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PREFACE

The Report on the Survey of the Awash River Basin comprises the following

volumes s~
Vo lume T Gener»1 Report.
Volume IT Soils and Agronomy.
Volume IIT Climatology and Hydrology.
Volume v Water Htorage and Tower Development.
Volume v Irrigation and Water Flanning.

These volumes are all issued on the authority of the 3pecial Fund of the United
Hations and the Food and Agriculture Organization,

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

The other volumes were all drafted by the Sub-Contractors, S.0.G.Re.B.A,H,
of Grenoble, France, who carried out the main work of the Froject. They have
gubsequently been edited by PAO., PRach of these volumes in its more specialiszed
field provides and analyses the relevant data, discusses the results, end sets
ot the conclusions to which they point. The discussicns in one volume of course
in various respects have reference to and derend on the discussions in other
volumes,

The scope of Volume IV, as will be seen from ihe Table of Contents, covers
the followings—

I Water Control for Irrigation and the Froduction of
Bydro-Electric Power - Totential Sites, and the
scope of Studies Reguired.

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

IIT The resulation 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 couts.

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

Rome 1965,
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- 1 -

CHAPTER T. CONTROL OF WATAR RESOURCSS aND PRODUCTION OF HYDROELECTRIC POWER

Is WATER ECONOMY CONSIDERATIONS

The climate and hydrological investigations discussed in Volume III have
egtablished the basic patterns of water as an essential factor in the aAwash River
Basin., These patterns, though still partly governsd by natural conditions, are
strongly influenced by human agencies, especiully in the Upper Basin. The itrend to-
wards the control of water resources is certainly expected 1o conitinue and, it is
hoped, under a rational plan for the use of the water. It8 economically efficient use
depends on : (i) efficiently reducing losses ; (ii) advantageous timing of water use j
(iii) securing additional supplies during shoriages ; and (iv) matching supplies to
demand., .

I ~ 1. Reducing Losses

The hydrological surveys show that the natural water losses are mainly due %o
evaporation from open water surfaces and marshland. Two forms of preventive action
to be considered are

(i) ILimiting evaporation losses from artificial reservoirs by building the
dam to such a height that the proportion of shallow water areas remains
reasonable even at maximum storage level, and by so framing the operating
rules that the duration of maximum storage periods is kept strictly to
the minimum,

(ii) Reducing marshland and flood areas to a minimum by controlling the river
flows (discussed in this Volume) and also by appropriate flood protection
and drainage arrangements (discussed in Volume v)o

‘artificial' losses in irrigation areas - sxpressed by ‘irrigation efficiency'-
will be reduced by the technical arrangements and operating sitandards discussed in
Volume V,

I =2, BSelecting advantageous Timing for Water Use

Water use areas = i.e., irrigation areas -~ will be selected and their bounda—
ries defined according to the quality of land and the availability and proximity of
water supplies as well as rural development prospecits and facilities.

In particular, water consumption is expected to inorease in the Upper Basin,
where more supplies will be needed for towns, parks, private and market gardens and
orchards, and for irrigation as a means of controlling farmlund evosion., These
aspects of water use in the aAwash Basin are discussed in Volume V.

The need for an annual calendar of water use arises mainly because monthly
requirenents of irrigation water over the various parts of the basin are staggered in
time, and so balance out to some extent., This is discussed at the end of Volume ITe
The 'calendar' must algo allow for the highest possible guaranteed electricity

production. The present volume relates this question to large artificial reservoir
operation.

Attention has already been drawn to the possibility of diverting supplies from
an adjacent catchment into the Awash Valley.

I - 3. Matching Supplies to Demand

The whole problem of hydraulic regulation by big dams hinges on this question,
As the theme of this Volume, it is discussed under its two main aspects of :



%i) Satisfying the irrigation water requirements for agriocultural development; and

ii) securing the maximum hydroelectric power production. The pattern is (i) a gener~
al review of existing plant and equipment in the basing (ii) a determination of its
effectiveness s0 as to establish new requirements; and (iii) a complete review of
hydraulic regulation possibilitiss,

II. REVILW OF PRESENT PLANT AND BQUILPMENT

?his is limited to two exclusively power-production plants : Aba Samuel, a
comparatively small plant which has existed for o long timej and the much bigger Koka
plant now in operation, and its immediate downstream extensions under consitruction.

IT - 1. 4ba Samuel

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

The dam, a masonry structure, has a height of 25 m and a volume of 40,000 m3.
It supplies the power station in the ikaki gorge via a canal, a penstock head tank
and a number of penstocks. The chief features of this plant, which is etill in ser—
vice, are @

River discharge se.vccessonscsnsan 200 =~ 300 hm3 annually
Total storage capacitysseesococsso 65 hm3

Het healcecooanscscnsoansscsssananvas 9% m
Ingtalled oubpule.vecvocnocosnnses 8,250 kVa
Guaranteed outpUbeoscoovsosocsscoons 44,750 kV

Average productivVityecsscosscosocs 23 GWh/year

L0ad factoTsseooovocasooocoocooass 55 %

Improvements under consideration for a fuller use of the hydrologiecal and
topographical features of the akaki are : (i) raising the existing dam to increase
its storage capacity %o about 200 hml; (ii) providing a power station at the foot of
the dam; and (1ii) using an additional 55 m natural fall immediately downstream from
the present power plant.

By these combined improvements, the productivity of the Akaki plant could be
increased by 60 GWh/year. They are not, however, priority items in the Ziniopian
BElectric Light and Power authority's (BELP4) program, which shows a preference to
concentrate on the Koka scheme.

II - 2. Koka

The commissioning of the Koka plant {awash I) inm 1960, after prolonged studies
and design work, marked the first step in the control of the River Awash, The dam is
a concrete gravity siructure, except above the river bed, where it is of the buttreses
type with four gated spillways (sector gates). It measures 458 m along its crest and
rigses to a maximum height of 42 m. It features a bottom outlet and a water intake
structure. The power plant is supplied via three 3.5 m dia. pen-stocks, each feeding
a verticale-shaft Francis turbine., The Koka reservoir, known as ‘'Lake Gelilea', lies
in & wide basin extending to the west beyond the Sidamo road,



for reference.

by two 132 kV ftransmission lines.
£% 35,500,000 ¢

Particulars for this first major Ethiopian hydroelectric scheme are listed

Catchment arTesa SiB@ s.cecessvsososcan

Mean rivexr discharge

Min., and max, discharge recorded
between 1943 and 1960.c cecoousons

Total STOTagEscssooccoccossssvsasosss

Available 8L0rag@esscoscsossssoncssscns

Heservoir surface area at maximum
SLOraZCovosvosssosencucsssocsannns

Mean specific evaporation rate at Koka

Mean possgible turbine floWessescssves
Nominal flood discharg@scececsossasns
Freeboard to absorb floodBeissesossnns
Geometric head rang€.scecscesoosscsss
Installed outpUbe.sevoevnccscvsosssooe
Guaranteed oubtpUtececoossossocosocooose
Mean productivityesvecovvssososcsooss
Load factoressacoosssssssssvsccoocssos

Some of the data, especially hydrology, still await exact confirmation.

11,000 km?
1,535 hm3/year

1.5 m3/8 and 630 m3/s

1,840 hm3

1,660 hm3 (between 100,30 m and
110,30 m)

236 kmZ

1,600 mm/year

42 m3/s

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

llO%GWh/year (line losses deducted)
55

The power produced iz conveyed to adis Abeba (81 km) and Dire Dewa (337 km)

For the dam and its equipment csevevo
For the power station and its supply

BYSLEM v ovoosovvcvsssssccsvaossoao
For the power transmission 1ine .c.ee

IT - 3,

The overall cost of the schemes amounted 1o

E$ 12,500,000

E$ 12,500,000
E$ 10, 500,000

Schemes in Progress Downstream from Koka

Flows discharging from the Koka dam are fully regulated for power producition
and are thus available for further use at the natural falls downsiream whers the
Awash enters the Middle Valley. For this reason EELPA is now putting into effect
two projects

(i) awash I, comprising a small dam with a waber intake (reservoir capacity
hm3} immediately downstream from Bobe bridge (on the road from Nazret
to Asela), a diversion channel for overflows from the small reservoir to
the thalweg collecting drainage from the Wenji plantation, and a 1,870 m
long tunnel %o be driven in the rigat bank o Awash II power station.
{(ii) Awash LIil, comprising a dam and a reservoir collecting the discharge from
awash II, and a 1,280 m long tunnel to Awash III power station.

Overall characterisitics for these double powsr schemes are @

Total net head sececocsocsoscaconcoos 119 m
Installed outpube.eescvoscccensesscas 04,000 kH
Productivityceococeonssocsesccosoosas 364 GWh/year



Based on estimates made in 1964, the combined cost of the Awaeh II and awash
I11 schemes is expected to be E§ 60,000,000, awash II is expected to be ready in
1966, and swash III in 1967. &u third site of about the same size is to be developed
between Awash I1I and the warm springs at Sodere at a later date (Awash IV)

I1Y. HEW HYDRAULIC REGULATION RBYUIARBMENTS

The Koka scheme and those imumediately downstream already favourably affect
power production and the control of flows downstream,

III -~ 1. Power Production

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

The Koka plant has amply catered for demand not covered by other Ethiopian
power plants. Awash II, IIT and IV should be more than sufficient for the anticipated
increase in demand over the next ten years, at least in their area of influence, which
is basically the developing-economy regiom from the capital to Nazret.

111 - 2, Irrigation and Flood Protecition

Present knowledge of the natural flowse 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 Awash station in the gorge. The practically lineax
correlation established between these data and those provided by the new Awash station
gauge installed at a point 3 km upstream from the bridge in 1962 (which has been in
regular use ever since) shows that s

(i) Before 1960, the lowest water levels occurred at flows of about 200 1/s,
80 that the river used to dry up completely downsitream from the Middle
Valley.

(ii) Since the Koka dam has been in regular service (1962), the lowest rates
of fl;w recorded at swash station have pracitically never fallen below
30 m3/s,

The Koka dam makes it possible to use run-of-the-river Awash flows +to provide
regular irrigation supplies for the Middle Valley plains, Without Koka, it would
only have been possible to ensure regular irrigation for a very small amount of land,
ory; alternatively, to practice water-spreading during high-water periods, as is still
being done in the Asayita delta.

Flood peaks formerly reaching about TOO m3/8 at awash Station are now attenu~
ated, MHeximum flows of about 300 mB/& are now recorded only when due to such major
tributaries as the Arba Dima.

Certain riverside areas in the Middle Valley, and even the Wenji Basin before
dyking, used to be regularly submerged before 1960, but are now safe from flooding.
It is generally assumed that the several bundred meter wide band of forest along both
banks of the awash bas suffered from this reduction in flooding frequency. Trees
are dyingz in large numbers along its edges.



The Koka dam has helped to raise low-waler levels in the Lower Plains, but
the lower course of the Awash is still subject to pronounced flooding due to its
lefo~bank tributaries dounstream from Gewani marsh. 4 plant like Koka cannot suffice
by itself to solve all the development problems in the Awash Basin, New reguirements
will have to be met, and further means of regulaition found.

'
IIT = 3, Principles Lunvolved in Further Control

Power production requires new planis, in order to (i) meet the
additional demand sxpected to arise in the present cousumpltion area after ten years:
{i.8., as overall powsr consumpbtion in Ethiopia approaches the 500 GWh/y@ar marlk) g
and (ii) aupply regions of the Basin newly opened up for economic development, espe—
cially by developing their agricultural potential.

The first point can be met by making Koka more efficient through strict
evaporation and seepage loass and silt conirol measures, and through diverting flows
from an adjacent catohment area to improve average reservoir filling conditionsj and
by using the hydroelectric potential in the vieinity, especially between Awash IV
and the point of entry of the river into the ¥iddle Valley (Melka Sedi), The second
point invelves a review of all the possibilities for providing new hydroelectric
plant suitable more specifically o supply the Middle Valley or the Lower Plains, and
preferably for combining the plant with such regulation dams as are already necessary
for irrigation and flood proteciion purposes,

The irregularity of daily and weekly elecitricity demand shows up in the
turbine flowse at Koka and the plants immediately downstream. The quantities of water
returned to the Awash by these planits remain the same from month ito month throughout
the year, whereas irrigation demand depends on the ¢limatic cycle., To render Koka
more effective for agricultural development, a dam will be necessary to compensate
for variations in these Flows during the day and from one day to the nexi, and to
adapt the monthly flows to future irrigation demand.

The regulating effect of the Koka dam diminishes downstream, as waregulited
flows come in from ftributaries. Additional dems will be needed to regulate these
and ensure the best possible use of water supplies for ivrigation., These additional
dams may be located on tributaries, preferably those carrying the largest flows, or
on the Awash itself, provided that this does not involve the sacrifice of too much
valuable land.

Investigation subjects for flow regulation and power production schemes can be
summed up as : (i) increasing the effectiveness of the Koka reservoir; (ii) Aeveloping
the hydroeleciric potential of the awash immediately downsiream from power schemes
now in progresss and (iii) cresating reserve storage in the middle and lower Awash
and its major tributaries,

Iv. IHCHEASING THE BFFECTIVENESS OF THE KOKA RESERVOIR

IV = 1. Prevention of Evaporation Losses

Reservoir levels (&a@ Fige 1) show that the initial £illing of the reservoir
was completed in October 1961, and that the annual patierns of variation in reservoir
levels were fairly uniform during the next three years.

Though full use of the turbines has not so far been made, it is reasonable %o
congider that the average given by these three cycles represents the 'normal’
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reservoir variation. This is given by the top line of figures in the table belows
the second line gives the corresponding reservoir surface 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.

¢ O hi D . J B M A M J J A 5  Total
¢ Dam gauge s i ' { {
: level 409, 30: 108,75 108.25! 107.65:107L00:106 .40 | 10580 105.40: 10460 104.85 10645; 108,80, «
:  reading 3 : ’ ! {
sWater surface: : . ' o ;
: area 221 212 (203 193 | 182172 162 156 147 148 1731 213 | -
t (km?) : { : | ; 3
s Mvaporation : { i : ; | ]
: (mm) :158 126 130 §109 171194 156 175 149 ;103 ;128 j' 152 'L,751
: : z : ; g
¢ Bvaporation , ‘ { ; ! { ! | :
s (1os§ 2349 26,7 {26.4 121,11 31.1 33.4 1 25.3 ,27.3, 21.9 i15,0§ 22,21 32.4 W7
s hm3 s . . ) ) ) ; ) , i

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
seriously considered. The develovpment of suitable preventive methods is still at the
experimental stage (e.g., non-miscible, non-volatile surface filmse immune to wind).

The only posaible action might be to reduce the total evaporation area of the reservoir
(i.0., to increase mean’ reservoir depth) with the reservoir operating conditions re-
maining the same as before. &8s evaporation is certainly more active in the shallower
fringe areas, which are less apt to receive fresh water supplies and, therefore, more
liable %o warm 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 isolating these areas with comparative-
1y impexrvious dykes, mo as to stop any furiher regular inflows.

IV - 2, Prevention of Seepage Losses

Appreciable water losses observed at the initial filling of the Koka reservoir
showed that the basin is not completely impervious, DSome losses are obvious down—
stream from the dam in natural 'funnels' at the foot of the right=-bank wing dyke.

In a depression along the right bank of the river about 2 km below the dam,
there was a very hot spring (Bulbula) before the dam was built. Not only has its
discharge increased since the filling of the reservoir and its temperature dropped,
but severgl new springs have also appeared nearby.

A8 the areas in which these losses of water occur are scattered, dirvect measure-
ments of the total leakage rate is a delicate matter. An indirect assessment is pos=
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8ible, by comparing the total inflows into the reservoir with its total outflows (tur-
bine flow + evaporation loss), Thie is done in Volume ITT, and shows an annual leak—
age loss of about 400 hmd. Its exact value apparently depends on the mean water level
in the 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 loss in potential energy production of around 35 GWh/
year for Awash I, and twice this amount for Awash II + awash IIT.

Leakage observed at the foot of the wing dyke may be traced to a fault along—
gide the full length of the eastern reservoir edge. It may be due %o 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 be any suitable impervious
formations to which to join the bottom and sides of the screen. The springs further
downstream are much more difficult to explain without a systematic survey,

The bottom of Lake Gelilea is a very thick clay deposit of lacustrine origin
overlying a thick tuff blanket. A pervious formation, generally consisting of fig~
sured lava, is 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 finally reemerging with it in the springs' area, Tests with dye
might show whether the passages in the bottom of the reservoir really communicate
with the springs, or whether the increased discharge of the latter is dueg to some
other cause., Temperature measurements and chemical analysis would alsc 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 use of piezometers for determining the local ground water
flow conditions; and (iii) further flow gauging operations to establish more reliable
spring discharge data.

IV - 3. Bilt Comtrol

The origin of the solid materials depositing in Lake Gelilea are mostly the
Awash itself (a2 systematic sediment load measurement program has been in progress at
Melka Gorge since September 1962) and the river Mojo, which discharges directly into
the reservoir. Measurements at the railway bridge gauging station have been supplying
sediment load data for tne Mojo since August 1962,

Despite its sizme (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 conitribution can be neglected for initial analysis pur-
poges.

Full data for the Melka (orge and Mojo gauging stations are covered in the
hydrological surveys discussed in Volume III. These suggest that the total quantity
of sediment brought into the reservoir during a normal year must be less than
10,000,000 tons. Thus the problem of the useful working life of the Koka reservoir
is not nearly so serious as had been aniticipated. Bven if the full quantity of sedi~-
ment were to setitle out permanently in the reservoir (under prement operating condi-
tiong, the water seems to discharge cleer for most of the time) the average annual



storage loss would only amouni to about 6 bm3j i.e., 0.33 % of the total storage ca=
paciiy. A% this rate, the reservoir would take about 300 years to silt up completely.
in fact, however, the sedimentation process is probably such that the finer materials
settle out in horizontal layers igp the deepest part of the reservoir, near the dam.
The coarser maberials presumably setile out shortly after entering the reservoir and,
due to the shallow bed slope in the latter (about 50 cm/km), their deposit must only
build up very slowly downsiream. Though no exceptional inflows have been experienced
(at present, the difficulty is to ensure normal filling of the reservoir) it may be
necessary o discharge mome of the water downstream without passing it through the
turbines. This should be done wvia the botitom outlet =m0 as also to flush out some of
the sediment at the foot of the dam.

Although erosion control wmeasures are difficult and take a long time 1o be-
come effective, it is hoped that a general erosion control program along the lines
discussed in Volume II will begin to produce resulis after a few decades and help to
reduce the sediment loads carried by the rivewrs.

The already mentioned idea of deliberately accelerated warping of the marsh-
land upstream from the Sidamo road by total diversion of the river Nojo is also a
means of direct sediment control. The Mojo now spreads out over part of this area
through its natural defluents, but dykes and some earth-moving work will be needed to
divert all its floods from the deeper parts of the reservoir., The most urgent re-
quirement, however, is a study of present sedimentation conditions, with the assist-
ance of BELPA. It should be fairly easy to organise a program of surveys by depth-
gounder, at say regular intervals of five years, so as to establish up-to-date curves
of reservoir areas and capacities against water levels, and also to assess the
progress of sediment deposition, i.e. 0 compare volumes of sediment inflows and
deposits, and to locate these deposits. The implementation of this program depends
on reliable preparatory topographical surveys, and especially on the setting up of a
chain of geodetic survey bench marks around the lake.

IV = 4. Improvement of Average Filling Conditions

Lake (elilea has not been filling up as completiely as had been anticipated.

The following points emerge from the water level wvariation plots produced since the
dam firet went into service :

(i} The highest water level during the year {(generally from late Sepltember
to late Ocltober) and the lowest water level (late June to early July)
increased appreciably between 1960 and 1962.

(i1} The reservoir level has fluctuated around an average level of 107 m
gince 1962,

(iii) The dam spillway has not had fto operate once in. four years of service
{spilling lewel 110.30 m), and the top tenth of the gtorage capacity -
i.@., about 130 hm3 - has never been used.

{iv) During the last annual oycle, the mean monthly volume of water through
the turbines never reached 100 hm3, This is equivalent to an average

flow of 38 m3/s instead of the 42 m3/s provided for in the original
design.

(v) Bffective annual production at Koka has never exceeded 100 CWh, even
during the last xecorded cycle (November 1963 - October 1964), whereas a

production figure of 110 GWh was originally expected {after deducting
transmission losses).
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This discrepancy is due to an under-estimate of the evaporation(which amounts
to over 300 hm}/year, instead of the 200 hm3/year allowed for) and to substantial
water losses (400 hm3/year) beyond +the control of the reservoir.

The idea of improving the average filling conditions for Lake (elilea resulted
frow the following fact, noticed a long time ago, relating to the special topographic
al configuration of the region along the southern edge of the Awash Basin @

The ground rises gradually from the Sidamo road bridge acvoss Lake Gelilea
to a vast plateau near Alembtena, which extends far towards the south and is rTun through
by a chain of partly interconnected lakes {Ziway, Hora Abiyata, Langano) collecting
all the runoff from an independent catchment area. Lake Ziway is the biggest of the
four (500 km2) and at its altitude of roughly 50 m above Lake Gelilea also the highe
ost. Its total catchment avea extends over 7,000 km2, receives comparatively large
quantities of rainfall and produces high flows (mean total annual flow probably be-
tween 500 and 1,000 bm3). In view of the large supplies available from this area, its
hydraulic command of the Awash, and the absence of natural obstacles between them, it
seemed worthwhile examining the poseibility of diverting some of the water, the aresa
now supplies to Lake Ziway to the Awash -~ more precisely to lLake Gelilea. 4 full
technical ezamination confirms the feasibility of diverting supplies from the river
Meki, one of iis two main Iributaries, This study is discussed in Chapter II.

IV -~ 5, Compensation for Turbine Flowsa

Flows passing through the turbines at Koka will also drive the turbines at
other power stations downpiream on the Awash, probably according to similar programs
as at Koka because these plants will be of the run-of-the~river type. 48 a result,
the hydraulic regime of the river at ite entry into the Middle Valley =~ i.e., after
all the natural falls likely to be harnessed for power production between Koka and
Awash station - will still be modulated by the eleciric power demand. This prevents
the full use of supplies in the awash for run~of-the-~river irrigation, but an attempt
can be made to damp it by a compensation dam downstream from the falls. It should,
howewver, be as far up-river as possible from the irrigation areas in the MNiddle Valleys
i.8.4 in the Awash station sector.

Three different types of modulation have to be counsidered.
Piret type is daily modulation due to hour-by-hour demand variations during

the day. A mean turbine flow variation curve applicable for all working days haz been
plotted from the Koka reservoir operating records {gee Fig. 2), which shows :

(i) Two peaks during the day, one 25 % in excess of average discharge at
about 10.00 hrs, and the other, 50 % in excess of average discharge bet-
ween 19,00 and 20.00 hrs.

(ii) Two minimum consumption points, one at 04.00 hrs, and the other around
14.00 hrs.

The graph also shows irrigation demand for an assumed peak month {irvigation
during 18 hours out of the 24), when all the water discharging from the turbines is
uged for irrigation.

It is found by planimeter measurement of this graph that the compensation
capaclity is equiwvalent to 5 1/2 hours ab the hourly turbine discharge averaged over
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the day. Except for the month of May 1963 when the demand was exceptional, the quanti-
ty of water through the turbines seldom reached 4.5 hm3 daily. The capacity required
for daily compensation works out approximately at 3

X
= e = ] hm
24 3

The graph, however, shows that a discharge fluctuation damps out progressively
a8 the wave proceeds down-river. Moreover, irrigation demand at a compensation site
upstream from the Miadle Valley will tend to spread oubt along the tine scale (compared
to the irrigation schedule on the graph), because the times taken by the supply flows
to reach the various irrigation areas down-river will be different. For both these
reasons, the daily compensation reservoir capacity seems to allow a wide safety margin.

Second type is a weekly modulation, which shows a drop in consumption on Sun-—
days, when the turbine flow is only 70 % of the average daily flow over the previous
gix days.

Thus, to ensure flows evenly distributed over the week in the Awash downsiream
from Koka, it would be necessary to provide for an additional capacity equivalent to
about 4 % of the weekly flow through the turbines, This has so far amounted toy at
most, about 35 - 40 hm3 (except 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 not occur according to any evident
law, as can be seen from the monthly turbine flows plotted together with Koka resex—
voir water level variations in Fig. 2, Iis casualness is similar to that of the in~
flows downstream from Koka. In assessing methods of compensation from one month to
those following it, therefore, it is better to consider not the flows passing through
the turbines at Koka, but those in the Awash in the area in which a compensation dam
is desirable; i.e. near Awash Station. The flow data "A" to consider, therefore,
are those recorded at the Awash gorge gauging station, from September 1962 to Octobex

1964.

