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Introduction

Schluchseewerk AG, which was founded in 1928,9pexialised pumped storage plant operator in thghS&/'est
of Germany. The company owns five pumped storagetpl(PSPs) with a total of 20 turbines/pumpsgenttrates
1,800 MW by turbine operation and 1,600 MW by puoperation. The last of these five plants was corsimiged
in 1976. In 2008, plans were publicly announceddweelop the Atdorf pumped storage plant (PSP). Witlapacity
of 1,400 MW it will be one of the most powerful ISR Europe.

In late 2010, a consortium consisting of ILF Cotisgl Engineers (ILF) and AF-Consult (AFC) was avetdhe
contract to perform the overall design servicedlits hydropower project.

The consortium is now in the process of finalising permit application documents. A large parthef application
documents has already been submitted to the pergnétithority, the District Administration Officd BValdshut in
the German state of Baden-Wuerttemberg. The docisnhene already been checked for completeness arel w
declared to be complete. TR&anfeststellungsverfahrem short PF procedure, a permit application pdoce

which includes the EIA, was officially launchedJane 2012, and will presumably end in 2015 with the
Planfeststellungsbeschlygke final decision of the approval authority. dsftive decision of the approval authority
will cover all the permits needed for the constiautiand operation of the plant.

This paper starts with a short introduction of pienned HPP project. It includes a descriptiorheflbcation and
size of the project area, the technical data, gyepkant components and the design strategy. Senigileand water
engineering activities have been seledtetlustrate how the design of the constructiorrkgovas improved to
minimise possible impacts resulting from noise tdubrations and land use, especially during awrasion.
Further optimisation initiatives were aimed at ilmyng the functionality and profitability of thegject.

A quick overview is given describing the designqadure, the PF procedure as well as its timelir@érmany in
general. A description is provided, which explaims comprehensive and complex nature of the apjaica
documents needed for a PF procedure and whichestthe specialist disciplines involved.

The Atdorf PSP is used as an example to explaichvi@quirements a large-scale project, which thénpublic
eye, has to meet today in order to successfullypteta the permit application procedure in Germdme key role
played by environmental, technical and legal issnesich a permit application procedure is alsouwfised. Various
factors affecting the timeline of the design pragedand the permit application procedure are adizated.

The important ecological assets which need to beepted, such as Natura 2000 areas and protectetbspare
addressed. The extensive planning and design wathgespect to compensation measures are alsergegsin
brief.



1. Short introduction to the Atdorf PSP
1.1 Location of the project area
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Fig. 1. Overview of the project area

The below-ground facilities in the surroundinggtof powerhouse cavern and the transformer caverbevi
accessible from the premises of the existing W& Ria a 3.2-km-long access tunnel.

A new 380 kV overhead power line will not have wibstalled, as the existing power transmissiotesydetween
the Wehr PSP and the Kilhmoos switchgear can be lisedy has to be upgraded with additional condrs;
stronger pylons and tower cross arms. In additiothé power transmission system, the plant prenoiktdee

Wehr PSP can also be used. These synergy effdtfg@iumably have a positive effect on the peapjlication
procedure.

1.2 Key technical data of the Atdorf PSP

The key technical data of the Atdorf pumped storalget (PSP) can be summarised as follows:
» Live storage: 9 million m3 per reservoir

* Head approx. 600 m

*  Flow rate (pump operation / turbine operation) agp200 / 270 m3/s

* Installed capacity: 1,400 MW, working capacity: epp 13 GWh

*  Six machine units, machine type: single-stage Fsgmaemp turbine, operating capacity of turbine agien:
approx. 60 to 1,400 MW, operating capacity of pusppration: approx. 160 to 1,400 MW

The implementation of this power plant would leadt increase in the pumped storage capacity im@ey of
almost 25%. This underlines the importance of pihgect from the energy policy and security poifview.

1.3 Design strategy and operating concepts of the AtdbPSP

The operating requirements to be met by the AtB&®, especially with respect to flexibility as wedl availability
and reliability, are very stringent. On the onedahe plant shall be designed for grid controinary control,
secondary control, minutes reserve) and, on therdthnd, for energy storage. The operating modepiiee pump
operation, turbine operation anehctive power provision.



These requirements are not just to be met by thehamécal equipment, but especially by the hydrasystem
(headrace and tailrace tunnel system) in orderdegnt operational constraints and to ensure & plailability
and reliability of up to 100%.

