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The Gibe Il hydroelectric project, nearing completion on the Omo river in Ethiopia, features a 249 m-high RCC dam, currently the highest of
its type in the world. The narrow garge where the dam is sited and the height of the dam required unprecedented solutions for efficient

RCC placement. Optimization of the cements and RCC mixes also involved interesting innovations. Gibe 11l stands as a successful example of
a strategic partnership to deliver a key piece of infrastructure for Ethiopia’s economic growth.

ydroelectric potential, estimated at around 160
TWhivear (economically feasible), has been

recognized for decades as the single most valu-
able resource in Ethiopia. The existence of large rivers
flowing in deeply incised valleys provides very attrac-
tive conditions for medium to large-scale hydroclectric
schemes, Ethiopia's hydrological setting requires stor-
age reservoirs to harvest the high flows during the
rainy season, which lasts for three to four months a
year, for release during the remaining dry months. The
Gibe 1T hydro project will fulfill that requirement, by
creating a regulating reservoir with an active storage
capacity of 11 750 =10 m*, With an installed capacity
of 1870 MW, the project will generate 6500 GWh/year
of electricity.
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The project’s owner is Ethiopian Electric Power
(EEP), u public enterprise owned by the Government
of Ethiopia, which is the employer of the EPC (engi-
neering, procurement, and construction, FIDIC Silver
Book) contractor, Salini-lmpregilo SpA of Italy. The
designer is Studio Ing. G, Pietrangeli, also of lTaly.
Tractebel Engincering of France and ELC of ltaly have
the function of Employer’s Representative. Salini-
Impregilo SpA acts as General Contractor for the coor-
dination of the whole scheme.

The Gibe 111 project is located in the middle reach of
the Omo river basin, 450 km. by road. southwest of the
capital city Addis Ababa. Fig. | shows the project area,
and Photo (a) is a photo of the site

The scheme includes a 249 m-high gravity dam with
a total volume of 6.2 = 10"'m* of roller compacted con-
crete (RCC). It is currently the highest RCC dam under
construction in the world. Water control works include
a surface spillway. on the crest of the dam, with seven
12 x 17 m radial gates. Major underground works
include three river diversion tunnels of 3.2 km total
length, twin headrace tunnels, two intake towers, IWo
underground penstocks, two 18 m-diameter surge
shafis in rock, and two steel manifolds,

1. Site conditions and selection of the dam type
In the area of the future reservoir. the Omo river flows
through narrow valleys and deep canyons, which are
very favourable for the creation of a reservoir, but
present extremely challenging logistical conditions
for dam construction. The remoteness of the site and
seismicity of the area increase the challenge. Access
required the construction of an airport, a 120 m span
bridge. 75 km of new national roads and 40 km of
project site roads. Providing workers with camps,
along with sanitation. health and recreation facilities,
in such a remote location was taken very seriously and
proved extremely important for the success of the
project.

Several dam rypes were considered at the basic design
stage: concrete arch, concrete Taced rockfill (CFRD),
and RCC gravity

The rock mass conditions on the right abutment dis-
couraged the adoption of the arch type

The rockfill dum solution was studied. with either a
bituminous or concrete upstream lacing. Both were
discarded For the Tollowing ressons

¢ There would be risks of damage to the dam embank-
ment in the event of overtopping during consiruction,
which were considerad unacceptable o financiers and
Insurers
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* Impounding of the reservoir was planned to begin
before completion of the entire dam wall, to allow for
power generation 1o start as early as possible.

The concrete gravity alternative can resist lemporary
overtopping and fulfills the second requirement,
Besides, abundant construction materials (alluviom,
basalt, and ignimbrite) in the project area favoured the
RCC option.

The three luyout options for the RCC dam shown in
Table | were then studied.

Although alernative 1 featured lower costs, the
choice fell on alternative 3. mainly as o result of
aspects related to locating the powerhouse at the toe of
the dam. Fig, 2 shows the linal layout adopled.

Trachytic-basalt of adequate rock mass quality, under
reasonable overburden depths, provided adequate
foundation conditions for the 249 m-high gravity dam,
The presence of sub-vertical joints. occasionally
affected by hydrothermal alteration, required careful
foundation reatment.