The recorded flow values "A" indicate a critical period from December 1962
to March 1963, during which the flow was lowesdh, Tet, for forecasting the probable
future flow of the river, present values "A" should be further reduced to account for
an increase limited to 50 hm3/year in the water consumption in the upper reaches of
the basin, which ig liable to follow the rapid economic developments and also to
account for the net consumption of water for irrigation purposes in the Nura~-BEra and
Metehara region, where the total development area may be tentatively estimated at
about 15,000 ha.

The estimated amounts of cumulative water consumption "B" to be deducted from
the currently measured flow, are shown on line 2 of the table :

D (1962)

R s v T W
‘A (nn3) S 80 o 59.5 ) 68 ! 63 : 04 !
‘B (nm3) ©15.5 L P2k b2 . 185
‘4t (hm3) D645 ©34.5 - N | . 855
0.8 vd (md/na); 765 ' 1415 f a5 ¢ 120 o gs5
: O.A'bd (ha) 2 84 000 : 24 500 ; 34 000 : 31 500 : 89 500 :
H $ H H H 3 H
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Iine 3 thus gives the probable flow of the Awash 4' = A-B available in the
future.

By  comparing the values A' with that of per hectare irrigation requirements
in the Middle Valley, and assuming that about 1/5 of the applied water will be drained
back to the awash (0.8bd), it becomes possible to estimate the gross maximum srea
which might have Deen irrigated in the Middle Valley by simply diverting all the
water available in the river during the critical period. These figures ave given on
line 5.

The effective storage capacities required o compensate Tlows from one month
t0 another during the critical period are listed below in relation to the areas which
may be actually irrigated by each given capacity.

. Area (ha) : Storage (bhm3)

) 24, 500 ; 0 :
: 25,000 . 0.5 :
. 30,000 . 8 .
. 35,000 . 21.5 \
; 40,000 . 41.5 ;
3 459000 2 59'5 °
. 50,000 . 82.5 .
: 55,000 : 103.5 X

These results do not appear o have any general bearing at first sight. They
merely show the impossibility of supplying more than 24,500 ha of land in the Middle
Valley downstream from Awash Station with water during the coritical period. Yet the
s8oil survey put the maximum overall amount of irrigable land in the Middle Valley
below Awash Station at 75,000 ha., BEven disregarding the area commanded by the Kesem
reservoir, this still leaves 50,000 to 55,000 ha of land irrigable by the Awash. 4
compensation storage capacity of roughly 100 hm3 would thus have been necessary %o
ensure adequate supplies during the critical period for all the land irrigable econow
mically by the Awash. Neveritheless the following points should be considered :

(i) 4n available storage volume of 100 hm3 would have required a dam probabe
1y costing as much as the Kesem dam (350 hm3) and far less effective for
developing irrigation in the Middle Valley.

(ii) The inflow shortages are unlikely to recur while Awash I remains the
only hydroelectric power plant in service on the Awash, as operation
of the Koka plant will in future become increasingly regular in meeting
growing industrial demand. Output from Awash I was already fairly con-
tinuous from July 1963 to October 1964, so much so thal no compensation
would have been required throughout that period.

(iii) Although supplies contributed by the Middle Valley tributaries (Arba,
Kesem, Kebena) were neglected in the calculations, they are not entire-
ly negligible during the December to March low-water period.

(iv) Full development of the Middle Valley also implies irrigation for the
Kesem-Kebena plain, which depends on the consitruction of the Kesem dam.
Regulation by this dam will considerably affect flows in the Awash,
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Although these points are reasons for deciding against a compensation dam,
it mhould be realized that a particularly severe succession of sub-normal inflows
may cause operation of the Koka reservoir to be resitricted and that overall turbine
flows may be reduced as Awasbh II, and later Awash III, go into service, at least while
their additional potential production is not absorbed.

It appears prudent, therefore, %o keep to the principle of a compensation dam
with a storage capacity of about 50,000,000 m3, Its Ffull benefit would not be felt
before developing an appreciable amount of land in the Middle Valley; i.e. 20,000 to
30,000 ha.

It has been pointed out that a dam compensating for turbines flows from power
stations depending on the Koka dam should be sited downsiream from the natural falls,
though also well upstream from the large Middle Valley plains. The roughly 50 kn
along Awash gorge running from the last major fall (Gotu) to the ford at Melka Sedi at

the entrance to the plaine is a geographically suitable site. Typical structural
features of the gorge are :

(i) ™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 Dima, the gorge is nearly 200 m deep. These
features are eminently suitable for a reservoir of substantial capacity.

(ii) The width of the gorge : from only about 100 =~ 150 m wide with near—
vertical sides over its initial 25 km downstream, the gorge then
suddenly opens oulb above the railway bridge 0 a widih never less
than 500 m and frequently exceeding 1,000 m. This points to a site
near the railway 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 runs.
The results are shown in Fig. 3. Though fragmentary, these data enabled reservoir
curves o be plotted for a dam across the Awash at the railway bridge. They show
that a dam about 40 m high should store about 50 hm3 of water., This dam site is
mentioned only tentatively. Its technical feasibility would depend on detailed
topographical surveys 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 &/ 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 inito a bed of basalt in sound condition over most of
its depth. One borehole penetrated tihis bed to a depth of 30 m.

If a comparatively high dam should be found technically too difficult or too
expensive o build, the only remedy would be to lay down a form of compensation Ffor
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 hm}/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 1461 to October 1564, the power loss at Koka would have amounted

to about 15 GWh, whereas the total production for the three years was about 275 GWh.

&/> By de lLeuw, Cather and Company responsible for designing the Awash-Tendaho road.
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An important question is whether it wight not subsequently prove difficult for
the power plant %o accept program changes reguested by third parties,

Ve DEVELOPING THE HYDROZSLECTRIC POTENTIAL OF THE AWASH DOWNSTREAM

It is advisable %0 harness all the natural falls downsiream from the Koka dam
80 a8 to make the most of its regulating action.

Downstream from the Awash I1, III and IV projects — i.e., below the hot springs
at Sodere - the Awash still features Talls and rapids all the way to Melka Sedi, wherse
it finally emerges from the awash Station gorge. The bed level falle from 14345 m
$0 748 m along this 170 km stretch of the river; 1i.e., an overall level difference
of 600 m and an average slope of 3.5 7/km. The average slope of the awash from Melka
Sedi to Lake Abe is little over 50 om/km, despite the existence of several irrvegular
river sections,

In view of the gross head it offers and the proximity of the consumption
areas, the section between Bodere and Melka Sedi is the one most worth developing
in the near future. 4ctually only a fraction of this gross 600 m head can be used
economically, but this is not surprising. An initial reconnaissance survey of the
hydroelectric potential of this part of the Awash was carried out by a Tugoslav mission
early in 1958. Its data have since been amplified by reconnaissance surveys relating
to the Project. Among the main findings were a number of very fine falls along this
part of the river, Coing downriver from Sodere, these are :

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

(ii) Melka Bokara fall, about 10 m high, 47 km from Sodere between Nura
bridge and Meteharaj

(iii) most impoxrtant of all, a 20 m high fall at Gotu 115 km from Sodere,
merking the outlet from the Metehara plain and the beginning of Awash
Station gorge.

The available head can be guite easily increased by a low dam ralsing the
water level by a few meters or so and resulting in an effective and inexpensive pro-
ject of the type of aAwash II to IV. Thus it should be possible to bring the total
head available Ffor use at the three falls to about 50 m. (To raise the level at Gotu
too much, however, might interfere with the natural drainage of the Metehara plaina)

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

(i) in a defile extending for 20 km to either side of Nura Bridge, which,
without Era fall, adds up to a gross fall of about 55 m

(ii) 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.

{iii) in the Awasgh Station gorge, but their bydro-power production possibili-
ties are limited by the compensation dam needed for irrigation. The
most it might harness is a head of about 10 m. at the foot of the dam.
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Roughly, therefore, it should be possible to harness an overall net head of
about 50 m by short-circuiting some rapids in the Awash,

In the_absenq& of large~-scale topographical survey data, this is about as far
a8 one can go in defining the hydroelectric potential of this part of the Awash.

& preliminary idea of the productivity of these schemes is summed up in the
table belowy based on the assumed net heads and on an average flow of 42 m3/a; 1.80,
the.aame as at Koka, once it is working to full capacity. Compsrison between con-
ditions in the awash below Keka and at Metehara shows that the tributaries (Geleta
and Orenso) only affect the awash flows during the wet season., They conitribute no
useful supplies for power production.

: fAverage head ‘Productivity °
: Power site : (m) : (GwWh) :
‘ Koka plant (swash I) ~ in service ; 36 ¢ 110 :
f Awash II and III -~ under construction f 119 : 360 f
f Awash IV « at desizn stage i 58 : 180 i
f Three downsiream sites -~ first priorityf 50 : 150 f
f Rapids -~ second priority f 50 : 150 i
S B T P S 1 X 950 :
Vi. OTHER DaM=BULLDING POSSIBILITIES IN THE AWASH BasIN

Prospection for additional dam sites in the Awash Basin is primarily needed
to meet irrigation requirements in the Middle Valley and Lower Plains. It has also
the secondary purpose of enabling a certain amount of electricity to be produced for
newly developed regions. This prospection will not be concerned with the Upper Basin
of the awash, but will consider the river itself (downstream from awash Station) and
those tributaries supplying the greatest cuantities of water.

Attention has been drawn %o certain sites in earlier surveys, especially by
the Yugoslav mission in 19583 others were found during the aerial surveys for the
Project. Field surveys were carried out at several of these sites, and at the two
considered the most promising-Kesem and Tendaho — gystematic topographical and geo-
logical surveys were undertaken and preliminary civil engineering designs prepared.

VII. DaM SITES ON AWASH TRIBUTARLES

The main Ltributaries are now reviewed, going down the Awash affer its enbry
into the Middle Valley. All sites already developed, in course of development, in-
vestigated or simply considered are shown in Fig. 4.
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VII - 1, Arba Dima

This is the biggest right bank tributary of the Awash. Caugings at a point
about 10 km above its confluence with the Awash revealed a total volume of about 326
hm3 conveyed during the annual cycle from November 1963 to October 1964, Its regime
is very uneven, with low-water flows likely to fall as low as 100 l/s. (Fﬁbruary/
March 1964). This tributary does not lend itself to rum—of-the-~river use of its
gsupplies. dStorage possibilities seem very limited. The lower pari runs through a
narrow canyon, bub the upper valleys immediately upstream slope steeply. Wo appre-
ciable control is possible over the flows but the dam proposed for the Awash Station
gorge will partly iron out flow irregularities caused in the Awash by this tributa-
ry's flood peaks.

VII ~ 2. Kesenm

This is the most prolific tributary of all. Observations at awora Melka
gauging station between August 1962 and October 1964 showed an average annual volume
conveyed of 550 hm3, but its flows are even more irregular than those of the Arba
Dima, with low-water flows of less than 500 1/99 and flood flows exceeding 500 m3/s.
Attention was given right from the start to regulating this river, and a group of
sites was identified about 10 km up-river from Awora Melka, chiefly because they
seemed suitable for erecting a big dam giving a storage capacity of 350 hm3 in this
section,; which is sufficient to regulate the river so as to meet the needs of regular
irrigation for almost 20,000 ha of land in the Kesem and Kebena plains. This dam
would also produce an appreciable amount of electricity. Because of the site's
scope and promise, a set of special studies were carried out and a preliminary civil
engineering design prepared. They are discussed in Chapter IIXL,

Vil ~ 3. Kebena

The Kebena with its catchment area immediately to the north of the Kesem's
cannot supply as much water (yearly average of 350 hm3 from November 1962 %o October
1964), but it features a dam site likely to give a storage capacity of over 50 hm3
at a point 20 km upstream from the river's confluence with the Awash. TUse of the
flows in the Kebena is not essential for the developing of the plain lower down, where
the irrvigation 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-
$ies over channelling supplies to them., Thus it was considered pointless to investi-
gate this site as thoroughly as the Kesem site. Studies and their findings on it
are presented in Chapter IV,

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. Awadi

The first permanently flowing river fartiher down the Awash Valley is the Awadi,
which springs from the Termaber uplands. A smpall narrow section formed by a vol-
canic outflow was reconnoitred a short distance up-river from the Melka Askwafen ford.
It is suitable for erecting a dyke of alluvial material roughly 350,000 m3 in wvolume
and costing approximately B§ 6,000,000, but the capacity of the reservoir between
fairly high alluvial terraces would not exceed 5 - 10 hm3. Thus, investigations re-—
main at the preliminary reconnaissance stage. Ueological data are given in
Appendix 1,
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VII - 5. Other Tributaries of the Middle Awash

North of Debre Sina, the road from Adis Abeba to Dese crosses tributaries

in the following order : Robi, Jawaha, Ataye, Jara and Borkena. It Ffollows the upper
valleys of these tributaries above 1000 m altitude, which are tguapended' 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
wag made of the narrowness of the river sectiona to set up gauging stations, Flows
at these levels are permanent and add up to about 800 hm3 in the year, half of which
comes from the Borkena. This is an appreciable contribution of water to the Awash.

What are the flows in the lower portions of these rivers; i.e., beyond the
Rift ¢liff ? 4s the Project's limited means made it impossible %o set up gauging
stations farther down the river, no more than assumptions can be made. It seenms
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 condition., 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 undexr cultivation, or of land easily
reclaimable for farming; e.g.s in the Borkena marsh. This idea must be rejected,
There are other sites higher up in these wvalleys, 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 funnels through the mountain and 'run-
of-the-river' turbine operation, but this is unsuitable for local conditions, because
the river flows are liable to dwindle to a few hundred litres/seoonda, i.€.5 & very
low guaranteed power output. The high cost of tunnelling through the rock would not be
economic. It would be preferable to meet additional 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 dams could be sited on these
rivers, they would seriously affect present agriculture. More interesting are the
gites reconnoitered during operations carried out under the Project on the lower Mile
on both sides of the Aseb road. Probably the most interesting is at a point 10 km
up-river from the road bridge. There is not yet a track to this point, but from
direct aerial observation and photographs, a dam there would probably not exceed about
30 m in height and measure 200 - 300 m along its crest, giving a storage capacity
somewhere between 100 and 200 hm3.

A further site, immediately upsiream 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 409 m long
dyke on the left bankj but the storage capacity would probably be less than 100 hm3.

A small dam could be considered at a point 13,500 m downstream from the bridge, where
the river passes through a small transverse range of hills in a short cutiting.
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The wvalue of these sites should be considered chiefly from the viewpoint of
their ability partly to regulate inflows from the Mile, which can be considerable
(539 hm3 from November 1963 to Uctober 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 reconnoitered would be to prolong the life of the Tendaho reservoir,
which, as will be shown later, is the keystone in developing the Lower Plains of +the
Awash,

VIIiI. Dol 3ITES ON THS AMasSH IT38LEF

Dams on the awash downsiream from Koka are necessary to iron out flow irregu-
larities caused by inflows from each successive tributary. The need for this
additional regulation, afier that afforded by Koka, becomes increasingly marked down
the river. The advantage of a dam downstream rather than upstream — i.e., concerning
the Lower Plains more than the Middle Valley - becomes even greater with the assumption
that the biggest tributaries upsiream - the Kesem and Kebena - can be regulated inw-
dependently. ZEven assuming these general principles, however, a systematic review of
all the dam construction possibilities on the Awash itself remains of interesi.

VIII -~ 1, Mount Dofan

Mount Dofan, a volcanic salient, restricts the width of the flood plain of the
Awash near Melka Warar ford, so that it is possible to eresct o low dam across the
Awash from the foot of Mount Dofan on the left bank to the foot 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 laund in the Dbasin. It would also interfere with the draining of the
Kesem-Kebena and Melka Sedi irrigation areas. In the investigations discussed in
Volume V, only a water intzke structure to supply the Amibara asrea (and, by ex=
tension, the angelele and Bolhamo areas) will be considered for this site.

VIITI - 2, Dabita ale

The Middle Valley plains are isolated from the Gewani area in the north by
volocanic outflows, through which the river has opened a passage gradually becoming
more like a gorge, with falls and rapids, before rushing down the canyon ending at
the Maro Gala plains and Lake Hertale. This configuration is eminently suitable for
installing regulation and power production structures, despite the small tobal differ—
ence in level (less than 100 m from angelele 10 Maro Gala). This part of the river
cannot supply the potential available at Koka. It would also be pointless to con—
sider nassive regulation facilities at the Dabita aib, a8 the Gewani marsh a few
dozen kilometers down-river (and especially the riverside flood plain extending down-
stream of this marsh) represent an enormous natural storage capacity. One should
merely consider the possibility of creating a rveservoir of limited capacity, followed
by harnessing the steepest falls., & reservoir of this type could be created alongside
the Dabita ale, where the walley begins to narrow. To avoid impairing drainage of
the Angelele plain, the dam should not be more than 10 m high and 1,000 m long. The
valley widens out again below this site, but a sipilar dam wight also be built at s
narrow section farther northward, if its topographical and geological features proved
more suitable,

A substantial fall less than 2 km downsiream from the Awadi confluence might
become the mwain 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 canyon. This is, however, a fairly isolated region where
a demand for electricity is unlikely to develop for many years.

Although past volcanic upheavals are still not fully understood, there ave
grounds for believing that they may have had something to do with the diversion of
part of the flow in the Awash upsitream from the Dabita Ale. This may explain how
Lake Hertale manages b0 supply the permanent flows it does by its outlet, The rain-
fall basin is itselt too small to account for them. Difficulties might arise in
filling a reservoir at the Dabita ale, because of the inoreased leakage. This would
be a phenomenon similar to the one now experienced at Koka. For these reasons it

was not considered necessary to pursue the hydroelectric potential study for this part
of the awash any further.

VIIT - 3. Buri

st & point 14 km north of lake Gedebasa, the gallery forest through which the
Awash winds narrows slightly between two mounds about 1,200 m apart. Here a dyke
would provide a fairly wvast reservoir, but it would submerge an area far greater than
the present Gewani marsh, so that evaporation losses would probably be even higher
than the considerable rates already recorded there. This idea must be discarded.

VIII = 4. Between the Chaleka and the Ledi

In this 100 km long section, the awash breaks through a further volcanic
range marked by two pronounced gorge~itype restrictions : one imwediately above the
Chaleka confluence, and the other downstream from the Ledi. The total level differ-—
ence must be slightly over 100 m, with a canyon occurring just before the Ledi con-
fluence. The downstream restriction, to which the Yugoslav missicn drew atiention in
1958 and named the ‘Layagili massif', has suitable topographical features for erect-
ing a substantial dam with its reservoir possibly extending up all the rivers and
gtreams converging fanwise near this point. The area is very remote and a dam would
merely duplicate the much better placed Tendaho dam, which is downstream from the
Mile., This site, therefore, did not justify any special studies for the time being.
It could be employed either for a water intake supplying the small irrigable plain
extending upstream from the Mile confluence - i.e., on the right bank of the awash -
or for retaining some of the sediment accumulating in the Tendaho reservoir (like
the damg considered for the Mile river).

VIiif - 5., Tendaho

The site at Tendaho was discovered during the first reconnaissance surveys,
It was clearly recognizable because it lies beside the main aseb road. Its exception-
ally favourable position at the entrance to the lower Plaine of the Awash and down—
strean from all the most prolific tributaries and the possibility of creating, by
means of a 35 m high dam, a reservoir of a capacity approaching 1,000,000 m3 and ideal
for irrigation requirements in the Lower Plains, are both decisive arguments in se-
lecting Tendaho and eliminating all other sites in this region, Numerous problems
arose concerning the feasibility and design of a dam. In an attempt to solve them, a
sat of mpecial topographical, geological and civil engineering design investigations
were carried out and a summary preliminary desi_n prepared. They are described in
Chapter V.
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VIII -~ 6. Upstream from Lake Abe

The overall fall along the final part of the Awash between the lower marshland
of the Amayita delta and Lake Abe is nearly 100 m. The section runs between the VOLl=
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 itwo small falls.

They might be developed at some future date to supplement the eleciricity supplied by
Tendaho to the Lower Plains,

IZ. MORE DETAILED INVESTIGATIONS

A8 a result of the foregoing review of the major bhydraulic development possibi-
lities in the area, emphasis can now be laid on the four main developments, which are
discussed in Chapters Il to V. They are 3

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

(ii) summary preliminary design for the Kesem dam.
(iii) schematic preliminary design for the Kebena dam.
(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. Topographical Surveys

Sunmary surveys by compass, range finder and clinometer were undertaken on
the major dam sites during the preliminary reconnaissance stage. Once the sites
wers selected, regular surveys were carried out to a scale of 1/1000. The reservoir
basineg 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 poinits; e.g., saddles alongside the reservoirs, and boreholes.

IX = 2, Geological Conditions at the Sites

The particular features of the geological structure of the Awash basin, to
which attention was drawn in Volume II, largely determine the implementing of major
hydraulic development projects in this region. The only potenitially suitable areas
are where the rivers have dug into gorges through hard wvolcanic formations, con-
trasting with the wider alluvium areas upstream and downstream. It is expected that,
a8 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 between individual hard
volcanic rock bars. Frequently this is fine alluvium, loam or tuff, ash and slag,
which might be subject to underground erosion through piping or decomposed volcanic
rock (especially montmorillonite, 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,
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Leakage problems also arise if the reservoirs widen out into the alluvium
surrounding the volcanic formations. The more pervious the alluwvium and the shorter
the seepage path (e.g., towards a lateral valley), the more serious the risks of
leakage are likely to be. 4 much more unpredictable form of leakage is caused by
faults through which water is already circulating and which offer lesakage paths for
water in the reservoir, as may be happening at Koka. Reservoir leakage losses are

both likely to occour and difficult to predict almost anywhere in such substantial
alluvial series.

Like all volcanic subsidence regions, Bthiopia 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,

Because funds were 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, Hydraulic and Civil Engineering Investigations

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 upsiream going into service.

(ii) Reservoir evaporation.
(iii) Irrigation water requirements.
(iv) Damping out normal floods and discharging exceptional floods.

(v) Providing a minimum guaranteed hydroelectric power output without ad-
versely affecting irrigation requirements.

The analysis gave reasonable structural dimensions for Tendaho and the Kesem
development,

With the civil engineering design studies founded on these basic dimensions
and the available geological data, and afiter 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 designe include a summary estimate
of project construction costs based on the unit costs summed up in this secition of
Velume IV, Appendix 2.
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CHAPTER II., DIVERSION OF FLOWS FROM THE RIVER MBEKI TO LAKE GELILEA

I. CHOICE OF DIVERSION CHANNEL ROUTE

As shown in Chapter I, one way of making the Koka scheme more effective would
be to divert all or part of the water supplies in Lake Ziway to Lake Gelilea. 4
number of topographical surveys carried out by the Project enabled the water levels in
Lakes CGelilea and Ziway to be tied in with the PFranco-Bthiopian Railway levelling
gurvey. Thusg, the water level in Lake (elilea fluctuates between altitudes of 1580 m
and 1590 m (dam gauge levels 100.30 and 110.30) while that in Lake Ziway remains
around 1635 m with seasonal variations of only a few decimeters. Thus, thers is a
permanent difference between the levels in these two lakes. It varies between 45 m
and 55 m.

According to the map (Pig. %) of the area between the itwo lakes, the natural
choice appears at first sight to be a direct link aleong the shortest distance, i.e.,
from the north-sastern tip of Lake Ziway to the southern shore of Lake Gelilea, and
keeping east of the Sidamo road., A ground reconnaissance survey showed, however, that
this would run into Mount Baricha at an altiitude well above 1700 mj even the road
riges to an altitude of 1693 m at a point 5 km south-west of alem Tena. It was neces-
sary, therefore, to look for an alternative route west of the Sidamo road which,
though longer, would run at an acceptable altitude. Aerial photographs revealed a
small intermitiently flowing river, the Dubeta, a few kilometers to the west of the
road and discharging into the marshland at the head of Lake Gelilea. This river
comes o within 5 km of the Meki, which is a main tributary of Lake Ziway. The idea
of a direct link from Lake Ziway was finally abandoned for a scheme to divert the Meki
into the Dubeta.

Inspection of the area between these two rivers revealed a sinuous depression
connecting them, beitween Melka Wokele on the Meki and a point on the Dubeta about
7 km directly due north-east, This depression, which becomes a marsh during the rains,
shows every sign of once having been a river bed, of which the Dubeta was probably a
direct extension. This seems an eminently suitable route for the proposed diversion.

I1. WATER SUPPLIES TO BE DIVERTED

Lake Ziway is supplied basically by two vivers, the Katar and the Meki, with
catochment areas of 3,500 km2 and 2,400 km2, respectively, in the 7,200 km2 of overall
lake basin. Owing to the local relief, the diversion channel will have to start from
the Meki, so that it will only be possible to divert the supplies available in this
river, which drains only a third of the overall lake catchment area. It would be
imposeible to draw %oo heavily on natural inflows into Lake Ziway as the resulting
partial drying-out of the Lake and the elinination of its outflow into Lake Hora
Abiyata would have unacceptable consequences.