1.4 Components of the pumped storage plant

The main plant components are described belowgplaso refer to the schematic longitudinal cressisn of the

headrace and tailrace tunnel sysiarfig. 2, as well as to the 3-D graphic of thentelnand cavern system in

Fig. 3):

«  Upper reservoir with bituminous concrete surfacdisg and ring dam as rockfill dam, including twradke
towers

¢ Two 710-m-long vertical pressure shafts with indiemmeters ranging from 4.8 mto 5.0 m
« Powerhouse cavern and transformer cavern with aceslogistics tunnels

« Tailwater surge facility consisting of a verticladt and several surge chambers

¢ 8.5-km-long tailrace tunnel with an inner diametarging from 8.5 m to 10.2 m

e Outlet structure in the lower reservoir

« Lower reservoir with main dam constructed as retlempacted concrete (RCC) dam and two other dam
structures constructed as rockfill dams, partiadih bituminous concrete sealing
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2. Permit application requirements of the project
2.1 General requirements to be met by a project whichs subject to a permit application procedure under
German law

In Germany large-scale construction projects regaitwo-stage permit application procedure. Ttst tage, the
Raumordnungsverfahreaspatial planning procedure, serves to determingdéneral feasibility of the project as
well as the effective integration of the projedbithe surrounding environment. Once the spatetmihg procedure
has been completed successfully, the second stejelanfeststellungsverfahrea permit application procedure,
serves to acquire the ultimate authority approval.

As arule, the permit application procedure foydrbpower project is effected by the responsildadratsamtthe
district administration office, or the responsibkndkreis the administrative district. Especially with largeale
projects, which affect more than one district, fiiescedure may be transferred to Reggierungsprasidiumnthe
superior district government.

In contrast to the spatial planning procedure pigrenit application procedure requires the prepamatif a detailed
technical design. Apart from the constructionaligle®f the hydropower plant, this mainly involvesdepths
statements on the hydrology, geology and hydroggdbat also on the seismicity of the project afeaa basis for
these expert reports, exploration programmes arergily implemented and groundwater, spring anerriv
monitoring campaigns are conducted over represeatperiods of time. In addition to this, expenpoets on sound,
vibrations, climate/air, soil, etc. but also on titeject’s significance from the energy policy aeturity
perspective are prepared, using pertinent invetiggand calculations.

The description of the environmental impact repnesa key component of the permit application pdoce. This
requires a thorough mapping of the project area. dvironmental study contains information on tkistang flora

and fauna and describes the impact of the projeth® individual ecological assets. On accounheflégal
framework conditions, particular importance is goditached to the application parts “ProtectioBpdcies” as well

as “Natura 2000 Appropriate Assessment”, i.e. goaich study for Natura 2000 sites. Thedschaftspflegerische
Begleitplan the environmental impact mitigation plan, descrittesmitigation and compensation measures needed
to compensate the project impact on the individwealogical assets.

If a priority habitat type or species is affectttk opinion of the EU commission is to be soughdignificant
interventions in Natura 2000 areas are to be eggdeein exceptional authorisation procedure is tpdvéormed.
This procedure not only requires “imperative reasofhoverriding public interest” to be stated kwlgo requires a
compulsory assessment of alternatives to be camriedA comparison of alternatives is to be maddeimonstrate
that there is no reasonable alternative to theeptdpr which the permit application has been stiteahi As a rule
this also includes a review and assessment ohalige sites.

Start of
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Fig. 4. Flow diagram illustrating the permit appéiton procedure



2.2 Key challenges and optimisation initiatives duringhe technical design of the Atdorf PSP

After ILF and AFC were commissioned with revisiig tconceptual design and the permit applicatioigdethe
respective design concepts were checked in detadlbwing the design review, an intensive discussiad
decision-making process, which involved all projeatticipants of Schluchseewerk AG was launchefyrbe
individual project optimisation initiatives weretégrated into the design (see also Lit. 4).

One key task was to optimise the existing desigmfrove the project’s chances of receiving auti@pproval.
The main task consisted in reducing adverse imghoiag the construction phase. To this end, thsiraction
sequence and the material logistics, as well asxbhavation material and transport concept belodvadrove
ground were analysed and optimised with respespaze requirements, traffic emissions, noise, dilstations
and temporary material storage.

