0 iceo rc po7vour-: i piah:r Ji7c
then eithj so eO. o e. rertioa1 :Toad. by a wohY on .ho aud o i e r110Mg plPtou, 5-;ambto

' -atjon ia measured with a micrometer dj.al op.o-h2ildreeL
pvi.31-.1me,o7-, Each lood ic pp1100 Zoc. hou.,-;,. The ploLi;ea

no o.noSI ati en r,'../.1.):-.re 3hoI-1,v; semiplo (1(r j'0%',-nat..to)) lIt rt,,,Dx-;7,_oc.,) 3 oF,0

Proctor C com action

APPE

. in decreasing order, to a
)ale;

! of par*;j. e (by wei0:0 finer than the
onding e., 'Lo F. 1.1ne,-r scale.

Its purposc io o aotertd!ne;, fo:r oTforï,, .07,o io i ecc (10.11-

-;,oPA :3112.0) c so 3.1 bo comparocl. ma77-imuP ñrp icnrajw, ub.,1».3b. Pn
mmaYly l'efevrec3 to in -Lic.ncle en np aicece Fa-oo-i;o:0 1001.0bUY,D C;e7WO&Ili»,

E)(1. OW( b,7,- compacvi.ng a :;omplo o3 che 7.'6ondard. mould 2,5 oml le 6.32pleter
1),-7 70 kvm dear w.l_th a s'6audard bammor pc-oducioç, e ompaoU-TE, oZfm2L oE 60 ;,m/u3 rulT

a doEint.Go broreclare, ah by rhcrau do'Gamio.tric_; Ole moim,ure ont3Il t. and
dry aonsi*G.,/ oi Lhr sample alter corpe cLiou the zosi; ln ::.opoa4e(-1 wyePal

Lije Tri.LJ? a oamole at, bnz1ue:0 ploist,uro conLen'6, rar '611.0. a a itithInr Lbs ro-
prosonto.t.i tr9 dry ci.cno,tar rOO inty nio,txr; coracceuL CLID-7 ri'Jva,ci (2,17:,?',`,7

Tests carried out at the Fluid Mechanics Laboratory of Grenoble University.
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a mazimm at the optimum moisture content (21 %) and maximum dry density (1.658)
oclakdtioP.

f, shear test (consolidated undrained sample)

A sample compacted to 'opuimum Proctor moisture Goneuti in subjected to an
isotropic sLress applied by a rub'oer jacket,. Tt ?O, left Lo stand n ba.t r;ondition

for a few days, not1113 chanes la lnterstltial pressure (measured. 1Tithont draintne,
any water from the sample). Nhen the interstitial pressure becomes stable the namnie
is consolidated until the interstitial pressure reduces to a low value, which ie
achieved by draining the sample. Finally, the sample is subjeci,ed to a low rate of
shear 0.1 mm/min.) uithcmt draining, noting tte p:oesRure.
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