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[TPOAOT'OX

H ETNoIa EKBECN TOu TUNHAOTOC FEWAOYIKAG EMIOKO-
rMNoNg via To £€10¢ 2010 anoteAEi cUVTCUN NAOPoUsIa-
Oon TWV OTOXWV, TOU EQYOU, TWV dPACTNPIOTATWY KAl
EPYAOIVV TOU THAMATOG, ONwG kadopiZovial Kal
anoppeouv and T apuodIOTNTEG, TNV anootonn Kal
TO pOAC ToU £APUGZOVIAC TIC OXETIKEC VOUOBEGIEC,
dpwvtac nAviote ota naaiola tng SIOKNPUYHEVNC
NOAITIKNG TOU YNoupyEiou FMewpyiac ®uaikwy Mépwv
kai NepIBaRfAovToc.

01 dpactnpIGTNTEC TOU TUNHatog MewAoyIkNg ENIOKO-
nnong, OnNwc AUTEC anoppEoUV anod TIG KABOPIOHUEVEC
apuodIOTNTEC, CUVEXWCE SiIEUpUVOVTAl yia va avIano-
KPI8oUV OTIC KOIVOTOMIEC KAl TIC CUVEXEIC EEEAIEEIC Ka
OTa OXESIa Pag Yia ENEKTAcN Tou NESIOU CUVEPYACIAC
HE vIonouc Kai EEvouc dopeic SiadpauatiZzovrag nio
oUCIHEN PONO CTNV KUMPIAKn KOIVWVIa Kai ENtuyxa-
VOVTIaC HEYAAUTEPN CUKBORAN OTNV £BVIKA CIKOVOWMIa.

Ta yewhoyika nenpayugva yia to 2010 cuvoyiZovtal
OTIC EPYACIEC NMOU Eyivav, OTa EPEUVNTIKA NPoypau-
HOTa NOU EKNOVNBNKAVY, KAB®E KAl OTIC UNNPETIES Kal
YVQMATEUCEIC NouU 80BNKav 610 dNUOCIo Kal IBIWTIKG
TOMEQ.

Ol TPEIC BAGIKEC BeUATIKEG vOTNTEG, YdaTiKol Nopol,
OpuKTOoi NGpoI KAl AoPNUEVO Kal DUsiKO NepIBannov
€EakonoudoUV va anoteAoUV TOUC GEOVES TwV EpYa-
Olv Tou TUANAtTog, Onou SIatiBeTal To NEYARUTEPO
MoooCTO TWV AVOPWNIVWV KAl OIKOVOUIK®WV NMOpwV.

WnAd otnv 1IEpAPXNON TWV NMEOTEPAIOTATWY ToU TUA-
MATOC NAPANEVEL O EVIOMIONOCS VEWV UNOYEIWV USPO-
dopéwv Kal n napakoAouBnon TnE Kataotaong Toug
MPOG IKAVONOoINoN NOIOTIKA KAl MOCOTIKA TWV AVAYK®V
TNG oUYXPOVNG Kolvwviag ue 181aitepn Eudacn otnv
uSdaTonNPOMNBEIA KOIVOTATWY GE NUIOPEIVEC NEPIOXEC.

H avaykn gEacdaniong katdAAnAwy Kal KAANG Noio-
TNTAC OPUKTWY NOPWY, YIA Napaywyn Npotwv UAnv
YIQ TOV KATAOKEUAOTIKO KAl CIKOSOWIKO TOUEQ, IKAVO-
NOIEITal PE TNV EESIBIKEUMEYN EPEUVA, UE TNV Edap-
goyn KavoTopwy LEBOSWV VIO EVIONIOUO VEWV KOI-
TACUATWV KAl JE TN CUVEXN EMITAENON TNG ayopac
adpavav Kai AATORIKMY UAIKWY YIa Okornoug EAEYXou
NG NoIOTNTAG KAl £QAPHOYAC TWV EVOESEIVHEVWV
NEOTUN®YV.

H avantuén gvoc acdanolc dounuevou nepiBAfno-
VTOC aARd Kal 0 0pBOC OXESIACUOE TNC XWPOTAZIKNG
NOAITIKAG NPOUNOBETOUV TN YVWOON TWV YEWKIVEUVEV
(CEIOMIKOTNTA, KATOAICBACEIC KAl EVEPYA pAyuata)
KAl TNV EKTIMNCN TNG EnIKIVOUVATNTAC, VI autd Kal
EKMOVOUVTAI Ol aVANOYEG EEEISIKEUMEVEG UENETEC KAl
KATACKEUAZoVTAl XAPTEC EMKIVOUVOTNTAG UE NPOTE-

PREFACE

The annual Report of the Geological Survey
Department for the year 2010, constitutes a short
presentation of objectives, activities and works of
the Department, as they are determined and
derived from the competences, the mission and the
role of the Department, applying the relative
legisiation, always acting in the framework of the
declared policy of the Ministry of Agricultural,
Natural Resources and Environment.

The activities of the Geological Survey Department
as derived from the defined competences, are
continuously extended in order to correspond to
the innovations and the continuous developments
and to our plans for extension of the field of
collaboration with local and foreign institutions,
playing essential role in the Cyprus society and
achieving higher contribution to the national
economy.

The geological activities and happenings for 2010
are summarized in the work carried out, the
research projects, as well as the services and
consultancies that were offered to the public and
the private sector.

The three basic thematic units, Water Resources,
Mineral Resources and the Built and Natural
Environment, continue to consist the main
directions of works of the Department, where the
higher percentage of the human and financial
resources is allocated.

High in the priorities of the Department remains
the detection of new aquifers and the monitoring
of their condition to the qualitative and
quantitative satisfaction of the needs of modern
society with particular emphasis on water supply of
communities in semi-mountainous regions.

The need to guarantee suitable and good quality
mineral resources for the production of raw
material for the construction and building sectors,
is satisfied with specialized investigations, with the
application of innovative methods for defining new
reserves of industrial minerals and rocks and with
the continuous surveillance and quality control of
the aggregates produced with regards to the
existing standards.

The development of a safe built environment but
also the appropriate design of land-planning policy,
presuppose the knowledge of the geohazards
(seismicity, landslides and active faults) and the
estimation of vulnerability of those areas. Therefore,
specialized research projects are carried out and
vulnerability maps are compiled with priority to the
sensitive areas and the urban centres.

Etrioia ‘ExBeon 2010- Annual Report 2010 7



PAIOTNTA TIG EUNABEIC NEPIOXEC KAl TA AOTIKA KEVTPA.

ITOV TOMEQ TOU NEPIBAAAOVTOC, TO TUNUA SIEUPUVEI
TIC S5pacTNPIOGTNTEG TOU YIa anoKataoctacn tou Guoi-
KoU nePIBAAAOVTOC OE XWPOUC Nou Agitoupyncav
JMETARAEia XaAkou, QEIoNOINVTAC TIC YVWOEIC Kal
EMNEIPIEC NOU ANOKTABNKAV KATA tnv anokatdoctacn
TOU WETAANEioU ANIAVTOU.

H cuotacn, n noidétnTta Kal Tuxov punavon tou £564-
douc anotefoUv NAPAUETPOUC TNC NEPIBAANOVTIKAG
yewnoyiag nou kataypadovtal Kai EpunvelovTal oTa
nAaiola Tou Fewxnuikol Xaptn tng KUnpou, o onoiog
Bpioketal o EEAIEN.

OeuenIWONG epyacia, yiI' autd kal divetal 1diaitepn
nPOCOXN Kal onpacia, eival n edapuoyn gEeniyuévng
TEXVOROYIag Kal n cuvexng avapasuion tng noidtntac
NG CUVOXNG KAl TN oudBatdINTag tng TPANEZAd
VEWOESOUEVWV MPOC IKAvonoinon Twv anaitnoEWV
ToU dnPOcIou affa Kal ToU 181WTIKOU TOMED.

01 KAJATIKEG METABONEG UE OPATO NAEOV TOV KivOUVO
NG AnNEPNNWONG, O CUVEXAG KivBUVOG yia punaveon
TwV VEPWV, aARA KAl N CUVEXNG MEIWON Twv anobe-
MATWV OPUKTWV NPOTOV UNwV EMRARROUV TNV QEl-
®Opo dlaxeipion YE HEBBSOUC PIAIKEC NPOC TO NEPI-
BAAAoV Kal uE OERACHO OTIC ENOMEVEC YEVIEC.

MOVINOG OTOXOC Kal GUVEXNG npoondecia eival n
napaywyn £€pyou UPYNANG noidtntag Kal ENCTNUOVI-
KNG apTioTntag. O otdXxoC autog anotenel SECHEUCN
1600 via uéva nNpoownikg, 6oo Kal yia T0 NPocwniko
TOU TUANATOC. TO KATAPTICHEVO Kal KAaTdAANAG EKNal-
SEUMEVO EMIOTNHOVIKO KAl TEXVIKO NPOCwnIKG Kal n
agionoinon tou SIABECINOU TEXVIKOU €EONAICUOU
anoteAOUV TO EXEYYUO VIA TNV ENITEUEN TOU NIO NAVW
OTGXOU KQal YEVIKA TNG anocTtonig Tou.

Ektuu® 6t to THANG avianokpionke ME ENAPKEIQ,
ENAYYEANATIONO KAl UNEUBUVOTNTA CTIC UNOXPEWCEIG
TOU €vavtl TOU KPATOUG KAl TOU NoAiTn, xapn otnv
€EAIPETIKN GOUAEIA TOU NPOCWNIKOU NOU 03AYNCE OE
EMITUXIEC Kal ENITEUYNATA Kata to 2010.

Concerning the environment, the Department
extends its activities on the rehabilitation of areas
where old copper mines operated, applying the
knowledge and experiences which were acquired
from the restoration of the Asbestos mine.

The composition, the quality and the possible
poliution of soils constitute parameters of the
environmental geology, which are recorded and
interpreted in the framework of the compilation of
the Geochemical Atlas of Cyprus, a project that is
under development.

Fundamental work, which gets particular attention
and importance, is the application of modern
technology and the continuous upgrade of the
quality, the integrity and the compatibility of the
Geodatabase to the satisfaction of the
requirements of the public but also of the private
sector.

The climatic changes with the evident danger for
desertification, the continuous risk for the pollution
of waters but also the continuous reduction of
reserves of mineral resources as raw materials,
impose the sustainable management with
environmentally friendly methods and with respect
to the generations to come.

Permanent objectives and continuous efforts of the
Department is the production of work of high-
quality and scientific completeness. These
objectives constitute a commitment for myself and
the staff of the Department. The highly qualified
and well-trained scientific and technical personnel
together with technical equipment of high
technology ensure the achievement of the above
mentioned objectives and the mission of the
Department in general.

I am convinced that the Department responded
with sufficiency, professionalism and responsibility
to its obligations towards the state and the citizen,
due to the exceptional work of its personnel, which
led to successes and achievements in 2010.

Me ektiunon

Ap EAgvn Fewpyiou-MopIioow

AlguBuvtpia

Respectfully

Dr Eleni Georgiou-Morisseau

Directress
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1. TO TMHMA I'EQAOT'TKHXZ
EINIXKOITHXHX

1.1. H ANOZTOAH KAI Of APALTHPIOTHTEZ TOY
TMHMATOZ

To Tunua FrewioyikRg ENICKONNoNG, ToU YNoupYEiou
rswpyiag, GUoIKOV Népwv Kai NepIBAAnovtoc ival o
TEXVIKOG CUMBOUNOC TOU KPATOUG VYIA Ta YEWAOYIKA
BEuarta, EKT6¢ and toug YOPOoyovavepaked.

Anoctofn tou TURPAaToC Eival 0 EVTONIOUOC Kal Nnpo-
gtacia Twv unoyEiwy VEPMV, O EVTOMOUOC Kal ava-
MTUEN TV OPUKTWY NOPWV Kai n npoatacia tou dopun-
HUEvVou NEPIBAANOVIOE and yewkivéuvoug. MNapdann-
Aa, Npodyel Tn YEWAOYIKN £pEUVa HECW ENICTNHOVI-
KWV NPOYPaUUATWV O CUVEPYQCia UE evIOna kal
Zeva akadnuaikd kar pguvnuka 1ISpudata. ¥nia ot
NPOTEPAIGTNTEC TOU THNKATOC IEpApXouvTal Eniong ol
UMNOXPEWOEIC NOU anoppPEOUV ano tnv Eupwndikn
"EvV@oNn OTa B£uata TNG apuodioTnTAg Tou.

Mpog ekNANPWON TNG ANOCTONANG ToU, TO TUANA EKTE-
Ael TIC Mo KATw KUPIEC SpacTNPIOTNTEC:

° ‘Epeuva, napakofoudnon Kal npootacia
TWV UNOYEIWV USATWY,

° ‘Epeuva via evionicuo, agloAdynon Kai
aflonoincn Twv OPUKTWV Ndpwv,

° FEWTEXVIKEC MENETEC/EPEUVEC VIO TN BEUE-

Aiwon avantuilaKk®Vv KATOOKEUAOTIKWV
£pywV ToU KpdTtoug,

° MERETN TWV YEWKIVOUVWVY HE OTOXO Tnv
£AAXIOTONOINCN TWV CUVENEIWY TOUC,
° MeAETN TNG CEICMIKOTNTAC TOU Kunpiakou

XWPOU KAl CULBOAN OTO OXESIACUO AVTICEI-
OMIKWV KATAOKEUWY,

° MEAETN TNG YEWAOYIKNG SOUNAG Kal EEERIEN
TOU KUMPIAaKoU XwWpou,
o AvAnTtu&n Tou ToNEa NEPIBARAOVTIKAG YEW-

Aoyiag NE Eudacn OTa YEWXNUIKA OTOIXEIa
TWV £8adWV KAl UNOYEIWV VEPWV,

° Edapuoyn tTNG MANPODOPIKAG Kal XpAon
E18IKWV AOYIOUIKWV NPOYPAUUAT®Y,

. EKSO0EIC YEWAOVIKWV XAPTWY KAl EKBECE-
WV/HEAETWV.

TtoxoC¢ Tou TUNPATOC gival n avapasuion Tou ponou
TOU JE:

° Tn BEATIOTONOINCN TWV UNNPECIWV KAl NAN-
podOPIVV NOU NPOCdEPEI TO THANA TOCO
Ot OUVEPYAZOMEVEC ONUOCIEC UMNNPECIEC
600 Kal oToVv ISITIKO TouEQ,

° Kafutepn €EunnpETnon Kal EVNUEP®WON TOU
noAItn Nou enItUyxavetal yEca ano tn ota-
SlakA avapaeuion tng noidtntac Twv unn-
PECIV NOU NpoodEpovtal,

1. THE GEOLOGICAL SURVEY
DEPARTMENT

1.1. THE MISSION AND ACTIVITIES OF THE
DEPARTMENT

The Geological Survey Department of the Ministry
of Agriculture, Natural Resources and the Environ-
ment is the state’s technical advisor on geological
matters.

The mission of the Department is the detection and
protection of groundwater, the detection and
development of mineral resources and the protec-
tion of the urban environment from geohazards. In
parallel, it promotes geological research through sci-
entific programs in collaboration with local and for-
eign academic and research institutions. High in the
Department’s  priorities are also its obligations
derived from the European Union relating to issues
of its competency.

Fulfilling its mission, the Department executes the
following main activities:

] Research, monitoring and protection of
groundwater resources;

° Research for location evaluation and
rational development of mineral
resources;

L Geotechnical investigations for founda-

tions of state construction projects;

) Study of geohazards aiming at the mini-
mization of their effects;

° Study of the seismicity of the Cyprus
region and contribution to the design of
earthquake-resistant structures;

° Study of the geological structure and evo-
lution of the Cyprus region;

° Development of the environmental geol-
ogy section with emphasis on soil and
groundwater geochemical elements;

J Restorations of abandoned mines;

° Information technology application and
usage of specialized software;

° Publication of geological maps and

reports / studies.

The Department aims to upgrade its role with:

o Optimisation of the services and informa-
tion that the Department offers to collab-
orating public services and to the private
sector;

° Better service and advice to the citizens,
achieved through gradual upgrading of

Etrioa ‘ExB8eon 2010- Annual Report 2010 9



° Npoodopd unnpeoiwv UYNANG noidTNTag
nou BaciZetal otnv €EEIBIKEUMEVN YVWON
fou Ba nPoERBel NEca and TNV Evioxuon
NG €pEUvac Kal tn SIEUpUVON TWV EPEUVN-
TIKWOV NPOYPAUNATWY O VEOUC TOMEIC,

° ‘Epeuva  BaciCUEVN OE MNPWTONOPIAKEC
I6EEC NMOU va O8NYNOEl OE KAIVOTOWNIEC UE
TNV NPAKTIKA £hapuoyn Twv onoiwv 6a
60800V VEEC NPOOEYYIOEIC oTnNV eniAuon
npoBAnudtwyv Kal tn Siaxsipion Bgudtwv
ota nAaicia Tng avantuglakng Kal Kovwvl-
KAC EUNUEQIac.

Ito 61EBvN xwpo, To TUNAKA NPowBEi Tn cuvepyaacia
OTOV TOMEA TNC £pEuvac ME OUOAOYEC UNNPETIEC,
NavenotnUIa, EPEUVNTIKA KEVIPA Kal opyaviououc,
KUpiw¢ TNC Eupwnaikng ‘Evwoncg Kal twv H.M.A.. Méoa
ang ta EPEUVNTIKA NpoypAauuata, To TUNUa EnIGIWKE]
TNV aQVAnTtuEn TNC TEXVOYVWOIAc Kal Tnv Eioaywyn
guyxpovne Texvonoyiac.

