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Introduction

The Arkun Dam and HEPP project is one of the ldrgdropower projects in Turkey which have been rédgen
commissioned mid of 2014. The scheme compriseptweerhouses, one large and one small for the emviental
flow. Latter is located at the toe of the dam amolvgs an installed capacity of PL2 MW. The large powerhouse
shows an installed capacity of P = 225 MW hosthrgé Francis turbines which are fed via a 14 kng lpressure
tunnel.

The Arkun Dam is a concrete face sand-gravel ethd CFSGD) which shows a height of 140 m regartfiog the
foundation level to the top of the parapet walleTannel, which was used for diversion during tbestruction, is
changed to the bottom outlet hosting also the pekdbr the environmental powerhouse. The tempaaaoess
tunnel was plugged after the main works on the daththe adjacent structures were completed in Deeef013.
The bottom outlet and the access tunnel are locattte left bank. The spillway and the power tuirame located at
the right bank. The spillway is of gated type dasidfor PMF 4,700 m3/s which shows a chute and a flip bucket.
Three bays host three radial gates. As aforemesditime energy tunnel is approximately 14 km long ian
controlled by the intake structure which hostscugates and stop logs. An emergency valve is glacthe end of
the tunnel shortly upstream of the penstock whsdeéding the main powerhouse via trifurcation. #imformation
of the Arkun project is provided in Haselsteineakt(2012, 2014) concerning general data and Idita of the
Arkun CFSGD.

The Arkun powerhouse is located next to the CorivieiRat the right bank approx. several kilometres/dstream
of the main dam. For the detailed design only at¢ichgeological investigation program was carriatwithin the
powerhouse area which indicated a foundation la¥6B2 masl which was found to be too optimistiedavhen the
excavation works were ongoing and the assumedswdkce was not found. The foundation area cornbisignly
of alluvium and colluvium which were underlain bgdsock, and the bedrock foundation was finally sdfe
meters below the assumptions considered duringetel design phase. Two major challenges had fadsx
when aiming for deeper excavations for a propendi@tiion. Occurring slip failures of the adjacewipgls indicated
that the slope stability reached the ultimate listitte. Additionally, banked alluvium layers comga®f cobbles
allowed strong seepage flow into the constructibnBoth, the stability and the seepage needectoamdled in an
efficient and fast way in order to realize a relgatoundation treatment.

After realization of the conditions the construntimorks stopped for investigating alternative foatnoh, drainage
and slope stabilization solutions including boregijet grouting, excavation, wells, soil nail&;. éfter a very
short period a design and methodology was pregdardde project team itself which comprised the iitadtion of
the slopes in form of shotcrete and soil nailsirgrge works in form of deep well pumps in ordelower the
groundwater level, and finally the placement ohleancrete underneath the future powerhouse uUpetoriginal
foundation level at 692 masl.

These works needed to be coordinated and adaptkd tmnstruction process in a “design as you gafimer. The
internal design department, the site supervisiamtehe site and project management and last hueast the
contractor needed to collaborate closely in orderatch up with the original time schedule whictswaly possible
by also adapting and accelerating subsequent mesedfecting the construction works of the powaseadtself.



1. Background

EnerjiSA is a joint venture which is formed by Sabia(Turkey) and E.ON (Germany). At the reportedj@ct time
this joint venture was formed by Sabanci (Turkey) &erbund (Austria). At that time EnerjiSA had epp 15
hydropower projects in planning and constructi@gst Most of them are in operation now, some dte st
developing or under construction.

The stated aim of EnerjiSA was to bring an insthttapacity of P = 5 GW onto the Turkish energy retids fast as
possible but at latest in 2015 This aim was delagral times due to a slow progress of all ptejekhe
optimism of the founder years soon faced the reafienergy and construction business so that alaibproject
faced an increase of costs and construction timgpeoed to the early business plans.

All of the projects of EnerjiSA’s hydropower profgmrtfolio were so-called “fast track projects”.lédan and quick
design stage is following by tender and constructibases with an ongoing need of adjusting thegddsithe
actual site conditions frequently dominated bydbtual geology as it was the case for the main poouese of the
Arkun project.