Measurements at the Meki village gauging station since May 1963 show an annual
inflow of 234 hm3 between November 1963 and October 1964, 95 % of which dimcharged
between June and October. These measurements and the rainfall/runcff correlations
established for the Awash Basin are substantiated by the hydrology suxrvey in Volume
Three, which gives the normal volume discharged by the Meki annually ag 336 hm3. The
1963/64 cycle thus a,pears to have been sub-normal as regards flows, but the cycle

extending from November 1962 to October 1963 seems to have been almost normal with
328 hm3.
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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
Decenber 1964, mean daily discharge exceeded 40 m3/s only on ten days.

In meking a provisional estimate of the volume to divert to Leke Gelilea, it
is important to maintain the present low-water flows downstream from the diversion 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 fthe highest flood flows, for instance, under the fol-
lowing assumptions :

(i) +that the entire flow in the Meki will be diverted if under 40 m3/s
(except for the 1 m3/s reserve flow).

(ii) 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/so

Caloulation on this basis shows that about 240 hm3 could have been diverted
during the near-normal inflow cycle from November 1962 to October 1963. This should
be considered as a gross inflow, nowever, for the diversion of the Meki to improve the
filling of Lake Gelilea will also result in higher evaporation and seepage losses
from this leke, 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 hm}/year3 which i8 an appre=-
ciable prospect.

Ii1. 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 landnarks 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 Neki
and not the Dubeta. This seems to imply that an orogenic movement - always possible
in a volcanic region = caused this whole area o tilt at some comparatively recent
period, and also the Awash flow to be diverited northwards.

Though this slope inversion is a disadvantage for the diversion scheme, the
fact that the Dubeta has a steeper slope than the Meki neans 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. HNot only is this a reasonable
scheme 10 consider, but no better alternative routes appear to be available,

Iv, HYDRAULIC COWDITIONS FOR THE DIVERSION SCHEME

Assuming that the diversion channel will run through ground similar to that
into which the Meki has dug itls bed, and that the total river flow will be diverted,
the equilibrium slope of the new river bed should be similar to that of the old bed;
i.e., about 1 m/km. The slope of the Dubeta, however, is much steeper. This was to
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be expected as it carries much less water., It would be pointless +to give the canal
the same slope and cross—sectional dimensions ag the Meki and nuch more reasonable
to consider it as an initial channel which the water will subsequently deepen by re-
gressive erosion, The natural development of the diversion channel could then be
expected to proceed along these lines :

(i) Initial phase. Deepening and possibly extensicn due to meander formation
of the lower course of the Dubeta and the downstream canal sections
inecipient sediment deposition in the upstream part of the channel and
the Meki due to retardation of the filow by the inadequate size of the
channel cross-section.

(ii) sSecond phase. Regressive channel erosion catching up with the sediment
deposition process,

(iii) Third phase. General deepening of the bed to a continuous slope equal
to its ecuilibrium 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 area at the head of Lake Gelilea. As it is marshlend, it is the one
most likely to require priority warping treatment, Similar use of the Mojo river
floods is considered for the opposite end of tanis marsh,

Once the diversion channel has stabilized its bed, it will convey into
Lake Gelilea the sediment normally brought in by the Meki. Very small cuantities 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 THi OPERATION AND PRECAUTIONS REQUIRED

. The operation is hydraulically perfectly feasible, but may involve certain
risks and disadvantages. For example, the higher water levels near Melka Wokele might
have caused the Meki to overflow during the initial pbase., Fortunately, a survey
traverse along the right bank of the Meki showed that the present bed is sufficiently
deep to rule this danger out.

The most serious problem concerns the type of ground run through. The area
between the depression and the Sidamo road contains extremely light erodible soils,
probably originating from volcanic ash. leal crevasses have formed, possibly as a
repult of intenmse infiltration. 4 siring of crevasses is seen on the left bank of the
river and half-way between Melka Wokele and the town of Meki. They are a sure gign of
underground flow towards the Meki. Is this an isolated case associated with some
local geological accident, or are the crevasses due to extensive highly permeable for—
mations ? A painstaking geomorphological study is needed to clarify this problem, as
well as a borehole program to establish the nature of the subsoil directly underneath
the diversion, especially in the sinuous depression.

The third natural development phase of the new Neki also provokes misgivings.
For one thing, it rules out any possibility of reverting to the initial state, or
even maintaining some of the flow in the present bed, as a control structure at the
diversion channel intake would be eventually desiroyed by regressive srosion. The
alluvial cone at the head of Lake Gelilea might itself be a danger if it tended to
displace the Dubeta eastwards; i.e., itowards the Sidamo road.
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Before undertaking the operation, one must be quite sure that the diversion of
the Mekl will not too severely affect present conditions in Lake Ziway and its dis—
tributary. Suitable climate and hydrometric measurement facilities (rainfall, tri-—
butary lake and distributary ilow gauging, evaporation tank) should be installed as
soon as possible to provide the basic data for a full hydrological survey of the basin.
It seems advisable to take the following precautions

(1) progressive barring of the Meki by a sill initially low, but subseyuently

made higher if the diversion worked satisfactorily.

(ii) comstruction of gated control works at the head of the diversion channel.

(iii) Provision of buried sills along the final 9 kilometer streteh of the
Dubeta to control regressive erosion and stabilize the bed around its
present level. 4t a rough estimate, seven sills about 5 — 6 m high will
be required, one beiny combined with the small bridge taking the track
from alem Tena to Melka Corge across the river.

Vi SCHEMATIC DaTA FOR THe DIVERSION SCHOME

Topographical and hydrological data are still insufficient for preparing
preliminary designs for the corresponding structures. The following characteristics
are only approximate 3

( Invert width 5 m
Initial channel ..cocevecee ) Side wall batter 3 on 4
Longitudinal slope 50 om/km

Fead WOTKS ooveeesoscascoees $ Three gates 2,9 m wide by 3 m high
Temporary sill in the Meki : Top l.v m above bed level
Tinal sill in the Meki .... ¢ Top 3 m above bed level

Based on the above duta, about 10 m3/s could be diverted during the initial
phase. During the second phase, the entire Meki flow up %o 40 m}/s could be diverted,
but, if necessary, some of this could be returned %o the original river bed ddwn—
stream by setting the gates at the appropriate spilling levels, Flows in excess of
40 m3/8 would divide between the Meki and the diversion channel, in roughly equal
proportions at the neximum anticipated flood discharge, which is tentatively estimated
at 200 m3/s.

VII. SUMMARY COST AND WUANTITY ESTIMATE (in Sthiopian Dollars).

(i) 1Initial channel

Txcavation requirenents would amount to 6,000,000 m3 in loose ground
bringing the cost to:

1.2 x 6,000,000 2% 7,200,000
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Reports s B 7,200,000

(ii) Headworks

Excavation in loose ground 3

$1.2 x 5,500 m3 6, 600
Metal sheet piling, 6 m av. width :
$225 x 1.12 % 640 m3 161,300
Concrete @
$100 = 800 m3 80,000
Additional for reinforced concrete
550 x 560 m3 28,000
Gabions :
1st phase : 580 u3
2nd phase : 120 )
700 m3 x 558 40, 600
Rock £i1l :
$12 x 160 m3 1,900
Total for civil enyineering work 318,400
Mechanical equipment 201,600

(iii) Sills in the Dubeta

fxcavation in loose ground 1.2 x 2310 m3 2,800
Leinforced concrete 150 x 250 m3 37,500
Rock fill 12 x 1140 m3 13,700
For 7 similar structures T x 54,000 378,000
Total 8,098,000

Additional for unforeseen items, design and super—
vigion 30 % 2,429,400

GRAND TOTAL +vooveveconoancnconcronsarsannsossassscascsosobfh 10,527,400

VI, USE OF DIVERTED SUPPLIES

VIIT - 1, Power Production

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 diversion of the Meki -
estimated at an average 200 hm3 during a normal year - will increase by about 6 m3/8
the mean power plant 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 Ffor Koka
and for the power projects now being built or designed between Koka and Awash station.
An increase in definitely saleable power output will only result, however,; if the addi-
tional Meki inflows can be used to run the turbines strictly according to power demand.
This demand is illusirated by the volumes passing through the turbines at Koka 6a6h
month, which are tending to even out. If Meki inflows are t0 boost output, +they should

pass through the turbines at as regular a rhythm as possibles i.esy, at the following
rate :

20
“T% w 16,65 hm3/month
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Under these conditions, the following increases in output could be expected :

Plant now operational (KoKa)eeeeesseosoovoseaos. 16 OWh
Plant under conmstruction (awash II and 11I).... 57 GWh
Potential future power pPlaniBe.cecscacsscsssases (06 GWh

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

VIII - 2. Development of Irrig;tion

With an additional 200 hm3 yearly, 1t is in theory possible to irrigate
roughly 14000 ha of land in the Middle Valley at a rate of 16,740 mj/ha each year.
In fact, however, inis could only be achieved if the Koka reservoir were designed to
gnsure regulation strictly according to irrigation requirements. This is by no means
the case, for the dam tends to discharge roughly ecual quantities of water (100 hm3)
each month, whereas irrigation demand varies throughout the year.

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

(i) Use exclusively for power production, 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 deuwand. The effect of tne diversion of the beki 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 short—supply period considered in Chapter I would have enabled
roughly an additional 10,000 ha of land to be irrigated in the Middle
Valley.

(ii) Use exclusively for more widespread irrigation. Here the compensation
effect is much more pronounced, as the entire 200 hm3 release can be
allotted solely tu the short—supply 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.
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CHAPTSR ITI. RBEGULATION OF THE REGIME OF THE RIVER KAS5EM

I. PROSPECTION FOR DAM 3ITHES AND TOPOCRAPHICAL SURVEY

In Chapter I, regulation of the regime of the Kesem by a big dam was suggested
as a most valuable measure for developing the lMiddle Valley of the Awash., On the
bagis of normal flows, the Kesem is the most abundant tributary to the Awash., Pro-
vided these resources can be regulated by a dam, they should be sufficient to irrigate
more than 20,000 hectares of good land and also fto generate a substantial amount of
electricity.

The configuration of the Kesem basin was surveyed from the air at the start
of the Project. The flights showed that the river runs in narrow valleys through
several volcanic outflows between the point where it leaves the high plateau and its
confluence with the awash. One outflow, formed of lava from the Pentale craters, is
deeply cut to form a gorge 1500 meters long and 7O meters deep, 8 km to the east of
Avwora Melka. This gorge is relatively easy to reach overland by a route some 15 km
long, on the left bank from awora Melka. Thus, it was possible, right at the outset,
to start a topographical and geological survey of the gorge and to identify all
likely sites for a dam. Shoritly afterwards, a series of topographical operations
furnished a regular 1/1000 survey of the gorges and a I/Z0,000 map of the reservoir
plotted from existing aerial photographs. These documents, attached to this Volume,
were a basis for subsequent geological, hydraulic and civil engineering studies,

Inspection of the 1/20,000 map shows that the future reservoir could widen
out fairly far northwards, but that above the 1360 to 1365 m levels, it would communi-—
cate through several separate passes with thalwegs outside the catchment area, To
reduce the size of ancillary works, the normal water level in the reservoir must, in
practice, be limited to a relative altitude around the 13065 m mark. The 1/209000 map
also provided the filling curve for the reservoir, with the figures for the upper
gection s

@
H

B Relative 3 surface b Capacity 3
: altitude : area : (hm3) :
: _ (m) : (ha) : :

1360 : 1850 : 270 s
H 1365 : 2300 : 370 H
: 1370 : 2850 : 500 :

o
°

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

1T, SURFACE GEOLOGY LURVEY

I1 - 1, Choice of Dam Site

Two sites are worth considering in the Kesem gorge : one upstream (between
x = coordinates 9,000 and 9,100 on the local squaring) and the other one downstrear
(between x - coordinates 9,700 and 9,800). The 4wo sites are geologically simile
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THE UPSTREAM AND DOWNSTREAM SITES SEEN FROM THE POINT AT WHICH THE TRACK REACHES
THE LEFT BANK PLATEAU

This view clearly shows these alluvial plateaux (a) overlying the volcanic
outflows through which the gorge runs. Note the two major faults (F) and (F!')
interrupting and upsetting the alignment of the volcanic series downstream
from both sites. The volcanic Fentale range is in the background.

THE LEFT BANK AT THE UPSTREAM SITE

(1) Light-coloured volcanic rock (Ignimbrite) forming a cornice
(2) Soft tufa forming an embankment
(3) Volcanic breccia forming a reddish bar

(4) Large high-level outflow of grey rock (andesite) oace 35
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but the upstream one has disadvantages; it is distinetly wider, and there are many
hot springs near a fault some way downstresm.

The downstream site has the double advantage that it is not affected by these
phenomena and is much narrower. On the other hand, the c¢liffs are a little lower,
80 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 ¢liffs at right-angles to the river and correspondinz Vo 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 volecanic formations are permeable, which is
by no means impossible, especially in the upper cliff,

II - 2, Geological Conditions of the Hillsides

The strata dip a few degrees upstream, but downstiream the foot of the slopes
is covered in scree. 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. T ¢

(4) The great upper cliff, about 40 m high. This is a thick, irrvegular vol-
canic outflow with levels of lava forming outcrops alternating with softer beds of
slag or small tuff levels. At the base, several regular banks are seen. They consist
of olivine andesite and contain a high proportion of glass as well as fairly large
microlites and large phenocrysts of corroded plagioclase. The olivine is in the form
of granules, which are often weathered. This whole layer, which is often chaotic, is
probably fairly permeable.

(3) & thick reddish-brown bank, brecciated and cellular at the base and about
5 m deep., 1t consists of igninbrite.

(2) & slope of goft ground, ochre-yellow or red im colour. This consists of
tuff, often very friable and sometimes sandy. Under X-ray 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 light-coloured and mottled, but small blackish vitreous parts reveal it to be
an ignimbrite originating from very fluid lava flows which consolidated before they
became completely crystallized. When studied in thin sheets, it proves to contain
lighi—coloured 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 downstiream, tuff reappears in places,
alternating with volcanic outflows, but apparently predominant. It explains the scree
gslopes and the absence of cliffs., This is the type of terrain one may expect to
find underneath the structure. It should be investigated by means of boreholes.

II ~ 3. Geological Conditions of the Alluvium

At no point in the gorge are volcanic rocks seen to cross the river,” The rare
points where they are encountered are shoritcircuited by former thalwegs filled by
alluvium forming short epigenous mections., Under these conditions the probable depth
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of this alluvium cannot be estimated merely by a surface survey. This is a problem
which the borehole survey may clear up.

11 =~ 4, Technical Consequences

There should be no major difficulty in dbuilding an earth or rockfill dam at
this sifte, even if the areas of sandy or clayey tuff were liable to subsidence. ILEven
if the alluvium were very deep, it could be kept under the structure by a grouting
curtain. The site is, however, suitable for a concrete dam. For this type of struc
ture, the wvolcanic outflows augur well, provided that the site is thoroughly cleared
of loose wock, which may involve a lot of work. Difficulties may be encountered in
the actual river bed, if the layer of alluvium is very thick (which is not certain)
or if tuff exists at foundation level. These two possibilities must be explored by
boreholes.

The most delicate problem with the abutments is set by the layer of more or
less pulverulent tuff. Its depth will have to be established by the boreholes., If
it is not very deep, the foundation excawvations can be taken right down %o the
underlying bar of rock. Great care would be needed downstream of the gpillway to
prevent scour, which could be extremely fierce in both tuff and basalt.

Two other points require special care, and need to be examined by boreholes :
(i) The big level of tuff lying halfway up the valley-side :
although porous, it does not appear to be very permeable,
but it would be as well to preclude risk of piping or surface
degradation by providing a stone facing or graded rubble mat
forming a filter for some disitance on the upsiream side.

{(i1) The upper outflow, which is liable to be highly permeable,
especially through its brecciated or scoriaceous levels, and
also liable to require in view of its proximity to the fault
downstream, an extensive and costly ocut-off wall some distance
further away.

IT - 5, DReservoir Problems

In theory, it is not impossible that the hydraulic pressure of the reservoir
may drive the hot springs at the upsiream site to escape elsewhere, thus offering a
possible line for leaks. This, however, is not certain. It ie difficult 4o see how
to study this problem. & certain element of risk must be accepted.

Extensive outerops of volcanic rocks are found in the gorge upsiream of the
site and in most of the thalwegs Joining the gorge in this area, but there are no
thalwegs very close together where the rocks reaypear, and where leaks could ocour.
Here no major risk should be expected except for the great fault and the hot springs.

0ld, probably Tertiary, alluvium directly overlies the volcanic formations
of the gorge. It ham the same dip, sometimes showing up in beds of silt or stones
and, further away, in a volcanic bed forming a cuesta or capping a Ffew hills., Most
formations are masked by scree and vegetation, but cross—sections are visible at
certain points and mainly consist of beds of friable coarse tuff or light brown
loam., Actual stony beds are limited and are most often near the tops of the hills.,
It is hoped that this material will not be very permeable when considered in compari—
son to the scale of the storage basin and that no leakage will occur,
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_ On the other hand, more recent alluvium fills the edges of the main valley
and the former thalwegs cut into the earlier alluvium j this alluvium has formed
terraces remaining horizontal. That is why they are probably wuaternary. The main
terrace lies at about 1360 - 1365 m, where it takes the form of several fairly wide,
flat saddles on the left bank. The largest saddle forms the large shelf (with a
little abandoned village) with the road to the dam site running alongside it. This
means that the normal storage level of the reservoir will have to be limited to the
1365 m level, iven with a reservoir level limited in this way there will be a risk
of leakage through the more stony alluvia, if the saddles separating the reservoir
basin from the neighbouring thalwegs are narrow, saddles in such soft formations
could well be subject to rapid and deep degradation.

IT ~ 6. Reconnaigsance Work Program

It is worthwhile +to carry out 2 minimum of forest and brush clearance work
in the dam site area. The tuff levels should be bared on the surface, by means of
trenches at right—-angles to the river, dug out right down to the bed rock along the
full length of the trench. In theory, the trenches should be placed as near as pos-
gible to the dam centerline, but a certain tolerance is allowable if it makes the
work easier.

The following boreholes are the most urgent and should be made along the
the probable centerline of the dam :

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

(ii) Borehole No 2, on the left bank about 30 m from the edge of the cliff,
to avoid the zone of more or less uncompresged rovk. It should be taken
down 10 m below the point where No 1 meets Dbed rock, to give a cross-—
check on the series and to make sure it has been thoroughly explored.

(iii) Borehole No 3, the same as No 2, but on the right bank.
Second priority should be given to the following boreholes, especially if the

first ones reveal high degrees of permeability, with the possible need for a grouting
curtain further out, to avoid the risk of leakage round the dam 3

(i) Borehole No a. on the left bank, 50 to 90 m deep and some 150 m out
from Wo 2, about half-way beiween the future reservoir and the great
fault cliff,

(ii) Borehole No b. on the right bank, about 200 m from borehole Wo 3 and
also in the middle of the narrow plateau separating the last thalweg
upstream and the great fault downstream.

If high degrees of permeability are encountered throughout the above bore-
holes, they would have to be driven down below the river level ; but if, as is pro-
bable, permeability is high only in the upper outflow, the boreholes need be taken
no deeper than a few meters into the underlying tuff, just to check that its perme-
ability is low. According to the results given by borehole No 1, the exact profile
of the Tock under the alluvium would have to be filled in with the help of two or
three boreholes all lined up in the same cross~section, after a minimum penetration
of 5 m in the rock, to avoid errors due to large detached boulders.
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inte 8 the volcanic outflows on the right bank.
at a major , 2A Note the narrowness of the plateau on
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overlie the volcanic iong, thalweg upstream (t).

GENERAL VIEW OF THE DOWNSTREAM
SITE, AS SEEN FROM UPSTREAM

The escarpment.marking the passage
. . of the large fault downstream f{rom
L . . ) | the eite is seen on the right.

' ‘ The main elements in the series
show up on the left.
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THE DOWNSTREAM SITE SEEN FROM DOWNSTREAM
NoLe the escarpment at the fault (F) at the downstream limit
‘ oi the gorge. The site is by the escarpment on the rights
only its large high-level outflow (4) is visible on the photograph. pace




THE LEFT BANK SEEN FROM DOWNSTREAM

THE GEOLOGICAL BSERIED
ON THE ACTUAL SITE

R

THE RIGHT BANK AT THE DOWNSTREAM SITE

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 (al). PAGE 40
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Difficulty with these boreholes will be drilling through both very hard rock
like basalt and other voleanic rocks, as well as very soft and sometimes even pulveru-
lent formations. It seems worthwhile working with a hole diameter large enough for
the samples %o be properly taken in this loose ground; if necessary, with the help
of a double-~tube sampler.

The aim should be to obtain something like a 90 % core yield. The cores
ghould be properly marked and sorted into appropriate boxes, and those from loose
ground should be waxed and placed in protective plastic casings or metal tubes.

The permeability measurements are extremely important and call for great ocare.
In theory, they could be planned for every five meters, as is usual, where conditions
permit, depending on changes in the formations (basalt or tuff). The tests should be
carried out to Lugeon standards 3 i.e., permeability expressed in liters absorbed
per minute, each test lasting ten minutes. As far as possible, increasing then
decreasing pressures will be used, care being taken to start with low pressurss for
the tuff formations (e.g., 2 to 3 kg per cm?) to avoid shatitering the layer. As far
as possible, pressures of up to 19 to 20 kg per cmd will be uged. VWherever possible,
the static water level in the boreholes will be noted (%o check possible presence of
water tables).

Priority should be given to two reconnaissance boreholes, Nos 4 and 5, at the
two little saddles north of the dam site. They will make it possible to get under the
alluviuw {perhaps not wvery thick) and investigate the permeability of the underlying
basalt, if it is near enough to the surface. The expected depth of the boreholes
will be 20 to 30 m, unless the permeability is s8till very high at the bottom. The
alluvium will be further explored by open test pits used for sampling and full-scale
permeability test. They could also be carried out in a large diameter pilot hole.

Second priority should be given to work of a similar nature at the wvarious
other saddles where there i8 a likelihood of leakage owing $o a short leakage path.

11T, BOREHOLE AND TEST SURVEY

IIX - 1. Description and General Resulis

The reconnaissance program was put into effect in Pebruary and March 1964.

It involved six borseholes from 38 to 87 m deep and two pits dug by hand, 10 m deep.
Despite recommendations, no test trench was dug in the tuff, as the information
obtained from both core samples and examination of oubtcrops was considered adequate
for a feasibility study. The location of the pits and borsholes is shown on the
general 1:20 000 scale map. In addition, the boreholes nearest the river are shown
with great accuracy on the 1:1 000 scale site plan. Diagrams are attached showing
the lithogical cross-sections, with permeability values indicated.

111 = 2, Usology of Poundation and Abutment Areas

The description of the geological formations at the dam site was confirmed
and filled in by the five main boreholes (i.e., ¥os 1,2,3, . and b.) and the resulis
shown diagrammatically in ithe attached cross-section, describsed below

(4) Large volecanic geriesy, 45 m deep, the surface of which forms the

plateau overlocking the Kesem.



This fo@ma%ion wag completely traversed by borehole No a. and partially by
NQS 2 an@ 3y, which were situated slightly below the structural surface of the plateau.
Lithologically, it subdivides as follows :

(4b) andesite outflow, fairly fractured on the whole.

o The core samples from several horizons were reduced to small fragmenis, which
indicates either heterogeneous rock with ite softer constituents ground to pieces by
the arill, or, more likely, extremely fractured rock.

{4a) Cellular basalt, overtopped by & 1 m horizon of ash and lapilli and

itself lying on another bed of lapilli and ejected volcanio matter,
2 m thick.

The basalt was very fractured and on several occasions the bit encountered
cavities several dozen centimeters across, which may have been caused by gas pockets
in the cooling lava. Petrographic analysis of a core sample taken at 33.60 m in
borehole No 2 revealed dolerite with plagioclastic phenocrysts g the olivine is
weathered,

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

Heterogeneous aspect, as the tuff contains inclusions of andesite, basalt and
basaltic slag. The rocky outcrop (3), forming a very regular cliff which is visidle
on both sides of the gorge, consists of a harder layer interbedded in the tuff and
probably of the same lithological nature. Borehole No 2 gave the total depth of this
formation as 24 m.

(1v) Bank of ignimbrite.

This shows up in the Fform of the lowest ¢liff, only a few meters above the
river., It ig 4 m thick at borehole No 2 but becomes thinuner from south 4o north, as
can be seen from the cross-section.

(la) Soft, purplish-blue ignimbritic tuff breociated sitructure.
Outcropping at the Kesem low water level, it is 9 m thick.
(~1b) Bank of hard rock, light in colour and brecciated in aspect.