The permanent space requirements in the operatiagepwere also reduced to a minimum. In the cafrdese
design activities, it was also possible to redeertumber of sites required for the disposal ofemiatfrom the
excavation of the upper and lower reservoir. Assult, some of the initially planned muck dispcseds in
ecologically sensitive areas could be eliminated.

These modifications were presented to the autkeribut also to the communities and the residéfestad, as well
as to environmental organisations, and receiveaksdipe response.

In the course of the environmental planning andprenit application design as well as the prelimyrraview of
the project by the authorities, additional topierevidentified, which turned out to be very chalfieig for the
engineers, but which could be solved successfullyjioint effort of all project participants. As arample,
reference shall be made here to the topic of eaatke) safety for the dam structures. In this conteav ground has
been broken with respect to analysing and defittiegorobability of earthquakes occurring in fadhe areas
located close to the project area. With the helpxplerienced external scientists and experts dissidn
seismology it was possible to resolve this issue.

The Atdorf project involves constructing a total2sf km of tunnels and shafts, where groundwatéminfnay
occur. Sealing the underground structures was foahé necessary to minimise the impact of the trocson
works on the groundwater regime and thus on thiasaiwater regime including wetlands, springs avers. Here
too, new ground has been broken as regards thensgt design of sealing solutions and the assegshthe
remaining drainage impact as well as the inteiniaiatof hydrology and ecology.

Apart from adjusting the project to obtain authpépproval, the project was furthermore optimiseteims of
plant functionality and operation efficiency. Theg#imisation initiatives included for example nuioal and
physical model tests for the headrace and tailsgstem, the surge facility and the outlet structnréne lower
reservoir (see also Lit. 1., 2. and 3.d&iver a layout which is perfectly tailored to ghiject requirements.

The actual building structures were also optimisét regard to design considerations, materialciee and
construction works, and last but not least cogiatiifeness. One example is the RCC dam of the |osservoir
(instead of the initially planned rockfill dam), igh will now be constructed using tried and testedcrete
technology.

Another key objective of the permit applicationigeswas to allow for the greatest possible flexipiin the
implementation of the project, despite the veradet! preparation of the permit application docutaebltimately,
every design shall present the project in a pasitght not only as regards approval but also gands plant
functionality and cost efficiency, in order to raag positive decision for the plant to be built.

2.3 Focal points of the environmental planning and theermit application design of the Atdorf PSP

The environmental planning and the permit applicatiesign of the Atdorf PSP require very compreivens
environmental investigations. In the scoping of pleemit application procedure, an investigatioraasEmore than
4,500 ha was defined, which was later even expatal600 ha due to additional findings. At timesms of
more than 30 biologists were in the field to cdllgervey data.

The main focus of these survey works was on a cehgmsive and detailed documentation of biotopestyas well
as groups of plant and animal species, includingses, lichens, birds, bats, reptiles, fish, locusstles,
dragonflies, crayfish and macrozoobenthos. In @&idib this, comprehensive investigations weregrened
focusing on the remaining impact during construgtiwhich could not be eliminated despite succesygitimisation
efforts (see information above). These investigatimcluded projections of construction noise expedsor the
resident population down to the individual buildimg well as residual air pollutantissions. The investigations
also included a separate expert opinion on vibmatgiue to blasting, construction and traffic, anmelnean expert
impact assessment on construction site lightinghdunorning and evening hours. In the end, alsa @sult of
extensive optimisation measures with respect tetcoction sequence and logistics, compliance highrespective



legal limit values could be ascertained in almastrg respect. Where compliance cannot be achieadatitional
protection measures (e.g. sound protection meagaresrtain residential buildings) will be taken.

As regards the impact of the underground structdreénage effect on the environment, especiallyivers,
springs and groundwater-dependent biotopes, extensapping and investigation activities will be uzgd. Due to
the size of the project area and a lack of pregigicdhe phrasing of the legal regulations, in sénséances new
ground has also been broken with respect to thaagdetogical approach.