1.1 Original powerhouse foundation design

The original design, which was prepared by Dolsagigeering (Ankara), was done in consideration site
investigation program showing only a very limitaghmber of core drillings within the project areaefundation
level of the base slab of the powerhouse was ceraidio be located approximately at 692 masl. Wais also
more or less the deepest level for the excavatiegtecting any local pump sump pit. The completegrbouse
should be founded on suitable bedrock. A sectia@foriginal design is shown in Fig. 1.
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1.2 Geological and topographical situation

The actual conditions showed a quite differentagitin in comparison to the design assumptions.rébk surfaces
dipped down towards the river where it was overtajralluvium and colluvium layers of consideraliieckness.
Within the performed check drillings in the verywdustream of the powerhouse the bedrock level coatde
reached indicating a strong downward dipping ofrthek surface. Closer to the powerhouse the bedexek was
reach approx. 10 m below the original assumptibm&ig. 2 a simplified sketch of the geologicalsition is shown
which contains already some water levels as wedl pstential location of an upstream undergrouradirsg/barrier
which was investigated as one of the engineerihgisas in order to reduce/control seepage flow.



In Fig. 4 the transition from colluvium to rockdkearly shown (see also Fig. 10 and 11). It cardsily understood
after excavation that the rock is dipping strortghwards the Coruh River. Since alluvium and colluwiwere not
considered to be suitable foundation soils diffexesys for the construction of a reliable foundatiwere
investigated as explained later.
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1.3 Situation during excavation works

Unfortunately, the alluvium and colluvium were irgected by high permeable gravel/cobblestone laykish
showed considerable seepage during the excavatdkswAfter starting the excavation works accordinglesign,
the slopes started to show smaller and largerrégjuand the intruding amount of seepage excedwed t
expectations/predictions by multiple (see Fig.A3)ditional surface pumps were installed in ordecaatrol the
water level. Surface pumps were applied in ordeotttrol the seepage flow and the water level endbnstruction

pit.

Fig. 3. Situation of excavation during the startiperiod (left: slope failure / right: steep colluvn slopes to switchyard)

At that point additional drilling indicated thatetiock foundation level might be somewhat 10 mwelte design
level which raised the problem of a deeper excamadind the design adaptation/change also of tlzEeul slopes.
A reasonable, fast and economic design needed doie applying available site machinery and teaesoas well



as not changing the general design assumptiomsimiay that the construction elevations of thdtdubes and
turbines needed to be kept the same as well agthend downstream design. The location of the pbatese
should not be changed in order to avoid problents wpcoming claims and delays. The constructiorke/arere
stopped leaving the construction pit to becomeralsee Fig. 4) for a short period until the
construction/excavation works were re-launched.

The water table correlated with the Coruh Rivetaddut showed generally lower elevations. This alas an
indication of the high permeability of the undengnd and the necessity to carry out excessive seemagrol
works.

Fig. 4: Construction pit pond at
the powerhouse during g
excavation perio

2. Evaluation of Alternative Engineering Solutions

With the Arkun Dam and HEPP project being a typitatkish “fast track” project the delay caused bg tlesign
inconsistencies should be kept in limits and addiily the engineering solutions should not reqtocemuch
resources, particularly time, so that the inteergjineering group, the site engineers and the girojanagement
hand in hand were looking for solutions which coloddimmediately realized by the Contractor withgrainting too
much reasons and too many options for claiming.

Therefore, the geological investigations were edrout simultaneously during the preparation ofdésign. On a
daily basis the results of drillings and pumpinstsenvere evaluated in order to approve the desigunaptions and
methods which were already under construction.sTiestthe application of soil nails were carried.ou

As indicated within the description of the situatiduring the ongoing excavations in section 1.6s¢lmajor
problems needed to be solved for the foundatiorsiga of the powerhouse:

Selection of the foundation type

Control of seepage during the foundation works

Improvement of the stability of adjacent slopes

Following foundation types were discussed and atatli
Relocation of the powerhouse towards rock (upstjeam
0 Change of the upstream design and connection tpethstock
o Change of downstream design
o Design works time consuming
o Claims expected from different suppliers and carttnas



o0 Safe solution in consideration of dynamic loads eadhquake
Foundation on bore pile pattern
o Limited place for carrier machinery
o Doubts of stability and durability in case of dyriadmads and earthquake
o Design and tender works time consuming
o High estimated costs
Foundation on cut-off wall grid structure
o Limited place for carrier machinery, cut-of-walllhor similar
o Design and tender works time consuming
o High estimated costs
Excavation and filling with lean concrete in a drywet construction pit
o0 Simple, on site available machinery and technique
No claims of contractors and suppliers expected
Reimbursement of actual costs for foundation works
Safe solution in consideration of dynamic loads eadhquake
Design works for foundation quite limited
High estimated costs

O O0OO0O0oOo

As the time schedule was considered to be a drag@ect in terms of the commissioning date andrtsiallation of
the E&M works in the powerhouse (“portal crane s¢ad simple and safe alternative which was thenftation on
a lean concrete fill was decided. This alternataguired a deeper excavation below approx. 680,raasl|
adaptation of the adjacent slopes with stabilizatind drainage works and the control of the seejvdigsv.

3. Performed Engineering Measures

3.1 Seepage control works

For the seepage control works different methodewerestigated. Alternatively, a sealing downstredomg the
existing road was investigated. The sealing coaltrbeen a cut-off wall or jet grouting wall wititérsected
lamella pattern. Suppliers were contacted in otd@chieve a price indication and a methodologytiose sealing
works. Finally, the sealing solution was canceltethvour of deep well pumps to be installed dikeit the
construction pit. Major decision aspect was thestrmttion time. For the sealing option minimum tealfear
construction period was assumed to be requiredsitthie excavation works could be continued with itistallation
of the deep well pumps so that the constructiop ptriod was minimized.

For the purpose of designing the capacity of thegsj pumping and filling tests were performed whsbbuld
provide an indication of the system permeabilitytef construction pit for different river and piater levels.
Selected results are shown in Fig. 5.

Fig. 5. Drawdown water level
vs. seepage flow for different
average underground
permeabilities including results
of filling tests for different river
water level



In Fig. 5 also the theoretical analysis of the sgepinflow Q [I/s] is shown vs. the drawdown wdéarel. For a safe
excavation down to approx. 680 masl a drawdownl lef/678 mas| was expected to be reasonable andreel
The tests confirmed that a system permeability of1l0° m/s was a realistic figure. On basis of theseltese
design drainage capacity was selected as mgax.Z0 m?/s in order to be on the safe side andmbe surprised of
seepage increase with increasing excavation depttthis purpose, 11 + 6 deep well pumps wereliestall deep
well pumps were installed at an upper berm hodtiegaccess road at the downstream end of the aotistr pit
followed by 6 pumps located closer to the powerkdsse Fig. 11).

Due to the alluvial/colluvial underground the dnifj works were slow since casing needed to beliadtand a
large drilling diameter was applied in order toatde to place the pumps (Fig. 6). The water wasgadrowards
the downstream Coruh River through the downstreiinvall via several pipes.

Fig. 6. Installation of the deep well pumps (Isfope erosion during drilling works / right: deeglvpump)

ESA ordered the contractor also to install a sigfitenergy supply system. The permanent energylgwas
provided by the public grid. As there are regulagrgy stops in that region of Turkey an emergermyqy
aggregate was hold available by the contractotoAg as the installation of the pumps was not cetepy finished
surface pumps were still applied to control theewétvel in the construction pit and supporteddéep well
pumps. After the concrete works were completedaserpumps were not needed anymore and the
groundwater/seepage was exclusively controllechbydeep well pumps.

Since the corresponding water table was quite thiglpumping system was considered to be operateddaking
ongoing powerhouse concreting and E&M installatirks in order to avoid flooding from the downstredal he
necessity of the drainage system was approved thteepowerhouse was flooded during a period theggrsirpply
was cut and the emergency power aggregate wasdesedewhere else on site (see Fig. 7).

Fig. 7: Flooding of
powerhouse during energy
supply problerr



3.2 Slope stabilization works and adjustment of thexcavation

During the installation of the deep well pumps éixeavation design was adjusted. The slope at titetsiard was

re-excavated in order to enlarge the constructiphypapprox. 20 m in length to host the access era enable a

deeper excavation pit keeping the slope inclinaitioa stable range as was considered to be reqoyréuke stability
analysis.