This forms a reference level which can be used to correlate boreholes Nos 1
and 2. The rock can be interpreted either as consclidated tuff or as lava of the
andesite type. The layer is 5.5 to 6 m deep.

(-1a) Light yellow soft tuff, depth 2 to 3 m.
(-2) Large basaltic series.

The rock, fairly fractured, frequently containg emall honeycombs. A4t certain
levels they are extremely numercusg and seem to link up with each other, Laboratory
examination showed that the vrock is dolerite with plagicclastic phenoccrysta, but
certain horismons cbntain cellular basalt with large microlites tending %o doleritic
in structure and the cells filled with calcite and sonetimes zeolite. A horizon of
red rock, 0.8 m deep, is interbedded with the basalt. The total depth of the forma-
tion is about 25 m.
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(~3) Volcanic ash or very soft tuff, which lmcke up on contact with the drill.

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

(-4) Complex basalt formation, made up of : (~4c¢) 7 m of hard but very
fractured basalt. Fine structure, with some plagioclastiec and titani-
ferous augite phenocrysis ; (=4b) a three meter layer of volcanic
sand and soft ash tuff, containing fragments of basaltic slag at the
base 3 (~4a) hard very fractured basalt, traced over a depth of 2.3 m.

Borehole No 1 ended here, at the relative level of 1236.4, i.e. roughly
59,5 m below the low water level of the river.

IIT = 3, Alluvium Reconnaissance Survey

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

(i) for the first three meters : a large andesite boulder, the result of
a local rock fall from the c¢liff, and rounded pebbles.

(ii)} for the remaining two meters : muddy sand, with remains of rotting wood,
a Tew pebbles and some gravel and some 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 undernsath the alluvium is incomplete. In view of the lay of the land
and the narrowness of the alluvial strip, i1 is reasonable o suppose that borehole
No 1 gives a fairly close approxination to the maximum depth of the alluvium, i.e.

5 me 01d alluvia forning a superficial deposit on the right bank c¢liffs will have to
be removed before the dam is built.

IIT - 4, Permeability Measuvements

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 so0 as
to assess the leakage danger and the work necessary to counteract it. Darcy's per—
meability coefficient, conventionally ocalled K, was established for the various
formations studied from tests made in the pits and boreholes. Two itypes of permeabi-
lity were encountered : interstitial, depending on the nature of the rock (e.g., tuff
alluvium) and permeability of a gecondary 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 omd, sach test lasting 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 dam has been ascertained,



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

. Relative height : K range (m/s) s
: . 1280 - 1290 ; 2 t0 5 x 1070 :
: : 1272 - 1280 : 8 x 1072 to 2 x 1077 :
H No 1 H H g
: : 1246 - 1272 : 4 x 1077 to 1076 :
: : 1236 - 1246 i 2 to 4 x 1076 :
: © 1315 - 1364 ; 2 x 107° 10 1070 ;
:  Fo 2 : 1290 - 1315 : 1077 40 107 probably :
: : 1282 - 1290 : 107% 10 2 x 1076 ;
: : 1353 ~ 1364 : 1077 :
: No 3 : 1325 - 1353 : 107% 4o 5 x 1070 i
: : 1289 - 1325 ; 5 x 1071 o 107° ;

These results show an unsatisfactory

abutment

not sufficient to provide the reguired pressure.

o
L

degree of permeability on the left bank

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
The X range was estimated from
The lateral

observation of the absorption conditions affecting the drilling water.
boreholes Nos a and b, further away from the Kesem gorge, gave more encouraging

results

lel +to the Kesem,

s Relative heighi 3 K range (m/s) s
: : 1328 - 1361 : 5 x 01 4o 1076 :
¢ No a 8 ¢ -7 - :
s ¢ 1286 - 1328 : 4 % 10 4o 6 x 10 :
f No b f 1338 - 1379 f 1 x lO.7 4o 2 x 10"'6 f

The area of high permeability seems to be restricted to a strip of
situated on the left and not more than 200 m wide.

land paral-
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11T - 5, Reservoir Boundary Formations

Three areas warrent special attention. The first area is the thalweg Jjoining
the river on the right bank upstream of the site. It will 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, beinyg under 200 m
as measured from s small secondary gully. Borehole no b. was located just there,
near the saddle giving the shortest leakage path. The results obtained from this
borehole showed that the general leakawge danger is low, the average permeability of
the rocky barrier being fairly low, but there is a definite risk of leakage along
preferential flow paths, accentuated by the existence of a difference in height beitween
the reservoir level and the 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 thalwegs
joining up with the Kesem downstream of the gorge. The surface layers include coarse
and loamy alluvium overlaying tuff, which is extremely lisht and friable in certain
horizons. Boreholes Nos 4 and 5 were located in the itwo arsas most likely to be sube
jeet to leakage, as indicated by the lie of the land. The shortest leakage paths
measured were respectively 200 m and 350 m, at the 1365 m level {expected normal
maximum storage level).

Borehole No 4 vevealed 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 side of the Kesem., This andesite is bighly crevassed, and here
the highest permeability values were registered. Approximate K values are

es

Relative height K range (m/s)

£ 1359 - 1367 (alluvium) Poex 1077 :
. 1352 - 1359 (tuff) . 106404 x1078
$ 1339 ~ 1352 (alternate andesite 3 s
: and basalt) ;1077 b0 4 x 1078
P 1332 - 1339 (fractured andesite)’ horizons at 1074

o
H

The third area is a saddle linking two very flat valleys, one inside the
reservoir basin and the 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. 4s a pit No 5, the tuff becomes
less and less permeabdble the deeper one goes 3

Relative height Permeability - K

3 : (mls) :
: 1357.2 P 6 x 1070 :
: 1355.3 . 4.2 x 1070 :
: 1353.1 : 1.5 x 107° :
: 1350.7 © 5 x107 ;
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ITL - 6, Conclusions

The geolowical structure of the site is simple : except for a few variations

in thickness, there is $ood agreement between the layers on both sides of the river
and the same alternation of outflow and intermediate layers continues underneath the
Kesem where the depth of alluvium is about 5 meters.

As far as the dam foundations are concerned, this alternation of vexry hard and
goft layers does not set any great problems for a flexible earth or rockfill dam
likely to adapt itself to large—scale differvential subsidence. For a concrete dam,
however, these dangerous levels would have to be eliminated. This is quite feasible
with the little level under the Kesem. This consists entirely of Montmorillonite,
which can be cleared away and the foundations set in the large level of dolerite, but
the right and left bank abutnents are o different matter,

48 far as the leakage problem is concerned, boreholes Nos £ and 3, actually
on the dam site did not reveal an excessive degree of permeability, except for a
certain section in Vo 2 (left bank), where the perneability was so high as to prevent
testing, and in certain stretches of the three boreholes, corresponding to either
soft porous layers (possible source of pipings) or large cracks in the hard voleanic
outflows (where there were cavities)., an extensive grouting curtain will be nscessary,
but its exact nature can only be defined by more detailed studies later. In the areas
beyond the dam the alluvium has a fairly low degree of permeability, whereas the levels
of tuff or ashes are more permeable, as are also, on occasions, the underlying
volcanic rocks., There ig thus a definite risk of leaks, especially through preferen-
tial gones which are sometimes difficult to detect. On the whole, the studies so far
made suzgest that this problem is not insoluble.

Later studies should chiefly concern the leakage problem and clarify the
grouting curlain requirements, both neaur the dam and out beyond it. Grouting curtains
will be difficult to carry out owing to the varied nature 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 layers separating the beds of hard rock,
where clay is abundantly, and sometimes exclusively, present.

Iiv. HYDRAULIC SURVEY AND BASIC DIMENSIONS OF THE SCHEME

IV ~ 1. Limitation of Storage Capacity

The topographical and geological surveys of the dam site and the ressrvoiyw
basin showed that the highest normal water levels could not easily be set at a height
of more than 1365 m. This maximum elevation will be @ basis for the operating cal-
culatione which follow. The level of the reservoir must not drop below a certain
altitude, so that ¢

(i) +the water retained will include a bottom layer (dead storage) in which
most of the gediment carried down by the river will colleoct;

(ii) the head of water available in the power station at the foot of the dam
does not fall below a figure compatible with the technical and economi¢
requiremente of the generating sets,

The second requirement takes precedence cover the first, and. it ie assumed
that the lowest water level will mnot normally fall below about 1345 m. These upper
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and lower limits of reservoir level give the following final figures for capacity:

Dead storage (below 1345 m mark) .eeeeoscsvvecsvss 19 hm3

Live storage {between 1345 and 1365 m marks) o.... 288 hm3

Total normal SLOTAZE seessnsscoessccssssssessossse 307 hm3

The smole purpose of the following calculations, based on monthly figures, is
to determine the optimum operating conditions for this capacity 3 on the basis of
average probable inflow, this capacity musi satisfy as fully as possible all require-

ments for irrigating the land commanded and generating electricity.

IV = 2, Choice of Probable Flow Figures

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 :

Pa(mm3) oo foy fpfog fop Py g oy fg Pyt o4 fog iYear
21962 : : 3 : : : : s s s 101.5%78.5°
F1962-1963% 11.5 § 2,5 : 2 3 2.5 1 1,5 1 T : 653 33118 332 & T2 :559.5
11963-1964% 18.5 3 5 4+ 4 L 2 2,5 3 24 :12.5 2 17 & 184 & 253.5 :97.5:623.5
H 2 . -+ PR ~+ . - N + o -k s “+ o . E . = o = .
21964 P4 : : : : : : : .. : s s

Statistical study of rainfall in the upper basin shows how the monthly inflow
varies from normal conditionsy +the following sywbols are used

Minus sign ¢ Sub-normal
Equals sign : Normal
Plus sign ¢ Above normal

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 substantizlly 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, ILife 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) :

3
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o In al}, the Kesem carried down almost 5,600,000 metric tons of material,
99.95 % of this total beiny between april and Septewmber; the studies in Volume ITT

show that this quantity is well above normal (3,570,000 tons/year), giving an average

siltipg ;ate of gbout 2=3 hm}/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

(i) Sediment is carried down slmost wholly by the floods which stir the
vater in the reservoeir to some exteont and help to keep the finer
sediment in suspension (e.g., sediment made up of particles with
an average diameter less than 50 microns)., In a normal year, the
reservoir should regularly overflow at the end of the rainy season
(August, September), thus discharging part of the sediment brought

down,

(ii) Above the dam, the slope of the bed is about 1 in 200, so that deposits
tend to accumulate towards the bottom of the reservoir, where they can

more easlily 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 ocurrent a Tfair distance upstream, into the thickest part

of the sediment.

IV = 4. Passage of Floods

Kesem flood conditions are exanined in Volume IIT and the probabilities
are shown by the followin, peak discharges :

Biennial £100Geseeosssoosccncsossses 310 m3/s
Maximum 1964 flood (13th august).... 340 w3/s
Maximum 1963 flood (6th august)..... 570 m3/s
Ten=year £100Geoeeeeeesoscvonceneasee 840 m3/s
Pifty=year £100G..eosescscoscsosssss 1100 m3/s
Hundred=year £100Gesesssscesesoasess 1180 m3/s
Morphological £100de.eeeseaonoscosses 1400 m3/s

Tor 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 fthe irrigation intake and the embankments alongside
the Kesem in the irrigable plain, would have 1o be made too big. On this basis 1%
ig sssumed 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

caloulation 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. Bvaporation Losses from the Hegervoir

Knowledge of evaporation from the reservoir is based on data recorded at the
awors Melka meiteorological 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 staris.

®
°
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deducted from each of the above figures § virtually, this means rainfall (because
surface runoff is negligible). Net atmospheric losses "e" from the future Kesem
reservoir can be ocalculated from the figures in the third line of the table, sxpressed
in m3/ha of reservoir area.

2 @

19621963 1 o Pw fop P sl oriwm P Powlogtos toat s
: Evaporation : : : ; : : o ; ; : : §
s (mm) oo~ P L747 1677 186° 1907 2327 166 ° 2087 268°(240)° 242° 260°
* Evapotrans— ; : . : ; . . s e . . .
;pirﬁ‘tiom (mm)s =~ ., 23, 18, o 17 187 71 ° 84; 7.(221)] 121 11
; Logg Y“e¥ : ¢ L 3 s H : H 8 B g
: (m3/ha) :(2460)31510:1490:1860:1890:2140: 950 :1240:2610: 190 :1210:24903

S B 1 - » H °

Multiplying the annual total (20,040 m3/ha) by the average area of the reser—
voir (1750 ha) gives a total loss of about 35 hm3 per annum.

IV « 6, Irrigastion Requirements “BY

The regulated flow of the Kesem will be used primarily to irrigabe the plain
known as "Kesem~Kebena", where an area of 17,550 ha can be served by a gravity sysiem
(@ee Volume V)@ Specific requirvements of irrigation water for the Middle Valley,
as estimated in Volume IT, apply to the Kesem=Kebena plain and give the following
annual water requirementy s

17,550 x 16,740 = 294 hm3

This is well below total inflow (even after deducting losses E),and it is
posgible that the Kesem reservoir may cover irrigation requirementis excesding those
of the Kesem-Kebena plain. Unforitunately, it is impossible economically to build the
dam higher, and there is no question of using the whole annual inflow for exitending
the irrigated area.

Assuming the reservoir to be full on 1lst October, it will empty continuously
until 30th June, when it should theoretically be at its lowest level. Over these nine
months, inflow (37.5 hm3 from October 1962 to June 1963) will be largely lost by
evaporation from the reservoir, so that a volume slightly in excess of the reservoir's
live storage -~ i.e., about 300 hm3 - will provide enough water to irrigate the
following area

300,000,000 .
«ww%§?2%§~» 22,500 ha

On a first estimate, some 5000 ha could be supplied, in addition to the
Kesem-Kebena area. This land would have %o lie within the area of the Middle Valley
which is %o be supplied direct from the Awash (Melka Sedi, amibara, Bolhamo, Angelele).
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IV - 7. Blectricity CGenerating Requirements

If the volume passing through the turbines month by month were limited
atrictly to the water needed for irrigation, the amount of electiricity generated
during months of small ircigation demand would fall too low to justify the power
atation equipment, which can be economic only if a winimum firm amount is generated.
During those months the turbines would need more water than the volume required for
irrigation. These ta.pings would slightly reduce the irrigable area when the reservoir
was empbying. They would have no effeet while it was filling. The tailwater level
below the dam can be put at about 1296 m. This means that the hydro-electric plant
will normally operate with a geometric head of betwsen 69 and 49 meters,

IV = 8, PFinal Operating Calculations

A compromise had to be reached between the needs of the area to be irrigated
and the need for a firm power output. Optimized scheme operation gives

Total irrigated ared veoovosssonsaserccss 225000 ha

Firm DOWOT sucocaoscococscvoscssaccononosnns oo GWh per month

The figures'! wvalidity is confirmed by the following table 3

f1962-63) 0 { w | D | 5 F m | a | M | J | 3 | a | S |[|fear®
P77 (m) 136013 64.2]1363.0(13606 [1588 |1356.5 | 154.6 (13530 [LID.0 1449 13534 13650 | -

'y, (mm3)| 3671350 | 255285 24&5%12 B35 | 162 |124.5| 78 1166 | 367 -

25y (ha) | 3p 2250 (230 1930 (1735 :545 400 {1285 {1070 70 11305 2330 -
'A (bm3)l W51 2851 2 25| L5 1 T 65| 3 | 118 | 32 | 72 559.5:
B (md| @5 21 | 39 | ¥ |35 265 27 | 45| 47 | 25 | 17
R (mm3}| 05| 2.5/ 0 0 0 0 0 0 0 5 8 0 16 ¢

S
Lo
N
oo
®
(%]
s e

T (em3d| 23 | 2350 39 | 36 | 35 265 27 | 425 47 30
h-(bnd)| a5 | -21 | =37 | ~33.5]=33.5 ~25.5| «20 |-36 |-44 | 88

'v2 (hm3) 355 29 | 288.5/252 | 215  186.5| 1635|126 | 80.5| 166 | 367 | 367 -

'St (ha) |2B0 12145 (1945 |1750 (1565 115 [1290 (1080 | 785 | 1305 [330 (2330 | -

‘s (ha) 2305 ?2200 2040 [1840 1650 1480 (1345 |1185 | 930 | 1040 zooo 2330 -

o ov fos

' (med 55 35 3 | 35| 3 3 15| 15| 25 0 25 6 | 39.5
E (n) | 8.6 61.6 659] 638) 6L71 9.6 508 5.5 sus| s3.2] 632 6.0 -

o

(o 351 3.8 571 s0| 480! sl 347) s524| 538) 3550 381 4.60 5L
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The symbols have the following meanings s

Elevation of water level at start of month
Reservoir capacity at start of month
Reservoir area at start of month
FNatural inflow
Irrigation requirements (22,000 ha)
Additional volume of water to be returned in order to secure firm
powsr outputb
B+ R Volume passed through turbines
T Rise or fall in reservoir capacity
- Vl+(A~T) Storage capacity at end of month, not allowing for evaporation
Reservoir area at end of month, not allowing for evaporation
e T Average reservoir area

[ .

< 3 Wi e 0 o< N
pro N f o8

1

+

[ 421

N

[
o
w

et loss by evaporation
Average geometric head
w bell Potential power outputb

v b B

The table shows @

(i) 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, excep’ perhaps for short
periods when the floods overflow, from mid-sugust to mid-October,

(ii) Aaverage annual reservoir level is 1358.2 m, so that average geometric
head is 62.2 m.

(iii) A total additional volume of R = 16 hm3 musi be passed through the
turbines to bring 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 io 35.5 hm3 per annum, represents only
9 9
one—tenth of the total reservoir capacity.

(v) Total annual energy output (P = 51.91 GWh) corresponds to a theoretical
productivity reached only if there were no limit %o the installed power.
Firm annual energy output is 3

3.5 x 3%8— = 42,5 Gih

IV = 9., Bigze of the Power Station

The firm energy output of 3.9 Géh per month must be attainable even when the
reservoir is down to the 1345-meter mark; i.e., when the geometric head is 49 m.
Average power to be generated in these conditions is

o 202002000 o 00 k¥
Yav, 3 x 24 451

Applying the same assumed load factor as for the Koka plant, (i.e., 55%),
firm peak power is :

} - 4100 o
W oealk 0.5 8500 kW

@
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It would be a pity, however, to limit installed power to this figure and it is
reasonable to assume that the generating seits must also work at full power with the
average head of 62.2 m, #o that installed power is

62,2
W £ o - .
inst wpeak ( 45 ) 3/2 12,000 kW

Thus, full power is not guaranteed when the head is below 62.2 m. In practice,

the station will have one 4000 k¥ set and one 8000 kW set. Total plant flow is 24 m3/s
with the average head of 62.2 meters.

IV « 10. Supply of Power to Irrigation Pumps

The foregoing calculations apply only if the electricity is used by regulax
domestic and industrial consumers. The position would be different if a substantial
fraction of the electricity wenerated by the Kesem station were reserved for irriga-—
tion pumping and had to vary according to changes in water requirements. The outline
development study for the Middle Valley will show, however, that irrigation by pumping
i8 not an operation of the greatest economic value. It would not reguire move than a
relatively small amount of power (1000 kW for the Bolhamo area).

IV -~ 11. Compensation for Flows Through the Turbines

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 wus 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 stretching O km downstream from the site of the dam to the
noint where the river enters the plain at Awora Melka. Inspection of aerial photo-
graphs and the line of the sorges showed three possible sites :

(i) 3000 m downstream from the site of the main dam j
(ii) 2500 m upstream from awora Melka j

(iii) At awora Melka iteelf, with the compensating dam also serving as the
irrigation intake dam.

The final choice of a site will be based on a general large-scale survey of
the Kesem gorge and a geological siudy.

V. QUTLINE PRELIMINARY DESIGHN

The remainder of this study is concerned only with the downstream site, which
was preferred to the upsiream site on geological and topographical grounds.

Vv = 1. Catchment Slopes

The conformable strata on the two banks slope along the line of the river,
dipping some degrees in the upsiream direction. The lower slopes are covered with
geree and part of the escarpment on the right bank is masked by an old alluvial @e«
posit culminating near the 13b5-meterT rark. Mive borings taken along the dam axils
showed the following succession of the strata :
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(i) Between the 1345 and 1375 m marks, an andesite, fairly fractured in
general ; this stratum rises above the crest of the dam which will be at
the 1370 or 1371 m mark.

(ii) 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.
Iike the andesite, this rock is very hard, but badly fractured.

(iii) Between the 1305 and 1330 m marks, a complex succession of mainly sof%
and friable strata (volcanic tuff3,

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

VY = 2, Bed of the River

The Kesem runs over recent alluvial deposits, roughly 5 meters thick, with
no volcanic rocks orossing the river at any point., Borehole No., 1 revealed the fole
lowing strata below the alluvium :

(i) a hard brechoid layer, 5 to 6 m thick j

(ii) 2 to 3 m of soft tuff 3

(iii) a major basaltic series, some <29 m thick, with its highest point at
1282 m =~ hard, but rather fractured rock -~ identified as dolerite.

V -~ 3, Hatertightness near the Dan

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

V - 4. Watertightness of the Reservoir Basin around the Dam

(i) Saddle on right bank : low permeability, but wilh no grout curtain, the
& 9 3
percolation gradient would be around 1/20. '

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

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

V= 5, Type of Dam

After cemeni grouting, the basalt and andesite outflows and the ignimbrite
bed will have a very high mechanical strength and modulus of elasticity. This does
not apply, however, to the intermediate tuff strata. an arch dam seems to be ruled
out, but a gravity dam, hollow if possible, with the blocks bedded on the hard strata
would be well suited to the geology of the site, 4 rockfill dam is also feasible.
an earth dam seems unsuitable for a number of reasonsi there is lititle alluvium in

the river, the soils of the plateau are very clayey and the base thickness of the dam
would be excessive,
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Two possibilities =~ a hollow gravity dam and a rockfill dam - were selected
for finaul study. Bach study produced three sets of drawings which are attached +to
this Report and show the main structural features,

(1) Hollow gravity dam : The work comprises 11 blocks, each 18 m wide,

topping at the L3]0 m mark. Wumbering these blocks from the left bank to the right
bank

(i) Blocks 1, 2 and 11 are based on the andesite, at the 1360, 1350 and
1360 m marks respectively ;

(ii) Blocks 3, 4, 8 and 9 are based on the ignimbrite at 1302.5 m.
(i1i) Blocks 5, 6 and 7 are based on the dolerite, at 1280 nm.

(iv) Block 10 is based on the cellular basalt at 1340 m.