1.2. H AOMH TOY TMHMATOZX

To Tunua Fewnoyiknc Eniokdénnong, ue BAon TIg npo-
avadepbeioeg SpacTNPIOTNTES ToU, NTav SIOKNTIKA
S1apOpwHEVO Katd TO TEROC Tou 2010 OTOUG €ENC
KAAdoug (N TOUEIC):

. revikn rewnfoyia, Xaptoypadia kar Iuoth-
Mata Fewypadikwy NMANPOPopINY,

° OIKOVOMIKN Fewnoyia,

. Yopovewnoyia,

° Mnxavikn Frewnoyia,
° FrewdUOIKN Kal Zeiouonoyia, Kal
° FrewTPNCEIC.

01 kAGdol autol unootnpidovtal, avafoya UE TG
EPYACIEC TOUG, and YEwTPUNAVA (KPOUCTIKA, NUPNVO-
ANNTIKA KAl cOUPOYEWTPUNAVA), XNWKO £0yaotnpio
yI' avanuoeIg vepou, £6adWV KAl SOMIKOV URIKWY,
EPYACTNPIO YEWTEXVIKOV SOKIMWV KAl BIOMNXAVIKWOV

the quality of the offered services:

° Offer of high - quality service based on
specialised knowledge that will be derived
from research advancement and widen-
ing of research programs in new areas;

° Research based on pioneer ideas that will
lead to innovations; the application of
such innovations will lead to new
approaches to problem-solution and man-
agement of issues in the framework of
social development and prosperity.

On an international scale, the Department pro-
motes the collaboration in research with similar
agencies, universities, research centres and organi-
zations, mainly of the European Union and the USA.
The Department, through research programs, seeks
the development of knowledge and the introduc-
tion of modern technologies.

1.2. THE STRUCTURE OF THE DEPARTMENT
Based on all the activities mentioned earlier, the

Geological Survey Department was in 2010 struc-
tured administratively in the following sections:

° General Geology, Cartography and Geo-
graphic Information Systems:

° Economic Geology:;

° Hydrogeology;

° Engineering Geology

o Geophysics and Seismology;
° Dritling.

These sections are supported, in relation to their
work, by drilling rigs (percussion, core and rotary),
a chemical laboratory for water, soil and construc-
tion materials analyses, an industrial minerals labo-
ratory, a geotechnical laboratory, a water pumping

AIEYOYNTPIA
DIRECTRESS
v _ v v
Mpappareia / Apxeio / MpwTog MNewAoyikog
BipAioBrikn AeiTtoupyog AoyioTrpio

Secretariat / Registry /

Chief Geological

Accounts Office

Library Officer
v . v v v v v

Fevikn Fewloyia,

Xaproypagia OikovouIkn Mnxavikai Fewuoikn kai

Kal ZugThpara FewAoyia Y&poyewhoyia ewAoyia ZeiopoAoyia FewTpioeig Xnueio
Fewyp. NAnpoy.

Economic Hydrogeology Engineering Geophysics and Drilling Chemical
General Geology, Geology Geology Seismology Laboratory
Cartography and
GIS
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OPUKTIWV, CUVEPYEIO SOKIUAOTIKOV QVTANCEWY, OXE-
S1aotnplo, BIBAICONKN KAl KEVIPIKG ZUoTnua Mfewypa-
dIKV NANpodoPIdV. H unoctnpiEn tou TUNAPATOC
CUMNANPWVETAl UE TO SIOIKNTIKG apxeio, Tn ypauua-
TEiO Kal To AOYICTARIO TOU.

Kata to 1€A0g tou 2010, To npocwniko Tou TUANATOC
aplOpouce 91 cuvodikd Npdocwna and ta NPoRAENs-
peva 113. Ano autd, o1 18 NTav NPOCoVToUXol A&l
Toupyol (17 yewAdyol Kal 1 XnuUIKOg, ol 20 kana
KOTAPTICUEVOL TEXVIKOI 81ad0pwv E16IKOTATWY, OI 45
TEXVIKO KQI UNOCTNPIKTIKO NPOCWNIKG Kal Ol 7 ypau-
HATEIOKO / NOYIOTIKG NPOCWNIKO.

0 npoUnofoyioudc Tou TuNEatog yia to 2010 avep-
xotav o €5.083.281. And to NooG aAutd, TO ONOIo
NPOEPXETAl EE OAOKANPOU and Tov Kpatike npolno-
AoyIond, danavnenkav £€3.933.894 yia TIC TAKTIKEC
avaykeg Tou TUNHATOC Kal £1.149.387 yia T' avantu-
Ziaka Tou npoypauuara.

1.3 TO OPAMA TOY TMHMATOZ

To dpaua Tou TUNMATOC WG 0 EBVIKOE dopéac kal oUu-
BOUNOC TOU KPATOUC vIa YEWAOYIKA BEuata ival n BER-
TIOTONOINCN TWV UMNNRECIVV Kai NANPodopIwy Nou
NAapExXel HECG and TN CUVEXN avaBasuion tng noidtn-
Tag, KAl EQapUoyn EEIBIKEUNEVNC YVOONG KAl KAVOTO-
MIV UE OTOXO NAVIOTE TNV Kafutepn duvatn €&unn-
PETNON TOU NOAITN OTa BEUATA TwV APUOSIOTATWY TOU.

To 6paud tou 600 adopd TOV EUPWNAIKO XWPOo gival
N KAtagiwon OE OXECN UE TA YEWAOYIKA OPWUEVA,
onou 6a unopel NAgov va d1Iadpauatiel onUAavtiko
poAc otn SIauopdWoN MORITIKWY KAl va EKPPAZE!
APOPWHEVO AGYO OTa KEVIpa ANYNC anoddoswy O
gupwnaiko eninedo.

F1a ENITEUEN TV CTOXWV Kal TOU opAuatoc XpeIaZeTarl:

° AvANTUEN ENICTNHOVIKWOY CUVEPYACIWOV ME
ouonoyec unNnpecies tng E.E.,
° MeyaAutepn/avaBabuICuEVN KAl EVEPYOC

OUUMETOXN OTUIC €pyacieC kal anoddceig
TOU opyaviohol Eurogeosurveys (Zuvoe-
OMOG EUPWNATKWV MEWAOYIKOV YIINPESIWV),

@ MANPENEC OTEAEXWON TOU TUAUATOS KAl GUVE-
XN¢ ENNOPH®WOoN TOU NEPOOWNIKOU,
° Mpounseia/avavéwon WE oUyXpovn TEXVO-

Aoyia epyaoctnpiakou Kal epyotatiokou
gtonfiocuoU, €18IKOTEPA ayopd VEOU YEW-
TPUMAvVOU MeYAnng SuvapikOTNTag JE TO
CUNNANPWUATIKO £E0NAICUO NOU VA EMITPE-
nel TNV avopuin vewtpnoswv ce ueyana
Baen,

° Anuioupyia  oUyXpovou OglouoAoYIKOU
Kévipou ue WNANG texvonoyiag EEonAIcuo,

° AIGBe0N HEYAAUTEPWY KOVOURIWV YIa EPEU-
va.

H £nitEUEN TV NIO NAVK OTOXWY KAl N oTadIakn oAo-
KANPWOoN TOU OpAduatog snmdIKETal MECA and eva
1I00pPONNUEVO £TNCIO NPOUNOAOYICUG.

crew, drafting services, a library and a central Geo-
graphic Information System. The work of the
Department is also assisted by the Registry, the
Secretariat and the Accounts Office.

By the end of 2010, the Department employed 91
persons in total of the 113 anticipated positions,
including 18 professional scientists (17 geoscien-
tists and 1 chemist), 20 well-qualified technical
assistants of various specialisations, 45 employees
as supportive personnel and 7 secretarial — account-
ing employees.

The budget of the Department for 2010 reached
the amount of €5.083.281 and was sourced entire-
ly from the state budget. The amount of
£€3.933.894 covered current expenditures, while
€1.149.387 was spent on research and develop-
ment.

1.5, THE VISION OF THE DEPARTMENT

Being the national advisor to the State in geological
issues, the vision of the Department is the optimi-
sation of its services and the information it pro-
vides, through a continuous quality upgrade and
implementation of specialised knowledge and inno-
vation that aim to a better service to the public.

Its vision with regards to the EU is its wider
acknowledgment regarding the geological activi-
ties, where it will play an important role in the
drafting of policies and be in a position to add its
voice to the decision-making centres on a European
level.

For the achievement of its vision there is a need
for:

] development of scientific collaborations
with similar organisations of the EU;

o greater / upgraded and active participa-
tion in the activities of the EuroGeoSur-
VEYS;

o staffing of the Department and continu-
ous further education and training of its
staff;

U provision / upgrading of laboratory and
field equipment with modern technolo-
gies, in particular the purchase of a new
high-capacity drill for deep wells;

o establishment of a modern high-tech
seismological centre;

° availability of more funds towards
research.

The achievement of the above tasks and the grad-

ual fulfilment of the vision is pursued through a
balanced annual budget.
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2. TENIKEX APAXTHPIOTHTEZ

To Tunua Frewioyikng Eniokénnong gival and to 2005
TOKTIKO MEAOC KAl UETEXEI OTIC EPYACIEG TOU IUVHE-
OMOU EUpwnaikwv FEwRoVIK®OV YNNEEoIwv (EuroGeo-
surveys, npwnv FOREGS), nou £3peUgl 0To BEAYIO KAl
avTINPooWNeUEl OXeS0V ONEC TIC FEWAOYIKEC YRNpeE-
OIEC TWV KPATWV TNEC EUPWNNG, KAl CUHHETEXE! o8 8I1a-
dopec Oupddec EidikotAtwv. Metail 14 kai 17
IentEURPIoOU Tou 2010 n AIEUBUVTPIO TOU TUAUATOC
EKNPOOWNNOE TO TUNUA OTIC EPYAGIEC TNC OXETIKAC
Eapivi¢ TevikAg Zuvavtnonc, nou AaBs xwpa otnv
Koneyxayn.

To Tunpa £EakofouBsi va ouvepydZeTal Pe NAaverni-
otnuia Ttng KUnpou Kal Tou EEWTEPIKOU (ABnveY, OE0-
oanovikng, Matpwv, NEac Nouag Ouaniac Auctpa-
Aiag), EpeuvNTIKG KEVTIPA, OUOAOYEC EBVIKEG UNNpPE-
OiEC TWV KPATWV UEAWYV TNG E.E., Twv H.M.A. Kai Tou
lopann, To Eupw-MeCOYEIaKO ZEICUOAOYIKO KEVTPO
(EMSC) o10 ItpacBoupyo, To EBVIKO ACTEPOCKONEIO
ABNVWV, TO TEWEPEUVNTIKG IvoTiToUTo TOU Potsdam
™G Feppaviag, To Npoypauua «Meiwon Twv ANWAEIWDY
anod ZEIoPoUG otny Euputepn MeEPIOXN TNG MECOVEI-
ou» (R.EE.L.E.M.R) kal to Mpdypauua tou O.H.E. via
TNV <Anayoépeucn TV NUPNVIKOV  AOKINKOV»
(C.T.B.T.0.), nou £dpeUdsl otn BiEvvn. ENIONG, CUVEXI-
Z&l TN ouppETOoXN Tou (and To 2006) oto SIEBVEC NPO-
ypauua «Terrafirma» Tou Eupwnaikou Opyaviouou via
TO AIGOTNUA, NOU GKONEI BACIKA OTNV NapakoAouon-
on TWV UIKPONETAKIVACEWY OTNV €NIPAVEIA TNS yNg
ME TN Xprion dopudopikou pavtap.

EmnAgov, to TURUA CUVEXICE va dIatnpei NoAy ote-
VEG ENAPEC KAl CUVEPYACIEC PE EVTONIOUC EMICTNUO-
VIKOUC Kal enayyeApatikoug $opeic, onwe gival to
Eniotnuoviké TexvikG EmueAntnplo Kunpou (ETEK)
Kal Ol OPYAVWHEVOI CUVOECHOI TWV NOAITIKWY UnNXavi-
K@V, APXITEKTOVWV, YEWAOYWV Kal METAAREIONOYWV
K.AM.

Eniong, to TUAMQ OUVEPYAOBNKE noAu Oteva Kal
napaywylka Je AANEC UNNPECIEC (KUPIWG TEXVIKEQ)
Tou Snuogciou, 6nwc &ival To ol ENapxiakeg AiocIKN-
ogIg, To0 Tunua Avantigewe Yoatwy, To Tunua Anuo-
oiwv "Epywv, To Tunua NoAcodouiac kal OIKNCEWCE, TO
Tunua Aacwv, To Tunua NepIBAfAovToc, n YNnpeoia
Metadfeiov, 10 TpAua Avadacuol kali 1o Feviké
Xnueio Tou Kpdtouc. Avanoya 6& CUMMETEXEI Kal OE
MEYANO aPIONO TEXVIKWY ENTPONWV, O EPYACIEC TWV
OMOoIWV EXOUV OXECN ME TA BEUATA KAl TIG EUBUVEC
Tou TUNUMATOC. ZUVEXICBNKE Kal KAtd to 2010 n agio-
Adynon ueydnou apiBuol AITNCEWV YIA EPEUVNTIKEC
Kal MOAEOSOMIKEC ASEIEG VIA EVTOMIOUO Kal EKUETAN-
AEuoN BIOUNXAVIKWV OPUKIWY, MNETPWHATWV K
peTtanfgupdtwy. Mapdiinia, EToINAcenKav cuvonti-
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2. GENERAL ACTIVITIES

Since 2005 the Cyprus Geological Survey is a full
member of EuroGeoSurveys (EGS, previously known
as FOREGS) and participates in its activities. EGS is
based in Orleans, France, and represents almost all
of the European state Geological Surveys. Between
14 and 17 September 2010, the Directress repre-
sented the Department in the EGS Annual General
Meeting, which took place in Copenhagen.

Furthermore, the Department continued to have
close contacts and cooperation with local and over-
seas universities (Athens, Thessaloniki, Patras, New
South Wales of Australia), research centres, similar
national agencies of the EU member states, as well
as the US.A. and lIsrael, the Euro-Mediterranean
Seismological Centre (E.M.S.C.) in Strasburg, the
National Observatory of Athens, the German
Research Centre for Geosciences (G.F.Z.) in Pots-
dam, the programme for “Reducing Earthquake
Losses in the Eastern Mediterranean Region”
(R.E.L.LE.M.R.) and the UN “Comprehensive Nuclear
Test Ban Treaty Organisation” (C.T.B.T.0.) in Vienna.
Since 2006, it is also participating in the "Terrafir-
ma“ project with the European Space Agency,
which basically monitors small-scale ground defor-
mations with the use of satellite radar.

During 2010 the Survey continued to have close
contacts and cooperation with local scientific and
professional bodies, like the Cyprus Technical Cham-
ber (ETEK) and the professional societies of civil
engineers, architects, geologists, mining engineers
etc.

Moreover, the Department cooperated very pro-
ductively with other (mainly technical) state agen-
cies such as the District Offices, the Water Develop-
ment Department, the Department of Public Works,
the Department of Town Planning and Housing, the
Department of Forests, the Department of the
Environment, the Mines Service, the Department of
Land Consolidation and the State Chemical Labora-
tory. It also participated in a large number of tech-
nical committees, the work of which relates to geo-
logical matters. During 2009, a substantial number
of applications for mineral exploration permits as
well as town planning permits relating to mineral
resources were evaluated. In parallel, reports were
prepared relating to applications submitted to the
Board for the Consideration of Planning Deviation
for town planning permits. Environmental impact
assessments and geological studies for the planning
and construction of significant development works
have also been evaluated. Also, Officers of the



KEC eKBETEIC, Nou adopoucav EETAcn AITNCEWV yia
napaxwpnon NoAECOCUIKWY ASEIWV VIA EKMETAANEU-
Oon OPUKTOU nAoUtou KAtd NAap€KkAIon and To Zuu-
BouAlo MeAgtng MapekkAicEwy. ENiong €xouv aglo-
AoynBei NepIBAANOVTIKEG KAl YEWAOVIKEG MERETEC vIA
TO OXESIOOMO KAl KATAOKEUN CNUAVTIKWVY EPYWV UMNO-
SOUNC Kal anAwv avantuglakwv Epywv. Eniong, Agl-
TOUpPYOI Tou Tunuatog dnuoocicucav diagopa apdpa
ota évtuna MEoa Madikn¢ Evnuépwong Kar oTo
nepiodikd «<ArPOTHI» TOU Ynoupyeiou Frewpyiag, duoi-
KoV NMopwv kail NepiBanfovtoc kar ennAgov, Napou-
01A00NKAV OPKETEC QOPEC GE EVNUEPWTIKES EKMOUNEC
TWV PadIOTNAEOATIKWY JECWY TNE KUnpou.

fto Tunua Asitoupysi nupAvac Pgaenong, o onoiog
avafauBavel KGBe xpdvo Tov Kataptioud oxediou
EKNAIGEUONC TOU Npoownikol, adou SIayvaoEl TG
avaykecg Jadnonc Tou. To ox€S8lo dpdonc yia To 2010
NePIEAQUBAvVE EKNAIGEUTIKA Npoypauuata, TO00 GTnV
KUnpo 600 KAl 0to EEWTEPIKO.

