REHABILITATION OF THE ALUTO PILOT GEOTHERMAL POWER  PLANT

Markos Melaku and Bob Thomasson
Geothermal Development Associates
mmelaku@gdareno.com, bthomasson@gdareno.com

SUMMARY

The Aluto Pilot Geothermal Power Plant was build @ammissioned in late 1998 but stopped operatfiien a very
short period due to various technical problemsluFaiof the heat exchanger tubes caused the presnsitutdown
of the OEC unit after about a year of operatiomulnber of resource related problems also causedttied in the
power output of the GCCU which was eventually stawn in 2002.

The rehabilitation of the plant began in early 20@86ch included overhaul of the wellhead valvespiection of the
steam turbine rotor and bearings, testing and iiyérg failed tubes of the OEC heat exchangers eeddifying
plant PLC control system.

Significant work was carried out during 2006 an@d2Q@vhich resulted in the GCCU unit becoming operstl in
June 2007.

Failure analysis of the OEC heat exchanger tubesated that they need to be replaced with moreos@mn
resistant material. Subsequently, retubing of &t lexchanger tubes was undertaken in early 200 $hanunit was
commissioned in June 2009. Both of the Aluto poplant units have been under operation since cosiomsg.
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INTRODUCTION AND BACKGROUND

The Aluto geothermal field is located in the lakigstrict region of Ethiopia, about 200km south lué tapital Addis
Ababa. Access to the site is along the main sonthigh way which proceeds to Kenya.

The Aluto Langano Geothermal Pilot Plant is thstfgeothermal plant to be built in Ethiopia. Tlewver plant is
owned and operated by the state power companyojiitin Electric Power Corporation (EEPCO). The plant
composed of two units, the geothermal combinedecyclit (GCCU), which uses the geothermal steam fiioen
hotter wells LA3 and LA6, and the Ormat Energy GCemer (OEC unit) which uses steam from the lower
temperature wells LA4 & LA8 and brine from all fowells. The objectives of the pilot plant were ¢sttthe Aluto
resource, identify any resource or plant-relatedes that could affect the further developmentewitigermal power

at Aluto, allow EEPCo personnel to gain operatind maintenance experience on a geothermal powst, glad to
provide power to the national grid. The projecswdso designed to act as a catalyst for the dpredat of larger
follow-on geothermal plants in the area.

Although the production wells were drilled duringetearly 1980's, as exploration wells, the decigmrbuild a
geothermal pilot plant was made more than a detatde in the mid 1990’s. During the exploratiorogram, a
total of six wells were drilled on the Aluto volaanf which five were found to be productive.

Ormat Industries Ltd of Israel built and installtb@ power plant under a turnkey contract from eaf97 until the
middle of 1998. EEPCo assumed formal responsilfilit the operation and maintenance of both that@ad well
field after commissioning in the middle of 1998.

The designed power output of the pilot plant was28MWe (gross) and 7.28 MWe (net). Shortly after
commissioning, the resource and plant began expenig problems that eventually led to its shutdamvB002.

In 2005, EEPCo issued an international tendertferréhabilitation of the Aluto plant and wellfiglaat was won by
Geothermal Development Associates of USA. The @njnobjectives of the contract was to investightereported
problems and carry out repairs on the plant, vatlfigathering system, transmission line, plantrobrsystem and
provide training for EEPCO personnel. Any additiofaélure discovered during the rehabilitation wase given as
a recommendation. The main rehabilitation contmas implemented beginning in February 2006 throdighe

2007 when the GCCU unit was put back into operatiimder a contract amendment, the retubing of tB€ @nit

was carried out from late 2008 until early 2009 #relunit was put back into operation in July 2009.
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PROBLEMS IDENTIFIED
A number of problems were identified during thetialioperation of the plant and subsequent tohitg slown in

2002 which formed the contract terms of refereraretlie rehabilitation work. These problems can beegally
classified into two groups: those relating to teaurce and those relating to the plant/steamfield.

Resource related problems:

*  Wells unable to deliver steam at design pressure
» Solid emission from some of the production wells
* Mineral deposition down hole and is surface fluadtgering system

Plant/ steamfield related problems

» Leakage of wellhead valves

e Steam turbine bearing wear and high bearing teryrera

» Heat exchanger tube failure

» Cooling tower fan problems

»  Operational difficulties with plant control & moniting software
e Transmission line problems

REHABILITATION WORK PERFORMED
Resource related rehabilitation works

Low operating pressure of wells LA3 & LA6

The most serious problem observed during the irofi@ration of the plant was that the operatingguee of wells
LA-3 and LA-6 falling significantly lower that théesign inlet pressure of the steam turbine. Sulesequell tests
performed by GDA, as part of this contract, alsovedd that the wells are unable to sustain the dipgraressure
that the turbine was originally designed for. Tal@ss this problem, it was necessary to reviewddsgn of the
turbine and implement necessary engineering mesasar¢hat it can operate at lower steam inlet press After

thorough review of the characteristics of the wallecommendation was made to remove the firststages of the
turbine blades to enable the turbine accept thgyddlow rate of steam at the reduced inlet presstihis measure
of removing some of the stages (de-staging) wolliddvathe wells to operate reliably, although atight reduction

in power generated from the steam turbine.