{(2) Rockfill dum : all strata are strong enough to carry the dam. The scree
would have 10 be cleared and all old surface deposits of alluvium on the right bank
removed. The dam would be made watertight by a core of clayey earth from the plateaun
on the left bank ; in the river bed, it goes down to the brechoid level 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 excavations for the
gpillway 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 conocrete dam,

V - 6, Layout of Appurtenant Works

(1) Hollow gravity dam : All sppurtenant works are incorporated in the dam
or set against it

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

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

(iii) the flood spillway with its sill at the 1356 m mark comprises 2 gates
12 m wide and 9 m high, capable of passing the nominal flow of 1100 m3/s¢
The first gate straddles the joint between blocks 5 and 6 and the second

the joint between blocks 6 and T 3

(iv) the dewatering conduit is in the middle of block 6. Its shub-off gate
can be raised through the center pier of the flood spillway. Its control
gate is a 12 m2 sector gate

(v) +there is no %emporary diversion tunnel, because the water in the river
remains low for a long time ; the bottom part of the center blocks can
be built in two stages, and it is assumed that, at the end of th@ first
stage, the flood waters will flow over the uncompleted blocks without
destroying any final works.
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{(2) Rockfill dam : The appurtenant works are sited on the river banks 3

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

i
(ii) Left bank : a temporary diversion tumnel *, 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,

(iii) also on the left bank : the intake, headwater tunnel, surge tank, pen-—
stock and power station (all for the same flow and poweT as in the first
scheme). The headwater tunnel is driven through the cellular 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 brealk around borehole a. The gross total
area of the curtain can be put at 100,000 w2, less the tuffl strata, which are very
watertight. The rest consists of fractured basalt and andesite levels which can be
easily peneirated by cement grout. There will be a good deal of absorption, but no
technical difficulties recuiring the use of special products,

# A tunnel is indispensable. It will ewen be essential that work on the dam should

begin in'October 80 that it can be raised to the 1345 m mark by the following July.
Galcu}atlona show that, with an inside diameter of 5 m and with allowance for
lowering of the flood level by the botiom 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/a. ® d
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V - 8. Summary Cost Estimate of Works (in Ethiopian dollars)

(1)

Hollow gravity dam

Civil engineering

Cofferdams ccseoccocconccoccsossascsssssscsnoascas 250005000

Rock excavation
5 % 2405000 M3 cecccvococacosonsssccncssscsssca 13200,000

Concrete structures
85 % 320,000 M3 sscescccvccanccscosnsssscssss 275100,000

additional for reinforced
concrete 65 x 20,000 M3 socccoscocnscccsceses Ly300,000

UroUuting cocccosscscssessocsvosaccossscsnsace 35000,000

Secondary Gam cecoscsccsccasoccccsnonsccsscnsss__ 1,000,000

Blectrical and mechanical equipment

Dam

F100d 8pillWay cececcccscscscosssoocosacoascae 387,000
Dewatering conduilt ccoeccscscccacssoscsscscos 97,000
Tntake aococvocossesssoosanscsocccaoossoaocsas 165,000

Power station

2 Hurbines ceecccvcescecccsceccccoccoosaaccsoo 550,000
2 8lternators ececscceocoscocsccsscsscssocnoa 930,000
2 main butterfly valves cececccscessccscsscsce 102,000
Overhead CTaNe ccocccccsocsccsoocsccoanossoocosvo 145,000
2 transformers eccecscecocccvccossscoscoasooases 200,000
SWitOhYATA secesacocssoossssssoccacsooosssss 370,000
Auxiliary equipment and Services ccscccscccos 500, 000

Loading gantTY cecccecssscccsccocsocsococaocse 145,000

TOTAL cvoecoesoosocsocscocsooosocoacoocooososs

Contingencies, design and supervision of
WOTKE ¢ 30 % covoscoscsococccosnsssssccnsss

GRAND TOTAL sococeooncoscccasacse

B$ 35,700,000

E$ 649,000

B$ 2,942,000
3% 39,291,000

E$ 11,787,300

B$ 51,078,300

O S R SR R O W O R
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Rockfill dam

The estimate for this type of dam, which seems cheaper, gives separate
costs for the following :

(i) +the dam alone and all elements necessary for its operation, so that
it could be built in a first sitage, if reguired for irrigation pur—
poses only ;

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

First stage : irrigation

Civil engineering

Cofferdams ssvecsscoonosscoososooenosncssooscoosson 2,000,000
Rock excavation 5 x 24,000 m3 cosevecscsosocvocson 120,000
Rockfill 12 x 690,000 M3 vesevsonsesocscsasassssso 8,280,000
Watertight core 5 x 110,000 m3 vovevocscooscanvnoosn 550,000
Filters 20 x 95,000 M3 covconocooscnoaosoosessssoon 1,900,000
Concrete 150 x 22,000 M3 scevcvesoossasovcosovevno 3, 300,000

S Shaft 4950 L 40 M ccvovsoossonsssosa 198,000
Dewatering ) Tunnel 3530 x 400 @ .ovssocevsosevnes  13412,000
Initial intaée tunnel 1665 X 50 Movsoccoscsosesnsos 85,000
Gangvay giving access t0 control TOOM ssecscsssscs 223,000
Grouting cecoscocvosovssscsossasnoosoocacoosoesoos 3,000,000
Se0oNdary Al oesessesssesvsossonssosssoosssascoos  L9000,000

Blectrical and mechanical eguipment

E$ 22,066,000

Dam
Flood 8pillway soecessosscosososcosocooscoeoososnsa 595,000
Dewatering conduit ceeoceccavscosocsensonscosnoos 298,000

Intake sscvcscosssccevssnasosoasovoooscocoasossssaos

TOTAL QOO0 CDOODOH D PO OO DY OO ODOOY DO EO OSSO 0D OO

Contingencies, design and supervision of works: 30 %

GRAND TOTaAL

B DB OODODOEHO0B 0SS ODOOHDEO T DO

662000g$

B$ 23,025,000
E§ 6,907,500

B$,29,932,290

R 2 0 UE
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Second stage : eloctric power

Civil engineering

Rock excavation % x 11,000 M3 vevveroseonosss 55,000
Conerete 150 x 8000 M3 seorercescoososocsases 1,200,000
Intuke 1665 % 140 M wevenvusnceocossonnnonsss 233,000

Surge tank 3850 X 24 M ov.eeccvencocrsenenaonee 96,000 E$ 1,584,000
S s 504,

Electrical and mechanical equioment

Dam =~ INtake coeccssooaocasoocasoossosneseoss 337,000

Power 8tation seecenccccosonosesscnooescacacss

2 2 .
25 942,000 B3 _3,279,000
TOTAL cocevcssonsscaacoooonoosonnsncesoccnssos B$ 4,863,000

Contingencies, design and supervision of work : 30 % E$ 1,458,900

GRAND T()TAL B E QWO QRO POEOEE OO HENO DR O D GO TR G O E@ 6,32],900

TR W T e S B

COMBINED TOTaL FOR FIRST AND SECOND STaGES E$ 36,254,400

G DO OO D EHE DO
B T T 0 T G A O 4 T

V - 9, Coneclusions

The rough estimates strongly favour o rockfill dam. There is a risk, however,
that the driving of the diversion tunnel may encounter serious difficulties., It
would be wise to drive a Irial length of tunnel before calling for tenders, although
it is unlikely that the difficulties would outweigh the economic advantage of a rock—
111 dam. Even excluding continwencies, the gravity dam still costs more ; and the
cost of civil engineering works for the diversion tunnel is only 1,600,000 Ef as
against a total of 7,000,000 Lf for contingencies,

If there are no disastrous results with the trial tunnel, the choice should go
to a rockfill dam, which might cost slightly over 35,000,000 &%, including 30,000,000E$
for the first stage, leaving the remainder to be invested progressively whenever the
demand for electiricity justifies the installing the first generating set and a power
transmigsion line,
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CHAPTER JV. REGULsTION OF THE REGIME OPF THE RIVER KEBENA

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

Ie CHOICE AND TOPOGRAPHICAL STUDY OF a 3ITE®

Some 20 km upstream from its confluence with the Awash, the Kebena runs through
a narrow gorge, some 200 m long, which seems at first sight to be wery suitable for
congtructing a fairly high dam. A l/lOOO plan was drawn and a 1/20,000 map of the
reservoir basin was produced by plotting from aerial photographs j this map was used
to draw characteristic reservoir filling curves.

The gorge is 200 meters long 3 the plateau through which it is cut slopes
steeply downsiream and the greatest depth, of about 70 m, is at the upstream entrance.
The stiretoh 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 reamsons, 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 dani.

A8 a variant, the possibility of raising the dam by 10 m (highest normal level at the
1270 m mark and capacity 75 hm3) will be examined.

I1. GEOLOGICAL RECGONNALSSANCE SURVEY

IT = 1. (Qeneral Structure

The valley of the Kebena runs through a thick mass of varied alluvial deposits,
at some places including regular, dark bands of volcanic rock, and frequently broken
or displaced by faults, At the site considered the gorge cuts through a particularly
strong volcanic series, with an a parent 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.

IT - 2, Volcanic Series in the Gorge

The voloanic series, illustrated in Fig. 8, comprises the following strata,
reading downwards :

(8) 01d alluvial deposits covering the volcanic formations.

(7) 4n upper basaltic outflow generally well=bedded and prismatic, of regular
appearance, but heavily fissured. Some levels are scoriaceous or cellular., The oute
flow is about 30 m thick, It consists of a fluidal dolerite, containing large micro-
lites and serpentinized olivine, together with some big plagioclasgtic phenooryst.

(6) Intermediate bed of tuff with varying amounts of loam j this tuff is

friable, yellow at the bottom, red and sometimes very hard at the top 3 the bed is
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KEBENA DAM SITE
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SCHEMATIC GEOLOGICAL CROSS-SECTION ESTABLISHED BY SURFACE SURVEY
{ UPSTREAM LEFT BANK )
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GENERAL ABRIAL VIEW OF THE SITE
FPROM UPSTREAM

.
.

.
.

The narrow gorge rung bebween volcanic
outflows set in a vast expanse of
alluvial tervane forming the remainder
of the region (above and below the

gorge oubflows).

GENERAL VIEW OF THE SITE, TAKEN FROM THE LERT BANK UPSTREAM

Both the c¢liff formed by the high~level outflow and the intermediate-level
outflow shoulder directly above the site are clearly visible. Note also
the alluvium above the main volcanic outflows in the gorge.

The two supplementary formations can be seen in the foreground ((2) on the
left and (1) on the right)e.

THE SITE SEEN FROM UPSTREAM

The site is in Tthe narrowest section, where the substantial lower outflow has
formed the distinctive shoulder seen on the right bank. Formations dipping deep
underneath the site downstream are seen emerging on the left.

PAGE 61
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€ %o 3 m thick., Analysis of a sample taken at the top from the part reburned by the
upper outflow (7) gave these constituents in decreasing amounts : plagiooclasic feld=
spars, calcite, illite, quartz and baematite,

(5) Large intermediate outflow, some 40 m thick, forming the shoulders at the
bottom of the site. This is made up of a basaltic reck, which is generally strong butb
irregular (continuous half-bedding and single half-prismation) and fissured (due to
shrinkage and tectonic action). This is a dolerite with a distinet intersertal struc—
ture, containing big microlites, titanium—bearing sugite and a few large phenocrysts
of plagioclasic feldspars.

(4) ashy tuff level, from 7 %o 8 m thick, consisting, at the bottom, of a
fairly hard, pink or ochre, very light, brechoid tuff ; montwmorillonite and feldspars
predominate j ana, at the top, of a fairly coarse, white layer, which is not very
coherent and breaks down completely in water 3 despite the presence of granules, only
montmorillonite is revealed by X~ray. Dip is such that tkis layer must pass fairly
close under the bed of the river directly below the site.

(3) An approximately 3 m band of long~vesicle brechoid tuff, containing a few
crystallized glomerules of plagioclastic feldspars, augite and haematite, btogether with
a few scattered granules of guarty and feldspar. The rock is light, but strong; it
is heavily fractured, perhaps because of the proximity of the big fault Fl.

(2) Somewhat friable grey and pink tuff, with small beds of ash (cinerite).
This layér comes to the surface upstream, near to the river's edge on the left bank.
Its thickness isg not known., Here soft formations could be 5 to 10 m thick.

(1) PFollowing a break in the series, due to the river and its alluvial de-
posits, there is a narrow escarpment of very Hard, cellular, basaltic rock, at the
foot of the slope, upstream on the right bank. Detailed analysis shows it to be a
dolerite (basalt containing olivine and very big microlites) with intersertal struc~
ture. The olivine is present as numerous small granules. Small vesicles are- filled
with calcite, There is no pyroxene. This must constitute the sub-stratum of the
previous layer, but its thickness cannot be ascertained as it is abruptly cut short
by the big upstream fault Fl. Consequently, there is even less information regarding
the bed-rock (alluvium?) of this wvolcanic series,

IT - 3. 01ld Alluvial Deposits

The normal alluvial deposits covering the volcanic series appear 1o predominate
on the left bank, where they form the whole hill up to the narrow volcanic band at the
top. Deep gullies up the gorge show mainly fairly fine loams, which are ofien compact
and various shades of pink., On the other bhand, there is a stony alluvium, containing
large blocks, above the escarpment on the right bank ; this is probably more recent,
forming gullies through the previous layers. This formation must be much more per-
meable than that on the opposite bank. a8 a tributary thalweg joining downstream of
the site cuts through it, the risks of leakage must be considered.

171 - 4. Recent Formations

»s the rock nowhere across the river appears above the recent alluvial depo-
sits, there is no way of arriving at their thickness.. To judge by the narrowness of
the gorge and the +tuff at the base of the series they may be fairly thick. The
scree sometimes consists of large blocks and is consolidated by limestone tuff in
many places. A% the site itself scree covers the shoulders of the middle outflow,
but does not seem very thick, particularly on the right bank.



THE LEPT-BANK ABUTHMENT SEZW FROM DOWNSTHEAM

Only the three top formations are visible on {he photograph :
(5) : An intermediate-level outflow forming a shoulder with its top
surface partly under scree,
Note the extensive cracking of this rock, mostly
in more or less vertical planes.
(6) : Clay-bearing tuff at the foot of the upper
cliff (hardly visible).
(7) : High-level outflow forming
thick fairly even banks,
but with very
pronounced
vertical
cracking.

RIGHT~BANK ABUTMENT

only the two big main outflows (5) and (1)
are seen here, with the intermediate
tuff layer (6) visible on the
left. Note the characteristic
shoulder-shaped lower
outflow.

PAGE &4,
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1T - 5. Tectonic Structure

Faults of varying extent are associated with the site, (see Fig. 9).
The big upsitream fault Fl cuts oif the series up the gorge, wnile the sirata dip re~-
gularly by 10 to 12¥ downsiream under the dominating alluvium. Its throw is diffi-
cult to assess, but may be as much as several hundred meters. Its prolongation is
clearly visible in the upstream thalweg on the left bank, where the volcanic rocks of
the gorge reappear locally below the alluvium of the upstream section of the fault.
The whole zone is fairly heavily fissured and losses might occur there.

Fault F2 upstream on the left bank worsens geological conditions at the en-
trance to the gorge 3 on the surface, it produces a gully, revealing very fractured
rocks, covered to a varying extent by scree.

Fault P3 is downstream from the site and has a very limited throw. Its main
effect is a gaping fracture, mainly on the left bank, where it becomes a largs verii-
cal crevasse in tue upper cliff. above the ledge, it disappears below large—block
alluviunm,.

48 it is alwost parallel to the axis of the dam, it should not give much
trouble, unless it continues other fissures which might cause leakage.

II = 6. Poundation and Stability of a Concrete Dam

Bven though the thickness of the recent alluvial deposits is unknown, they
may extend to 10 or 20 m. The upstream tuff series must run not far below the actual
site. This may complicate the problem of foundations. The middle outflow forming
the shoulders of the site is irregular and criss—crossed by fissures. Despite the
tenerally good appearance, there could be fairly subsitantial decompression of the rockj
if an arch-dan were decided upon, it would be necessary to consolidate by grouting,
which often proves effective 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 that the concrete can bed on the underlying basalt,

IT -« 7. Watertighitness Around the Dam

Permeability is seldom great at depth in fissured basalits, but this should be
confirmed by borings. Pariticularly on the left bunk, the upper alluvial deposits may
have protected the basalts against scouring underground flows, but this must be veri-
fied., In depth, in the underlying tuff formations, it should be possibls to find an
almost impermeable layer to which the grout curtain can be Jjoined.

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

Il -« 8, Watertightness of the Reservoir

The storage basin has high, sisep banks, and the highest water will always be
some distance from the saddlss leading to adjacent valleys., The risk of leakage from
the reservoir into other valleys seems to be very limited, even though some old allu-~
vial strata may be fairly permeable.
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IT -~ 9 Program of Borings

(l) First priority. 4 50 m boring along the thalweg, which will
provide information on the depth o7 the alluvial deposits and indicate both the nature
of the formations (adequate core-sampling of the soft tuff layers) and their perme-
ability in the series underlying the basalts at the site. This boring could also be
made on a river bank, the alluvial deposits being investigated by at least two borings
on a line at right angles to the center—line of the river,

as decompression of the shoulders of the middle outflow appears to be a major
difficulty in building an arch-dam, two borings should be made from the top ledges
shoulders, i.e., midway between the two escarpments; the boreholes should penetrate
several meters into the underlying tuff (about 40 to 50 m).

The continuity of the series around the site and wvariations in the permeability
of the busalt in these directions must also be studied, Other borings should, there-
forey, be carried ocut far enough from the rock-wall to ensure that they are clear of
the decompressed surfauce layer (about 30 m)., They must go down at leawt to river level
and, if possible, to the tuff below the basalts (approximately 60 to 70 m).

A boring running east-west, at an angle of about 60 to 700, will be made at the
upstream end of the upper basalt ledge on the left bank, to explore the area of the
downstream fault, It should go down at least to river level (70 to 80 m).

(2) Second priority. If the luteral borings reveal very high per—
meabilities, two others must be made 100 to 150 m further outward (possibly not going
80 deep, because the slope of the ground would ruvidly incrsase the "dead section' run
through by the borings). This would apply to the area of fault F2 which might be re-
traversed deeper inside the hill, to ascertain whether permeabilities decrease in that
direction,

ITT. SHORT HYDRAULIC STUDY OF THE RESERVOIR

ITIT -~ 1. Reservoir Capacity

On the basis of the topographical survey and operating reguirements, reservoir
capacity is limited to the following values ;

! Normal water level °* Capacity (hm3) X
H : : Bottom storage : H :
¢ Maximum ¢ Minimum ¢ layer ¢ live storage ¢ Total storage 3
: : : (dead storuge) s :
‘Pirst solution ® 1260 1240 ¢ 16.5 : 33.5 : 50 :
* Variant o270 B 1250 ¢ 305 : 44.5 : 15 :
8 : : : : : :
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ITT - 2. Flow Cycle

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

Inflow {hm3)

123

fDate : 0 ‘WP oD Pyt oF ofmMiaiofwm o Pgigoto4 ' 5 ?Year °
1962-63 1 8.5 T 6 F 4.5 01 F 2 P2i10%15.5% 3 %42 f114.5 % 28 F o237 ¢
J1963-64 15 P4 ta.5 74 f25 %5 787 12,5 715 F 96 7130 f 30,5 ¢ 387

The second cycle is comsistently higher thun the first., As the proposed ca-
pacities are much less than the unnual inflow, the dam must overflow during the flood
season, and act as regular from October to June only. If we take only this nine-month
period, it is seen that the first cycle is much more normal than the second, which is
irregular in april, Operating calculations will be based on natural inflow from Octo-
ber 1962 to September 1963.

III - 3, Life of Danm

The Kebena hydrometric siation recorded the following sediment inflows :
(i) October 1962 to September 1963 s 1,325,000 metric tons
(ii) October 1963 to September 1964 : 3,160,000 metric tons

The second Tigure is substantially affected by the exceptional figure for
April 1964 (1,460,000 t). The expected annual sediment inflow cun be put at about
1,500,000 t, Thus, if @1l 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, 20 that 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 conitribute 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 =eason.

IIT - 4. Food Flows

The Kebena flood flows are discussed in Volume IIT, which estimates the
100-yearly flood ut 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 & flood, which
may produce more than 100 hm3; dindeed, the reserve cupacity provided by a HS5~meter
section above the highest normal wuater levels is only 10 to 15 hm3, PEmbankments will
be needed to prevent the Kesem~Kebena plain from flooding by the Kebena.

II1 -~ 5, Bwaporation Losses

A8 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.
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11T ~ 6. Operating Calculations

From October 1962 4o June 1963, the reservoir would empty almost continuously,
while inflow (less evaporation) over these nine months would be 49 hm3.

volumes of water available for irrigation would be :

(i) TFirst solution (crest at 1265 m),
49 + 33,5 = 82,5 hm3, ullowing the irrigation of 6,000 ha.

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

Thus the

He must keep a little below these maximum figures 80 as to generate enough
firm power. Thus, for the firset solubion, the area to be irrigated has been limited

to 5,000 bha. so as to allow a firm power output of 1 GWh/per month.
by the following operating table {which uses the same symbols as the table for the

Kesem reservoir).

This is verified

51962-63 ¢ 0 P W : D : J ¢ F ! K P s f M P J J P a4 s
;zl (m) §126Qw021260.3 125%5 31257.2:'3253@fm%:1242.,,521241.7:1245,5:1239.23125902:1260.0
vy (bm3)? 50 5005 P 48.5 f 43.5% 35.5% 28 [ 19.5 T 18,5 ' 23.5 T 15.5 148 150
:& (hm})% 8.5 : 6 F 4.5% 1 % o2 fo2 : 10 : 15.5 i 3 i 42 :114.5 : 28
;a (bm3)® 5 ;5 F9 8 8 ' 6 ; 6 f 9.5 ;un5i &51 4 7
‘R (nm3)§ 2.5 2.5% 0 foo.5t 1 f 4 o5 P 1 to to4 P4 P05
‘B (1m3)f 0.5 1 0.5 % 0.5 ¢ 0.570.5 10,5 0 o P o510 P05 P05
i&“(E+R+ﬁ£ 0.5 : -2 P w5 P =B 7.5 i-8.5 i -1 05 : -8 : 32.5 : 106} 20
m o (m) §@»15§59.9 F 58,357 55.1950.8 [45.55° 42.1 f 43.6 } 42.357 49.2 1 59.6 | 60
:P (GWh) : 1900: 1,008 1.17% 1.04° 1.01¢ 1.012 1.032 1.02: o.99i 1004: 1.06 :1°oo

2.

For the variant solution, a similar calculation proves that 6,500 ha., can be

iTrigated while maintaining the same firm power output of 12 GWh/per annum.

III = 7. Sisze of Power Station (first solution)

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

powers

(i) average power with minimum head (39.2 meters) :

Way =

1,350 kW.

(ii) Firm peak power : Wpgp = 2,450 kW,

(1ii) Installed power with average head (52.2 meters)

Winst

me

3,800 k¥.

2o ms 8&

°n

sa  wa
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The station will have itwo generatving sets of 2,500 kW and 1,300 kW, respective~
ly. Thus, the plant can be developed and operated moxe flexibly. Total flow through
the plant is 9 m3/s with & head of 52.2 meters, A small additional dam would be
needed to compensate for the wuter passed through the turbines. It might be located
on the site of the Kebena measuring station. '

iv. QUTLINS PRELIMINARY DESIGN

I¥ - 1. Choice of Type of Dum

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 of about 20 m below river level
before the lower ocutflow is reached, The intermediate and upper outflows are separat-
ed by @ horizon of no greal strength and may perhaps have fairly dissimilar mechanical
properties. The arch supports at several levels may behuve ditrferently. Some rela-
tive movement between ithe upper and lower parts could be disastrous for arch resisg-
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.

Por the moment we offer only an outline preliminary scheme, for a structure
less well adapted to the topography of the site, but wore reliable : a six~block
buttress dam, with two blocks based on the lower outflow around the 1180 w mark and
the remainder on the intermediate outflow at levels between 1210 and 1240 m.

IV -~ 2. Description of the dem (first solution : crest at 1265 meters)

From the left to the right bank, the layout is as follows::
(i) Dblock 1, resting on the upper outflow rock rass

(i1) block 2, which is the first section with running buttresses; vertical
upstrean face, downstream batter of 0.75 and width of 22 m.

(ii1) straddling blocks 3 and 4, the "ski-jump" spillway, with a capacity of
about 1200 m3/s.

(iv) Dbetween blocks 4 and 5, a dewatering return conduit und the smull power
8tation. The dewatering conduit runs through block 4, the water intake
and the power station penstock through block 5. access is from the left
bank, under the spillway.

(v} ®block 6, linking up with the upper outflow on the risht bank.
IV - 3. Higher Dam (variant : crest at 1275 metres)

The crest of the dam can probably be raised by 10 meters. On the left bank,
the 1275 m mark should be about 40 m from the escarpment edge, along the wxis 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,
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IV - 4. Submary Cost ©stimate of Works (in Ethiopian dollars)

(i) First solution (crest at 1265 meters)

Civil engineering

Cofferdals oceoeeoosoncsscoocsnsnoaanca 1,500,000

Rock excavation
5 % 80,000 M3 seeorvscocnccoccososnsocana 400,000

Concreting
85 % 135,000 m3 seeosssccconsvconansenae 11,500,000

thra for reinforced concrete
65 x 20,000 M3 sovvovoscossoscocoscoocon 1, 300,000

Grouting ccecescessacesasnososocansscanes 1,500,000
16,200,000

Blecotrical and mechanical equipment

Dam ¢ Flood SpillWay eceocesscasavoason 434,000
Dewatering condull eocosnvsocoeoss 129,000
Intake ¢eoeocosssocscocnsocossos 66,000
GanbIY oeocosocavocsosacocasasss ] 85,Q2Q"

714,000

Power station :

2 BUTDINES cvovocososcansnsoassa 242,000
2 alternators seecaccscvcvscosono 522,000
2 main butterfly valves soveosos 36,000
Overhead Crane secococccosocncns 53,000
2 transforNers cescescocsoososas 179,000
Suitchyard coecevcoscvcncncanoce 240,000
Auxiliary Services ceceesvocsses 251,000

1,523,000
2,237,000
D O T i L sovevcooooncooasanaonocsosassanassocsssscessdb 18,437,000

Contingencies, design and supervision of work:30 % 54 531,100

P ——

GRAND TOTADL ceoeoaooooscsosasssosnasncsansscnd 23,968,100

O O BT I R S O N R 4T R



- Tl -

(ii) vVariant Solution (crest 1275 meters)

Civil engineering s cevcessnosscsssoscossscssasaonoosaas 20,000,000
Blectrical and mechanical equipment ccoscesvsscascsssse 24,237,000

TOTAL 5o 0eeooacoassonsonscennonnsaansonsssaonanananaas 22,437,000

30 % o v eoanocacoaceoosonsaccasosoansoasoscnsessessosos 6,731,100
GRAND TOTAL sovesevcocssaconsssscsasncssenos b 29,168,100

5 W B e 8 s g O e W
IV - 5, Conclusions

These estimates reinforce the arguments in Chapter I against a dam on the
Kebena. The variant solution can be ruled out straightaway, because it involves
investing a further E§ 5,200,000 to extend the irrigated area by only 1,500 ha.
Comparison with the figures for the Kesem dam shows that even the first solution
is too costly.