3. BALXIKH I'EQAOI'TKH EPEYNA -
'EQAOI'TKA AEAOMENA

3.1. FEQAOTIKH XAPTOTPA®HZIH

H yEWAOYIKA XapToypddnon tTnG sUpUTEPNG NEPIOXNG
Napadigviou — Ayiag NAnag og kiinaka 1:5.000 £xel
WC ANWIEPO OTOXO TNV £KNOVNON EVOC YEWAOYIKOU
XAPTN TNCG NEPIOXNC OE KAIYaKa 1:25.000, o onoiog Ba
Xpnoigonoingei, Peta&l andwv, ota naaicia tng
MIKPOZWVIKAC MEAETNC TNC NEPIOXNAC, N onofa Ba apxi-
O&l VTOC Tou 2012. Méca oto 2010 Cuvexiotnkav ol
EPyacieq uE Ssypatoinyia and TIC NEVTOVITIKEG
apyinouc Tou CuvovBUAEUNATOC TNG MOVNG WETAEU
NG Ayiag Nanag kal Napafiuviou, yia YEWXPOVOAOoyI-
KO npoodiopicud. Eniong, o€ cuvepyaocia e tn Mew-
Aoyikn Ynnpeoia twv H.MA. €yive smokonnon g
gUPUTEPNC MEPIOXNC VIO MPOCSHIOPIOUO UEYANWY
TEKTOVIKWOV SOUWV. To TURuQa, UE TO NEPAC TWV EPYA-
OOV TNC HIKPOZWVIKAC WEAETING otnv gupltepn
NEPIOXN ALUOXWOTOU, 6a gival o€ B€on va SNPOGIEU-
O&I €va AENTONEPN YEWROYIKO Xaptn (Punna 14 IV &
15 1, EIK. 1) avadop!ka YE auth Tn ypnyopa avantuo-
OOUEVN NEPIOXN.

JUVEXIOTNKE N VEOTEKTOVIKA WEAETN TNC EUPUTEPNG
MEPIOXNG TNG AAPVAaKQAG, O OUVEPYASIa e th FEwAo-
VIKA Ynnpeoia twv H.MA.. To gvepyd pnyua, nou
UNAPXE! oTNV NEPIOXA TOU AKpwtnpiou Kitl, diangpva
TO agpodpOUIO Kal TNV NGAN TNG AGPVAKAC Kal KaTEU-

Department published various articles in the media
and the "AGROTIS” journal of the Ministry of Agri-
culture, Natural Resources and the Environment.
They also participated in various radio and TV pro-
grammes.

A learning core committee operates in the Depart-
ment and organises training schemes for the staff
based on their needs. The training scheme for 2010
included educational programmes both in Cyprus
and abroad.

3. BASIC GEOLOGICAL
RESEARCH - GEOLOGICAL DATA

31. GEOLOGICAL MAPPING

The geological mapping of the Paralimni - Agia Napa
broader area in scale 1:5.000, aims at developing a
new geological map of the region in scale 1:25.000
which will be used for the microzonation study of
the region as well. In 2010 the work was continued
with sampling between Agia Napa and Paralimni,
for geochronological determination of the ben-
tonitic clays of the Moni melange. In collaboration
with the USGS (United States Geological Survey) a
survey of the area was curried out aiming at the
determination of major tectonic structures. The
Survey will be able to publish a detailed geological
map (sheet 14 IV and sheet 15 D for this fast devel-
oping area after the completion of the works of the
microzonation study at the Famagusta district.

The neotectonic study in the broader area of the
town of Larnaca was continued in collaboration
with the USGS. The active fault which outcrops at
Cape Kiti and transects the Larnaca airport and the
town of Larnaca is directed northeasterly and inter-
sects with Ovgos fauit zone. According to new
geochronological determinations, in samples from
the holocene marine sediments affected by the
fault, it seems that the fault has been moved
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Buvouevo Bopeioavatofikd EVOVETAl JE TN PNEIYEVA
Zwvn tou OByoU. Me BAGN VEOUC YEWXPOVONROYIKOUG
nEOcSIopIcUOUC Ot dgiyuata and ta OoACKAIvIKA
pandooia IZANAata, Nou ENNPEAcTNKAav ano To payuaq,
daivetal autd va €xel eVEPYONOINOEi UETAEU 6 - 3
XINIAdwWV XpOVwV OTNV MEPIOXN TOU aKpwtnpiou Kiti.
To vedTEPO BANACOI0 IZNUa NOU EXEI ENNPEACTET and
To pAyua €ival niikiagc 6 xIfIAdwv xpovwv nepinou
EVW TO VEWTEPC XEPOAIO IZNUA, TO ONOI0 ANOTEBNKE
navw anod To pnyua Kal Sev ExEl eNnpeactei and autd
gival nAikiag 2 - 3 xIAIGdwv Xpdvwv, BacIZOUEVD OE
avanuoeic avBpaka 14 (14C) os xepoaia yaotepdno-
5a. H yeRétn Bpioketal e EEEAIEN WE YEWAOYIKNA Xap-
toypddnon kai deiypatoAnyia yia YEWXPOVOAOYIKOUG
NPOGSIoPIoUOUC TWV ANOBECEWV TWV TETAPTOYEVWV
80AA0O0IWV Kal XEPOQiwV anoBECEWY and Tnv gupu-
TEPN NEPIOXN TNC AQPVAKAC, KABW®E Kal YEWDUOIKES
SIA0KONNOEIC.

between 6 and 3 thousand years before present at
the Cape Kiti area. The youngest marine gravels
that are effected by the fault are approximately 6
thousand years old and the youngest terrestrial
sediments that are not effected and cover the fault
are 2-3 thousand years old based on 14C of terres-
trial snails. The study is in progress along with geo-
logical mapping and sampling for geochronological
determinations of the quaternary marine and ter-
restrial deposits of the mapping area, as well as
geophysical studies.

3 an

7R

Eik. 1: Ta npaoiva noAUywva QneIKoVIouv TouG dnUoCIEULEVOUC XAPTEG O KAIUaKa 1:25.000. Or NEPIOXEG UE SIayPAUUIoN XapTo-
yoagouvtar onuEPQ. H unie neproxt SEIXVEI TNV EKTAON TwV UNAPXOVIWY SNUOCIEULUEVWV XAPTWV O KATUaKa 1:30.000 1 LIKPOTEQN.
Fig.1: Green polygons show published geologic maps in the 1:25.000 scale series. Crosshatched areas are being mapped presently.
Area in blue shows extent of existing map publications with a scale of 1:30.000 or smaller.

3:2. FEROERNIR 3.2 GEOTHERMAL ENERGY

To €epeUVNTIKG npoypaupa Ing lewBepuiag
(Geothermapcy), 10 ONoio XPNUATod0TNONKE and to
I5pupa Mpowenong ‘Epeuvag, SIEENXBN UE CUVEPYQ-
cia Tou TexvodoyikoU MNaveniotnyiou Kunpou
(TE.NA.K.), Tou TUNUATOC KAl TNG YNNPETIac EvEpyeiag
TOU Ynoupyegiou Eunopiou, Blounxaviag kal Toupl-
ouou.

01 avaykeg tng KUNpou via npdcivn eVEpyeEla Sivouv
ONUAVTIKA KIVNTPA Yia va EPEUVNBOUV Ol YEWBEPUIKEG
napQUETPOl ToU UnNESAdoUC. To NPOYPAUMNa ENIKE-
VIPWONKE OTN GUAROYNA CTOIXEIWY YIA TO OXESIACUS
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The Geothermapcy research project was funded by
the Research Promotion Foundation and was con-
ducted in cooperation with the Cyprus University of
Technology, the Cyprus Geological Survey and the
Energy Service Department of the Ministry of Com-
merce, Industry and Tourism.

Increased local need for green energy provides
important incentive for conducting research in the
subject of ground thermal properties. The research
program concentrated on collecting data useful for



BEPUIKWV CUOTNUATWV EVEQYEIAC UE TNV KUKAodopia
VEPOU MECA OF YEWTPNOEIC. Kataypadnke n Bpuo-
KPaoia Of OKTW TONOOEsieEC PE OePUOMETPA, nou
EI0EPXOVTAl OTN YEWTIONON OE BABN and 0 uéxpr 120
METPA. O1 TONOBECIEC €ixav eNINEYEI HE YEWAOYIKA
Kpltnpla. ‘Eyive dnAadn npocondesia va xapaktnpel-
oTouv o! SIAPOPEC YEWAOYIKEG ZWVEC, Nou PIAOEE-
voUv aoTIKd KEVTPA. Mg Tnv TONOBETNGN YEWOEPUI-
KoU evaAAAKTN NEAETABNKE EMIONE NWC Ol YEWBEPLUI-
KEC NAPAUETPO!I METABAAROVIAI O OXEON WE TNV
tonoypaodia, tn yewAoyia, To xpdvo, To BAsoc Kal tnv
enoxn. H BepuoKpacia os BABoc 100 LETPWY Kuuai-
VETal METAEU 17°C kai 24°C. XpnOIONoIWVTAac TG
LETPAOEIC TWV YEWIPNOEWV KAl O GUVOUAOWO UE
NafQIGTEPEC METPNCEIC and Napouola EPEUvVA nou
£VIVE TN SEKAETIO TOU 70, KABWC Kal TN XprAon TEXvN-
TWV VEUPWVIKGOV SIKTUwV, YvwpiZoviac navia Tic
VEWAOYIKEC ouvenkec tn¢ Kunpou, &nuioupynBnke
£VaC NPOKATAPKTIKOE TEwBepUIKOE Xdptng (EIK.2),
nou aneikoviZel Bepuokpacieg edadouc ota 100
METPa BABouc.

TO €NICTNUOVIKG KOIVO EVNUEPWBNKE YIa TA NOPioua-
TA TNG UENAETNG O CUMNOGCIO, NOU OPYAVWENKE TOV
lavoudpio tou 2011. NEPICCOTEPEC NANPOPOPIES vIa
TO EPEUVNTIKO aut6 Npdypauua unopouyv ol evolade-
PONEVOI VO BPOUV OTNV ICTOCERISA TOU NPOoypANUa-
TOG: http://www.cut.ac.cy:8080/gecthermapcy//.

designing thermal energy systems by circulating
water in ground boreholes. Ground temperatures
were recorded for eight locations in Cyprus. Ground
temperature thermometers were used for record-
ing temperatures in depths from 0 to 120 meters.
Borehole locations were selected based on geolog-
ical criteria, in an attempt to characterize the major
geological regions where urban centers are located.
Temperature variations were correlated with
topography, geology, time, depth and season with
the use of down-the-hole heat pumps. At a depth
of about 100m, ground temperature varies
between 17°C and 24°C. Populating these borehole
temperature data with other data from a similar
project done in the 70's allowed the use of an arti-
ficial neural networks system, taking always into
consideration local geological conditions. A prelimi-
nary ground temperature map of Cyprus was creat-
ed (figure XXX) which depicts ground temperatures
at 100 m depth.

The scientific community was informed about the
results of the research project in a symposium
which took place in January of 2011. More informa-
tion about this research project is available on the
project website http://www.cut.ac.cy:8080/geot-
hermapcy//.

:
1

EIx. 2: Xaptn¢ 8epuokpaciac £6agpouc orta 100 petpa.
Fig. 2: Ground temperature map for 100 m depth.

3.3. EYITHMATA FEQrPA®IKQN NAHPOOOPION

To TuAPa Xpnoluonolsi 31ad0peC YEWRACEIG, OTIC
ONOIEC anoBnkeUEl SI0IKNTIKA, TonoypadIKd, YEWAO-
YIKG Kal XpNong yng Se8opeva. Auto To nEPIBAAROY
YEWYPADIKWY CUOTNUATWY NMPOwWOEl TNV OAOKANPW-
MEVN Xpnon BACEWV SESOUEVWV, NAPEXOVTAC XWPIKA
SedouEva pe vewavadopd Kal EXEI KATAOTEN Eva ana-
PAtNTO EPYAAEI0 yIa TOV MNPOYPAMMATIONO Kal Tn
AnYn anoddacewv. Méoca oto 2010, n yewpdaon
EUNAOUTIOTNKE UE vEQ SEOOUEVA KAl ONPEPA anapid-

33 GEOGRAFIC INFORMATION SYSTEMS

The Survey uses various custom geodatabases which
store administrative, geological, topographical and
land use data. This geographical system environment
promotes the integrated use of earth information
databases providing georeferenced spatial data. In
2010, the geodatabase was updated with new data,
totalling now 230 layers of spatial information. Most
digital geological data, derived from both published
and unpublished maps from the Survey’'s map collec-
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MEl 230 ENNESA XWPIKWV NANPOYOPINV. Ta NEPICCO-
TEPa YnPIaka YEWAOYIKQ Se60UEVA, TA ONoia NPoEP-
XOovTal anod toug SNUOCIEUMEVOUG Kal adNUOCIEUTOUC
XAPTEC TOU Tunuatog, gival S1aBéoiua NPog NWAnon
OTO KoIVO. H yewBAoN gniong NApEXEI CTOIXEIA yIa TN
SNUOCIEUCN XAPTWV KAl EVNUEPWTIKWY GUuARadiwv
HMECW YNOIAKWY XapToypadIK@WV AOYICMIKOV. ANAEC
nNYEC Yndiak@v nNAnpodopidv givalr o1 Katanoyol
COPWMEVWV XAPTWV KAl SOPUDOPIKWY EIKOVWY, NOU
gival ypnyopa Kal eUKoAa 3I08ECIN0I Kal anoteAoUY
Baoikn nAnpo®opNon OTOUC XPNOTEC TWV CUoTNUA-
TV YEQYPadIK®V NAnpodopiiv. BoNBEIa HE YEWYPa-
dIKG Sedopéva napéxetal 0 noAnd Tunuata tou
KPAToucg, EPEUVNTIKA NPoYPAUKATa, NaVEMOTAMIA Kal
OE oMAdeC apxaloAoyikwv avaokadwy.

3.4. ONE GEOLOGY

£ra nAaioia Tou npoypdauuatog “One Geology Europe’
Sdnuioupynenke apxikd £&va¢ anndc OMOIoYEVAG
wndiakdg xaptng yia 0o To vnoi. Mg BAon Tnv EUnel-
pia, NOU aNEKTNCE TO TUNWMA, NPOXWENCE OTh dnyi-
oupyia gvog véou Undiakou yEWAOYIKOU XApTn via
TNV Kunpo nou nepinauBavel nave and 13.000 vew-
AoYIKA nofuywva o€ uia veéa BAcn SeSopEVwvV. H
epyacia autn nepiNaupBdvel tn cudnoyn SeS0UEVWLV
kal tTnv tonoypadikn toug S10p6won, TNy EVNUERWON
yia Tuxov anfayég €101 NoU va UNApxel Siangtoupyi-
KOTNTa ME ARAA XWPIKA S£00MEVA. IXESIAOTNKE va
Napexel NEACRACN KAl va EVAPUOVIZETAI GNUACIOAOYI-
K@ JE TO AEEINOYIO yia Tn AIBoAoyia tou IUSG, katap-
YOVTAG NAPWXNHEVOUG YEWAOYIKOUG Opout. TEtola
gEuata epdavizovral ouxvd otav undpxel Yia Neyann
81a¢opd OTIC NNYEC Kal EISIKOTEPQ OTIC KAIMAKEG, OTIC
HEBOBOUC Xaptoypddnaong, OTovV £peuvnTA, aARA Kal
oTn YewAoyIKN noAunfokotnta 660 adpopd tn diadi-
Kaoia TN NPWINS Xaptoypddnong. To enduevo BAua
8a gival JIa NpoonAssIa va EVapuovIoOoUV N OTPWUA-
Toypadia ME TN yEwxpovoAdynon, va SIAKPIBWOEI n
VEWMETPIKA CUVEXEIQ KAl VA EVAPUOVICOEI JE Tnv
Tonoypadia, npdyua, tTo onoio sivar 1I8Iaitepa onua-
VTIKO YIQ TOUC OXNUATIONOUG TOU TETAPTOYEVOUC.

tion, are also available for sale to the public. The geo-
database provides basemaps for the publication of
maps and informative leaflets through easy export to
digital cartographic software. Other sources of digi-
tal information are raster catalogues of georefer-
enced maps and satellite images, available for quick
and easy display of background geographical infor-
mation to GIS users. Assistance with geographical
data is provided to many departments of the gov-
ernment, research projects, universities research
teams and archaeological excavation groups.

3.4. ONE GEOLOGY

A continuously developing seamless island-wide
geology layer was initially created in a simple form
for the “One Geology Europe” project. The Survey
has benefited from this pan-European exercise and
has taken an initiative that will result in a seamless,
digital vector map with over 13.000 geological poly-
gons having island-wide coverage. This is an ongo-
ing project which will provide the best geological
information at any location and derived compre-
hensively from published and unpublished geologi-
cal maps with field checking where appropriate.
The One Geology project for Cyprus attempts to
improve interoperability at four levels: semantic,
schematic, syntax and system-wise. It involved col-
lecting data and making it topologically correct,
sustaining updates and changes by various contri-
butions and making it interoperable with other
geospatial data. It will be designed to provide
access harmonization, semantic harmonization with
IUSG vocabulary and lithologic and/or rock forma-
tion harmonization, eliminating obsolete names.
These are always issues that come up when there is
a big difference in source scales, author mapping
methods and level of geological complexity
involved in the initial mapping process. A more
advanced step will be an attempt to provide har-
monization with new chronostratigraphy and
geochronology with geometric continuity, harmon-
isation with topography, especially critical for Qua-
ternary formations, with gap and overlap analysis to
produce a seamless map.

Eik. 3: Mapadeiyua tou OneGeology KUnpoc yia tnv nepioxrn avatofika tnc Magou Kar SUTIKG tnc AsUeooy. Ta TNV navw giKova, o
XpnotTnG ExXel OPTWOE! 5 ENNeSa SIAVUCUATIKWV XAPTWV TwY 00wV N KAIUAKA KUUAGIVETaI HETAZU 1:25.000 kai 1:250.000 kai Eva
OAPWUEVO XApTn. H KATw EIKOVa EIVAI TO ANOTEAEOUA TNG EVAPUOVIONG TV SES0UEVWY OTOV OneGeology Kunpoc.