For this purpose, the shear strength parametahedlluvium and colluvium were derived from a badalysis of
the present situation also in consideration of aezlislope failures and vertical pit walls. Thegenmece of
groundwater and the saturation were significanterstability analysis. Therefore, drainage piwese suggested
to be placed in a regular pattern in order to kbepsurface near soil more or less unsaturatedvoi the
intrusion of surface water/rain a shotcrete covas suggested. The shear strength should be indrbgig#acing
soil nails with a certain pattern for mainly cugisurface near slip failure surfaces.

In Fig. 8 the results of the back analysis of tweraplary slopes are shown including also the setedesign values
which afterwards proved to be fit for purpose sinoemore failure occurred in the stabilized sedidaring the
entire future works. The required factor of safets > 1.2 was considered to be fit for purposeHerslopes and
the considered temporary load case applying thieafjkafety factor approach.
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Fig. 8. Friction angle and cohesion of slope sadterial (left: vertical wall unsaturated / right:5¢ slope saturated) from back
analysis

Eight different soil nail patterns were establisiddch were simplified to a number of two pattefAsand B) for
the sake of a correct application by the Contradbe pattern is shown in Fig. 9 within the markegions.

Fig. 9. Sketch for the
stabilization of the
construction pit slopes in
alluvium/colluvium



The patterns A and B differed only regarding thpligol soil nail lengths up to a maximum of 12 mteffirst
difficulties installing the soil nails the contractgained experience mainly adjusting the watestfing pressure in
order not to induce a collapse of the drilling hole

After defining the stabilization works and staliitig the slopes during ongoing excavation from togdwn the
works proceeded quite well. Only little design addipns for the slope to the switchyard area wegeiired. This
anyway was required since the wing wall desigmeatgowerhouse was also completely changed. Compatbd
original design the complete access road needed tedesigned requiring much more length in retmttle
applied inclination.

The site conditions before reaching the final extiawn level and before installing the second puowe with a
number of 6 pumps is shown in Fig. 10.

Fig. 10: Construction pit during
the excavation with ongoing
stabilization and drainage
works

3.3 Concrete foundation works

For the filling of the excavation up to the fouridatlevel at 692 masl lean concrete was used. Sheworks
should be done quickly in order to get out of thigaal conditions (deep excavation, strong seepdgewhole
space between rock and upstream excavation wes filith lean concrete without wasting time for thetallation
for time consuming formworks. Thus, not only theveohouse could be founded on the concrete fillabat parts
of the tailrace channel which was also an advartagen expensive one (Fig. 11).

Fig. 11. Construction pit with completed lean caaterfill (left and powerhouse concreting (right)



The filling of the foundation area beneath the fatpowerhouse did only last very limited time ofr@days so that
the critical situation regarding deep excavatiororgy seepage inflow and slope stability was famdg a limited
period. The works were performed in winter time wlitee river water table was low and the soil wagdn which
was helpful in regard to seepage and slope stabilit

4. Conclusion

“Fast track” projects are a challenging task. Irertake of a seducing benefit frequently “desigyoasgo” abilities
are required from the involved parties. The abiiitynake reasonable and fast decisions on sit¢hanskills to
improvise due engineering solutions hand in hartt thie contractor, not cutting the engineering saigty
requirements, demand a high level of knowledgeinemging skills and engagement. Regarding the oeet
abilities and skills the Turkish construction marisewell prepared for “fast track” projects prafig from similar
experiences during numerous Turkish dam projectisérpast.

Although the problems faced in the Arkun powerhdiasmdation could be solved and the foundation d¢da
completed without critical delay after the adamtatdf subsequent works, a critical amount of pridpeciged
needed to be spent which was not included in tlggnad project budget and the project team andctivdractor
were quite under pressure in order to meet thestoite deadlines.

Nevertheless having found a functional engineesivigtion, the project team would like to point ¢thét a due and
proper design based on a reasonable geotechniestigation campaign is always preferable comptoede
otherwise required “design as you go” engineeritictv also leaves the owner in a weak position again
contractors, suppliers and all other parties whattr on a reliable design and project schedule.
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