:Kebana (1265) : Kesgem ;
© Cost ( 5% ) . 24,000,000 © 36,300,000
: Irrigated area (ha) : 5,000 22,000 |
:Elaotricity generated(GWh/per annu@; 12 : 42.5 :

Failing some economic means of carrying water to the Bolhamo plain {which
cannot be supplied easily from the awash), the Kebena daw could only serve the area
of some 5,000 ha north of the lower Kebena. The scheme would be of value only if the
Kesem dam supplied only 13,000 ha. in the Kesem—Kebena plain and if the area which it
could merve in the other irrigable parts of the Middle Valley were increased to
10,000 ha.

It would be difficult and costly to draw off water flowing over the Kebena
dam betause a very big and vulnerable structure would have 1o be built to divert
water from the wider river downsiream, and also because the establishment of an in-
take bhigher upsiream - e.g., on the site of the gauging station already considersd for
a compensating dam - would require a long and delicate feed along the foot of the
escarpment on the left bank.
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CHAPTER V. REGULATION OF AWASH FLOWS AT TENDaHO

Ie IMPORTANCE OF THE TENDAHO SITE:TOPOGRAPHICAL FEATURES

The large amount of good potential farmland in the 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 ITI. Irrigation is essential for its development, but is
at present practiced only on a fraction of the overall potential farmland reconnocitered,
and only by intermittent extensive and often rudimentary flood water spreading methods.
Present farmland is exposed to unpredicitable 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 :

(1) UNew flow conditions capable of meeting irrigation requirements ;

(ii) 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 Plains and adeguately commanding the entire
region. It is remarkable that a single site running through the village of Tendaho
and directly accessible from the aseb road can meet all these conditions at once. It
is suitable for erecting a main dam running north-west to south-east, with its lefi-
bank extremity abutting against the hillside, on which the village is built, and its
other end at a long narrow spur jultiing out inte the river from the right bank.

4 131000 scale topographical survey of this site area was ocarried out for
geological survey and civil engineering design reyuirements. It exiended a faix
distance beyond the river bunks in areas likely to give rise to leakage problems.
Heights on the map produced are given as relative altitudes (i.e., the altitude of
Tendaho village above sea level is 409 m).

As this mdp shows, the hillsides 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 atb 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 lengih proportions only if built %o
above the 61% m level. If the top of the dam were above the 600 m level, a secondary
dam would be needed across the saddle at -Tendaho village.

Thus, it was essential %o establish the relationship between storage capacity
and dam height. This information was ascertained by photogrammetric plotting of the
aerial photographs to produce a 1:20,000 scale map of the reservoir area., It showed
that a dam impounding at a 600 m level would produce & reservoir extending 30 km
upstream and covering the Mile river confluence, as can also be seen from the reser-—
voir filling curves plotted. 4 few significant values are listed in the table below.

! Relative altitude 3 Area 3 Capacity :
: (m) s (km2) 3 {hm3) ;
: 596 : 63.5 : 376 f
¢ 598 s 81 : 516 :
: 600 : 104 : 716 :
: 602 : 131.5 : 970 :
é 604 : 165 gapprox.)% : 1300 (approx,)¥ :
: 606 : 210 (approx.)* 2 1800 (approx.)® :

#  Bxtrapolated.
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These figures indicate that if the normal storage level exceeds aboutb 605 m,
the storage volume might be far greater than necessary for flow regulation purposes.
Though the examination indicates that the higheststorage levels are likely to be below
605 my; only a complete reservoir opsration study allowing for available water supplies,
water requirements, evaporation losses and flood damping can determine the highest
level it would be uneconomical to exceed; i.e., the optimum storage capacity of the
reservoir,

11, SURFACE (GEOLOGY SURVEY

I1 - 1., General Structure of the Region

Although the ground in the Tendaho region resembles thait around Kesem and
Awash station in that voleanic outflows predominate compared to the yround elsewhere
(alluvium or tuff), it has a peculiar broksn-up multiple—parallelogram relief,
which is clearly visible on the aewial photographs. One fault system running south-
east to north-west has produced elongated hills, which are run through roughly from
north to south by a second fault system (especially west of Tendaho). Though these
faults show up very distinctly in the general siructure, they are fairly difficult to
locate accurately on the ground, as deep scree laysrs cover the hillsides and the
thalwegs have filled up with more recent tertiary and quaternary deposits., Here too,
these ?ajor faults have produced hot and boiling water springs (e.g., the slala—bada
geyser).

Il = 2, 7Volcanic Formations

These form the 'skeleton' of the entire region and, though traversed by
faults, appear to feature homologous strata seyuences (at least near the dam site, and
especially 4o 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. (See Pig. 10)

(7)Y 4an upper outflow, forming an overhang %owards 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,
Brxamination of thin plate samples revealed fine-grained basalt, except for a coarse
corroded plagioclase from a first conmolidation § calcite ocours around the cavity
edges and also in diffused zones.

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

(5) & 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 freguent glass, magnetite).

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

(2) A third soft intermediate level which, though not actuslly visible in the
section, is probably the same asg the one observed in a small cave above the road pass.
This consists of ochre or light brown clayey tuff with a distincily red zone in its
upper portion, which has been metamorphosed by the third outflow (3). ZX-ray analysis
reveals mainly illite and montmorillonite.

(1) The bottom outflow, which differs considerably from the others. The rock
is invariably dark in colour; coarsely granular and breaks up into large balls. Except
for their dark colouring, these outocrops are rather like coarse granite in appearance ;
but thin plate sample analysis shows, that they invariably consist of fine-grained
basalt with small augite granules, occasional olivine, a few calcite~Tilled cavities,
and fairly frequent zlass,

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

Though the intermediate layers zbove the dam site on the right bank are hidden
from view, the small cornices in the upper portion of the abutment zone seem to be of
the same material as those on the left bank. The deeper intermediate layers (1), (2),
and possibly (3) disappear underneath the scree and alluvium,

Examination of the strate appearing on the surface west of the Tendaho saddle
reveals an isolated outflow (9) over the upper outflow (7), consisting of medium-—
grained dolerite with a distinct intersertal tendency, which is partly concealed by
numerous cavities. It contains numerous augite and olivine granules, also glomerular
plagioclase feldspar, fairly large quantities of clear glase, and magnetite or inter-
sertal ilmenite.

4 different series occurs along the first kilometer south of Tendaho, featur—
ing two main outflows j one below, and the other abowe the road., Both resemble the
upper outflows. 4 esoft level runs between them at the road, which varies in thickness
up to about 4 = & m and mainly consists of light brown loam with lime concretions and
a generally very red upper portion (contact metamorphism)., This level faintly resemb-
les level (2) in the typical section, but its bottom run differs considerably from

level (1). 4&s this is not the same sequence, a fault must run through the Tendaho
saddle,

I1 - 3. Recent Sedimentary Formations

A basically sandstone series, the colour of which varies from red (frequently)
to yellow (occasionally), occupies the -entire downstreanm part of the dam site area
(a small gorge in the awash wbout 1 km north of the actual site). Thege formations
bear directly against the north-esastern hill slopes in the site area (by direoct
transgression, not by faulting) and generally end up as a completely silicified very
hard horizon forming a distinctive litvtle flat—topped cornice (mostly at 600 — 605 m
relative 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 & finer loamy material, but these formations too end up as the same
peculiar silicified crust. Between the two formations, sandstone forms isolated out—

crops in the bed of the Awash or in its banks, in the dam site area. This level may
be of Pliocene origin (late Tertiary).
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4 generally grey-coloured terrace of loam, coarse sand occasionally consoli-
dated to sandstone, and gravel. Downstream from the site, this terrace ‘dovetails’
into the above sandstone formation j it also occurs at the foot of the hills up-river
from the dam site. This is presumably of early .uaternary origin 3 it frequently
extends up to 600 m relative altitude. Where this loose material has been carried
away, traces of the original level are s%ill observed as an 'onion-skin' type of tuff
encrustment 3 e.g., all the way along the righit~bank hillside and at the foot of the
left~bank abutment.

Lizbt brown loam forming several terraces at lower altitudes along the banks
of the Awash., The topmost berraces Ifrequently show evidence of severe ravine erosion.

Il - 4., DTectonics

The strata do not dip very much in the general site area. at the actual dam
site, they dip slightly from Tendaho towasrds the right bank, so that the lower strata
disappear below the surface 3 they then run roughly level all the way up-river along
the right bank, West of the road, they initially run level in the long straight
stretoh south of Tendaho, then rise towards the north-east in the hill on the wesiern
side of the Tendaho saddle. This non-conformity indicates & fault hidden under
guaternary alluvium in the upstream part of the area and running along the small
thalweg from Tendaho 4o a point upstream from the dam site. another fault probably
follows the straight upstream scarp of the elongated 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 north-wesitern sides of the saddle.

At least two faults in a bundle running from north-east to south-west inter-
sect the western series at the small road bridge about 200 - 300 m south of Tendwho.
They are probably the same as the faults observed about 500 m up-river from the dam
site at the smull saddle on the elongated hill on the right bank. Though faults are
numerous in this ares, none appsar in the Awash at the actual dam site., Differences
observed in the two abutments appear to be due o the dip of the strata. The bore~
holes should provide further information.

11T, TECHNICAL CONBEQUENCES FOR THE PROPOSED STRUCTURE

III = 1. The Main Dam

With a 'flexible® structure (e.z., an earth or rock fill dam), there should be
no appreciable difficulty with the hillsice abutwent foundations, despite the tuff
levels in the intermediate formations between the outflows, It will merely be neces—
sary Lo provide suitable protection for these soft formations, so as to prevent them
from breaking up either during the excavation work or by underground erosion. The
problem can be sclved with grout curtains. Between the hillside abutments, on the
other hand, only a few receni sandsione formations have been identified in the river
bed. The depth at which the volecanic rock lies and the thickness of possible sand=-
gtone and clay formations above it are unknown, and can be established only by the
borehole survey. The right bank is taken up by a wice band of guaternary loam which
becomes extremely plastic when wet. This material will have to be removed from under-

neath the foundation, but the guantities involved can be determwined only by the bore-
hole survey.

The leakage problem around the site is similar to that associated with the
Kesem dam 3 it depends on the permeability of the deeper wvolcanic outflow formations,
knowledge of which depends on the borehole surveys.



THE RIGHT-BANK ABUTMENT SEEN
FROM ACROSS THE RIVER

This view clearly shows the terrace
essentially of light brown loam on both
sides of the river. The actual sbutment
consists of alternating hard black
basalt and softer tuff layers, with
only the former apparent

under the scree covering.

LEFT-BANK ABUTNMENT HILL

A loam terrace and alluvial sand are seen in the foreground, and behind

these the following, from bottom to top -

(1) The bottom outflow of weathered globular basalt.
(2) A tuff or slag bank. (3) A thick basalt outflow.
(4) A tuff bank 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 T8



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.

THE SUBSIDIARY LEFT-BANK 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 CLAY TUFF FORMATTION
BESIDE THE ROAD

This is an example of the soft layers
(t) separating the various basalt
outflows (b). Such formations are
seldom visible as they are almost
invariably concealed by basalt scree.

PAGE 79.
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III = 2. Secondary Structure at the Tendaho Saddle

_ This site.is difficult to prospect because the ground is almost completely
hidden fromw view by the road, houses and s socree covering. If one or two faults run
througn the area, the ground may be very pervious, possibly with piping where the

faults have filled in. Though this difficulty may be overcome by grout curtains, it
needs serious attention,

It is wlso necessary %o determine the depth of loose surfuce ground (e.g.,
scree or alluvium) to be removed from underneath the secondary dam foundations.

111 -~ 3. The Reservolir

The boreholes each side of the reservolr between the two dams will give a first
indication of its watertightness. Hven if it proved necessary to provide an unbroken
grout screen between them, the project should still be practicable. 4 more comprehen~
sive study of the guestiocn should be considered later when the results of the initial
borehole work are known., Definite leakage risks are expected in the elongated hill on
the right bunk, in which the strata run roughly horizontal. They are under water on
their western side, and leakage is likely to occur into the thalwey forming the down-—
stream foot of the hill, and even more S0 near the swall saddle with two faults about
600 m from the awash. If the leakage path were longer, the rTock might become more
compact with depth than in its very broken-up surface region, so that il would be less
permeable on the whole, buit the leakage path is short, even al the 600 m level. The
upper outflow is imwery broken-up condition all over tne small plateau it has formed.

The most important thing is that this problem appears %o involve the full
length of the hill 5 i.e., a distance of 1500 to 2000 m j priority will be given to
investigating the immediate surroundings of the actuul dam site and the small saddle,
which is the point where, at the moment, there is the most uncertainiy.

Puff crusts are found right up to 600 m relative altitude j; though they are
mainly associuted with the scree, they nay have some effect in reducing leakage from
this side of the reservoir.

The left—bank tributery thalwey saddle is at a relative altitude of about
610 ~ 615 m, The material filling this area up %o aboub this altitude, wnich is
probably of Tertiary origin and mainly consisis of loam with varying proportions of
clay, may be sufficiently impervious %o prevent local reservoir leakage, especially
around the 600 m level.

ITY = 4. Material for the Main Dam.

This question should be given priority comsideration. If it is impossible to
obtain ceritain types of waterial near the site, this may affect the choice of siructure
adopted for the main dam. The more or less recent alluvium along the Awash upsiream
from the site might be worth considering for the core of the dam, although it becomes
wery vlastic under water and generally shrinks considerably; 3t may not lend itmelf
well to compaction. Thig point should be examined when assessing the available
quantities. The thickness of the alluvium layer could te established by 2 geophysical
survey or by borehols measurements.

There are few prospects of Ffinding alluvial material sultable as fill. The
recent alluvium contains loam, and the older alluvium ieg more ssndy than stony and
invariably at least parily counsolidated as sandstone or pudding stone.
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T4 will be necessary also to consider the possidility of & rock £ill dam, ¥o
immediate precise prospection work would be required as there should be no difficult
in finding 2 suitable basalt rock borrow near the site. One could even consgider
material from the extensive scree coverings on most of the valley hillsides. It cone
gigte mainly of fragments of the hardest rock bars., A rock £ill dam with an impervious
blanket upstream should be technically feagible even if the loam turned out to be une
guitable for use as core material for an earth structure,

IV,  RECONNAISSANCE HORK PROGRAMN

The positions of all the proposed borings are shown on the 1 ¢ 20,000 scale
general map. They are s

IV - 1. Right-bank Hill

(i) Yo. 1 borehole at the center of the first small plateau, between the site
and the small faulted saddle.

(ii) ©No. 2 borehole in the faulted zone of the small saddle, to establish any
abpormally higher permeability rates than in neighbouring borings, and
hence signs of shorter leakags paths to the thalweg below.

(iii) ©No., 3 borehole, also on the platean, about 300 ~ 400 m beyond the saddle.

These three boreholes should extend down to Awash levels d.e., to a depth of
about 40 m.

IV - 2, Main Dam Site

{i) ©No. 4 borehole on the upper shelf in the right bank hillside, about 30 m
inside its edge to keep out of the uncompressed surface zone., This bore—
hole start at the 610 m relative level and be taken down to 10 m below
Awash levels d.esy, to a depth of 40 - 50 m,

(ii) HNo. 5 borehole, also on the right bank shelf, will serve the same purpose
as & deep borehole in the river, as its position will be roughly half-
way between the two abutments. To be taken to a depth of about 40 - 50 m
to reconnoiter all the stratas d.e., loam, sandstone and, possibly,
volecanic rock.

{(iii) To. 6 borehole starting at the 610 -~ 615 level on the left bank (neither
too near the river bank, nor on top of the hill, where much 'dead!’
material would have to be drilled through). To be taken to =% least 10 m
below Awash bed levely; di.e.,, a depth of 40 - 50 m.

(iv) Two shallower borings, in line with the dam like the above, to provide
additional information on the surface ground between the two hills., One
(No. 'a') %o be sunk in the river, and the other (No. 'b') between
borings Nos, 4 and 5 on the right bank.

It was also proposed to reconnoiter the inter-outflow sitrata, or if this
proved impracticable, to excavate test pits starting as olose as possible to the upper
outflow and extending down to the boltiom one.
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IV~ 3. Tendabo Saddle

The three following boreholes were necessary to reconnoiter this complex areas
(i) Wo. 'c' borehole 10 - 15 m above the r0sd to the west of the saddle.
(ii) No. 'd' borehole between the road and the houses on its eastern side.

(iii) No. 'e'! borehole in the hill on the eastern side of the saddle, starting
15 m above the road.

These boreholes would be sunk %o at least 20 m below the level of the saddle,
except for the middle one, which should extend to a depth at which sufficiently low
permeablility values are found. In addition to studying the foundation problems For
a structure which will probably not be high, these boreholes would serve to investigate
permeability and the possibility of deep and lateral leakage.

IV - 4. Upstream Thalweg Saddle on the Left Bani

A borehole about 30 m deep (Wo, '£') would be useful in more closely establish-
ing permeablility in the flat part of the saddle, =lso the existence of compnratively
impervious tertiary or guaternary formations (1f any) underneath the superficial scree.

As on the Kesen and Kebena sites, the purpose of this reconnaissance work was
to establish the technical feasibility of the project, before a final scheme is worked

out, Provision have of course to be made for additional investigations.

Ve BOREHOLES AND TISTS

In the event, because funds 4id not suffice, only part of the program was
executed. Six reconnaissance boreholes (Nos. 2, 3, 4, 5, 6 and 'a') and three test pits
were put down, Their positions are shown on the 1 : 1,000 scale geological maps
However each horehole was planned to enable an initial approach to be made to the most
important geological problems while making full allowance for aveilable data, especially
those obtained from previous borings. The lithological sections of these boreholes and
permeability test resulis are shown on the drawings with this report.

The boreholes supplied information on the nature of the wolcanic and alluvial
formations, layer thicknesses and the relationships tetween the difTerent types of
formation. ALl this informetion is featured on the general cross-~gection through the
site, which also shows diagrammatic sections for all six boreholes.

Borings Wo. 2, 3 and 4 werse sunk in the narrow elongated bill running zlong the
right-bank side of the reservoir., Boring Wo. 6 concernsd the small hill between the
Awagh and the Tendaho saddle on the left bank. These boreholes ran through supere
imposed basalt and soft material layers. Borshole Wo., 4 also ran into the alluvium at
the base of the volecanic formation.

V - 1., PBasalt Outflows

Their thickness usually varies between 3 m 2nd 6 m, btul may exceed 15 m in
extreme cases, The rock ig generally sound and compact, but contains some horlzons
honeycombed with small pea-sisze cavities. They do not appear to be in communication
with each other or to increzse the permeability of the formation.
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Pairly numerous fractures run through nearly all the basalt banks 3 there are
sometimes S0 many tuut the rock is reduced to a heap of disjointed fragments. This
was most noticeable in borehole No. 2, where the partiocularly pronounced state of
dislocation of the basalt bedrock must be due to a nearby fault. Cavities in a few
horizons prospected (borehole Wo. 2 from 0 to 6 m) were partly filled up with calcite
deposited by infiltrating water.

The core samples do not show any prevailing direction of fracturation. From
the lithologiecal point of view, few differences are evident by direct visual obser—
vation between the basalt in the successive outflows, except for a bank with a rather
Teritty?! appsarance and o few big feldspar crystals scatitered about in the basalt 3
this latter type of basalt is the one in outflow (1) 3 i.e., the bottom Tormation
reconnoitered during the preliminary survey. 4 new basalt unit with o fine inter—
sertal structure was identified undernesth it in borenole No. 6, which is shown us.
(- 1) on the crogs—section.

V - 2, Intermediate Levels Between Ouitflows

Their thickness varies between 2 m and about 10 m ; i.e.y roughly as for the
basalt outflows., Comparison of the overall extvents of both types of formation along
a given vertical shows thalt the basalt predominates on the right bank, where it
accounts for 60 to 70 % of the overall depth of ground reconnoitercdin boreholes Nos.
2, 3 and 4 3 but borehole No, & in the left~bank hill ran througa rouzghly the same
thicknesses of basalt and intermediate formations.

Blag and voleanic ash in various degrees of consolidation are the most fre-
gquent forms of rock in the intermediate formations. The top levels in the left—bank
hill, plainly wvisible in the test pits dug there, consist of neaped slag or scori-
aceous basalt fragments roughly the size of a fist, The spaces beltween them have
filled uwp with pulverulent materials sometimes difficult to identify ; e.g., whether
voleanic ash from eruptions, or alluvial loaw deposited by wind. abundant quantities
of calcium carbonate in certain horizons support the second assumption. Blsewhere,
the intermediate levels also contain soft tuff, frequently in a reddened condition,
cinerite and eruption materizls such as lapilli, which form beds at most 2 m thick
between the slag horizons,

V - 3, Heconnaissance of Recent Sedimentary Formations

Boreholes Nos. 5 (55 m) and 'a' (30 m) in the high-water bed of the Awash, ran
through formations of alluvial origin with no sign of volecanic rock., They are grey
loam with varying proportions of clay and containing intercalations of fine sand
partly transformed into soft sandstone, and stone or rounded pebble beds with a few
conglomerate banks. Nost contain lime wnich, where present in greater quantities in
certain horigsons, forms the cement bonding the sandstone and conglomerates.

V ~ 4, Permeability Measurements

Infiltration tesits were carried out under pressure or at ambient conditions
in all the borings to ascertain the permeability of the ground. The permeability cow
efficient X can be applied for alluvium and porous volcanic ground. Basalt rock
itself is dmpervious, but the basalt banks have as a whole a ceriain walter-conduchting
capacity because of their fractured condition. 4s the infiltration tests were carried
out on vertical sections several meters in depth, this rock can be considered perme-
able to such a scale and given a permeability coefficient as for a porous medium.
Approximate values of coefficient XK measursd in the boreholes are listed below.
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(1) Volcanic ground

No. 6 ~ Surface to 15 m : 5 x 1071 to 10 x 10~ m/s
15 m to bottom (49 m) : 10~7T to 3 x 107/ m/s

No. 4 = Most horizons 3 2 x 107 4o 4 x 10~7 m/s

Higher values were found in a few horizons, but never
more than 2,6 x 1070 n/s.

No. 2 - Values ranging between 5 x 1071 and 2 x 10~5 n/s,
the highest rates being measured in the basalt banks.

No. 3 - Surface to 35 m : 107 o 5 x 107/ m/s
35 m %o bottom (47.5 m) : about 5 x 108 n/s.

(i1) Sedimentary formations
No. 5 - 1076 4o 6 x 10~6 m/s
No.'a'= 6 x 1077 to 4 x 10~6 m/s
No. 4 = alluvium horizon (50.5 - 55 m) : 1.4 x 10~T m/s,

¥V = 5. Geology of Dam Foundations

The results of the borehole survey have led to a clearer view of problems
associated 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 om the
surface on the left-bank hillside and has also been identified in the boreholes in
the righit-bank hill, where the successive sirata are largely hidden under scree.

No voleanic rock was encountered underneath the high-water bed of the Awash,
but waterial of undoubtedly alluvial origin was found, such as sand partly bonded
with a calcareous cement, loam with varying proportions of clay and horizons containe-
ing large gquantities 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 Problems

(i) HNear the dam : few leakage problems are associsted with the ground
underneath the swash, as it is practically impervious. Though not
e@pecially high, permeability rates in the voleanic hills on both
river banks and in toe abuitment 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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(ii) Reservoir right~bank 3 the fuult running through the small saddle at
borehole No, 2 has produced a dislocation aresa, so that permeability
rates in the locsl basalt cutflows are bound to be fairly high (maxi-
mun ¥ about 104 m/s) 3 a grout curtain would be necessary in this
ared. Farther south, borenole No. 3 showed that the elongated hill on
the right bank is comparatively impervious beyond the smull saddle.
Permeability rates between this saddle und the awash are not known
as funds did not permit the carrying-out of borehole ¥No. 1 3 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) Reservoir left-bank s the special leakame problen associated with the
Tendaho saddle was clearly shown up by the preliminary survey., Lack
of funds ruled out the three borenoles which had been proposed for
this area, as well as borehole No. *f! in the left bank tributary
thalveg saddle. The work reguired to seal the left-bank area is still
largely a matter of conjeciure.

(iv} Deep infiltration : under present conditions, seepuge from the iwash
merely snows up as capillary rise, which sustains narrow atrips of
vegebation along both river banks. The nearly impervious alluvium
below about 8 m depth underneath the river prevents any major seepage
through o a greater depth. This explains why no aquifers were en-
countered, except in borehole Wo. ‘a', which ran through sandstone
banks in communication with the river at shallow depth. If a dam
is built, the reservoir will extend up the local volcanic hillsides,
and water will infiltrate into their permeable rock. actusl leakage
rates at greater depth cannot be estimated. They devend on the
nature of the ground underneatn the visible volcaniec series.