2.4 Special challenges in the permit application procade

The authorities responsible for project approva generally positive towards the project, and aflifi were
optimistic about the timeline for the permit apption. However, in the course of the permit appiocaprocedure
some challenges emerged, mainly concerning thewallg issues:

» Scope and complexity of the project which led tonamprehensive design and planning documents and
expert opinions

* Involvement of many different authorities

» Local and regional authorities’ limited experienaith large hydropower projects and the necessignploy
additional experts on part of the authorities

* Ambiguous or non-existent legal regulations andgpes due to the fact that no pumped storage piojeave
been approved or built in Germany in the last desad

» Additional requirements regarding public participatwhich resulted in an exemplary but also vemptex
solution in the form of round table discussions

* Alack of experience and specifications for impl@tirey nature conservation requirements for pumperchge
projects, such as how to handle hydrogeologicalctgfwith regard to Natura 2000 (Habitats Diregtive

The most recent pumped storage projects were pliaané built in the 1970s in Germany, in a completifferent
regulatory environment. (The Goldisthal pumped aer plant built in the 1990s is a special case hvhias
implemented with simplified procedures in the ceurs the German reunification). That is why iniyathe
authorities and Schluchseewerk AG had no up-to-e&perience of how to proceed with the permit aggbion and
approval of a pumped storage plant in Germany. Thallenging initial situation was also analysedtbg EU
research project “Facilitating energy storage tovalhigh penetration of intermittent renewable gyer stoRE”
(Lit 5).

2.5 Legal situation

Another particularity is that in the relevant laassd regulations PSPs are not explicitly mentiomethe lists of
projects. As a consequence, the project had taddeeb down into several separate permit applicatmmponents:
the upper reservoir as technical water storagditiadhe lower reservoir as artificial water bodize headrace and
tailrace systems as pipelines, and the caverngagiges. The overhead power line was the onlypmment for
which directly applicable legal specifications wéamneplace. These separate permit application compisnare now
combined in one permit application procedure. Tlaeea number of other subject areas for whichigefft legal
regulations are not available in Germany, suchitagenpollution of construction site wastewaterassessment of
earthquake safety. That is the reason why in soases international regulations were used, as wegal |
regulations of neighbouring countries (especiallyt®erland and Austria) having more experience atlge-scale
hydropower facilities.

2.6 Coordination with authorities

On account of the challenges described above, guariourse of action for the permit applicationcedure was
agreed with the authority at an early stage. Thhaily was integrated in the design process eamlywith close
coordination of authority, Schluchseewerk AG, desig and experts. This was done by holding intensegular
meetings (at least on a monthly basis) and by gsiog the application documents.

Usually a client prepares all the application doents together with designers and experts and thigmits them in
a package directly to the approval authority fdioanal check for completeness. For the Atdorf PSdifi@rent
procedure was chosen. In a first round, the authoeceived all parts of the application for aroimfal preliminary
check. In the process, the majority of the docult#n was divided into several parts and submitiedjressively
from mid 2011 until early 2013. The feedback frdme authority was examined, discussed with the aiyhand
either integrated into the documents or rejectatirgg a reason for rejection. In the 18months ef pheliminary



check, the authority made several thousand commalhtsf which have been processed in the meant8iree mid
2012 the documents that have passed this qualigkclare submitted progressively for the formallyeided
completeness check. In this second round of revitw, authority has only issued a few minor comments
Additionally, Schluchseewerk AG has agreed to hgtire authority appoint independent experts fociigetopics
(e.g. earthquake safety, structural analysis okwes; underground works, hydrogeology). They wél fmid by
Schluchseewerk AG and will assist the authorityr@aking their technical expertise available.

Fig. 5. Submission of extensive permit application docugtemtreview by the authority (June 2012)

This course of action results in top quality docatseas can be seen from the low number of authocoinments in
the second round of review (check for completenddsyever, this course of action also entails gef&drt in

terms of time and cost. In the end, the proces®wipiling and reviewing all application documenifi have taken
more than three years.

2.7 Public participation

Public information and participation have playedesy important role for the project right from tls&art. Since
2009 more than 100 information events have beedwtad. The growing significance of public partatipn also
becomes evident through the organisation of a “RoLeble” for the Atdorf project; the Round Tablesaset up at
the recommendation of the state government. Intergieparations for the round table discussionk pbace in the
first half of 2011; from June to December 2011 @bnary meetings were held as well as numerousapasiggry and
follow-up workshops. More than 40 stakeholders wieuded in this independently organised and mateel
process, which contributed to making the discussiotore objective. This process has so far beenuaniqg

Germany because it was financed by the clientcastof more than 1 million Euros.