The recommendation to remove the stages was alsedban other practical issues. For example duitieg
rehabilitation work, visual inspection of the fiestd second stages showed that they would requisgar repairs or
outright replacement with new components. The dgisyy process is reversible and if the operatiresqure of
future new wells reaches and maintains the origlealgn pressure, the removed stages can be tethsta

Solid emission from wells:

Some of the production wells were reported as emgitolids into the fluid gathering system resytin blockage
of the piping and parts of the plant. Most of thelle/only discharge solids during the initial opegihowever, well
LA8 tends to produce sand & debris even during mbmperation. In order to resolve this problem, swbutions
were proposed. The first was to design & implenanbperational procedure that will ensure that svate vented
to atmospheric discharge vessels (silencers) dunitigl opening until the flow stabilizes and beee clear of
solids. The second solution is to install strair@rghe wells which continuously discharge solidshsas well LA8.

Mineral deposition:

Due to the reported blockage in some wells andtispected decline in flow, detail investigatiortre condition of
the well bores was carried out using go-devil @adl sinker bars to determine the open diametercament total
depths of the wells. The sinker bar/go-devil loggin well LA-4 conclusively showed that the wellsha major
scale deposition with the greatest restriction pldp near a depth of 2000 m. The sinker bar/gatdegging in
LA-8 discovered a major blockage of uncertain reatafra depth of 700 m. LA-3 had little or no lo$gotal depth
but LA-6 had lost some total depth. It was detaedithat the thick scale recovered from go-dewilsA-4 would
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explain a large reduction in the output of LA-4.eTtecovered fragments of scale from LA4, along fig depth
and shape of the diameter reduction, strongly sstggbat this scale is carbonate scale that forased result of
flashing of the liquid in the wellbore. A majorckage of uncertain nature was also observed 61174 in LA-7.

As this is a reinjection well, it is not known hdhis blockage will impact the well’s ability to amat fluid. Well

work-overs were proposed for those wells with bamk

Plant and steamfield related works

Rehabilitation of the steam turbine

The major repair work undertaken on the plant imedlthe work done to rectify the problems on theQGIGsteam
turbine. During inspection of the turbine rotor, addition to the repairs defined in the rehabilitatcontract,
significant damage to the rotating blades, sealdndb shaft journal area was observed. Damagestmthr shaft

and bearing were also noted. Subsequently, a reemazion to repair the turbine blades and the hestevinade to
EEPCO.

There was heavy corrosion and deposits on partseofotor blades (Figure 1). The interstage draiese clogged
and filled with hard deposits which were later céebof the deposition and cleaned.

There was very little scale deposited on the fitage nozzles, where it normally is found. A scfile was found in
the first stage rotating blades and it was depasiteng the outer section of the blades, nearhthzusls.

5 i A S T
Figure 1: Corrosion of the turbine blades

A section of the rotor labyrinth steam seal appéaoehave been damaged due to wear from contahtanteavy
scale deposit or a foreign object. However, theas no corresponding wear on the mating statiorayrinth seal
(Figure 2).
Other than the damage to shaft bearing journaltarall and steam seals and corrosion on rotatimy stationary
blades, the rest of the turbine appeared to bedasanably good condition and the design and buitdity appeared
to be good.
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Figure 2: Worn Labyrinth seal
The stationary labyrinth steam seals were in gdigezacellent condition.

An investigation was conducted to decide whethewauld be better to repair the rotor in Ethiopiasend it
overseas.

Several facilities in Addis Ababa were visited ahd Ethiopian Airlines (EA) shop appeared to beearellent and
well-equipped facility and a strong candidate foloeal repairs. However, it was discovered that EA shop
repairs damaged shafts by a plating process anahalx@num thickness they could plate was 1 mm. Sdwing on
the turbine shaft was deeper than that.

The decision to repair the shaft in Addis was fartbomplicated in part because the rotor must asdembled for
repair and drawings or experience with this paldictotor design were not available. The needebing drawings
were not provided as part of the original planttcact.

GDA's recommendation was that the rotor be shipfmedexas, USA, where identical turbines from othts
geothermal plants are routinely repaired.