Vo~ 7. Two Assumptions

Two assumptions can be maude on the strength of the information obiained so
far, as shown dlagramatically on the sketches with this report :
The first assumption (Fig. 11) is that, slightly below the level of the awash,
the volcanic formations overlie a thick old alluvial deposit probably dating back to
the Pliocene and containing substantial clayey borizons. This means that borehole
No. 4 penetrated into the alluvial formation to a depth of about 5 m, also that
after running through a 14 m layer of recent alluvium, borehole No. 5 penetrated the
old alluvium formation to a depth of 41 w without reaching its base, In fact, this
old formation may extend to a depth of several hundred meters., If this is correct,
the alluvium dating before the volecanic phase presumably forms a largely almost
impervious floor reducing the risk of deep infiliration losses to negligible pro-
portions, except in a few coarser horizons.

The gecond assumption (Fig. 12) is that, the alluviz in the bottom of borehole
Wo. 4 are the remuants of an interim episode in a volcanic series of unknown overall
depth. This implies that, a long tiwe ago {possibly as far back as the Pliocens),
the awash zust have dug out a deep valley in this formation and that this wvalley then
filled up with clayey alluvia and the recent alluvial loam deposits over them., If
this is correct, the basalt and tuff series {which may also contain intermediate
alluvium beds) may have considerable depth. It so, water infiltrating from the
reservoir would gradually £ill up the voids in the formation and finally form a water
table extending throughout the surrounding region. This might result in greater
water losses than in the previous case, as volcanic rock i8 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.

(ii) The substantial relative size of the soft intermediate strata in the
basalt outflows.

(iii) The considerable thickness of the ~ probably Pliocene — loose material
formations underneath the Awash.

From the structural foundation point of view, it is important to dismiss any
idea of building a concrete dam j only a structure with sufficient ‘give' in it (i.e.,
a rock-fill dam) could adapt itself %o the very heterogeneous nature of the ground
and the differential settling effects to be expected.

From the leakage point of view, very high permeability rates were observed
only at the small saddle on the right bank,; or on the surface. They generally de~
creased falrly guickly with depth. Precise data are s%ill lacking for the left bank,
and a serious problem is that no evidence was found of a water table, even in the
deepest borings.

Further reconnaissance surveys are essential. The leakage problem should be
given priority consideration throughout the left bank area -~ especially at the Tendaho
saddle - and also in the deeper formations along 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 HYDRAULIC OPERATION OF THE RESERVOIR AND DIMENSIONS OF BASIC PROJEGT
COMPONBNTS

The previous discussions allow fairly wide latitude in choosing a storage
capacity for Tendaho, but determining the optimum storage capacity is a complex pro-
blem. Its solution calls for studies on the following points ¢

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

(ii) Bffect of reservoir water losses to atmosphere, which may rise.beyond
an acceptable value if the average reservoir level exceeds a certain
altitude.

(iii) 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.
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VI = 1. Present Water Supolies Avallable at Tendaho

These can be assessed on the sirength of data from Dudbti gauging station j
they are summed up a8 monthly inflows for sll three 'hydrological cyecles' of the
Project in the following table @

PDete ! WD P g 3 R PN P . PHogEogoio, 5 !0 fYesr !
f1961-62% - :89,5=105.5=102,5: 124 @ 103 : 81345.55 78 : 520 3340.53 254 : (1961)5
f1962~63§127.5=92»5= 118 = 49.5: 57 Pe39 1319: 1313161»53397-? 571 :213.5% 2477 ¢
31963u6431255= 110:12905:107 : 93.5:183w5:132386.53593 f1158 f 685 f 313 f 37O5°5f

Expressed in hm3

The annual inflows vary greatly between oycles. In comparing them with normal
conditions, it is best first fo consider rainfall in the whole region affecting the
lover aAwash 3 i.e., basically the western hillsides along the Upper Basin (the Koka
catchment zrea cannot be included as its flow contribution benefits from interannual
regulation). PThe results of this comparison for the two predowinant 'inflow quarters’
of the year is summed up in the following condensed form :

! Mareh ¢ oapril P bay P July f august *September’
E 1962 : » P f - f P Poas f + f
N
i1964‘: b f+ :+ f f++ f ++: = :
: : : . : ' :

I

well below normal conditions

oe

wo

below normal conditions

normal conditions

ep

+ :  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 bthe two previous cycles
were below normal 3 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 comparison mads in the basin hydrological jnflow/eutflow by
lance study in Volume ITTI (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 bebween this flow and
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the volume of water through the turbines at Koke (which is not comnected with any nas-
tural phenomenon). This gives the following differential flows :

s

1961-1962 : (1961) - 880 = 1,081  hml

1962-1963 s 2,471 - 1,044.5

E

1,432.5 hm3

oo
&

1963-1964 3,706.5 ~ 1,179.5 2,527  hm3

Normal condition s 3490 - 1200 m 2,290  hm3

In the absence of data covering a lurge number of years, from which 'typical
inflow cycles' for a known probability range could have been constructed, the hydro-
logical year from November 1962 to October 1963 will be considered in studying the use
of Tendaho reservoir supplies. i good reason for continuing to consider this period
is that 1t has already served for hydraulic studies of the other reservoirs. On the
other hand, it is preferable to consider the 1963/1964 cycle in determining the
effectiveness of Tendaho reservoir in protecting the Lower Plains against flooding.

For a more rigorous determination of awash flows at Tendaho, it is necessary
to deduct the quantity of water supplied by the Logiya from the flows arriving at
Dubti. This is very smally and is estimated to have only amounted to 20 hm) during
the 1962/1963 cycle, equally distributed over the five months (nprilg May, July,
august and September) during which flows in this river reached any appreciable pro-
portions,

Awash Tlows supplied at Tendaho during the considered unnual cycls were as
follows 3 '

A Year

0

=]

* Date D J [ A J

s a0

N

oo on
o]

s a8
s ea

a5 o3

°
b
©
s

PN PP

o [oe o0

28 9o jes oo

FERECTIS CYS)
2o e lse

22 w2 fos  ae
e as jeo os
s a8 fse  ao

F1962-63°127.50 92.5] 118 | 49,50 57 [ 235 [ 315 [ 131 7 157.5]393.5] 567 [213.5:2457

°
o
@

Expressed in hm3

YL - 2. Probable Hater Supplies after Dewvelovment

Flow conditions in the awash will change as development of the Upper Basin and
Middle Valley proceeds, mainly through :

(i) A gradual reduction in present supplies due to the amounts of water used,
particularly for irrigation.

(ii) Regulation of thesé supplies as other dums similar to the Koka dam become
operational.

In predichbing these changes, certain assumpiions must be made for the actual
water consumption trends and for the effects of changes in flow conditions due %o
those on conditions several hundred kilometers downstream. Tne hydrological analysis
work deseribed in Volume TIT bhas greatly eased the second difficulity by producing
quantitative river loss data between Koka and Tendaho and by throwing some light on
the 'deformation' of flows in the Awash due to the floodable areas in ihe Middle

Valley.
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Three 'development cases' have been singled out to illustrate probable in-
creasing water consumption trends in the Upper Basin and Middle Valley up-river from
Tendaho,

Case (i) Moderate development., This allows for any developments likely to be
put into effect within 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 possibility was increesed water consumption in the Upper Basin, which
mist be expected as the population increases and higher standards of living are attain-
edy, also with the expansion and increasing industrialization of Adis aAbeba and its
surrounding vegion (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 reservoirj .8
it is assumed that reduction of present water resources in the Upper Basin will not
exceed 50 bm3 yearly, i.e., 4.5 hm3 monthly. This is equivalent to a gross water
consumption of 100 l/s by a population of 1,350,000, which seems largely adequate to
cover domestic, municipal and industrial needs.

The second possibility is due 10 new irrigation areas going into service
downstream from Wenji plantation, as follows :

=~ between Bofa and Metehara ....cevoevsevoccsvcccsvconss 5,000 ha
=~ in the Metehara plain cescssccsssssosssoosssssscsnsass 10,000 ha
" = ‘run-of-the~river' supplies from the Kesem and Kebena : 2,000 ha
=« in the Melka Sedi and Melka WararT plains ec.ceeeccesses T9000 ha

T ot & 1 ©0 96 0500P0000DOIDOOODCODODVOOCOIODOHOOOODDDOE O D 249000 hd.

B B R A6 T S 0 A0 W 6

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

Cage (ii) Advanced development. In addition to needs considered in case (i),
this one allows for a number of developments in the Middle Valley, which are selected

from among the least hazardous to implement and the most profitable 4o run. These
are s ,

Irrigation of additionsl areas (for present purposes, only considering
those irrigable by ‘run—of-the=river'® supplies from the Awash § i.e., .
disregarding any needing new pumping plant). These areas are 3
AMIDETBo o0 0vos0cos0scsscsssscssosossse 'L1ly000 ha

Bolhamo (gravity) seeeocososessceecoes 2,500 ha
ANngeleleooocoocooavssosssosnsecsoconos 4,500 ha

Initial area in the Maro Gala Plain .. 10,000 ha

Total09000!-..00.000.000'!'.0!..' 28,000%

B g S 0 O Yy S s S €4
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Note.

Case (iii) Full development.

Compensation of Awash flows where they enter the Hiddle Valley, by &
dam in the gorge at Awash gtation, will be necessary to ensure run-of~

the=river irrigation for these areag.

Alternatively, if this proved

too 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.

This covers the full range of developments po-

tentinlly applicable to the Middle Valley, including some operations which, though

technically feasible, are less suitable for immediate application,
be comsidered only as part of a long—term policy.

(a)

This case should
These potential developments are :

Increasing awash supplies by 200 bm3 annually by diverting the river

Meki into lLake Gelilea.

Though this would be a profitable operation,

a number of serious hazards still remain, as discussed in Chapter II.

Regulating flows in the Kesem by the proposed big dam.

Meximum extension of irrigation in areas mentioned under cases (i) and
(ii)abvove, as follows :

- from

2,000 ha to 17,500 ha in the

Kesem=Kebena plain ceeececccoccososoa 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 ceeecssoosccasssooe 12,500 ha

T Ot 8 1 socecencacenaccnncancsaes 34,000 ha

T TR I R O O T 5

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

MONTHLY FLOWS ARRIVING AT TENDAHO DURING THE 1962/63 CYCLE :

(bm3) :

Py fop g o fowm Poa twm g s taltos P 0 Year !

AD  :127,5 ¢ 92.5: 118 : 49.5: 57 3 235 & 315 : 131 :157.53393.5:567.03213.5:2457 :
a1 : 80 : 59,5t 80,5: 31 : 60,5:231.5: 241 :68.5 : 210 :412.5: 543 :216.5322¥.5:
S
A2 : .58 : 43.5: 59.5: 20 : 25,5:188.5: 204 323.5 ¢ 190 :405.5: 525 3201.5:1945¢
(1) 3 s : : B : ¢ f i i f : :
43 : 70 . 44,5: 61,5t 22 : 30.5:190.5: 200 :27.5 : 128 3280.5: 505 :199,5:1756%5¢

(iii)

-

1

Y B
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Annual flows arriving at Tendaho in the three cases differ by less than the
net total water consumption of the irriguted areas, as changes in flow conditions due
to water consumption and artificial flow regulation hslp to reduce losses along the
entire course of the Awash. antities gained work out as 3 149 hm3 yearly from pre-
gsent conditions to case (i) 3 84.5 hm3 yearly from case (i) to case (ii) ; and 70 hm3
yearly from case (ii) to case (iii),

Comparison of monthly inflows leads to frequently obvious though also occasion-
ally conflicting, conclusions. They can be explained only by a detailed hydrological
analysis of the phenomensa involved. No allowance could be made in the hydrological
caleulations for the dykes which will be required for the protection of irrigation
areas in the Middle Valley and which, in helping to limit the extent of flooding, may
reduce water losses even further.

VI -~ 3. Risk of Silting in the Tendaho Reservoir

Sediment load data observed at Dubti gouging station are summed up for the
entire Project observation period in the tuble below, PFigures are in millions of
metric tons,

Popate F W P p g toR fowm o foa towm oy fog s ts P00 irotal
Poage2 - f - 0.1 70,1 0004 700270170 0 0.9 %8.67%3.8%0,5°% - ¢
11962-63% 0.2 0.1 F 0.2 F 0 0.1 5.1 P52 0.2 11 487 6.8 7 0.7 245 !
11963641 0.3 F 0.2 F 0.4 7 0.3 % 002 F 2.6 % 0.6 % 0.2 '24.6 (32,0 F10.6 F 1.7 :7307 :

These data are seen to differ considerably between ysars j 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 normzl sediment load at Dubti calculated from the overall synthesis dig—
cussed in Volume IIT 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 degradation of 875 t/ka for its catchment
area (4,330 km2), it works out at about 3,800,000 metric tons in a year. An average
29,000,000 metric tons of sediment may find its way into the Tendaho reservoir each
year. If all this material settled out, the storage capacity would be reduced by
about 15 to 20 hm3 annually. With this pessimistic assumption the useful working life
of the reservoir would not exceed about fifty years.

Although silting is still a serious problem for this reservoir (and more so
than for any of the other reservoirs), there are prospects of reducing this risk to
more reasonable proporitions, although no grain size anulysis data are available for
ascertaining the relative guantity of sediment likely to remain in suspension for any
length of time, visual observation shows that this sediment largely consists of very
fine material, with big proporticns probably oviginating from the ‘*badlands'® along the
Middle Awash, @ven if certain marginal areas in the reservoir silt up rapidly with
this material, the deepest areas along the reservoir center line might not be seriously
affected by silting for a very long time,
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Sediment~flushing operations through the dewatering conduit could be practiced
as at the other proposed dums. Thie would entrain some sediment deposited, or set-
tling=out, near the dam. These operations imply fairly delicate schedules to ensure
that deliberate losses of storage do not adversely affect subsequent water requirements,

If, after a few years of observetion, the sedimentation risk turned out to be
wore serious than had been anticipated, one could consider building secondary dams to
retain some of the sediment load on the river Mile and on the awassh itself above Ten—
deho and below Ledi (at Layagili); the sediment could be removed with earth-moving
squipment., BSimilarly, if the mazin reservoir silted up too rapidly, the desiliting
with floating suction dredgers cculd be considered.

In any event, it is essential to leave a substantial dead storage volume in
the bottom of the reservoir 1o allow the coarsest sediment to seittle out. 4 reasonable

allowance for this should be about 100 hm} 5 i.e., the storage volume below the 590 m
level, \

VI =~ 4, Reservoir Losses 10 atmosphere

The meteorclogical station at Dubti was unable to yield representative data
for the climate at Tendaho. The only alternative was to rely on the general relation—
ship developed in Volume ITI  betweon altitude and normal annual evaporation from an
extensive open body of water, and to modulate this wnnual total by applying a series
of monthly correction factors. Normal evaporation figures for the absolute altitude
of the future reservoir at Tendaho (400 m ~ 410 m w.s.l,) are listed in the first line
of the table below. The third line gives the specific loss net after subiracting pre-~
gent evapotranspiration, which is viritually the rainfall at Dubti.
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Specific water losses to atmosphere from the Tendaho reserveir are thus 20 “
higher than for the Kesem reservoir. They increase very rapidly with rising nean
water level, as shown in the next table :

606 : 36 : 210 : 625

s s Hean depth H s . :
. Relative altitude : above bed . Kean area O s annuzl loss & s
; () : (m) 3 (kw2 ) 3 (hw3) :
; 596 i 26 : 63.5 : 189 ,
; 598 : 28 : 81 : 241 :
: 600 : 30 : 104 : 310 :
: 602 ; 32 : 131.5 . 392 :
: 604 : 34 ) 164 : 491 ,




The loss ® wvaries exponentially with mean depth of water H, by the following
relationship
H+ 17.8
8.35

5o 8
where e 18 the natural logarithm base,

To ensure minimum evaporation loss, the Teservoir should ideally be run with
the least possible mean depth of water H, but the final choice of optimun 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 reguirements to be met downstream from the dam are known,

VI - 5. quantities of Water for Irrigation Reguirements in the
Lower Plains

Tae specific water rejuirements for the Lower Plains (b.) are estimated at the
end of Volume IT. This gives the figures in the first line of +the table below :

106 ¢ -

a

164

PN Ofp g o PiytiimM g 1Tt a4t o8 t 0 ¢ Yoear :
P v (m3/ha) ; 159of14§5f 845 * 875:8&037055 2851075 1935% 1615% 2075 2010° 15 345 :
i a (hm3) :125.5:89.5f105,5f49.5: 57:103% B1745.51 78 1397.5'340.5:213,5¢ -

4wz pe

a/bd (103ha)’ 79 161,5° 125 556.5: 6571467 284142,5%40.5¢ 246

s

°
s

It is interesting to establish the maximun amount of lund irrigable each month
purely by ‘rup—of-the-river' supplies j; i.e., assuming no dam at Tendaho and only con-
sidering present inflows for which the quantity considered for each month is the
smallest inflow "a" rscorded during three years observation at Dubdi. For the Lower
Plains, it is unwise 40 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. The 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 COmw
pietely during certain months would have to be allowed for. These consequences become
even more serious in a case of reduced supplies through increased consumption in the
Upper Basin and Middle Valley. River flow regulation is an absolute necessity %o
ensure supplies for all the irrigable land in the Lower Plains throughout the year g
i.€05 at least the land in categories I and III (as shown in the semi-detailed soil
surveys in Volume II). The maximum area coversd in the Volume V studies amounts
to 66,500 hay, 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),
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Expressed in hm3

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

-

If no more than the amounts of water required for irrigation were passed
downstream from Tendaho dam,; the mean discharge of the awash would gradually decreuse

from Tendeho to Lake Gamari. During low-demand months (i.e., January to May, and
especially May), the river discharge might be reduced to only & few cubic meters/
second past the points at which the substantial gquantities required for the Dubti and
Dit Bahri areas are diverted. This would no doubt complicate riparian economic
conditions, and perhaps harm animal life in the downstream 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 calculations discussed in the following pages. Their
object is to determine the "critical profitability" for the firm output to be produced
by the future Tendaho plant. 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, sirictly geared to irrigation demand,

Although the required total pumping head may vary appreciadbly according to
where the supplies are diverted and to flow conditions in the river, Tm for the small
pumps mainly in service in the asayita delta and 9m for major pumping stations should
represent average values. Because the snuller pumps are less efficient, with values
of about 60 % compared to 75 % for the larger pumps, energy in GWh required for the
pumps is given by the following expression :

(- BY 7 %0 9 Bt
P e o005 X 06 %0 0.75 35

(0.8 = 80% turbine efficiency)

VI = 7. Determination of Live Reservoir Storage Level

From the viewpoint of maximum reservoir productivity, losses to atmosphere E

increase sharply with rising mean reservoir water level, and the quantity available
downstream from the dam &-E is accordingly reduced. This quantity &-E will sexve
not only to supply irrigation but also to produce electricity and to maintain ade-
quate flows in the river downstream. They can be expressed by the relationship :

A=K w B+ R

where : B is the annual volume of water reserved for irrigation, and R is the addi-~

3

tional volume of water to be returned to the river,
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In addition to the energy P' = Em reserved for the pumping stations, the
energy output given by P also includes @%@ additional quantity 3

popr L{BsmE B (4~ E)E B!

450 30 450 7 30

where H is the mean geometric head available for the turbines (the tail water level
is at about 570 m). The greater H, the greater also will be this energy, which will
be avallable for sale Lo consumers other than irrvipgation operators. The product

(4 - B)H, the two terms of which vary in the opposite sense, must be made a maxinum
1.6, 1its differential coefficient must be reduced to zero by solwing the following
eguation ¢

H+ 17,8
035
Y A w T
H
@T§§ +

The roots of this eguation are 3

For case (i) with Ay = 2234.5 hm3/year, H =» 33,15 m (603.15)
For case (ii) with Ay = 1944.5 hm3/year, H = 32.20 m (602,20)
For case (iii) with Ay = 1759.5 hn3/year, H = 31.55 m (601.55)

To get the most out ¢f the reservoir, its average level would have 1o be set
at about 602 m.

From the viewpoint of project economy, if electricity production is saocrificed,
the reservoir level could he set solely for the 130 hm3 dead storage volume, plus the
reserve storage required for regulation, which works out at between 500 and 600 hm3,
depending on the development case considered, This figure will be checked in the
final reservoir operation calculations. If the only object is 0 limit the height of
the dam and reduce its initial construction cost, the total storage capacity of the
reservoir need not exceed 700 hm3, for which the average level during the year would
be about 595 m and the normal maximum level 600 m. Certain leakage problems might
become serious if the reservoir level were allowed to rise systematically above 600 m.

Though full consideration of thiv subject reyuires a general economic study
outside the present scope of the Project, a reasonable course would be the following
rough compromise between both points of view 3

(i) To choose a storage level slightly above the economic optimum so as io
have an exceptional regulation volume handy, which is invaluable in a
sub-normal ralny season,

(i1) To choose a storage level a few mebters below the optimum productivity
level, which should not seriously affect power productiviiy.

An average storage level of 599 m will be assumed in the calculations dige

cugsed further on, or, which amounts t0 the same thing, & normal maximum water level
of 602 m,
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VI - 8. HReservoir Gperation Tubles

To estadlish more closely probable reservoir operation results, a month-by-
month analysis of its behaviour is essential 3 this information is given in the three
following tables. Bach one refers to one of the three considered awash River Valley

development cases., The notation, similar to that in the Kesem reservoir operation
tables, is as follows 3

Zy ¢+ Relative water level at the beginning of the month (reservoir
assumed to be full on the lst November 1962).

V1 ¢ Storage at the beginning of the month.
Sl ¢ area of water at the begiuning of the wmonth.
Al - A e A3 : Respective reservoir inflows for the three development cases,

B s Irrigation water requirements for 66,500 ha,

o

additional flow o be returned to the river,
T = B+ R 3 Volume pasging through the turbines.

a = T ¢ Increase or decrease in storage.

Vi, = Vq + (a~D) : Storage at the end of the month, neglecting evaporation
loss,

3 ¢ Average water area during the considersd month.

B : et loss to atmosphere.

ZO : Relative power plant tall water level (varying with T)

H : average head (Z - Z,) during the month.

P o Z%%m : Total producible energy.
Pt ow B! : Energy reserved to supply irrigation pumping plant,

30
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. The iteration poles by which the data in these three tubles were determined
were

(i) No spillway operation $ loesy full use of all inflows,
(ii) Highest possible additional power production.

It was considered pointless to tuke the iterative procedures as far ag their
abso}ute poles, Tailure to do so would result only in & negligible 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 data are listed in the
table below :

Case (1) ' Case (i1) ' Case (iii)

e bo se

: Inflows (hm3) P2,234.5 % 1,944.5 0 1,759.5 :
: Volume of water throuxh turbines (hm3) : 1,954.5 : 1,655.0 : 1,453.5 ;
: Loss to atmosphere (hm3) : 272 : 274 295,.5
Volume over spillways (hm3) : 8 : 15.5 10.5
: Finimum recorded water level (m) : 596, 4 : 596,0 : 597.6
Mean water level (m) : 5989 : 598,9 : 599, 6
f Mean total storage (hm3) % 627.0 : 6275 ; 691.5 ;
f Storage available for flow regulation (hm})% 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 (GWh) (after meeting : : : i
f pumping requirements) f 96,55 f 79.04 f 69,06 ¢

The various monthly values listed for T show the regulating effect of the
reservoir on Flows downstresm in the Awash, 0 a point at which variations under
pormal conditions do not exceed 20 %. Flow conditions are likely to become irregular
again from Tendaho to Lake Gemari due %o the diversion of flows for irrigation.

Reservoir waiter loss to atmosphere never exceeds 300 hm3/ye£ro

Reservoir water level variation ranges are limited to 5.60 m, 6.00 m and 4,40 m,
which are all perfectly compatible with satisfactory turbine operation. The mean
reservoir water level is around 599 m in all three cases, as originally expected.

Quantities available for regulation range between 500 and 600 hm3, which,
for the throe cases, gives emergency storage volumes ranging from 250 to 350 hm} above
dead storage level.
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The results for cases (i) and (ii) differ only as regards energy production.
Their overall similarity is emplained by the monthly inflows undergoing the same
modulation in both cases. In case (iii), the range of monthly inflows benefits from
the regulating effect of the Kesem dam. Thus, less storage need be available at
Tendaho than in cases (i) and (ii). 4= expected, the firm oubput decreases from case
(1) to case (iii),

Although this should not be taken as an imperative recommendation, the choice
of a normal impounded level of 602 m for the reservoir appears to be adeguately
justified by the available information.