2. Foundation treatment

Two main features made foundation conditions more
challenging than anticipated. These were: extensive
arcas of intensely fraciured and/or weathered rock:
Hlﬂd. the occurrence of hot springs at riverbed eleva-
fon.

Foundation areas of intensely fractured/weathered
rock required treatment with respect o

= foundation seepage and erosion control: and,
* structural behaviour associated with loeal variations
in rock mass deformability,

The treatment measures involved:
* excavation deepening and reshaping. with local rock
reconstruction;
* shoterete protection of extended weathered surfaces;
* provision of an upstream cutolT cortain, ) m deep.
achieved by high pressure washing and grouting:
= dental concrete and extensive consolidation grouting
along the main sheared and weathered bands, see
Photo ik o,
* bespoke design of grouting and drainage galleries o
follow critical rock lineaments, making fulure access
possible for additional treatment, as necessary.

During  foundition excavation, hot water springs
were cncountered at the riverbed clevation. These are
considered 10 be associated with the hydrothermal
alteration observed along the vertical joinis, and are
expected o be in hydraulic connection with a deep tra-
chyte aguifer underlying an 80-100 m-thick layer of
largely impervious rock-mass.

The spring waters were intercepted. monitored and
conveyed 1o the Towest drainage gallery network,, sec
Photo (). A widespread system of drains was added to
intercept other possible water inflows thiat might accur
after impounding. when the full reservorr level will
affect the groundwater regime. Drains, V-notches, and
dedicued  picsometers, at dilferent locations wnd
depths, will constantly monitor spring infllows during
operatim

3. Cements for the RCC

Duvimg the carly stages of the project. Ethopaan
cements proved 1o be madeguate. because only the
s eolanic coments exhibiated ow heat, but ther rea-
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Table 1: The three options considered for the layoot at Gibe 111

Layoun

Advantages

Disadvantages

Dam erest spillway;
dam toe powerhouse.

No power wnnel,
no surge shafis,

Penstocks inside dam body: dam
toe powerhouse questionable,

Right bank spillway;
dam e powerhouse,

Mo spillway flow above

powerhouse structure,

Penstocks inside dam body.

Dam crest spillway;
left bank powerhouse,

Powerhouse
independent from
the dam hody.

Powerhouse location
controlled by spillway jet: power
unnels and surge shafl.

tivity was unsatisfactory. In addition, problems asso-
ciated with the variability in quality and the intermit-
tent supply of national cement led o the Ethiopian
Government's decision to open up to the importation
of special cement. Initial research focused on two main
properties: low heat of hydration; and, high reactivity.
These steered the choice towards high quality cement,

Fig. 2, The final
favowr adopred for
Cribe 11, showrng:
the dam crest
spillwenyy ol ol
left bk

Jran erfioise,

(il Dherreed
freatment aleng o
foree subvertical!
Soriont pereadfed vo e
riverbed.

fi'r o spartengr imfleinas
el insidc
cladmi frispacidons
wttlem
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me Pakistan, and flyash from South Africa,
however, not surprisingly, the transportation costs for
these materials proved unsustainable. The mix design
vEay therefore oriented to the use of blast furnace (BF)
coment produced in Italy, which ensured a steady qual-
h!fddlbs_r:rc:amd with high strength and low heat of
ydration. The test resulis proved very satisfactory:
® s regards the material’s reactivity, 120 kg/m’ of BF
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* The BF cement exhibited much more favourable
RCC temperature rise behaviour (see Fig. 3.

These resulis led 1w the choice of an lalian BF
cement (ENN Cem [II 32.5N), which was used 1o
build the lower part of the dam. up to some 40 m above
foundation level {see Fig. 4).