Fig. 3: Example of OneGeology Cyprus layer for eastern Pafos and western Lemesos. In the top picture the user has to load 5 layers of
vector maps whose source scale varies between 25.000 and 250.000 and one raster image. In the bottom picture is the outcome of
data harmonization in the OneGeology Cyprus Layer.
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TEROC, TO ENINESO TwWV SESOUEVWYV Ba EXEl NOAUYAWO-
OIKEC BUVATOTNTEG KABICTWVTACG TO £TCI EUKCAQ NPO-
OBACIUO OTOUC XPNOTEC Tou SnUAGCIOU KAl ToU 1IB1WTI-
KoU TOuEQ, TOCO GE TOMIKO 000 Kal SIEBVEC eninNedO.
To TuNRua 6a avapabuiZel Kal ENIKAIPOMOIEI CUVEXWCE Ta
Sedoueva Pe epyaciec nediou, Onou xpeiaZovtal,
afnd Kal JE TN XPNON VEWV TEXVONOVYIWV, CUMNEPI-
AQUBAVOUEVWV TwV SIASIKTUAKWY UNNPECIV. ITOX0G
gival va unapxel Jia avoiKTN apXITEKTOVIKA Kal NANpNG
CUMHOPOWON JUE TIC anaitAoceic Ttn¢ cUupacng tou
Aarhus kal e Ttnv Eupwnaikn 0dnyia INSPIRE (unodo-
MR XwPIKWV NAnpodopiwv otny Eupwnaikn Kowvétn-
ta). 0Aa ta eningda 6edouEvwyY, UNApXovta Kar vea,
ETOINAZOVTAI EXOVTAC KATA VOU TNV ouann petapaon
otnv odnyia INSPIRE, n onoia Bgonidel Kia npokaeopi-
OuEVN SiapBpwuévn NPOcRaon ToOU Kovou OTo Ouvo-
AO TWV XWPIKOV YEWAOYIKWOV SESOUEVWLV, ONWCE SES0-
HEVWV OTpwuatoypadiag, AiBoRoyiac, udPoyEwNo-
yiag, ogigponoyiag, yewuopdonoyiag.

3.5. BBIBAIOOHKH

H opydvwon tng BIBAI0BNKNG TOU TUNUAToG &eKivnoe
T0 $BIVSNwPo tou 2009, pe tnv anoonacn £1SKoU
BIBAI0BNKAPIOU and TO Ynoupyesio Naideiag. BiBAia,
EKOECEIC, NEPIOBIKA, YEWAOYIKOI XAPTEC KAl SIGAKTOPI-
KEC SIATPIBEC Katanoyoypadouvtal JUE TN XpNon tou
ouotnpatog kataypadng Dewey, otn BAon S£60UE-
VOV TNG BIBNIOBNKNG ABEKTTM. MEXpI TWPA EXEl
eyypadei 0T0 CUOTNHA KAl TAEIBETNBEI TO €va TPITO
and touc 8000 kal NAgov TOUOUG. O eyypadEC AQUTEC
gival ndn npooBAcIUEC UECW TOU B1adIKtuou otnv
1I0T0o0eida http://www.cin.com.cy. H 10T00ERISQ
NAapéxel NPOoBacn os 34 KUNPIaKES BIBRIOOAKEC Kal
enrpenel Tnv avaZiatnon e BAcn AEEEIC-KAEIOIA,
onw¢ BIBRI0ONKN, cuyypadea N TiTAo. H Eupwnaikn
0dnyia 2003/4/EK, nou edapuooTnKe otic 14 PeBPOU-
apiou 2005, BaciZetal os yeyano adusd otnv TUPRA-
on UN / ECE (Aarhus) yia npdcBacn otnv nanpodopn-
on, CUMMETOXN TOU KOIVOU OTn ANYn anodacewv Kal
TNV npocBacn otn SiKaloouvn yia NeEPIBARAOVIIKA
O€uata, n onoia uneypddn ot 25 louviou 1998. H
Eupwnaikn 08nyia, 6& ox€on WE TOV NOAITN, NPORNE-
ner tnv €UKoAn nNpocBacn ot NEPIBARNOVTIKES NAN-
podopieg. To TuNuUa C€ Yia NPOCNABEIa yIa TNV EKNAN-
pwon autig g SIAtaZng pyAZETal yia va KataoTNoEl
Tnv BIBRIOBNKN NOAUTILO EPEUVNTIKG £pyanEio, 1000
YIQ TOUG NOAITEG OCO Kal TO NPOCWrIKG Tou.

4. OPYKTOI I1IOPOI

O1 BacIkEC SpaotnpIOTNTEC TOU TMANATOC OTOV TOMEQ
TWV OPUKTWV NOpwV KAAUNTOUV KURIWG TNV EPApUO-
OMEVN €pEUVa, KABWE Kal TNV agidpOpo Kal opOonoyl-
KN avantuén, aglonoinon Kal S1axEipion TV OPUKTWOV
nopwv NG KUnpou (METAAAIKWY KAl BIOUNXAVIKOV
OPUKTWV) oTtn BAoNn evoc 1I00ppONNUEVOU NEPIBaRAo-

Finally, the data layer will provide multilingual
attributes making it easily accessible to public sec-
tor authorities, private sector players and the pub-
lic, both local and foreign. The Survey will keep the
layer updated using new technologies, including
web services, identifying areas in need for field
work. Ideally, it will provide for an open architec-
ture and comply with the requirements of the
Aarhus Convention matching the INSPIRE European
Directive (Infrastructure for Spatial Information in
the European Community) expectation levels. Every
new and existing geodatabase layer is being pre-
pared having in mind the smooth transition into the
INSPIRE Directive, which establishes a predefined
structured public-access set of spatial data for geol-
ogy, including mainly layers of bedrock geology,
aquifers and geomorphology and earthquake data.

S:0. LIBRARY

The Geological Survey Library began to operate in
an organised manner in the autumn of 2009 after
the placement of a qualified librarian seconded
from the Ministry of Education. Books, reports,
periodicals, geological maps and MSc and PhD dis-
sertations are being catalogued using the Dewey
Cataloguing System in the ABEKTTM library data-
base. One third of the nearly 8000 volumes has
already been entered into the system and placed on
the shelves. Citizens can visit the library or search
the Survey's electronic database on the Cyprus
Libraries Network website address
http://www.cln.com.cy. The webpage provides
access to 34 libraries on Cyprus and allows for
queries based on library, keywords, author or title.
European Directive 2003/4/EC implemented on 14
February 2005 is largely based on the UN/ECE Con-
vention on Access to Information, Public Participa-
tion in Decision-making and Access to Justice in
Environmental Matters, usually known as the
“Aarhus Convention” which was signed on 25th
June 1998, in the Danish city of Aarhus. The Euro-
pean Directive, having regard to the citizen, makes
provisions for easy access to environmental infor-
mation. The Geological Survey attempts to fulfill
this provision but also attempts to reinstate the
Survey Library as a valuable research tool both for
citizens and geoscientists.

4. MINERAL RESOURCES

The Department covers a broad range of activities in
relation to mineral resources, focusing on applied
research, as well as the exploration and management
of the mineral resources of Cyprus (metallic and
industrial) within an environmentally acceptable
framework. In parallel, a number of specialised
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VTIKOU nAaiciou. NapdAAnAa, eknovouvtal EEISIKEU-
MEVA EPEUVNTIKA NPOYPAUMATA OF CUVEPYAOIO ME
Kunploug Kal EEVOUC EUNEIPOYVWUIOVEG, ME TOUC OMNOoi-
0oUC EMISINKETAl N CUVEXNC SlEUpuvon Twv Suvatotn-
TWV XPNONC TWV OPUKTWV NPWTWV UA®Y, N BEATIKON
TNG NoIBTNTAC TV NAPAYOUEVWY NPOIOVIWV Kal n
dlacdanion tng KatanANAGTNTAG ToUG.

4.1.EPEYNEZ OPYKTQN NMOPQN

01 EKMOVOUUEVEC MENRETEC EXOUV KUPIWG EPAPUOCUE-
vn KateuBuvon Kal oKonog ToUG £ival O MOIOTIKOG
XAPAKTINPIOUOC TWV OPUKTWV Nopwy, cupBaniovtag
otn Kanutepn duvatn Slaxeipion, agionoinon Touc,
KABWE Kal oTtn SNuIoupyia VEWV AQTOUIKWV ZwVWV.

4.1.1. XapakTnplouoc SIOKOCUNTIKWVY KOl SOUIKWV
ABwv

To Turpa og cuvepyaoia e ARAOUG POPEIC OUVEXIoE
TO EPEUVNTIKG NPOYLAMMA YIA TO XApaKINpIoHO Twv
OUCIKQOV OIGKOCHUNTIKWOV NETPWUATWY MOU XPNOIUO-
notouvtal oNUEPa OTNV CIKOGOUWIKA Blounxavia. To
nEoypauua, to onoio xpnuatodoteital and 1o 16pu-
Ma Npowenong ‘Epeuvac Kal gival OIETEG, EXEl WG
OTOX0 MECA and TN EKNOVNON CEIPAC EPYACTNPIAKWV
SOKIMWV Vva KaBopiogl TIC PUOIKEC KAl UNXAVIKEG
NAPAUETPOUC TWV QUOCIKOV SIAKOCUNTIKOV NETPWNA-
TV NoU Xpnoluonoiouvtat otnv Kunpo. And nAsupqg
KUMPIGKWV NETPWHATWY EXOUV CUAREXBEI KaI BPIOKO-
vtal otn dI1adIKacia Xapaktnpiouou Toug 11 €idn
NETPWUATWV.

4.1.2. Anuioupyia vEwv AATOUIKWV IwVWV OoTNnV
egnapxia nagpou

To Tunua, ota nAaiocia ufonoinong Twv S1adiIKacIV
yia méavn &nuioupyia véag AATOMIKAG Zwvng OTnv
enapxia NAagou, CUVEXICE TN SIEEAYWYN YEWAOYIKAG
€PEUVAC OTOUC OCUYKEKPIUEVOUG EVAANAKTIKOUG
XWPOUG, NOU KABOPIoE KAl OTOUC OMoioug Kpivetal
duvatn n dnuloupyia AAQTONIKNG Zwvng SlIaBacikou
NETPWHNATOC EVTOC TOU Kpatikou &dooug Madou. H
YEWAOVYIKN £pguva SIEEAYETAI YIa va KABOPIOTEI N nol-
OTNTa Kat Ta EKMETANAEUCIUa anoBEuata. AKOAoUBWE,
0a ekNOVNBEl NANPNG MEAETN EKTIUNONG ENINTWOEWV
oto nepiBanfov (MEEM yia yia t€toia avantuén.

Me ouodwvn anddaon tng Enitponng Asidpopou Ava-
NTu&Eng OpuktTwv Mopwv Zntnenke and to TUANa va
NPAYHATONCINGEl TNV avayKaia YEWAOYIKN EpEUvA VIA
KaBopIouS vEac RATOMIKAG ZwvNng N MEPIOXNG OTtnv
enapxia Naoou yia eE6pUEN acBecToNIBIKWY OYKONI-
Bwv yIa xpnon ce 8andooia €pya. To Tunua Peta anod
OXETIKN EMICKONNON KABOPIOE TPEIC EVAAAAKTIKEG
NEPIOXEC, Of ONoiec Ba epeguvnBOolv PE avopuén
NUPNVOANNTIKOV YEWTPNCEWV YIa agloAdynon Ing
noioTNTAag Kal twv anoBeudtwv Tou aoBECTORIBOU
NG KABE NEPIOXNCG.

4.1.3. Anocaspwon adpavev UAIKKOYV

To TUAUG OE ouvepyacia Pe TO TUAWA ANUOOCIWV
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research programmes are carried out in coopera-
tion with consulting agencies aiming at the broad-
ening of the use of mineral resources, as well as the
improvement of the quality of the final products.

a1. RESEARCH ON MINERAL RESOURCES

The applied research being carried out is mainly ori-
ented to the qualitative characterization of the
mineral resources, contributing to their most effi-
cient management, exploitation, as well as in the
creation of new quarry zones.

4.1.1. Characterization of Decorative and
Building Stones

The Department, in cooperation with other insti-
tutions, continued the research program for the
characterization of the natural decorative stones
that are used nowadays by the construction indus-
try. The two-year program, which is funded by the
Foundation for the Promotion of Research, aims
to define the physical and mechanical properties
of the natural decorative stones used in Cyprus
through a number of laboratory tests. Regarding
Cyprus natural decorative stones, eleven (11) rock
types were collected which are under the process
of their characterization.

4.1.2. Establishment of new quarry zones in
Pafos district

In the framework of implementing the procedures
for the establishment of a new quarrying zone in
the Pafos district, the Department has continued to
carry out geological investigations in the defined
alternative areas in which the establishment of a
new quarrying zone is considered feasible. The geo-
logical investigations are conducted in order to
determine the qualitative and quantitative charac-
teristics of the raw material. An environmental
impact assessment will follow.

The Sustainable Development of Mineral Resources
Committee requested from the Department to
carry out the necessary geological investigation for
the establishment of new quarry zone or area in the
Pafos district for the extraction of limestone
armourstones for marine works. The Department
proceeded with the necessary geological screening
and specified three alternative areas in which a
core-drilling will be carried out for the quality
assessment and calculation of the reserves of the
limestone in each area.

4.1.3. Soundness of crushed aggregates

The Department, in co-operation with the Depart-
ment of Public Works and the University of Cyprus,
continued the research on the soundness of aggre-



"Epywv Kal TO Mavenioctiunio KUNpou OCUVEXIGE Tnv
£peuva via tnv dapuoyn tng SOKIUNG TNG anood-
Bpwong ota adpavi UAIKA TNC Kunpou. Q¢ anoténe-
OMGO, N apuodia TEXVIKA EMITPONA yIa Ta AUMOXAAIKA
£T0IMACE OXETIKA NPATACN NPoG To YNOUPYEio EcwTe-
PIKWV YIa va UIOBETNBEI TO TpononoIinuévo npdtuno
VIa TNV anoodopwon TV adpavv UAIKWV.

4.2. ANMOKATAZITAZH NEPIBAAAONTOZ ZE XQPOYZ
ANAMNTY=HZ OPYKTQN MOPQN

4.2.1. Anokardoraon nepifAAAOVIOC OE EyKarQ-
AEIWUEVA UETAAREIO LIKTWV BEIOUXWV

01 dpactnpidTnNTEC Tou TUAKATOC OTOV TOHER anoKa-
TACTAoNG TOU nNEPIRAANOVTIOC OE eyKATtaAsipEva
pJetanneia PEIKTWVY Belouxwv nepiduBavav tnv
EKNOVNON TEXVO-OIKOVOUIKAC MEAETNG VIa TO OXedIA-
OpO MIAOTIKAC anoKataotaong Oto EYKATAAEIUPEVO
LETANNEI0 MEIKTWY BEI0UXwY TNE KoKkIvongZounag
oto MIToEPO.

4.2.2. Enavagopq nepiBAAAOVTOC OTO UETAANEID
Auiavrou

To TUNAKA GUVEXIOE TNV NAPOXN UNNPECIOV OTIC £pYA-
oieg enavadopdc tou NeEPIBANAOVTOL OTO XWPO TOU
Metanfciou Auidviou nou SigEdyovtal unod TNV ENo-
NTeia TNG apuodiac SIATUNMATIKAG TEXVIKAG EMtpo-
nneg. Auth apopouoe pYacieC avadaowong Kal ava-
XAoaong nou KAAuye Extaon 8 ektapiwv. ENINAov,
EYIVE N ETACIO EMIBEWENON TNEG OAPAyYac Kal Kata-
YPA®NKAV Ol OXETIKEG METPNOEIC OTO APXEID, ONWE Kal
n napakofouBnon tng noidtntac Tou agpa OTo
METANREIO AUIAVTOU Kal oTnv YUP® NEPIOXN.

gates produced in Cyprus. As a result, the Technical
Committee of the CYS for the aggregates prepared
a proposal for the Ministry of the Interior for the
adoption of the new relative standard for the
soundness of aggregates.

4.2 RESTORATION OF THE ENVIRONMENT IN
AREAS OF DEVELOPMENT OF MINERAL
RESOURCES

4.2.1. Restoration of the environment of
abandoned massive sulficdes mines

The activities of the Department in the field of
restoration of abandoned mines included the com-
pletion of a techno-economic study for the plan-
ning of a pilot program for the restoration of the
abandoned massive sulphides mine of Kokkinope-
zoula in Mitsero.

4.2.2. Restoration of Environment in the
Asbestos Mine

The Department continued to contribute towards
the rehabilitation works of the Asbestos Mine which
are done under the supervision of the competent
multi-disciplinary Technical Committee. Rehabilita-
tion works carried out in an area of about eight
hectares included soil covering, reforestation,
revegetation and the maintenance of the water
drainage system. Furthermore, the annual inspec-
tion of the tunnel has been conducted and the
monitoring of the atmospheric air quality continued
with sampling of atmospheric air in the mine area.
Air samples were analysed for possible concentra-
tion of asbestos fibers.

EIK. 4: ®wTouIKpoypadia NASKTPOVIKOU UIKPOOKONIOU 0apwonc onou ¢aivovral iVEG XpUCOTIAIKOU Kai TRELORITIKOU QUIGVTOU 08
LEUBPAVN GIATOOU aEPa ano TI¢ UETPHOEIC TNG NOIOTNTAC TOU ATHOOAIPIKOU QEpa.

Fig. 4: Scanning Electron Microscope photomicrograph showing chysotile and tremolite asbestos fibres on a filter membrane taken
from the monitoring of the air quality samplings.
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KOIVOTNTAG AREKTWEAC (BOPEIO TMNMA TNG NMEPIOXNG
MEAETNG), ME TOUC YUYOUG BOPEIOSUTIKA TNG KOlvOTN-
Ta¢ Moocoupiou (VOTIO TUAUA TNG NEPIOXNE MEAETNC),
WoTe va dlanictwoei, av 6a ntav EPIKTOS 0 TEXVNTOC
EMNAOUTIONOC TOU Cuvonou Tou udpodoOpou TwV
yUUwv. H HEAETN NEPIEAABE TN YEWAOYIKNA XapToypd-
®non Tn¢ NePIoXng o KAIMaka 1:5.000, tnv avopugn
EPEUVNTIKWV YEWTPACEWV Kal TNV a&liondynon twv
SeS0OUEVWV and UPICTAUEVEG VEWTPNOEIC.