VI - 9, Reservoir Salinization Risks

Water samples already obtained from the Awash at Dubti and asayita fully
rapresent conditions at Tendaho. The measured conductivity of these samples ig ine-
variably 0,37 mmhos/cm which,; for this category of water, is equivalent to a salt
content 8, in the neighbourhood of 0.35 g/1.

A simple calculation shows that, starting from a value sp, the salinity of a
reservoir tends asympltotically towards the following wvalue

31 wa

Where a1 and E are normal annual inflow and losses to atmosphere, The formula
gives the following results s

For cuse (i) s 8q = 1.14 8, = 0.40 g/1
Por case (ii) ¢ s, = 1.16 8, = 0.41 g/1

For case (iii) : s, = 1,20 8, = 0.42 g/1

The reservoir salinity variation month by month can be determined from these
asymptotic values by a slightly longer calculation, which shows that it almost never
exceeds 0,50 g/lm A8 the natural inflows are fresh and their guantities sufficient
to ensure that the water is continually changed, iis salinity is never likely to reach
proportions alarming for agriculture,

VI - 10, Flood Flows

Several correlations (though difficult to match, they are significant) enabled
a careful analysis %o be made in Volume III  of flood conditions actually recorded at
Dubti and (especially) their origin and probable cccumence to be determined. Thus,
it was found that the substuntial flood flows in sugust 1964, which thrice reached
540 m3/s? were caused by a normal flood peak superimposed on a fairly large basic

flood {300 m3/8)9 giving an estimated recurrence period of the resulting flood flow of
8ix years,

These results cannot yet be extrapolated as the various phenomena are oo
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 excepiional peak flow liable to
occur at Tendaho is the morphological flood at Dubti, which is estimated al 1,100 m3/s
with a recurrence period of over 1000 years., This estimute does not allow Ffor 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 m3/8

(as estimated in Volume 1) should be considered for the nominal spillway flow
at Tendaho,

The best possible use must be made of the large reservoir dimensions at Tendaho
80 as 1o attenvate major flood peaks., The principle of this control is that the flows
returned to the river below the dam should always be less than the critical fLow—
conveying capacity of the mean water chamnsel of the river j i.e,, the greatest amount
of water it can carry without overflowing. This fulfils one purpose of the dam j
i.2.y, the protection of the Lower Plains against flooding. 48 the overflow level at
Dubti is reached at about 350 m3/s, a figure of 300 m3/s for the maximum flow %o be
returned to the river by the spillway and bottom outlet at Tendaho ie reasonable.
Based on this flow, the proposed form of flood control means storing any inflows in
excess of 300 m3/s in the reservoir. It is interesting o see, how much sitorage
capacity would have been required to control the exceptional floods during the 1964
rainy season by this method.

Flows remained above 300 m3/e throughout from 21lst July to 9th September 1964,
the period when the total gross inflow amounted to 1,843.5 hm3. Deducting guantities
returned to the river (1,322 hm3) and lost to atmosphere, this leaves roughly 450 hm3
4o 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 [ITI showed, it is
possible to calculate the monthly base flood discharge at Dubti about a fortnight
ahead from rainfall data for the previous six weeks for the part of the Rift between
the Kesem and $he Borkena. In other words, it is reasonable to assume that a flood
prediction service would have giwven adequate warning for all necessary precautions
to be taken j i.e., %o drain the reservoir to below the 602 m level to ensure more
reliable flood pealk absorpiion.

A dam crest level of 605 m is considered to be adeguate, as it should allow
safe normal reservoir operabion up o the maximum 602 m for protection of the Lower
Plains,

VI - 11, Hydroelectric Power Station Dimensions

The proposed position of the power plant ai the foot of the dam is amply
justified, as electricity demand throughout this (still totally unequipped) region
will increase with hydraulic and agricultural development of the Lower Plains, In
addition to future day-to-day electricity requirements, the power plant will have to
meet those of the various conversion and processing (e.g., cotton ginning plants) and
the irrigation pumping stations, Potential eleotricity supply in development case (i)
will probably exceed demand for a long time, and it is assumed that the two will not
balance until the conditions of case (iii) are achieved., Case (iii) is the ome %o
consider in dimensioning the power station. It provides for a total annual electri-
city production of 91 GWh, of which 22 GWh are to be set aside for the irrigation
pumping stations,

a.) Pumping plant requirements. Demand will strictly follow that of irri-
gation. Thus, when available heads are lowes% (H = 26.3 my in July), 2.8 GWh will
have to be produced for 18 hours out of every 24, which, for the considered head,
requires the following output 3

2,800,000 24
RS Rt Bt - 0 kW
W1 % 24 xTE 5,000 k
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b.) Additional output. &S bhe operation table for case (iii) shows, monthly
production peaks are at about 5,75 OWh, except in September and October. The peak
output required at minimum head (in July, assuming a load factor of 0,55) works out as :

Wy = —20090,000 o 14,000 kW
2 0.55 % 31 x 24

c.) Total installed oubput. assuming the turbines will operate fully open at
all heads between mean (20,50 m) and minimum (26.50 m), the total installed output is

28.5 v3/2 .
Hinst = (wl + W) ( 337% ) / w 21,000 kW

The corresponding total discharge is 94 m3/s.

d.) Total output distribution. 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 reguirements will even be supplied by the auxiliary Diesel generating equipment.

VI « 12, Turbine Flow Compensation

The time taken for flows to propagate down the Awash (about two days from
Tendaho to Lake Gamari) is so long and the irrigation areas sre so widely spaced
down~river, that flows released at Tendaho for irrigation will spread considerably,
and daily fluctuations of demand at Tendaho due o wvarious local irrigation reguire-
ments will undergo appreciable damping, In spite of this, fluctuations due to irri-
gation demand will not coincide with any due to eleciricity demand. Operation is
likely to be straightforward as long as the turbine flows do not exceed the tabulated
values R for case (i), If i% proved necessary to use some of the supplies B reserved
for irrigation 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 Tendaho) :

(i) Compliance with 4 power production time table j; i.e., a consumption time
. table matched to the irrigation schedule,

(ii) Matching irrigation times %o energy production times 3 if necessary, by
creating daily water storage facilities at the head of the irrigation
areas,

In practice, a combination of these two policies will be sought, implying a
strict reservoir operation schedule and close cooperation between dam and irrigation
system operators,

VITL, OUTLINE PRELINIMARY DAM DESIGN

VII - 1., Desgign and Layout 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 layoutbt is
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(i) 4 "Flexible'! dam in the bed of the Awash.
(i1) Ancillary conerete structures on one of the river banks,

. In view of the obligue angle of the dam to the river center line, the left
bank is fer the more suitable side on which to return the flow %o the river, bub the

ancillary structures will reguire substantial execavation work, and over half the spoil
will consist of basalt rock.

The only loose materiazl available in any appreciable yuantity near the site is
very impervious clay-bearing alluvium. » sample was tested for its mechanical proper~
ties (see Aopendix 3)w a8 a vesult, it is considered that this alluvium contains too
muach clay to be suitable for use in bulk to form an earth dam, No constituent exceeds
0.2 mm in sime, and 70 % of the particles are finer than 50 microns; its internal
friction coefficient is low, and it gives a typical plastic clay Proctor diagram. It
is hoped that the prospection for suitable borrows will reveal less clayey ground or
sand giving a suitable earth dam body material when mixed with the clay on the site,

Due to its impermeability, and if it is not oo difficult to moisten and place,
this alluvium should be suitable for the impervious core of a xock f£ill dam, In the
light of present knowledge, this is the form of ‘flexible! structure recommended,
especially as rock fill excavated on the left bank can be used for ite construction.
The soil mechanics tests have also confirmed that the alluvium has sufficient strength
to carry a vock fill dam.

VIL - 2, Grout Curtain

S

Permeability tests in the borings showed the alluvium and layers between the
pasalt outflows to be adequately impervious, but there is some risk of leakage in the
outflows. Orout curtains will be necessary throughout the zone in which seepage paths
are fairly short., Further borings with water tests will be needed to determine the
extent of the grout curtain on the right bank, but one can safely assume that the
total length of grout curtain will be at least 1,800 my, giving a curtain area of
80,000 m2, which is about the same size as at the Kesem dam. Thege curtains are
expensive, bthough not to the point of affecting the economy of the Project.

VITI ~ 3. Descoription of the Summary Preliminary Layout

»11 structures lie along an axis parallel to, and about 15 m downstream from,
the line of boreholes, They are shown on three drawings in this Volume and include the
following, from left to right bank :

(i) at the 605 m level beside the aAseb road, a wide platfé&m closing off the
Tendsho saddle and providing & parking area.

(ii) 4an access way from this platform to the main dam structures, via a
cutting in the upstream lefi~bank hillside.

(iii) The flood spillway with two 9 m x 9 m sector gates to pass the nominal
1,000 mS/s flood discharge, This will stand on ouitflow (1) reconnoitered
in the geological survey,

(iv) An approximately 100 m long gravity-type concrete dam section standing
on ouvflow ( 1 ) and incorporating the power plant water intakes, pen-—
atocks and dewatering conduit. In view of the outflow's fundamental
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bearing on the dams' strength and behaviour, it will be essential at a
subsequent project stage to establish its depth and horiszontal 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 sitation at the foot of the dam. Final power
station equipment will comprise thres Francis units (one of 4,000 k¥ and
two of 8,500 kW}. The bottom outled 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 the tailwater 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 VI-10 above).

VII - 4. Summary Structural Cost Estimate

The distinction made for the Kesem rock fill dam estimate is also useful in
the present scheme. It divides the overall layout into 3

(1)

(i1)

The part solely required for irrigation and protection of the Lowerx
Plain§ (by stabilizing flow conditions, and thus also the bed of the
Awash).

The remaining part concerned with electricity production, which is
considered as a by-product.,

Unlike the Kesem scheme, these two parts of the Tendaho scheme cannot be
agsociated with two completely disitinct construction stages.

a.)

Initial part (irrigation and protection)

The only assumptions needed for these requirements are a total storage

capacity of T00 hm3, reducing the normal maximum water level to 600 m and the dam
crest level to 603 m, and the non-existence of the power station and its equipment
exist, This results in a correspondingly shorter concrete dam portion.

Civil engineering cosis B$

Cofferdams ocsescesssncecncoossocons 2,000,000

EBxcavation in loose ground :
162 % 58,000 m3ovvoncoscossovacan 70,000

Excavation in rock, without re-
use of spoil
5 x 150,000 m3 ccecvesvocssscooso 750,000

Rock f£i1l, including storage and

rg-use .3
14 x 260,000 M3 soesecssoocncoose 3,640,000

¢/F 6,460,000
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B/F i 6,450,000

Filters and drains
20 x TT,000 m3 cevovesvconccosoooas 1,540,000

Impervious core
5 % 77,000 m3 ceveeocsoovoncssoscans 385,000

Concrete structures
85 x 39,700 M3 cocecoscacsasocoonscos 35375,000

Additional for reinforced concrete
65 x 5,000 m3 GO E0 S0 EREO00EDOEOB OO0 325?000

Grout inj@ction PO D EO N HOOOOEOBOROEORTO B,OOOJOOO

ancillary dyke coesscscosssesesscoosas 350,000

B ]

15,435,000
Electromechanical equipment
Flood 8pillWay¥ cececosssocsasonsoscacse 240,000
Dewatering conduit (inel. gantry) ... 227,000
467,000

Rerouting of aseb road (about 10 km) f.e.vee.ee.. 1,200,000
TOTAL ¢ aeeceoconancscconasoacascaoasaoaasasnssas 175102,000

Unforeseen items, design and work supervision 30%: 5,130,600

TOPAL (1)ocecccoananoosanacoacoasssoscosssnnaance 225232,600

b.) Second part (electricity production)

This part requires the addition of 2 m to the height of the dam, an
extension to the concrete part of the dam, ©ivil engineering work for the power
atation, and its equipment.

Additional civil engineering cosis E$

Excavation in loose ground
1.2 x 10,000 m3 covoconsocascnnoncs 12,000

Excavation in rock, without re-use
of spoil 3
5 % 75,000 m3 seccocovossocvncnscon 375,000

Rock fill, including storage and
re-use 3 I
‘14 b 409000 m3 P OGO GO EOGBONTEDBOE O 5609000

¢/F 947,000
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JOH ]
B/F : 947,000
Filters and drains
20 x 13,000 m3 seccossvsonssvoascco 260,000
Impervious core
5 % 13,000 m3 cevcvcnssvcccscscsnon 65,000
Concrete structures
85 x 35,300 m3 scocvcoscssessoocsno 3,000,000
Additional for reinforced concrete
65 x 5,000 m3 cecconsosncoscoccnons 325,000
Ancillary dyke ssececsccccvscoessssvonvos 150,000
p— = 4,747,000
Eleciromechanical equlpment
Water lﬂtdk@ PEOLODDO D OBODODODEEOHOOOD 114,000
3 $urbines® soovcccescscvscssoososossas 988,000
3 g2eneraltorB secccssoconossccvveosvsone 15 335,000
3 butterfly valves c.essvsscosnesesnsoo 5474000
2 transformers sesocsssvosccsssosooasoo 345,000
SWitGhyard GOLODOOOIDDOOOOBGODOODODED B 4’353000
Auxiliary equipment and 8ervices cseeo 14 340,000
5,104,000
TOTAL GHDOCOBOREDOVDDOEDIYEDOOIEDODE LD VDODOOYEODDOYODNTO 998519000

Unforeseen items, design and work supervision, 30 % : 2,955,300

TOTAL (ii) DODORDDEOHBDDVOODIOOOVDOHTDIRNODOEDOEDO DD 1298069300

GRAND TOTAL (i) + (i) = BE$ 35,038,900

The additional cost of equipping the Tendaho scheme for an anticipated pro-
duction of 91 GWh/ye&r thus amounis to about ES 12,800,000, This is amply Jjustified

if the installation of the power plant is kept matched to electricity consumpiion deve-
lopment.



VIIZ. ANTICIPATED BRIGCTS OF THE TENDAHC SCHEME

VIII « 1. DBeneficial Effects

4 The construction of a dam and & power station at Tendaho is the primary
condition for general development of the Lower Plains of the Awash, The scheme en~
sures all the following benefits

(1)

(i)

(1id)

(iv)

(v)

(vi)

Availability of the amounis of water reguired to irrigate the best land
at the necessary times throushout the yvear, (i.s., more than 65,000 ha
everall) for comparatively intensive Cropping patterns, and often for
two harvests during the year.

Higher average water levels than now in the Awash by discharging flows
additional to the already substantial irrigation flows into the river,
The pew conditions will not only favour ziparian activities, but also
facilitate the diversion of flows for irrigation under graviiy, and
should even maeke some of the additional flow available for irrigation
by water-spreading in irrigaticn boundary zones likely to contain most
of the grazing land.

River stabilization, which should produce valuable results once the flood
peaks are atitenuated, making it possible to establish permanent farming
areas and associated ‘infrastructure' when sudden uncontrollable river
bed shifite are no longer feared.

Flood protection of land. By prolonged submepsions, the present un-
controlled floods are liable to affect farming severely.

4 certain degree of cverall drainage, assiasted by eliminating flooding,
and introducing efficient irrigation imstead. This may even cause some
marshland areas to receds.

Availability of considerable guantities of electricity. With a trans-

mission and distribution system extending at least as far as the Asayita
delta, thies will be an inveluable asset forxr developing the Lower Plains,
if only initially for the irrigation pumps.

VIII - 2, Possible Adverse Effecta

Posgible adverse effects of a major dam interrupting the natural course of

the river are

(1)

(i1)

o
@

Natural leaching of the land due %o present flooding would cease. The
soil salinlization riek is discussed in Volume II, with recommended
suitable remedies, including especially artificial ‘'maintenance’
leaching through substantial pre-irmigation water applications.

Changes in the behaviour of the water table in the irrigation aveas and
along their boundaries, due to more regular water table inflows from
irrigation %hroughout the year and because of the high water levels
maintained in the Awash, so that levels would generally tend to rise.

In spite of this, it is preferable to consider the idea that eliminating
uncontrolled flooding will be the decisive factor im the general improve-
ment of land drainage, and that each irrigation area will have ite own
drainage systen designed %o keep the water table down %o an acceptgble
level. :
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(iii) Alluvial deposition beneficial to the land would be reduced ass the
sediment load would be btrapped in the reservoir and only returned
$o0 the Awash during the few weeks of flood discharge., As in any other
development of this type, deterioration will have 1o be guarded against
by suitable artificial fertilization methods, especially by introducing
appropriate crop-rotation patierns.

(iv) Recession of the lower lakes., This should really only apply to Lake Abae,
ALl the others are “itransii® lakes and should remain unaffeoted. Net
water consumption for irrigation will partly be offset by lower evapora-—
tion losmes in all marsh areas in the Lower Plains if they recede by any
appreciable extent. The reduction in inflows into Lake Abe may not be
sufficient 4o affect seriously thie wvery unusual geographical aceident.

All these disadvantages seem to be of a minor nature or ito represent risks
for which ample adeguate counter-measures are available,
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APPENDIX 1

PRELIMINARY GROLOGICAL RECONNAISSANCE SURVEY
OF THE AWADI SITE

The awadi site results from the interbedding of volcanic outflows in a thick
alluvial series. These outflows appear distinotly as cliffs amid softer alluvium,
The site illustrates the important part faults bave played in creating interrupitions
in rock barriers and offsetting them in several directions (See Fig., 13), 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 downsiream. This upper cliff corresponds to a type of trachyte
mainly consisting of '‘welded tuff', with big plagioclase crystals,
numerous microlite olusters in a very fine metrix, and auite with
ferruginous resorption and serpentinized olivine.

(ii) An excavated softer intermediate formation underneath the upper c¢liff
(on the left bank downstream) mainly consisting of debris with occasion-
ally fairly large rocks embedded to a varying extent in a loamy material
which has often been washed away. This formation, about 3 m thick, may
be more or less permeable,

{iii) 'Phe second volcanic formation, in the form of an irregular outflow with
slag passages and often vacuolar rock. It is a doleritic basalt with fair-
1y coarse microlites, numerous olivine granules (advanced ferruginous al-
teration), much smaller proporiions of pyroxene than olivine, numerous
magnetite or ilmenite granules, and large vacuoles,

Only +the upper formation is clearly wisible on the right-bank. Lower forma-—
tions are completely hidden under scree and vegetation., The rock bar is regulax
without showing signs of any special accidents. On the left-bank, the volcanic for—
mations rise fairly steeply up~river, and there are several small faults in the cliff,
The most troublesome one isolates the block which could have become the lefi-bank
abutment for the dam. It forms a very distinct c¢left towards the tributary thalweg
not far away.

The dam will probably have to be sited farther up-river. This means building
a slightly longer structure,

In addition to this left-bank fault, other problems to be investigated by
boreholes would be

(i) The order of succession of the layers in the hillsides, and their perme-
ability (risks of local leakage or farther afield %o the tributary
thalwes).

(ii) Thickness and permeability of the alluvium, which would no doubt be left
in position underneath a 'flexible' earth or rubble structure., AL 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 a substantial
outflow of basaltic appearance.

w

s ’ = sx\\\k i

The site seen from the lefi bank upstream - A substantial bosalt outflow on the right forms o cliff with scree und dense

vegetation at its fool.
On the left, o high-level outilow (3) rising up-river due to successive faults, and underneath it a bank formed by an inter

mediate loam and seree layer and a softer slaggy lower-level outilow.

i

s

s

iseft-bank abuiment area - This view clearly shows the high-level outflow (3) forming a cliff with a little saddleback at

a fault.
The foot of the slope iz thickly overgrown, but on closer Inspection shows o soft Intermediate loam and scree layer (2},

and a slaggy irregular lower-level outflow (1).

PAGE U3



APPENDIZ 2

UNIT COSTS CONSIDERED FOR THE SUMMARY COST ESTIMATE
FOR THE MaJOR STRUCTURES

This list of costs given applies to the major structures proposed for the
bydraulic gnd agricul tural development of the Awash basin j 1.e., big dams and their
power stations, also water intakes and regulation works to be built on the main rivers.

Civil engineering costs have been establisbhed by a ocomparative analyeis of
quotations recently submitted with tenders for major projects and of data supplied by
the authorities concerned with the main projects im the Awash basin, i.e., EBLPA,

HVA and TP3C,

- Bulk mechanical excavation in loose ground for
m&JQT structure foundatious w»oaawooa‘awonovtn«eq&acoonuwn E& 102/m3

- Bulk mechanical excavation in rock for majox '
structure foundations, no re—use 0f TOCK cvencoconcocssea Ll 5/m3

-  Bxtraction and placing of clay materials for major
d&m OonBtTuCtiOn PO T OO P EBEIEDODEOIOTODDAOO DD HD RSN GO E% 5/m3

« Extraction and placing of rock £ill for major dam
CONSLTUCTION woaoseosceaosasoscasasocaconasacassascossocs BS  12/m3
Additional for rock £ill etorage and handling ececessessss 5§ 2/m3

- Provigion of filters, drains and rip-rap for large dams.. B§ 20/m3
e BUlK CONGTEDE ovacosasessncsncsssssnssossssocsasnsscnacss BE  85/m3
-~ Plain concrets for medium-sized STIUCLUTES seceesessscase LS  100/m3
w~ Reinforced comcrete, including reinforcement cececsevcsos L8 50 /m3

Costs quoted Tor the cofferdemming of work sites, gablon works and grout
injection have all been estimated from data relating ¥o similar work carried out in
various parts of the world.

Estimates for sleotro-mechanical eguipment for dams, power plant and other
major river struciures are based on costs applicable in current international projech
tenders. An addition has been made to these costs to cover such items as %ransport
and insurance, arection of the equipment at the alte, tests and spare parts. HNo
allowance has been nmade for possible Customs Duty or other taxes,

To complete these astimates, a flat-rate provieion of 30 % of the totael cost
of the construction work will be added to cover unforeseen items, design and work
supervigion cosis., This additional amount also covers the cost of providing any roads,
telephones, buildings and other similar items reguired during the construction work
and to run the projeoct.

A1l cost guotations refer to economic conditions as on the let January 1965.

(Exchange Rate at that date: 2.5 B =1 UsS$)
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APPENDIXL 3

SOILS MECHANICS TESTS ON AN ALLUVIUM SiMPLB
FaOM THE TaNDAHO SITE*

2. Orain size analysis

. Th§ purpose of this analysis was %0 determine soil particle weights for various
particle sizes. It involved the two following successive operations :

(i) Square-mesh sieving of particles coarser than 0.1 mm under water.
(ii) Sedimentation of particles finer than C.1 mm

Particulars of the resulting grain size curve were :

~ Abscissa ¢ Grain diasmeter in decreasing order, to a
( logarithmic scale;

~  Ordinate é Percentage of particles (by weight) finer than the
corresponding absclssa, to a linear scale.

b, HMoisture content

o This was determined by weighing the samples before and after ove: .rying at
10570 for 24 hours. The moisture content is the ratioc between the waight of water
contained in the sample and the weight of dry socil.

C. Specific gravity of the solids

This is given by the ratio between the weight of dry soil per unit wolume and
the specific gravity of water at 0.

d. Consolidation test by consolidometer

A sample 70 mm in diameder and 24 mm deep is cut out of the original core
sample and encased in a metal ring sandwiched between two porous filter plates. It is
then subjected to a vertical load by a weight on the end of a sliding piston. Sample
deformation is measured with a micrometer dial reading to within one~hundredth of a
millimeter. Bach load is applied for 24 hours. The results are plotted in the form
of a oonsolidation curve showing sample deformation against vertical load.

e. Proctor (compaction) test -

Its purpose is to determine, for a given compaciive effort, the moisture con-
tent at which a soil should be compacted to achieve maximum dry density, which is
usually referred to in France as the 'optimum Proctor moisture content's The test is
carried out by compacting a sample of the soil in a standard mould 3% mm in diametex
by 70 mm deep with a standard hammer producing a compactive effort of 60 tm/m} and
according to a definite procedure, aund by then determining the moisture content and
dry density of the sample after compaction. The test is repeated several times, each
time with a sample at higher moisture content, so that a number of points on the re-
presentative dry density ve., moisturse content ourve are obtained. This curve reaches

W Hests carried oub at the Fluid Mechanics Laboratory of Grenoble University.
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a marimum at the optimum moisture content (21 %) and maximum dry density (1.658)
condition.

f. Triaxial shear test {consolidated undrained sample)

A sample compacted to 'optimum Proctor moisture content' is subjected to an
isotropic stremss applied by a rubber jacket. It is left to stand in that condition
for a few days, noting changes in interstitial pressure (measured without draining
any water from the sample). When the interstitial pressure becomes siable, the sample
is consolidated until the interstitial pressure reduces to a low value, which is
achieved by draining the sample, Finally, the sample iz subjected to a low rate of
shear (0.1 mm/min.) without draining, noting the interstitial pressure.
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