Maximizing the use of national resources for project
implementation is an essential element for harvesting
both direct and indirect economic benefits from the
large investment associated with Gibe 11, therefore
both EEP and Salini-Impregilo continued looking for
solutions to revert to locally produced cement. To that
end, tests on national cements continued. in parallel
with construction. in cooperation with Ethiopian
cement factories, and carried out by local rechnicians
and international experts. Extensive laboratory and
field tests finally led to the wentification of suitable
RCC mixes based on improved BEthiopian cements.
The turning point was the addition of an iron ore-rich
soil formation in the composition of an ordinary
Ethiopian Portland. producing an EN OPC LH HS
42.5 The mix proved to perform like a Portland ferric
cement. with very low hydration heat. ligh sulphate
resistance. and high reactivity. This cement has l‘it.‘v.‘:l'l
used for the main hody of the dam (see Fig, 45 This
expericnce. achieved in co-operition with the major
Ethiopian cement producers. contributed o improving
the cement manufacturing provess. and the guality of
cement availuble on the local market. resulting in ben-
eficial effects for the overall BEihiopian cconomy.

4, RCC mixes and tests
The RCC mixes were aptimized to sanisiy design
requirements i erms of compressive strength, micdu-
hus o elasticiny . cobesion, octon angle . and so on. is
indicated in the dam soning ehig 4

A systematic bedding mis bas been used inoareas
where I ot cobesion wis reguired . and i the
upstream part of the dam. o ensure how permeabiliny
viarlues
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The composition of the RCC aggregates is: 71 per
cent alluvium: 24 per cent basalt: and, 5 per cent ign-
imbrite. The sand has a size of 0-6 mm. the medium
gravel is 6-25 mm and the coarse gravel is 23-30 mm
(see Fig. 5).

The river alluvium consists of rachyte, basalts, and
rhyalite. The ignimbrite is a deposit of pyroclastic
flows, and is characterized by a poorly sorted mixture
of ash and pumice lapilli, with lithic fragments.
Ignimbrite has been used for the production of both
sand and filler; the latter increases the paste content
and adds a slight pozzolanic effect to the RCC mix.

Matural fines present in the combined grading make
up approximately 6 per cent of the total. The paste
content of the mixes used for the Gibe 111 dam ranges
from 214 per cent for the mix with a lower cement
content {70 kg/m®™ 1o 24.2 per cent for the mix with a
higher cement content (120 kg/m’). This paste content
contributes to the workability and to segregation con-
trol of the mix during spreading and compaction.
Cores drilled through hardened RCOC revealed good
aggregate distribution, see Photo (d). Cuality control
of the RCC components involved the tests shown in
Table 2.

Results of | year compressive strength tests ranged
from 23 MPa (cement content 70 kg/m®) 1o 27 MPa
(120 kg/m'), which are in full compliance with the
design parameters (sce Fig. 6).

5. RCC placement issues

As mentioned earlier, Gibe 111 is, to date. the highest
RCC dam under construction in the world. The site did
not offer ideal conditions for the scheme, particularly
for the stocking of aggregates. Crushing plant yields
varied between 1200 and 1400 vhr. For temperature
control, major cooling plants had to be provided.

The narrow gorge and the height of the dam required
special solutions to ensure reliable and efficient place-
ment of the RCC mixes in the various zones of the
dam. Negotiating a drop in elevation of 250 m between
the production plants and the dam foundation levels
required unprecedented solutions. Representing a
unigue case at world level, 17 conveyor belts, for a
total length of 960 m and placed at a 22° inclination,
were necessary 1o reach the lower elevations of the
dam. see Photo (e): placing capacity was up to 820
m'/hr (compacted RCC), which is a world record.

The steep convevor belis were erected on the dam
abutments thanks 1o a cable crane ( Blondin) and expert
climbers. while a network of challenging roads built
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on the dam abutment allowed access to every level of  Fie 5 Tipical
the dam. Conveyors discharged RCC to *tripper lines’,  Gibe 1 RCC
supported by steel towers on the rising placement  combined grading.

Table 2: Quality control tests for the RCC at Gibe fI]

RCC component Cuality control teses

Coairse agpregates Sieve analysis, specific gravity, absorption. flakiness,
elongation, limit liquid, plasticity index and Los Angeles
abrasion,

Cement Compressive strenth, flexural strength, heat of hvdration

specific gravity, fineness, senting time. residuc by air-jet
steving and x-ray spectrometer chemical analysis.