2.8 Environmental planning

Another challenge only became evident in the coofsthe environmental planning. Although the locatof the
project has been chosen to avoid any direct negatipact of construction sites on areas protectetbiuthe EU’s
Flora-Fauna-Habitat Directive, it was found thadifect negative effects on nearby protected arsas eesult of
construction and subsequent operation cannot bededa with the required degree of certainty. Exaeapre the
extensive underground structures and the assocjmtmhtial hydrogeological effects on wetlands,irggs and
rivers.

Due to the scope of the project and the partly vemjuable natural assets, very comprehensive eicalog
compensation measures will be required in ordeotaply with the stringent nature conservation spetions. All
in all, compensatory measures will be implementedri area covering some 700 hectares; the earmbudeget is
in the range of a high, two-digit million Euro figu As a large portion of the interventions affdot®st areas, this
is where the focus of the compensatory measurg@daied. In numerous individual areas in the munidigs
located around the project site, the forest stmactund composition will be improved, returning fbeest to a near-
natural state and ending its silvicultural use. F@merous rivers and springs ecological improvemegdisures are



also planned. In the course of this process, tadyeipecific measures will be implemented for nmibes 70 animal
species in order to improve their habitat condgiand to compensate for the areas that will disappe

2.9 Economic framework conditions

At the time of the start of the project in 2008 ttconomic framework conditions for the operatib®P8Ps were
very attractive. The project was originally pursweith great urgency: the initial plan was to stawhstruction in
2012 and to put the plant into operation in 2018®&Gmong other things because there was a tinieditil 2019

for financial incentives for the construction of &S

From 2010 on the economic situation started to gbawith this change becoming more pronounced thcéhe
price margin between base load electricity and me&tricity, and the overall price level on theatticity market
have greatly decreased, partly due to the rapiddying electricity generation from renewable enesgurces and
the available pertinent funding mechanisms. Furntioee, the price levels for grid services such asgny control,
secondary control and minutes reserve have rectaitiyn. Last but not least, the investment strerajtthe power
corporations has also decreased due to developroerite energy markets. All in all, this means thaestments
in new PSPs are currently not attractive from amential point of view, although their necessitynfran energy
policy and security perspective is confirmed by ¢giheat majority of experts. This situation has baddressed by
decelerating and making the time schedule morebilex offering an opportunity to react in the bestssible
manner to future developments on the market. Shekewerk AG assumes that the services of PSPshwill
required on a permanent basis and that this veth ihd expression in the remuneration situatiothenmedium and
long run.

3. Outlook

By the end of 2013, all application documents Wélsubmitted to the approval authority. Subsequetité
complete package of permit application documentisofficially be made available for public viewingn this
period, residents, as well as environmental orgdaioiss as well as competent authorities and otiterésted
stakeholders will have a chance to submit commantbjections in writing.

At the end of this authority act, a public discossof the permit application will take place. Fewsral weeks, the
approval authority will listen to all the object®mnaised and will once more thoroughly review thiéenrange of
topics and interests affected by the project deditpe information gathered from the permit applmatdocuments
and from the public discussion is then used assi liar the preparation of the actual authorityrappl, which will
presumably involve a number of requirements anthéurprovisions. The authority approval is expedtede
issued by mid 2015.

Once authority approval has been granted, thepteade comprises the tender design, the tenderouggure and
the pre-contract award negotiations for these lamgde construction lots. Schluchseewerk AG expibissphase to
last approx. 2 years. This means that by mid 20t/market research on construction details wikdmpleted and
all facts needed to decide if the plant shall bié,bwill be on the table.

Once a positive decision has been made, a serggioities requiring a longer lead time, will bétiated
immediately. This includes environmental compemsatheasures as well as decisions on the configuratid
manufacture of the tunnel boring machine (TBM).sTibieparatory phase prior to construction will takether two
years at most so that construction works could 812019. With a construction period of 6 yeangetion start-up
would then be possible by 2025.

Once the authority approval is legally effectivtayill be valid for five years. This allows the tut course of the
project to be slightly adjusted to market developtae

The Atdorf PSP of Schluchseewerk AG representshanattal cornerstone in the development of enstgyage
facilities and in the effort to achieve grid stélilwhich is essential for the energy transitiongess in Germany
and especially for the further development of wamdl solar energy.
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