And tnv ev AdYw HEAETN EXOUV NEOKUWE! Tta akénou-
fa cuunepaouata:

® TNV NEPIOXN LEAEING, N onoia Exgl Ektaon
8,5 tertpaywvikd xiidpeTpa, avantuo-
oovtal 6U0 tonikoi udpodopol, BopeIdTEPa
0 udpodopoC Twyv yuPwy TNC AAEKTOPAC
Kal voTiotepa 0 udpodopog TV YUPnV Tou
Mogooupiou.

° Aev npokuntel 6Tl unapxel udpaufikn auv-
Se0n Twv SU0 UOPODOPWV KAl WG EK TOUTOU
KpIBNKe 6T N nePIoXn dev NpoocdEpETal via
TEXVNTO €UNAOUTIONO. O eV AOYW TEXVNTOC
EMNAOUTICUOC Ba napouciale onuavtiké
npopAnuata otnv £dapuoyn Tou, EVW N
anoTENEoNATIKOTNTA TOU Ba Ntav NEPIopl-
OMEvn.

5.2. E®APMOIrH NOMOOEZIAZ

5.2.1. 0dényia 91/676/EOK

H odnyia 91/676/E0K adopd tnv Npootacia twv
VEPWV anod VITPIKA ANATa YEWPYIKNG NPOEAEUONG KAl
EVOWMATWONKE OTO £6VIKO AiKalo UE TOV Kavoviouo
534/2002 tou “Nepi Tou EAEyxoU tng PUnavong twv
Nepwv Kal tou Edadoug Nouou 106(1)/2002".

H apuodIoTnTa Tou THAWATOC EYKEITAI OTNV NAPAKO-
AouBnon Kal aglondynon TNG NoIGTNTAC TWV VEPWV OF
OXEON UE TNV MEPIEKTIKOTNTA TOUC O VITPIKG dAata
anod YEWPYIKEC SpaTTNPIOTNTEC.

Ita nAaicia tng odnyiag autng kai tnv nepiodo 2004
£w¢ 2007 knpuxtnKav £&1 eUAAwTEC and vitpopunav-
on Zwveg. 01 v Adyw ZWveC adopoulv Ta unoyeia uda-
TIKA COMATA TV KOKKIVOXWPIWY, Tou Kitiou-MNepRo-
A1V, Tou AKPWTINPIoU, TNC NEyeiacg, Tng NOANG Xpuoco-
XoUG KABWE EMiong Kal MEPOC TNC KEVIPIKAG-AUTIKAG
Meaoaopiag, otnv NEPIOXn tng OpouvTag. MePETApwW, N
€UPUTEPN NEPIOXN TOU USpodopEa tng KEVIPIKAG-
AUTIKAG MEoaopiag KadBwE eniong Kal Tou udpodopsa
TOu Ayiou @g0dwpou Adpvakag Bpiokovtai uno die-
peuvnon. Mg Baon tnv a&loAoYNoN Twv UEXPI CANEPA
anotTeRECUATWY SEV NPOKUNTEI ONOIAdNNOTE ENGAVAC
Taon BEATIWONG TN NOIOTNTAC TWV VEPWV OTIGC EUNPO-
OBANTEC O& VITPOPUNAVON MEPIOXEC.
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west of the Alektora village (north part of the study
area) with those to the northwest of Pissouri village
(south part of the study area), was investigated in
order to determine whether it is possible to artifi-
cially recharge the whole of the gypsum aquifer.
The study included the geological mapping of the
area in scale of 1:5.000, the drilling of investigation
boreholes and the evaluation of data from existing
boreholes.

From this study, the following are concluded:

® Two (2) local aquifers develop within the
study area which is 8.5 square kilometres;
the gypsum aquifer of Alektora to the
north and the Pissouri gypsum aquifer to
the south.

® It was assessed that there is no hydrolog-
ical connection between the two aquifers
and it was therefore concluded that the
area is not suitable for artificial recharge.
The application of such recharge would
cause serious problems and its effective-
ness would be limited.

5.2 IMPLEMENTATION OF LEGISLATION

5.2.1. Directive 91/676/EEC

Directive 91/676/EEC deals with the protection of
waters against pollution caused by nitrates of agri-
cultural origin. It was incorporated to the national
legislation via the Regulation 534/2002 of the Pro-
tection of Water and Soil Law 106(1)/2002.

The Department’s competence comprises of moni-
toring and evaluating the quality of water resources
(surface water and groundwater), in terms of their
concentration in nitrates of agricultural origin.
Within the framework of this directive, six (6)
nitrate vulnerable zones have been declared. These
siX zones pertain to the groundwater bodies of
Kokkinochoria, Kiti - Pervolia, Akrotiri, Pegeia, Polis
Chrysochous as well as part of the Central-Western
Mesaoria in the area of Orounda. Furthermore, the
overall area of the Central-Western Mesaoria
aquifers as well as the Agios Theodoros of Larnaka
aquifer are under investigation. Based on the eval-
uation of the current results, there is no discernible
water gquality improvement trend within the nitrate
vulnerable zones.



O KABOPIONOC TwV NNYWV MPOEAEUCNE TWV VITPIKKOV
ota unovela vepd anotenel onuavtikd napdyovta via
n ANYN ANOTEAECHATIKWOV NETPWV YIA TNV NPOCTACIa
TOUC. 'ETOI TO TMAMA, O OUVERPYAGIQ UE EEEIBIKEUNE-
VO OE 100TOMIKOUG NPoodIopIouoUC YEPUAVIKG £pva-
otnplo, digEnyaye PEAETN yia SlEpedvnon TNG NPOE-
AEUONC TWV VITPIKWY OTa unoyeia vepd tng Kunpou,
KaB®C¢ €niong yia tnv EKTIUNCN TNE IKavotntag Kal
TOU Babuou anovitpwong, &viOC TNG AKOPEOTNG
Zwvng. H gv Adyw heEARETN Ntav S1ETNG (2009-2010)
Kal napouociaZetal cuvontikG oto kedanaio 11. Me
Bdaon ta nopiouata tng HEAETNG, KOBMC Kal TN ouvda-
Zionoynon AANWY OXETIKWV BESOUEVWY, N NEPIOXNA
OpouvVTac KNPUXTNKE w¢ VEQ EunpooBAnTn 0g VITPO-
punavon Zavn.

5.2.2. 06nvyia Naagiolo yia “Yéata 2000/60/EK

To TUAPO EUNAEKETAlI EVEPYQ OTNV ufonoinon twv
UNOXPEWOCEWV TOU KPATOUG, Nou anoppéouv and tnv
spapuoyn Ing 0dnyiag MAagicio yia ta ‘Ydata
2000/60/EK. MExpI orpEpa uRonoinbnkav ol Npovol-
£C TWV ApOBPwV 5, 6, 11 Kal 14, KaBWE Kai anfeg eni
MEPOUC SPACEIC.

5.2.3. 0ényia 2006/118/EK

H odnyia autn COXETIZETAI JE TNV NPOCTACIA TWV uno-
YEIWV VEPWYV and th punavon Kal tnv unoBasuicn. To
TUAUQ CUVTOVIZEl TIC EPYACIEG, NOU OXETIZOVIAl WE
Tnv a&10Adynon TNS XNPIKAG KATtdotaong Twv unoyel-
WV USATWY, TOV EVIONICUO CNUAVTIKWV Kal Slatnpou-
MEVWV QVOSIKWV TACEWV KAl TOV KABOPIoUO TwV
ONMEIWV EKKIVNONG YIa TNV avacTpodn Twv TACEWV.

5.3. KAGOPIZMOZ ZQNQN MPOITAZIAL
YAPEYTIKQN FEQTPHIEQN

O KaBoPIoUOC ZwVvwV NPOoTaciac Twv USPEUTIKWY
YEWTPNOEWV NpokUuntel and tov "MNepi Tou EAEyxou
™C¢ Punavong twv Nepwv Kal tou ESGdoug Nouo
106(1)/2002". Me Baon 1o vOuo autd, 8a kadopioTtouv
JWVEC NpooTaciac yia 400 NepiNou USPEUTIKEG YEW-
TPNOEIC. To TURNO avéENABE va EKNOVACE! AENTOME-
PEIC USPOYEWNOYIKEC WENETEC VIO KABE UBPEUTIKN
YEWTPNON, UE BACN TIC OMNOIEC OPIZOVTAl Ol OXETIKES
Zwvec npootaciac anod tnv apuddia apxn. 01 HEAETEC
QUTEC AQUBAVOUV unoyn TIC YEWAOVIKEG, UDSPOYEW-
AOVIKEG KAl USPOROYIKEC CUVONKEC, TIC XPNOEIC yNG
Kal, YEVIKA, TIC TOMIKEG MIECEIC ota unoyela vepqd.
MExpI CNUEPA eKNOvVNBNKavV 26 TETOIEC MENETEC.

To TUAMAO EUNAEKETAI, ENiONG, 6 BEUATA NPOCTACiac
TWV USATIKWOV NOpwV, 0nwg gival n €EeUpeon Katan-
ANAWY XWPWV YIa TNV ENEEEpyacia kal SIABEoN Twv
UYPWV KAl OTEPEWV anoBANTwY Twv NOAEWY, OIKI-

Determining the dominant source of nitrogen in
groundwater is of essence in order to take appro-
priate and effective measures in protecting ground-
water. Therefore, the Department, in collaboration
with a German lab specialized in isotope analysis,
has conducted a study to investigate the source of
nitrogen in the groundwater of Cyprus, as well as
the extent of denitrification in the unsaturated
zone The specific study lasted two (2) years (2009-
2010) and its synopsis is presented in chapter 11.
Based on the conclusions of this study in conjunc-
tion to co evaluation of other relative data, the area
of Orounda was designated as a new Nitrate Vul-
nerable Zone.

5.2.2. Water Framework Directive 2000/60/EC

The Department is actively involved in meeting the
country's obligations that derive from the Water
Framework Directive 2000/60/EC. Up to today. the
provisions of articles 5, 6, 11 and 14 as well as other
secondary measures have been implemented.

5.2.3. Directive 2006/118/EC

This Directive deals with the protection of ground-
water against pollution and deterioration. The
Department coordinates the works related to the
evaluation of the chemical status of the groundwa-
ter bodies, the detection of substantial and persist-
ently increasing trends as well as the declaration of
their starting and reversal points.

5.3. DELINEATION OF PROTECTION ZONES FOR
WATER SUPPLY BOREHOLES

The provision for the delineation of water supply
borehole protection zones derives from the Water
and Soil Pollution Control Law 106(1)/2002. Four
hundred protection zones are to be delineated. The
Department carries out a detailed hydrogeological
study for each water supply borehole based on
which, the protection zones are declared by the
competent authority. Such studies take into consid-
eration the geological, the hydrogeological and the
hydrological conditions, the land use and in gener-
al, all the pressures exerted locally onto the ground-
water. Up to now, 26 such studies have been com-
pleted.

The Department is also actively involved in the pro-
tection of the water resources, such as the identifi-
cation of suitable areas for the treatment and dis-
posal of liquid and solid waste of cities, settlements
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OMWV Kal KOIVOTATWY KAl yIa TNV Tadn 2wV OE EKTA-
KTEC NEPINTWOEIG.

5.4. MAPAKOAOYOHZH YNOTEIQN NEPQN

To TUNUA EYKATECTNOE KAl AEITOUPYET apIBud SIKTUWV
napakonAouBnoNng, Ta ©noia OXETIZOVIAl KUPIWC ME
TNV £PAPUOYNR TNC OXETIKAG £BVIKAC KAl KOIVOTIKNG
VoueoBEesiag. Ta SiKTua autd unooTtnpIZouV Eniong TNV
EKNAVNON EPEUVNTIKWV MPOYPAUNATwy. Ta onuavtl-
kOtepa eival Ta akdiouBa:

AiKTuo vitpopunavong

To G6IKTUO aQuTO OXETIZETAI LE TNV EQAPUOYA TwV NPO-
VoIV tng 0dnyiag 91/676/E0K, nou adopd tnv npo-
oTacia Twv vEPWY and VITPIKA dnata yewpyiKAg npo-
éfguonc. Anotensital and 220 otaduoug oTa undyela
vepd kal 8éxka (10) ota empavelaka.

AUTOYPAQPIKO SIKTUO

To SIKTUO QuTé KAAUNTEI TOUG NIO CNUAVTIKOUC UdPOo-
¢6pouc. Anoteneital 6 ano 80 oTaBuoUg CUVEXOUC
Kataypadng tng otasung, BEQUOKPACIAC KAl NREKTPI-
KNG aywyruotntag tou undyeiou vepou. To Tunua Bpi-
oKeTal otn dladikacia avapaduiong Tou udPicTausvou
€gonniouoy. 'HON 61 otabuoi Exouv avapBaduIcTEl O
TNAEUETPIKOUC.

Ta dedougva, nou cunn€yovTal Kal apxeiodetouval
oTn BAcn S£50uEVWV ENVIS, XpNCIMONOIOUVTAl KUPI®WG
0 UENETEC UBATIKWV 100ZUYiwV, TEXVNTOU Kal dUsI-
KoU gUNAOUTICHOU, KAB®WEG Kal NapakofAousnong tng
udanuupIvong twv Napdktiwv udpoddpwy. Mapako-
AouBeital, eniong, n NOIGTNTA TOU BPOXIVOU VEPOU.

and communities and for the burial of animals in
the event of an emergency.

5.4. GROUNDWATER MONITORING

The Department has installed and maintains a num-
ber of water resources monitoring networks that
are mainly related to the implementation of relative
national and European legislation. These networks
also contribute to the Department’s research proj-
ects. The most important monitoring networks are
the following:

Nitropollution network

This network is related to the implementation of
the provisions of Directive 91/676/EEC, concerning
the protection of waters against pollution caused
by nitrates from agricultural sources. The network
consists of 220 stations for groundwater and ten
(10) for surface water.

Datalogger network

The network covers the most important aquifers. It
consists of 80 monitoring stations equipped with
loggers for continuous groundwater level, temper-
ature and conductivity monitoring. The Department
is in the process of upgrading the current equip-
ment and it has already converted 61 of the exist-
ing monitoring stations, to telemetric ones.

These data are collected and stored in the EnviS
database and are mostly used in water balance
studies and specifically in the monitoring of aquifer
recharge as well as seawater intrusion at the
coastal aquifers. Furthermore, rainfall water quality
is also monitored.

Eix. 6: AvaBaouion otaduwy napgaKkofAouenonc unoyegiou VEPOU O TNAEUETPIKOUG.
Fig. 6: Upgrading groundwater monitoring stations to telemetric.
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Eik. 7: MapakoAouénon tne oTtaeunc Kal tne OEpUOKPAcIiac ToU UNOYEIOU VEPOU.
Fig. 7: Monitaring of groundwater level and temperature.

Eik. 8: lMapaxkoAouenon tng noioTntac twv eMPAveEIOKWY USATwy.
Fig. 8: Monitoring of surface water quality.

Eix. 9: MMapakoAoU6non tng noioTntac Twv vnoyeiwy udatwy.
Fig. 9: Monitoring of groundwater quality.

5.5.  KAAYWH YAPEYTIKQN ANATKOQN 5.5.  SATISFYING DOMESTIC WATER SUPPLY
KOINOTHTON NEEDS OF COMMUNITIES

EKTOC and tnv udpovewAoyikn €peguva, to TuhAua In addition to hydrogeological research, the Depart-

npoBaivel oTNV avopuEN NMapaywylkov YEWTPROEWY ment drills productive boreholes in order to satisfy

HE KUPIO OKONOG TNV KAARUYN USPEUTIKWV AVAYKWY O the needs of communities for potable water.

KOIVOTNTEG. Ma 1o OKOMO auto, EKTAG ano ta diatpn- Towards this goal and in addition to the Depart-

TIKG JEoa Tou TUAPATOC, ANOKTABNKAV OXETIKEC urn- ment’s drilling equipment, outsourcing was also uti-
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PECIEC and ToV ISIWTIKO TONEQ HECW CUMBAONE CUVO-
AIKAC danavng €298.187.

01 NPOCNABEIEC TOU TUAUATOC EMNIKEVTPWONKAV OTNV
avopuEN vEwV USPOYEWTPNOEWVY VI ENIAUCN USPEU-
TIKQV KUPIWC NpoBANUATWY. ZUVOAIKA avopuxenkav
TPIAVIa eNTd EPEUVNTIKEC VEWTPNOEIC CUVOAIKOU
BABoUC 8.622 M. Ig £IKOCI ENTA YEWTPNOEIC EKTENAE-
otnKav SOKIMACTIKEG AVTIANOCEIG, WOTE AUTEC va a&lo-
noinBouv yia napaywylkoUuc oKkonoug.

Me TIC M0 NAVW VYEWIPNOEIC QVTIKNETWMIOTNKAV
USPEUTIKA npofAnuata ot kKoivdtnteg Nikntap,
BuZakia, KAnpou, MoAmikd, AAnBivou, Kapni, MoAu-
otunog, Aivou, Kivouoa, Ayiog Emidaveiog, AaZaviac,
Katw MAGTPeC kai Kovatnteg diauepioyatos Taua-
oou.

lized via a €298.187 contract.

The efforts of the Department focused mostly on
drilling new water supply boreholes in order to
solve relative issues. In total, 37 boreholes were
drilled summing up to 8.622 m. Pumping tests were
performed in 27 boreholes in order to be used as
productive boreholes.

With the above drilled boreholes, the water supply
needs of the following villages have been met:

Nikitari, Vyzakia, Klirou, Politiko, Alithinou, Kambi,
Polystypos, Linou, Kinousa, Agios Epifanios, Lazania,
Kato Platres and communities of the Tamasos area.