Filler .‘i_pcciﬁc gravity, fineness. residue by air-jet sieving and
X-my spectrometer chemical analysis.
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Changed condition

Table 3; Managing changed conditions at miajor dam projects;

level, and from there a crawler placer delivered RCC
to the planned placing area, see Photo (f). This
arrangement minimizes vehicular traffic on the surface
of freshly laid RCC, preserving the RCC quality and
bonding between the layers, This configuration had to
be progressively adapted, as the dam height increased;
a 70 m offset downstream of the dam axis had to be

examples at Gibe 11

Managemeni response

Dam typae

| Foundistion conditions

| Headrace tunpel
| lengtheming

[ RCC mgredients

Adverse weather

Project financing

&

A Y v
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Iptimizing thye Lype of coment acconding to availability
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[nstalling & shori ranee rainfall mdar prediction system on site

Revised financial architecture., during implementation, wilh
the introduction of & mg e

; jor sith-camractor, This entailed
design hinmonization and coordination of site activities in
an integrited programme of works

et Applicoation af the bedding mix

mtroduced, which was somewhat unconventional.

Application of the bedding mix (cement mortar), in
design-defined areas. improved the layer-to-layer
bonding, see Photo (g). These areas are typically close
to the upstream and downstream dam facings, Vacuum
trucks proved very effective in maintaining a neat and
clean RCC surface.

Spreading and compaction was carried out by dozers
and rollers respectively, Grout-enriched RCC, with the
consistency of conventional concrete, was placed near
the formwork, in arcas beyvond the compaction roller’s
reach. Compaction of these areas was accomplished
by immersion vibrators.

Fig. 7 shows sustained RCC placement rates in the
range of 150 000 1o 200 000 m*Ymonth, The increasing
average achievement is related o the difficulty of
placing RCC in the lower part ol the dam., because of
the laborious treatment of foundations and abutments.

On 11 December 2014, a new world record was set
when 18 519 m' of ROC was placed within 24 hours,
see Photo (h).

6. Management of ‘changed conditions’
Satisfactory execution of o turnkey job requires the
EPC contractor o be able to manage situations during
construction which deviate trom the initial design
assumptions. Such conditions inevitubly occur in large
civil engineering projects. and more soin major dam
projects like Gibe (1. Table 3 Lists a few examples,

7. Conclusions

Gibe 1 stands as a showease of how large. muli-party
prajects can be managed and brought from inception
to operation within a comparatively short period of
nine years_ despite complex Nnancial and geological
problems. Gibe [ s testament 1o the fact that “techni-
cal fMexibility” with a spirit of partnership, along with
the willingness to deliver. are the keys to responding w
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the changing conditions which are inevitably associat-
ed with large hydropower schemes. That spirit was the
main driver for delivering a key piece of infrastructure
for Ethiopia’s economic growth. @
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84th ICOLD ANNUAL MEETING

15 = 20 May 2016 Johanneshurg, South Africa |

The 84" 1COLD Annual Meeting will offer technical, cultural and touristic events of interest. The normal range of
/¥ ICOLD meetings and one-day Technical Tours will toke place, in addition o a Technical Exhibition. A Symposium
will be held on 18 May, entitled “Appropriate Technology to Ensure Proper Development, Operation and
Maintenance of Dams in Developing Countries”. A Coll for Papers will be issued in June 2015.
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Technical Workshops will be held on 19 and 20 May; these will be organized by South African, Regional and International experts and discus-

sion by attendees will be encouraged. Topics will inlude: Dam safety implementation, International and regional co-operation, Practical opere- ‘
tion and maintenance issues in developing countries, Environmental releases from dams, Flood management in arid regions, The use of
geosynthetic liners in dams, Aging of concrefe, ond Climote change. |

Pre- and post-meeting study tours are being organized. Visits will include the Lesotho Highlands Water Project, Cape Town and various dams
undergoing rehabilitation, the Drakensberg and Ingula Pumped Storage Schemes, Komai Dams built in conjunction with Swaziland as well |
as the Kruger National Park, and the Kariba dom and Victoria Falls.

Contact defails from 1 June 2015
www.icold2016.0rg

E-mail: info@icold2016.0rg
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