Wellhead valve repairs

The wellhead valves at Aluto had been in serviga since the wells were drilled and completed sehrly 80's.
Major problems observed included, severe corrosfahe valve stem, corrosion and in some instaja@sing of
the gate-segment assembly, erosion & wear of tliy-Beats, damage of the valve gland and bearilysspite
these problems, the valve bodies were in very gaodlition. It was decided that the most cost-effecsolution
was to procure valve spare parts and carry out ter@mce of the valves in stead of buying new wallhealves,
which also involve long lead times. Accordinglyasp parts enough to service most of the 10” anav@thead
valves at the project site were purchased and thietemance carried out. After completing the regaich valve
was pressure tested to the applicable pressurasiare that the repair work was satisfactory. Thmmditioned
valves were subsequently installed on the geothemeiis.

Repairs to Heat Exchanger Tubes

The OEC was taken out of service in 1999 due tmnaer tube leaks. Originally, a total of twenB0f leaking
tubes were reported by EEPCo.

The vessel is a shell and tube heat exchangerapjphoximately 1,641 tubes of welded 316L stainktssl and 20
mm (%4”) OD by 0.035” wall thickness (20 gages) disiens. The tube length is approximately 11.681)(

GDA was tasked with identifying the cause of thekk repairing the leaks, if possible putting thet unto
operation and making recommendations for a long+tsslution.

A tube failure analysis of two leaking tubes wagied out by Jonas Inc. laboratories of Wilmingteif§A. The

major finding of this analysis was that the roots@ of the pitting was the use of wrong tubing malte316L

austenitic stainless steel, which seemed to bauiteble for the chemistry of the Aluto wells. Is@found that the
tube leaks were caused by tube ID pitting, whiclcuoed during the initial service of the heat exwer.

Additional pitting could have happened during thesequent six years of unprotected layup. Thagiteemed to
be more frequent at the bottom part of the tubesrevthere was a liquid layer of condensed steamadtexpected
that pits were present on the ID of most of thetteahanger tubes. Jonas concluded that, withstme

composition of steam and operating conditions, diténg will continue and the heat exchanger widl bnusable
within a few years, therefore total replacemertheftubes would be necessary.

A second analysis was carried out by PowerChervlinflen, Nevada, USA. PowerChem'’s final report jued a
number of recommendations that related to operaaining in order to improve the steam quality,titeg and

startup procedures, etc as well as implementati@anamrrosion mitigation treatment program. Thecticality and

feasibility of isolating (by plugging) the failedlies and putting the unit into operation, as a teany solution, was
extensively investigated. However, successive prestests after plugging leaky tubes proved to msuccessful
due to discovery of more leaky tubes after eaclsqune test. It was decided to replace the faildg<iwon the
vaporizer and the first two passes of the preheattdr more corrosion resistant tube material — 22Z0plex

stainless steel.
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Other Rehabilitation Works performed

Various additional tasks and reviews were carriedduring implementation of the rehabilitation pbhad number
of recommendations on well work-over, staffing atmdining, establishment of plant & resource moriitgr
program, required plant spare parts were submitted.

In addition, investigation of the problems and mgttthe plant control system (Programmable Logiai@d) back
into operation was carried out.

The Fiber Optic communication link between the pkamd the Adami Tulu sub station was repaired

Investigating the problem and undertaking the resmgsrepair, including supply of parts, for the loog tower fans
& proposing long-term solutions was made.

Inspecting the problems and reviewing the desigthefl5 kV transmission line between the power tptard the
substation and providing recommendations to enalikgble operation was done.

FUTURE WORK S

A number of follow-on tasks are required to be iempénted to complete the rehabilitation work anduen$ong-
term reliable operation of the plant and resouBzene of these follow-on tasks include:

»  Work-over of wells which have blockage in the welig
* Implement chemical inhibition system for those wellith chemical deposition
* Implement resource (reservoir & geochemical) amahipberformance monitoring program

CONCLUSION

Geothermal energy is one of the available renewabérgy sources in Ethiopia and can play an impbrtale in
supporting the current generation. Geothermal pasveapable of providing a base load to supplernfenexisting
mainly hydro-based power generation system. Urilik@ro power plants, geothermal power also has #mefit of
not being affected by drought patterns.

Based on the experience gained during the rehatimlit work, the following observations and suggesi are
made:

1. The Aluto plant is a relatively complex plant toesgte and maintain when compared to back pressure o
even condensing flash plants of similar size. Bui#s complexity, it requires oversight and manaece
by an experienced team of plant and resource d@tsia

2. In order to expand the use of geothermal enerdstiiopia, training of Ethiopian personnel in theigas
aspects of plant and wellfield operations and nesiahce should be an ongoing process.

3. An experienced geoscientist, responsible for timg-@rm operability of the wellfield, including @srce
monitoring, scaling monitoring and mitigation woudd beneficial.

4. Successful operation of a geothermal plant requadequate and timely supply of tools, equipment and
consumables, therefore a well-organized spare paotsurement and storage/retrieval system mustube p
in place.
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