Eix. 10: AVOpUEN napaywyIkic yewtonong — AieZaywyn YEWQUOIKWY Siaypadiuv OE yewtonon.
Fig. 10: Drilling a water supply production borehole and performing geophysical logging of a borehole.

6. TEQTEXNIKEX MEAETEL /
I'EQITPOBAHMATA

To TurAua avafdauBével TOV NPOYPAUMATIONS, TNV
EKTEREON Kal a&IoAdyNon TWV avaykaiov yewnoyl-
KWV- YEWTEXVIKOV EPEUVEV, NMOU anartouvtal via tn
cwoth kal acoann Bsusninon Twv Sladdpwy ava-
NTUEIOKWV EPYWV (TEXVIKWV KATACKEUWV) TOU Kpa-
TouG. AvanauBdavel, eniong, NEAETEC nou adopouv
dUaIKA YEWAOYIKA daivoueva, onwe ival ol Katonl-
OBNA0EIC, O KATABOOPEC Kal o1 £5adIKEC KaBIZNTEIC Kal
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6. GEOTECHNICAL STUDIES /
GEOPROBLEMS

The Department undertakes the planning, the
implementation and evaluation of the geological -
geotechnical investigations, which are necessary
for the appropriate and safe foundation of various
development projects (constructions) of the State.
It participates, also, in the study of natural phe-
nomena and geohazards, like fandslides and other
types of slope instability, karstic geomorphs (cavi-



CUMBAAAE!I oucIaoTIKA oTn dIadikacia yia Avadswpn-
on/ Tpononoinon Opiwv Avantuing kal NMonsodoul-
KOV ZWVOV. ENNpocdeta, eKPEPEI andYeIC O YEw-
AOVIKEG- VEWTEXVIKEC EKOEOCEIC IOIWTIKWY YPAPEIWY,
nou adopouv d1adopa Epya avantu&ng, Nou napang-
yrovtal oto TuANa and dAna KUBEPVNTIKG TUAMATA,
rMou aoxoAoUVTal NE TEXVIKEG KATAOKEUEG.

ties, caves and sinkholes), and phenomena of ground
subsidence and substantially contributes to the revi-
sion/modification of urban development planning
limits and urban planning zones. Additionally, the
Department consults for geological and geotechnical
reports compiled by private offices, which are sub-
mitted to the Department by other Governmental
Departments that deal with different construction
projects.

Eix. 11: AIGOTPwoN QPYIARIKOU NUpriva OTov GZova tou ¢payuarog oAEac.
Fig. 11: Core clay works at Sofea dam axis.

6.1. YAATIKA EPTA

ITOV TOMEQ Twv USATIKWV EpywvV, OTA NAQicia tng
MEAETNG VIO TNV EKNOVNON TwV TEAIKWV KATACKEUQ-
OTIKWV OXESiwV TV ¢payudtwv «Kapuiton» Kai
«ApXAYYEROU», (NEPIOXN Apadinnou), Kadwe Kal Tou
dpdypatog Idaniou, Exouv SIEEaXOEl CUMNANPWUATI-
KEC YEWNOVIKEC XAPTOoypadnoeIG UE EKNOVNON Twv
OXETIKWV XAPTWV, KABWE KAl UNOYEIEC EPEUVEC (aVo-
PUEN OuUVoAIKA 17 SEIYMATOANNTIKWV YEWIPNOEWV).

6.1. WATER PROJECTS

In the Section of water projects, within the frame-
work of the design of Kammitsis and Archagelos
Dam (Aradhippou area), as well as the Idalion Dam,
additional geological mapping and underground
geotechnical investigation have been carried out
(drilling of 17 exploratory boreholes). Geological-
geotechnical mapping concerning the core trench
of the Solea Dam -which is under construction- and
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APXIOE Kal CUVEXIZETQI N napakoAoudnon Twv Kata-
OKEUAOTIKWV EPYACIWV ToU PPAYMATOG ZOAEAC UE TN
VEWTEXVIKA XAPTOYpdadnon TNE NEPIOXNG BEUENIWONG
TOU QvaxXwuatog tou Gpayuatog Kal tTnv avopugn 19
EPEUVNTIKWV YEWTPNOEWY / YEWTPACEWV EAEYXOU.

AIEENAXBNCAV ENIONG YEWNOVIKES/ YEWTEXVIKEG EPEU-
VEC VIO TN XWPOoBETNoN BIOAOYIKWV OTABHWY oE &1d-
DOPEC MEPIOXEC, ME KUPIOTEPEC TIC NEPIOXEC Baded
rovia kai Toépl.

the geological description of 19 exploratory and con-
trol boreholes were carried out.

Geological — geotechnical investigations have been
carried out in various areas where storage reservoirs
for the Nicosia treated water has been planned to be
constructed, the most significant being at Vathia
Gonia and Tseri areas.
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Eix. 12: FrewAoyikn toun aZova ¢payuaro¢ Kauuiton.
Fig. 12: Kammitsis dam axis geological section.
6.2. EPFrA OAONOIIALZ / TEPY®OMOIIAZ 6.2. ROAD AND BRIDGE PROJECTS

Ta €pya odonoliag, yeduponoliag anoteNscav nedia
VEWAOVYIKWV / YEWTIEXVIKWV EPEUVWV Ot OIADOPEC
nePIOXEC. KupIidtepa Epya €ivai n napanfiakn AEwdo-
00C NMPOC TO AINAVI AEUE0OU Kal O KUKAIKOC KOUBROG
oTnNV MNEPIOXN Eykwung. O €PEUVEC nepIRGuBavav
eMGAVEIQKES, UMNOYEIEG KAl EPYACTNEOIAKEC UEAETEC.

Eniong €xouv aZI0A0YNBEI YEWAOVIKEC - YEWTEXVIKEC
MERETEC, MOU &knovnBnkav and ISIKTIKA ypadeia
MENETWVY, VIO SIADOPEC NEPIOXECG, ME KUPIOTEPA £pVQ,
TOV MNEPIMETPIKG AUTOKIVNTOOPOUO AEUKWOIag, Ttov
AUTOKIVNTOSPOUO AEUKWOIag- AAGUNPAC, TOV KUKAIKO
KOUBO, TIC YEDUPEC Kat TO 06IKO SIKTUo napd to VED
FZN (UEPOC QUTOKIVNTOSPOMOU AEUKWOIAG- AENECOU),
10 5pOUO Aguecou — AAacoag- Iaittd, Tn Newdopo
Togpiou ka1 tn AswdOpo ApxiENICKONOU Makapiou
otnv Avavyuid.

28

Road and bridge projects were fields of geologi-
cal/geotechnical investigation in various regions.
The most important of them are the coastal access
avenue to the Limassol Harbour and the round-
about in the area of Engomi-Nicosia. The surveys
included surface, underground and laboratory stud-
ies. Geological - geotechnical studies, which were
carried out by private offices for various regions, in
particular for the Lefkosia Perimetrical Highway, the
Lefkosia - Alambra Highway, the roundabout junc-
tion, the bridge and the roads near the new Nicosia
football stadium (part of the Lefkosia - Lemesos
Highway), the Lemesos- Alassa - Saittas road, the
Tseriou Avenue and the Archbishop Makarios Il
Avenue at Anayia, have been also evaluated.
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Eik. 13: AciyuatoAnyia e5Ggouc yia EpYacTnPIiaKeC SOKIUEC YIa LEAETN 0S0NoIiac.
Fig. 13: Soil sampling for laboratory testing — road works study.

6.3. EPTA OIKIZTIKHZ ANANTY=ZHZ

£TOV TOMED NG OIKICTIKAG avanTtuing EXouv SIEEAxXBET
EMPAVEIAKES KAl UNOYEIEC YEWAOVIKES, YEWTEXVIKEG
EPEUVEC, KABWC KAl EPYACTNPIAKEG MENETEG. H ava-
nTuén autn nePINAUBaAvE supu GAcUa EpywV, ONwe
SIAXWPICUO OIKONESWY, OIKICMOUG aUTOoTEYaonc,
SnuIouUpYia ynnedwv YKOAD, NAIOBEPUIKOV NAPKWY
Kal EYKATACTAON QVEWOYEVVNIPIWOV (AIOAIKWV Nap-
KWV}, KAB®E Kal KoIUNTApIa o SIGPOPES KOIVOTNTEG
ONWV TwV ENAEXIOV. ITOV TOMEQ TNC avantuing
QUTNG EVTACOOVTAl KAl YEWTEXVIKEC EPEUVEG Via
MEYARo apidud aItNoEWV Yia NOAEOSOUIKES Kal OIKO-
SOMIKEC Adeieg, Nou KaAuNtav NOAAEC NEPIOXES vIa
QVEYEPON KATOIKIWV, KABWE Kal avantuEelc o Xwpid
£Niong 0wV TwY ENAPXIWV.

Ito idlo kedanaio evtdooovtal Kal ol a&IoNOYNOCEIQ
EKOECEWVY YEWTEXVIKWOV EPEUVMV MNou Eyivav anod
ISINTIKA ypadEia, 01 NMEPIOXEG TWV ONoimv £nnped-
ZOouv JvnuEgia, Onweg To EVETIKO TEIXOC HE TNV MEAETN
yia avanfaon tng nAateiag EREUBERIag otn ASUKwoia
Kal ol «Kaudpeg» oTn AGpVaKa, KaBwS Kai n napoxn
TEXVIKWV CUUBOURW®VY NPog To TUAKA APXAIOTATWY Kal
TA OXETIKA dnuapxeia.

6.4. AITOXIEZ / ALITAOEIEZ MPANQN

Ol aotoxieg /actdbeisc npavwv o S1ddopa Epya n
KQl NEPIOXEC OIKICTIKAG avantu&ng Exouv Sigpeuvndei
via SIGAEUKAVON TwV altiov Nou TG npokanouv. Ol

6.3. URBAN DEVELOPMENT

In the Section of urban development, surface and
underground geological/geotechnical investiga-
tions were conducted, as well as laboratory tests.
This development included a wide spectrum of proj-
ects, as division of plots, self-housing settlements,
golf fields, solar parks and installation of wind
power generators (aeolic parks) and also cemeter-
ies in various villages. This development included
also geological-geotechnical investigations dealing
with urban and building authorisations that covered
a lot of areas for residence construction, as well as
developments in villages of all Districts.

For projects which were planned in the vicinity with
ancient monuments affected by these works, i.e.
the Venetian Walls within the framework of the
redesign of Eleftheria Square in Lefkosia and the
Kamares in Larnaka, geological - geotechnical stud-
ies, carried out by private offices, have been evalu-
ated and also technical advises to the Archaeologi-
cal Department and the relevant Municipality
Authorities have been given.

6.4. SLOPE FAILURE / SLOPE INSTABILITY

Slope failure/slope instability geotechnical investi-
gations were undertaken for various projects
and/or even areas of built-up growth with a scope
of clarifying/interpreting the parameters, which
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E£PEUVEC aPOPOUV KATORICOBNOEIG GE SIADOPES KOIVO-
TNTEC, ONWC Twv KeNoKESapwy, TNG APMIVOU, NG
Mavayiag, tng Apouoeiag, Tou Ztatou Kal tng Koidi-
VEIAG. H nepioxn WETA&U Itatou- KolRivelag ennped-
OTnKe and cuotnua NoAAANAWY KATtoNIOONOEWV UE
ENEKTAON, TOOO OTO O6IKO OIKTUO TWV KOIVOTATWV
000 KQl OE OIKIOTIKEC NEPIOXEG. H UEAETN TWV KATOAI-
oonocewv (xaptoypddnon, avopuin YEWIPNOEWYV,
EPYAOTNPIAKEC OOKIMEC Kal ouyypadn £KOEONG) EXEI
OAOKANPWOEI.

‘EPEUVECG/HERETEG KATOMIOBNOEWY EYIVAV Kal CUVEXI-
Zovtal yia cuvoRika 11 npavn EKoKaPne Tou autokl-
vntobpouou Ashecou- Nadou. To npwto adopouoe
TNV EPEUVA/UEAETN TNG KATOAIoBNONC Tou npavouc
skokadng napd to Mocoup!, n onoia ExEl oACKANP®-
Bei kal avauéveTtal n ebapuoyn Twv oTadsponoInti-
K@V HETPWV Yia TNV EUCTABEIa TOU nNpavous. ApxIoE

trigger the slope instability/failure. The main inves-
tigations are these of landslides in various viillages
as Kelokedara, Arminou, Panayia, Drouseia, Statos -
Koilineia. The area of Statos - Koilineia was affected
by a system of multiple landslides extended at the
main road of the two villages and also in residential
areas. The study of landslide including mapping,
exploratory boreholes, laboratory testing and the
preparation of the relevant report was completed.

In the cases of slope instability at various locations
of various Districts, stability measures have been
also proposed. Stability investigations for a total
number of 11 cut slopes of the Lemesos - Pafos
Highway were carried out. Work was completed
only for the first one, the "Pissouri landslide”. How-
ever, the remedial works for stabilizing the slope
are still pending. A work schedule for the other 10

Eik. 14: Karoaioénon otov 6p0u0 fTtatou - flavayide.
Fig. 14: Landslide at Statos - Panayia road.

n EpEUVA KAl yia Ta dARa 10 THANATA TwV NPavwy, Ta
onoia KpiBnkav enippenn yia KatoAIcONoeIG. H 6An
EPEUVNTIKA £pyacia €xel 1IEpAPXNBEI - ouvevvonon
TOU TrE Kal TAE - Kal ©a CUVEXIOTEI Kal 1o 2011.

6.5. MEAETEZ TEQMPOBAHMATQN

6.5.1. EKnOvnon n Kai avaeewpnon {uVwv YEWAO-
VIKAG ENIKIVOUVOTNTAC /KATAAANAOTNTAC.

H gpyaocia autn nePIAaUBAVE! EEEIBIKEUNEVEC YEWRO-
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cut slopes was agreed by the Departments of Geo-
logical Survey and Public Works. These investiga-
tions will continue also in the year 2011.

6.5. GEOPROBLEM STUDIES

6.5.1. The compilation and/or the revision of
geological vulnerability/suitability maps
including the relevant zones

This type of work included sophisticated geologi-



GEOLOGICAL SECTION A-A

Eik. 15: Fewdoyikn Toun katofdioénonc.
Fig. 15: Landslide geological section.

Proyeer Tithe Koilna Lanshde
Fs=09-02

Eik. 16: AVAARUON EUOTABEIAC Npavouc oto Sp0H0 ETatou - KOIRIVEING.
Fig. 16: Slope Stability Analysis -Koilineia - Statos road

EiK. 17: KQtoAiobnon oTov QuToKIvNTOSp0U0 MAapou - NAEUECOU.
Fig. 17: Landslide at the Pafos-Lemesos highway.
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VIKEG /YEWTEXVIKEC EPEUVEG, OE NEPIOXEC BIaPOPWV
KOIVOTATWV, OTOXEUOVTAC OTtnv Kanutepn Kal acda-
AE0TEPN NOAEOOOMIKA avAaNTuEn tou TOMNou. &g
NEPIOXEC MEPIKWV KOIVOTNTWVY Ol XAPTEC, NOU EKNOVA-
enkav ota nAaicia tou gpsuvnTikol NPOYPANNATOC
MEAETNC TwV KAPOTIKWV daivouévwv ota yuouxa
netpwMata t™¢ Kdnpou, &navektiyouvtal Kal
CUMNANPWVOVTAl ME TN SlgEaywyn enidAVEIAKWY,
UNoVEIDV Kal EPYACTNPIAKWY EPEUVAV UE ANWTEPO
OTOXO TNV ETOINAGCIA AVABEWPNUEVWV XAPTWV, ONWE
n.X. neploxni NNoou kail Apadinnou.

6.5.2. To [pdypauua yia TNV EKNOVNON LEAEING
TWV KATtoioBrnoswV OE NEPIOXEC TNC Enap-
xiac nNagou.

H avadepduevn HEAETN, yia TNV onoia yivetal Aento-
uepEotepn avadopd oto TEAOC TNG EKOEONG AUTNAC,
SIEENXON OE CUVEPYAGIa UE CUMBOUAEUTIKO oiko and
10 H.B. HETA and S1aywvIoUG Kal £iXe SIAPKEIQ 2 XpO-
vid. H €pyacia autn anonepatwinke Kai n TEAIKN
£KOeON Exel NapadndOei. BaCiKAC 0TOX0G tnG cUMBA-
ong ATav N CUCTNUATIKR Kal EVOEAEXNG MEAETN TWV
KAToAIoBNTIKOV dAIVOUEVWY OTa NAaicla Tng npo-
ONABEIag tou KPAToug via uia nio opBoRoyIKA Kal
acdafn noAeodouIKN avdntuén tou Tonou. Autn
anookonouoe: 1) £Tn AENTOMEPN XapToypadnon Kal
kataypadn OAwv TV TUNWV TWV KATORICONTIKWY
daVONEVWV OTNV NEPIOXN NEAETNG, 2) OTN dnuioup-
via YEWBAONC / apXEIoU KATOAIOBNTIKWY SESOUEVWV
Kal 3) TNV EKNOVNON XapTwVv TonoypadIkng Tagivo-
pnong (Terrain Classification Maps), SuvNTIKAG KATo-
AloontikNg guaicbnoiag (Landslide Susceptibility
Maps) Kai gvOEIKTIKOU Kivduvou KatoAioenong
(Indicative Risk Maps).

6.6. HAEKTPONIKH BAXZH FEQTEXNIKQN
AEAOMENQN

H nAgKTPOVIKA BAoN FEWTEXVIKOV AESGONEVWV ava-
NTUCCOETAl /EVNUEPWVETAl CUVEXWC, aPoU EXOUV NPO-
oteDEl VEQ Kal nanaidtepa CToIXeia. EyIve ouvoeon
ME TA CUCTNMATA VEWYPADIKWV NMANPODOPIY TOU
CUVOAOU TwV 2.999 VEWTIPNOEWY, KABWC £niong Kal
670 ano TO CUVONO TwV 2.889 EKOECEWV/UENETWVY.
TuvexiZzetal n Ynoionoinon dedouevwyv, nou ado-
poUV OAEC TIC VEEC UNOBEODEIC NONEOSOUIKWY ABEIDV
KQl a0EIV OIKOOOUNG OE EVIQIOUG XAPTEC.
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cal/geotechnical investigations, leading to the above
maps for problematic areas and villages of Cyprus,
scoping the optimization and the safety of urban
development in the Island. In the areas of some vil-
lages, the vulnerability/suitability maps, which were
compiled within the framework of the Study of the
Karstic Phenomena Project for the gypsiferous rocks
of Cyprus, have been also re-evaluated with addi-
tional surface, underground and laboratory investi-
gations, e.g. Nisou and Aradhippou area. The final
result of this re-evaluation was the production of
revised geological vulnerability/suitability maps.

6.5.2. The Study of Landslides in Areas of the
Pafos District

This program, for which a more detailed reference is
made at the end of this Report, lasted two years and
it was carried out in collaboration with consultants
from the U.K.. The project was completed by the end
of the year 2010. The basic objective of the contract
was the systematic and detailed mapping of the
landslide phenomena within the framework of the
effort exerted by the government for a more proper
and safe urban planning development in the Island.
The goal /aim of this study was: a) detailed mapping
in order to record all the types of landslide phenom-
ena within the Study Area, b) the development of a
GIS-based landslide inventory database and ¢) the
compilation of Terrain Classification Maps, Landslide
Susceptibility Maps and Indicative Risk Maps. The final
report has been submitted by the consultants.

6.6. GEOTECHNICAL DATABASE

The geotechnical database is being developed and
brought up to date continuously, since new entries
were included in the system. The total number of
2999 borehole records was linked with GIS and also
670 out of the total number of 2889 reports. Digiti-
zation of data entry on single maps regarding the
applications for new areas for town planning and
building licences continues.



7. LEIEMOAOI'IKO AIKTYO

To TUAUA NapakoRoUBEl Kal UERETA TN CGEICUIKN &pa-
OTNPIOTNTA TOU KUNPIAGKOU KAl EUPUTEPOU XWPOU TNG
AVATOAIKAC MEOCOYEIOU, HE OKONO TOV NPOCSIOPICHO
TWV CEICUOAOYIKWY OTOIXEiWV NMOU unopouv va Bon-
BNC0oUV oTNV 0PBOAOYIKNA EKTIUNGN TNG CEICUIKAG EMNI-
KIVOUVOTNTAC TV S1adopwv NEPIOXWV TNE KUunpou,
£T01 WOTE VA KATAOTEI Suvath N QVTIMETWNION — UE(-
WON TWV KATAOTPENTIKWY CUVENEIY TOUC.

Ita nAaiola autd, katd to 2010 OUVEXIOTNKE, OF
24wpn BAacn, n AgToUpyia Tou Zeioponoyikou AIKTU-
ou (EIK. 18) kal Tou Kévtpou Kataypadng kal Enekep-
yaoiag Zeiouikwy AsSouEVwY. H gglouikn dpaotnpio-
TNTa TNC AVatofikng Meooyeiou Kata th SIAPKEIQ TOU
£T0UC Kataypadnke Kal PEAETNBNKE KAl Ol OXETIKEG
NANPOYOPIEC EXOUV EKBOBEI OE Unviaia GEICUOAOYIKA
dentia, ta onoia népav and tnv anootofn Toug o€
NEPIPEPEIOKG OEIOMONOYIKA KEVIPA KAl OF TONIKEC
APXEC KAl UMNPEGIEC, €XOUV ANUOCIEUTEI KAl OTNV
I0TO0ERI®Ga TOU TUAPATOC. IUVEXIOCTNKE £niong n
avtaniayn dedouEvwy OTa NAQIcIA TNE cuvepyaciag
TOU TUAKNATOC WE BIEBVA KAl EUPWNATKA GEICUOAOYIKG
Ivotitouta.

7.1. ZEIZMIKH APAZTHPIOTHTA KATA TO 2010

H Kunpo¢ BpiokeTal OTO VOTIOTEPO TUAKA TNG NAAKAC
n¢ Avatodiac (Kunplakd OeIodIKO TOZ0), TO Onoio
anoteAEl ta 6pla cUykpouong TG AGPIKAVIKAG KE TNV
Eupw-aciatikn MAAGka. To OEICHOAOYIKO KEVTPO Katd
TO 2010 €xel Kataypayel cuvoRiKa 586 ceIououUg, and
TOUC 0noioug o1 347 ATav TONIKOI (andoTacn UEXPI Kal
300 km and tnv KEVIPIKA KUunpo), o1 101 Atav nepi-
depeiakoi (andoctaon 300-1000 km and tnv Kunpo)
Kal 01 138 ntav uEyanou JEYEBOUC TNARECEICNOI (and-
otaon népav twv 1000 km and tnv Kunpo). H xwpikn
KATAVOMN TWV YEYOVOTWV QUTWV NAPOUCIAZETal OTnv
Eikdva 19 (n donpn ypauun diaypddesl ta opla Twv
TEKTOVIKWY MAAKWV TN NEPIOXNE Kal Ta aonpa BEAN
avanapliotdvouv TNV Kivnon TwV NAAKWY autwyv OE
oxéon pe tnv Eupw-aciatikn nAdKa, n onoia Bpioke-
Tal ota BOPEIa TWV 0piwyv TOU Xaptn) kai otnv Eikova
20 (ta mBavwe evePYd PNYUATA OTO XEPOQIO XWPO
daivovtal JE XPWHA NOPTOKAAIL, eV Ta KOKKIVA AOTE-
pIa NapouciAZouv Ta EMNKEVIPA TWV QIoBNTWV CEl-
OuWV ME NANPOodOPNoN VIa TNV NUEPOUNVIa, wpa
£KS&NAWONEG, KABWE KAl ToUu HEYEBOUSG Tou). And TO
OUVOAO TwV OCEICUWY QUTWY, NEVIE OEICHOI &yivav
gAadpd aicbntoi (Nivakag 1, Ek. 20) and toug onoi-
ou¢ SU0 Eyivav aiglnToi otnv enapxia Aeueoouy, duo
oTtnv gnapxia Adpvakag kal évag otnv enapxia Agu-
Kwaiag. Asv EyIVE A108NTOG otnv KUNpo onoliocdnno-
T anod Toug NEPIPEPEIAKOUC CEIOHOUG.

ZUVEXICTNKE N QUENUEVN CEICUIKNR dpAcTNPEIOTNTA TNG

7. SEISMOLOGICAL NETWORK

The Department monitors and studies the seismic
activity of the Cyprus and the wider eastern
Mediterranean areas, with the purpose of defining
the seismological elements that can assist in the
correct evaluation of the seismic risk of various
areas across Cyprus, in such a way as to make
possible the reduction of its destructive
consequences.

In this framework, the network of seismological
stations (Fig. 18) and the data acquisition and
processing centre continued their operation on a
24-hour basis throughout 2010. The seismic activity
of Eastern Mediterranean has been monitored and
studied while detailed seismological bulletins have
been shared with local authorities and services,
other regional and international seismological
institutions and have been published on the
Department’s website.

7.1 EARTHQUAKES RECORDED IN 2010

During 2010 the Seismological Center recorded in
total 586 earthquakes, 347 of which were local
(epicentres within 300km from Cyprus), 101 were
regional (epicentres between 300 and 1000km
from Cyprus) and 138 were large-magnitude
teleseismic events (distance beyond 1000km from
Cyprus). The spatial distribution of events is
displayed in Fig. 2 (the tectonic plate boundaries
are denoted by the white solid line, while the plate
motions with respect to the Eurasian plate, which is
situated to the northern boundaries of the map, are
represented by white arrows) and Fig. 3 (the
orange lines denote the possibly-active inland faults
of Cyprus, whereas the red stars denote the
epicenters of the felt earthquakes which are listed
in Table 1 and the label contains the date, time
(UTC) and magnitude of each event). Five
earthquakes in total were felt in Cyprus during 2010
(Table 1, Fig. 20) in the districts of Larnaca, Lemesos
and Lefkosia. None of the regional earthquakes
were felt in Cyprus.

The seismic activity of the eastern Hellenic Arc and
the western Cyprus Arc which had been observed
to be increased during 2009, remained at similar
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AvatoAikNg MECOYEIOU, N ONoIa NAPATNENenKe Katd
TO 2009 ©t OXEoOn ME NPONYOUMEVA €Ttn, TOCO OTO
avatonikd £AANVIKG OEIoUIKG TOEZO Kal TO Ayaio
nénayoc, 600 Kai 0Tto SUTIKG KUNPIAKO CEICUIKO TOE0
(EIK. 19).

7.2. ANABAOMIZH ZEIZMOAOTIKOY KENTPQY

Kata tn S1GpKEIa TOU €TOUC OROKANPWBNKE TO NPWTO
OTASI0 EKOUYXPOVIOHOU TWV EYKATACTACEWY TOU ZEl-
ouonoyikoU Kévipou Kataypadng kal Avdauong. Ito
NPWTO autd OTAdIo, HE TN CUVEPYAOCIa OEICHOAOYIKWV
IVoTITOUTWV OTOo lopani kal otn Fepuavia, £xgr ava-
BaBpiotei 1O SIKTUO NAEKTPOVIKWY UMOACYIOTWV 10
onoio otnpiZel tTn AsIToupyia TOU CEITUOAOYIKOU
kévipou. Ta endueva otddia, Ta onoia avapévetal va
oflokANpwBoUv Ta npooexn £tn, adopouv Thv NANRPN
avaBaeuion kalr EnékKtacn tou SIKTUOU CEICUOAoYI-
KWV OTaBuwY UE vEa Opyava (Undiaka Kal EUPEWC
dACUATOC), TOU CUCTAUATOC HETAS00ONG OEIOUIKWV
Se6oUEVLV (LE Xpnon dopudopou), KaB®E eniong Kal
TWV AOYIOUIKWOV ANYNG Kal ENEEEPYAOIAC TWV CGEICMI-
KWV OESOUEVWV.

‘Ex€l gniong avadiapBpwBel n evoTNTa «ZEICUOI» TNG
I0TOCENISAC TOU TUANATOCG Kal €XEl EMIKAIPONOINGET
UE OEIOMOAOYIKA SEO0MEVA, NIVOKEG, XAPTEG, EKOE-
GEIC Kal apBpa yia TNV KaAUTEPN Kal Nio Auecn gvn-
HEPWON TOU KOoIVoU. QC anotEAEONAQ, TO ENINESO KAl N
apecOTNTa TNE £EUNNPETNONG TWV UNNPECIWY, OpYa-
VIOU®V, HECWV MAZIKNG EVNNEPWONG, NAVENIOTNUIWV
Kal NoAItV OE BEuata ocuvadn PE TOUG OEICUOUG,
EXEl BEATIWOEI ONUAVTIKA.

levels throughout 2010.

7.2. THE SEISMOLOGICAL CENTRE UPGRADE

Cyprus belongs to the southern part of the
Anatolian plate (Cyprus Seismic Arc) which
constitutes the collision boundary between the
African and Anatolian-Eurasian plates. During 2010
the first stage of the Seismological Centre upgrade
was completed. This involved an upgrade of the
computer network which supports the acquisition
and analysis of seismological data. The next steps
involve a full upgrade and expansion of (1) the
current seismological stations with digital,
broadband seismometers and accelerometers, (2)
the data communication system (using satellite
services) and (3) the software which supports data
acquisition and processing in compatibility to the
new systems.

The “earthquakes” section of the departmental
website was restructured and updated with
earthquake information, seismological bulletins,
maps and articles. Feedback from users of the
website has shown that the services offered by the
Seismological Centre to the public has improved
both quality-wise and time-wise.
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Eik. 18: To OgIOLOAOYIKO SiKTUO TNG KUnpou.
Fig. 18: The Seismological Network of Cyprus.
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Mivakag 1: AigBnroi oeiouoi kara 1o 2010.
Table 1: Earthquakes felt in 2010.

QPA METFE@OZ/ENTAZH BAGOZ NEPIOXH
HMEPOMHNIA | (57C) | (xhipaa Pixrep/MepraA) (xAw) | ENIKENTPOY
AlA NAPATHPHZEIZ COMMENTS
DATE TIME MAGNITUDE/INTENSITY DEPTH | EPICENTRAL
ATE urc) (Richter/Mercalli scale) (km) AREA
I
ﬂgpsm\qmd- O oeIopog £yiIve
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/ ;
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3 2010/09/21 23:42 3471 5 Aepgaol. TrEpIOXA.
Off-shore, 3 Aevéxowv
km south of avapepBei {NpiEg.
Moni
(Lemesos).
QuAdooia O oeIouag yive
mepioxn. 15 eAappd aioBnTog P
XAH. aTo MNapalipvt, N
4 2010/09/22 | 0257 3.5/l 10 avatoAika 1ou | Ayia Nara kai
| MapaAiyviou. Adpvaka.
Off-shore, 15 | Aeveéxouv
| km east of avapepBei {nNuIEG. it
| | Paralimni. i
' OaAdoaia |
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XAH yc’ma TWV O oelopdg gyive
aKTWV TG eAappa aioBnTog
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TMHMA FEQAOTIKHE ENIZKOMHIHZ KYMPOY
0 IEIZMOI 2010
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EIk. 19: Xwpikn Katavoun twv 448 TonKWV KAl w¢ NPo¢ TO UEYEOOC, TwV EMKEVIPWY TWV OEICUIKWV YEYOVOTWY NOU EXOUV KATaypa-
¢ei ano To CEICUOAOYIKO KEVTPO Tou Tunuatog kara to 2010.
Fig. 19: Spatial distribution of the 448 local and regional earthquakes recorded by the Seismological Centre during 2010.
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Eik. 20: Xwpikni katavoun, we¢ npog 10 UEYEOOC, TwV TOMKWY OEICUWV TNG KUNPOoU NouU EXOUV KATtaypadel and to IEICUOAOYIKO KEVTOO
TOU TUnUAatoc Katd to £tog 2010.
Fig. 20: Spatial distribution of the local earthquakes recorded by the Seismological Centre during 2010.
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8. EPTAXTHPIAKEX EPTAXIEX

8.1. XHMIKO EPFAZTHPIO

To XNUIKG pyacTtnpIo SIEEAYEI avaAUOEIG Kal SOKIUEC,
nou OXeTiZovtal PE TG S1adoPES SpacTtnPIOTNTES ToU
TUNUATOC 6nwE €ival n NapakoAousnon Twv UNOYEI-
wv USATWY KOl 0 EAEYXOC TwV SOUIKWY URIKWY OTa
nAaicia thg emtnpnong tnc Kunpiakng ayopdac, n.x.
aupOXaAiKwY, TOINEVIOU, TOURAWY, NPOCOUIKTWY OKU-
POSEUATOC KAl OKUPOSEUATOC. AOXOAEITal ENIONC HE
S810hOPEC NTUXEC TNE NEPIBAAROVTIKAC YEWXNUEIQC KAl
OUVTOVIZE! Kal SIEEAYEI MEAETEG, NOU EXOUV OXEON UE
N punavon Tou £6ad0ouc Kal Th punavon twyv uno-
VEIWV USPODOPWY CTPWHATWV and YEWPYIKN, OIKIOTI-
KA Kai Blounxavikn dpactnplotnta. To Xnuegio tou
TuAMatog anotelsital and 1O EPYACTNARIO YEVIKGOV
avanUoswy VEPOU, TO EPYACTNPIC EAEYXOU SOUIKWV
URIKOV Kal avafucewv £56adwv Kal 10 EPYACTAPIO
NPONAaPAcKEUNG SEIYUATWV.

To Xnuegio SIQBETElI CUYXPOVO EEEISIKEUUEVO EEOMAI-
OO ONwG: AEPIOUC XPWUAToypAdOoUC, IOVTIKOUS XPw-
uatoypddous, ¢acuatookonio ¢OoPIcHoU ME aKTIVEC
X, daocuatookonia enaywyikd cuZeuyuévou nAacua-
TOC ATOMIKNG EKNOMNANG, PACUATOOKOMNIO AKTIVWV Y,
METPNTNA a cwNATISiwv, aUTOPATO avafuth avepaka -
Beiou Kal guotnua didonaong £5adIKWY SEIYUATWY UE
XPNON UIKPOKUKMATWV.

8.1.1. oiotnta QVAaAUTIKWV UNNPECIWV-
Aianiotevon

Méoa oto 2010 To XnUEio Tou TUANATOG EXEl SIEEER-
Bel ME EMITUXIa TN SEUTEPN NPEOYPAUUATICUEVN ENNTA-
pnon and tov Kunptakd Opyavicud Npowbnong tng
Modtntacg (KOMM yia enavekdoon Tou MioTonoINTI-
KoU &lanioteuong katd 1SO 17025. To nedio Srani-
CTEUONC TOU XNUEIOU €XEI SIEUPUVBEI VIQ VO OUMNEPI-
Aaupavel dEka ouvonika ueBGSouC avanuong Kal
KaAUNTEl Ta NEdia TWV VEPWYV, TwV OOUIKWOV URIKWY
KAl Twv £6adWV Via EVOPYAVEG KAl KAAOOIKES UEBO-
doug avaauong.

8. LABORATORY WORK

8.1. CHEMICAL LABORATORY

The Chemical Laboratory specializes in carrying out
environmental and geochemical investigations,
which are related to ground water pollution,
contamination of soils, cement, aggregate quality
control and management of hazardous materials.

The chemical laboratory of the Geological Survey
Department is accredited for a series of chemical
parameters and operates according to the ISO 17025
standard. These parameters cover the main interests
of the Department, namely water, soil and
construction materials. Accreditation aims towards
improving the standards and quality of services that
the laboratory provides to its customers and
ensuring that the laboratory’s results are defensible
under the Republic’s legal framework.

The chemical laboratory is equipped with specialized
analytical instruments such as gas chromatographs,
ion chromatographs, energy dispersive Xx-ray
fluorescence spectrometer (XRF), two induced
couple plasma spectrometers (ICP-AES), digital
gamma-ray spectrometer with Germanium detector
(HPGe), alpha-spectrometer, automatic carbon-
sulphur analyzer and a microwave digestion
apparatus.

8.1.1. Quality of analytical services -
Accreditation

During 2010 the chemical laboratoty has successfully
undergone its second audit by the Cyprus
Organization for the Promotion of Quality (CYSAB) for
reissuance of its accreditation certificate according
to 1SO 17025. The accreditation scope of the
laboratory has been expanded and includes ten
methods of analysis which cover all main fields of
operation including water, construction material and
soil analysis.
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MMivakag 2 :[1edio Awarriorevong Xnueiou TTE .
Table 2 :Accreditation Scope of Chemical Laboratory .

l
| MEQOAOZ MPOTYNH MNPOAIAI PAGH ME®OAOAOTIA MNEAIO
AIA
; METHOD ISO STANDARD METHODOLOGY FIELD OF ANALYSIS
Mpoadiopiopdg OAIKOU | R - 5
1 Ogiou Tests for Chemical Properties of Aggregates. Z1aBpikn (DUX'KQOH C,XZATS;TG
Part I: Chemical Analysis HHOX
Total sulfur Eowrepixry MeBodog Gravimetric
Aggregates
measurement ' ‘5
| Mpoadiopiopde Ocikuywv |
2 | 1OVTWY Methods of testing cement-Part 2:Chemical Z1abpikn Toipévro
analysis of cement
Sulfate ions CYS EN 196-2:2005 § 8 Gravimetric Cement
measur@mgnt_ -
. ] Water quality-Determination of pH |
Mpootiopiopdg Evepyol i | A "
3 oEUTNTOG 150 10523:2008 Mexaperpo Nepa
pH measurement prmeter Wailer
| .
Mpoodiopiopdg : : ‘
HAEKTPIKAS Water guality. Method for the (_jgtermmahon of )
4 AywyipdtnTa Electrical Conductivity. AywyIHOLETPO Neod
VOIYRIDTNIGG CYS EN 27888:1993 P
Electrical Conductivity Canductivity metsr Water
measurement
i S
5 Mpoodiopiopdg Water quality—Determination of Chloride-
XAWPIOUXWV 10VTWV Silver Nitrate Titration with chromate indicator TitAoddétnon Nepa
ohrs metho
| (Moh hod)
Chloride ions I| 1ISO 9297:1989 Titration Water
determination
Mpoadiopiouog '
XAwplouxwy, NITpikwy Water quality-Determination of Dissolved | lovTik |
6 Kar OenKwyv 10VTwY anions by Liquid Chromatography of lons- Part | Xpwparoypagia | Nepa
1: Determination of Bromide, Chloride,
Chloride, Nitrate, and Fluoride, Nitrate, Nitrite, Phosphate and | Water
Sulfate ions Sulfate CYS EN ISO 10304-1:2009 lon chromatography
determination .
Emaywyika
. Water Quality- Determination of selected Zuleuyuévo MAdoua
7 élal;\]s\%g?\?&ogggiou elements by inductively coupled plasma optical (ICP-OES) Nepa
H P emission spectroscopy (ICP-OES).
Determination of Boron CYS ENISO 11885:2009 Induced Coupled Water
| Plasma Spectroscopy
MpoodIopIaHoS =
YdarodiaAutiv TirAodéTnon
8 XAwptoUxwv AAGTWV pHE Tests for Chemical Properties of Aggregates. Quaikd [ ZaoTa
Tnv wé6odo Volhard Part |: Chemical Analysis AUUOXAAIKa
CYS EN 1744-1:2009 § 7 Titration
Aggregates
Chloride ions
determination
9 Ev%%%iﬁﬁ;?gr%}\gopuﬂ AuTdPaTog AVaAUTHg
Koo Soil Quality- Determination of organic and total AvBpaka ‘Edagog
' n carbon after dry combustion.
Total Carbon by dry ISO 10694:1995 Automatlic Carbon Soils
combustion anatyser
10 T
Mpoadiopigpdg OAIKAG CYS EN ISO 9963-1: 1996, Water quality, TitAhodoétnon
Kai ZOvOETnNg Determination of alkalinity — Part 1. [ Nepa
AAKaAIKOTNTAG Determination of total and compaosite alkalinity | Titration
Water
Alkaiinity Determination
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BaoIKO OTOIXEIO TOU CUCTANATOS SIAXEipIoNg TG Nol-
4TNTAag Kal Tou nNpotunou IS0 17025 sival 0 evooEp-
YaoTtnpIakog (ECWTEPIKOG) Kal O BIEpYacTnpIakog
(EEWTEPIKOG) EAEYXOG. ITA NAQICIA TOU EAEYXOU TNG
noldTNTAC TWV SOKINWV TOU TO XnUEio €xel AABREI
MEPOG LE EMITUXIA OF TPEIC CUMMETOXEG OE EUPWNAIKA
SlEpyactnpiakd npoypduuata eAgyxou SEEIOTATWV.
Ta npoypduuata autd gyivav e SIEBVEIG GopEiC ota
nedia twv VEPWV, Twv £5aPIKWV SEIVUATWV KAl TwV
okUpwv. ENiong vivovial CUVEXEIC eknalbeloeIC via
TNV avaykaia TEKUNRIoN TG TEXVIKNC ENAPKEIAC Tou
nPoowniKoU, NOU XEIpIZETal TIC v AdYw HEBOSOUC.

8.1.2. AokIuéc / Metpriosic

To Xnueio avéAaRes avaduoEsl NPOYPAWHATWY ToU
TUANATOC, ONWC TNE VITpopUnavong, yia Nnapakonou-
enon TtNg NoIGTNTAC TWV UNOYEIWV Kal EMIDAVEIaK®OV
VEPW®YV, TNC ENITAPNONG TNG KUNPIAKNAC ayopdc yia ta
SOUIKG UAIKG Nou ouvtoviZel 1o YNoupyEio EOWTEPI-
KWV KOl TV NPOYPAMMATWY KATACKEUNG UdATIKWV
£pywv. Eniong avénaBe npoypauua via avdnuon
neplexTiKOTNTAC NOAURSOU ot defyhata oUunpag
npo¢ e&aywyn kalr Ssiyyatofnyiec kal avafuoEIg
KUPIWV OTOIXEIWV IXVOOTOIXEiwv, OAIKoUu Aavepaka,
opyavikou Aavepaka Kal Suvauikou £EOUSETEPWONG
£6adIKWV SEIYHATWY VIa Th cUPBACN NPOETOINACIAC
TEXVOOIKOVOMIKNG MEAEING anokatdotacng Tou
uetafneiou KokkivongZounag. NapaAAnia, CuveXIoE
TNV NapakoAoudnon tng nolidTNTac tng BPOxXNnc NEoa
ota nAaiocla tou npoypduuatog EMEP, nou cuviovi-
Zetal and to TuApa EniBswpnong Epyaociac. Katd 1o
2010 €xouv avanudei edadika deiypata yia avepaka
Kal 6€io, yia dilafuta anata Kal KUpia OTOIXEIa JE TNV
MEBOSO DBOoPICUOU AKTIVOV X (XRF), Ta onoia gvtdo-
OovVTal OTIC UMOXPEWOCEIC Tou TUNMATOC WEOCQ ota
naaicla Thg cUPBAONE yia TNV EKNOvVNoN Tou FEwxn-
MIKoU AtAavta tn¢ Kunpou.

8.1.3. 0 rewxnuiko¢ AtAavtac the Kunpou

Jta nAaiola Tou nediou tng NePIBAAAOVTIKAC MEwROo-
viac / TEwxXnUEiag 1o XnUEio aoxoANBNKE YE TNV UAC-
noincn tng cUuBAoNG YIa TNV EKNOGVNCN TOU MEwxnyl-
KoU AtAavta tng KUnpou, N onoia NpovoEi NEVTIAETEC
npdypaupa, To onofo NepIAaUBAVEl SEIYUATOANYIES
£6ddouc ano 5.500 cnueia kal avaduoelg, Nou Kanu-
ntouv €va gupl GAcua avopyavwv OTOIXEIWV Kal
aARwv napau€tpwv. Méoca oto 2010 éxel unoBANBEI
n Néuntn 'EkBeon Npoodou oUNDWVa UE TO XPOVO-
Slaypaupua tou cupBonaiou, nou Exel unoypaodei. H
€V AOYW EKBEON EXEI KPIOEI and To TUAUAa wg IKavo-
MoINTIKA KAl QVTINPOOWNEUTIKA TNG SOUAEIAC MOU EXEI
SIEKNEPAIWOEI OTO XPOVIKO SIA0TNUA NOU NEPACE.
"Exel ONOKANPWOEI TO NEOYPANMA TWV aVaRUCEWV UE
15.000 cuvonIka avanuaoeig, nou nepifaupavouy S1a-
DOPEC TEXVIKEG (ICP INAA, XRF K.4.). Ta anoteAgoua-
Ta €XOouV NepAacel and evoenexn €Ngyxo UE BAon ta
nPWIOKOARa NOIGTNTAG, NOU EXOUV KABOPIOTE! KAl n

An integral part of accreditation is the intra-
laboratory (internal) and inter-laboratory (external)
audit. Within the external audit effort the
laboratory has participated successfully in three
European rounds of proficiency testing (PT)
through internationally recognised PT providers in
the fields of water construction material and soil
analysis.

8.1.2. Analytical Measurements

During 2010 the chemical Ilaboratory has
undertaken programs run by the Geological Survey
Department and include the program for
monitoring ground waters for nitrogen vulnerable
zones, the program for construction material
monitoring of the Cyprus market which is
coordinated by the Ministry of the Interior and the
programs for constructing new dams. Additionally,
it has undertaken programs for measuring Lead in
umber destined for export and has undertaken
sampling and analysis of soil samples for total and
organic carbon and buffering capacity for the
program of preparing the techno-economic study
for regeneration of the Kokkinopezoula mine. The
laboratory has continued the monitoring of rain
water for various major and trace elements an
effort coordinated by the Department of Labour
Inspection. Finally, the laboratory has analysed sail
samples for total and organic carbon, sulphur and
major elements within the project of compilation of
the Geochemical Atlas of Cyprus for defining soil
background values.

8.1.3. Geochemical Atlas of Cuprus

Within the scope of environmental geochemistry
the chemical laboratory has been involved in the
project for the compilation of the Geochemical atlas
of Cyprus - a five-year project which is aiming at
defining geochemical background values for the
soils of Cyprus by creating a multi-purpose
geochemical atlas which will be used as the basis
for land usage and administration and for the
conception of further detailed studies in
environmentally aggravated areas. The study has
been conducted, since April 2006, in collaboration
with the University of New North Wales in Australia.
The project includes soil sampling from 5500 sites
(top and bottom sample from each point) and
analysis for some 60 chemical elements with state
of the art analytical techniques (ICP, INAA) and
other physicochemical parameters such as pH,
conductivity and loss on ignition. Within 2010 the
Fifth Progress Report has been submitted by the
consultants of the project which has been approved
by the Geological Survey Department. The analytical
program of the project has been completed, the
data has undergone stringent checks through
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NEOKATAPKTIKA Yndiakn BAaon 6£S0UEVWV EXEI NApA-
&006¢i o1o TuNUa hadi ug 6A0 10 PWTOYPADIKO UAIKO.
‘Exouv €niong napadoBsi oto Tunua NPoKAaTAapKTIKA
AMNOTEAECUATA XAPTWV TNG dlacnopdc 15 nepinou
XNUIKWOV OTOIXEiwV. NapdnAnAa £xel NPOXwWPNCEl N
S1adIKacoia NPOETOIMACIAC Katl avanuong twv OEIYNA-
TWV TOU Fewxnuikol ATAAVTIA Yia TIC NAPANETPOUC,
nou €xel SECUEUTEI va avanucel To Tunua yéoa ané
TN cuupacn. To NPoypauua avaueveTal va oAoKANn-
pwoEi nepi ta yéca tou 2011 kai to TUNUA NPOYPAN-
yatizer tn diopydvwon S1EBvolg CuPnoociou yia
napouciacn Twv anoteAEOPATwyY Tou dtAavta oTig 5-
7 ZentepBpiou tou 2011.

agreed quality protocols and the preliminary
dataset has been submitted to the Department
along with the photographic and other material.
Preliminary maps of the distribution of some 15
chemical elements have also been constructed. At
the same time the Department’'s chemical
laboratory has progressed with the analyses of
parameters it has undertaken, such as total and
organic carbon soluble salts and major elements by
X-ray Fluorescence.

Eik. 21: TautoxpovoG Siaonacn e6a®IKWY SEIVUATWY UE UEIYUATA MUKVWOV OEEWV.
Fig. 21: Simultaneous digestion of soil samples using strong acid leaching

8.2. EPFAZTHPIO MHXANIKHEZ FEQAOTIAL KAl
BIOMHXANIKQN OPYKTQN

10 gpyactnpio Mnxavikning Frewnoyiag kal Biouynxavi-
KWV OpuUKTWV SIEENxBnoav 460 SOKIMEC OE 223 enl-
AgyMEVa Belyuata edadouc Kal Bpaxou, nou adopou-
oav TG YEWROYIKEC /VEWTEXVIKEC EPEUVEC SIadOpwV
£PYWV, KUPIWE YIa TO NPOYPAMKA TWV KATORIOBNOEWVY
nadou, TNV avabENENCON TWV XAPTWV YIA JOVEC YEW-
AOYIKNG KataRANASGTNTAL, 51ad0opouc SPOHOUC Kal yia
SIAPOPEC NEPIOXEC KATONICONCEWV.

a0 Turniua rewAoyikng Enmoxonnong - Geological Survey Department

8.2. ENGINEERING GEOLOGY AND INDUSTRIAL
MINERAL LABORATORY

In the Engineering Geology and Industrial Mineral
Laboratory, 460 tests were carried out on 223
selected soil and rock samples, for the purposes of
geological/geotechnical investigation of various
projects. These projects include mainly the work
dealing with the Programme “Study of landslides in
areas of Pafos District”, the revision /compilation of
maps within the areas suffering from geological
problems, various roads, roundabouts, and
landslides in various areas.



Eik. 22: AigEaywyrn TpIGEOVIKIIC AOKIUINIG.
Fig. 22: Triaxial test.

9. TEQTPHXEIX

To TUAPA ASITOUPYNOE 81 YEWTPNTIKA EPYOTALIO EEO-
NAICUEVA JE NEPIOTPODIKA, KPOUOTIKA Kal SE1yuato-
Annuka yewtpunava kal Eva GUVEPYEIO SOKIMACTIK®OV
QVTANCEWY yIa €EUNNPETNON Twv dIadoOpwv Epya-
OlWV Kal EPEUVNTIKWV NPOYPAUUATWY TOU.

Ta epyota&ia tou THAKATOC NPOERNCAV OTNV avopu-
En kal SIEUPUVON EIKOCI YEWTIPNOEWV YIA OKOMoUG
USPOYEWROYIKNG EPEUVAC CUVONIKOU MNAKOUG 3.711
METPWV. ARAREC SeKAENTA YEWTPACEIC CUVORIKOU
MAKoug 4.911 pétpwv avopuxdnocav kal Sleupuven-
Kav anod 1I81OTEC SIaTPNTEC UECW CUUBAONC.

Ie £iKOOI ENTA ENITUXEIC USPOYEWTPNOEIC EyIvav SOKI-
MOOTIKEC QVTANCEIC ME OTOXO TOV KABOPIOHO TNG
aodanoug anddoong Toug. Eyivav eniong d1adpopeg
EPYACIEC CUVTNAPNONG.

Népav Twv USPOYEWTPNOEWY Ta dUO0 EpyoTagia dely-
UATOANNTIK®WY YEWTPNCEWV SIEERYayav €ikool entd
YEWTPNOEIC VIO OKOMOUCG YEWROYIKNAG, YEWTEXVIKNG
KQl KOITAOUATOACYIKAG €pEuvac.

9. DRILLING

The Department operated six drilling worksites
equipped with rotary, percussion and core rigs, as
well as a pumping test group for service of various
work and its research programs.

The drilling crews of the Department drilled 20
wells for hydrogeological research purposes
reaching an overall length of about 3.711 metres.
Further 17 drill holes were drilled by private driliers
on a contract basis reaching an overall length of
about 4.911 metres.

During 2010, in successful hydrogeological
boreholes 27 pumping tests were carried out
aiming at the determination of their safe vyield.
Various maintenance work was conducted too.

Apart from the above, the two core rigs groups
drilled 27 drill holes for broader geological,
geotechnical and mineral exploration research
purposes.
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10. EKAOXZEIX

EkSO0EIC TOU TUNUATOG MEoa oto 2010:

o H &iydwoon Etncia ‘EKBson tou TUAKATOC
yia 10 2009 (otnv EAANVIKA Kal oTtnv AyyAl-
Kn).

. EVNUEPWTIKO TPIMTUXO Via TO Kowvd (oTtnv

EAANVIKA) pE BEUa «MPOOoTAcia Twv VEP®Y
and tnv vitpopunavon YEWPYIKNAG NPOEAEU-
onge.

. AiyAwooo EVNUEPWTIKG TPINTUXO Via TO
KoIvd (otnv EAANVIKA kal otnv AyyAIKn) WE
BEua «Anoxatdotaon nepIBAARoOVIOC OTO
uetadneio Apidvtour (Enaveékdoon).

Eniong, Asitoupyoi tou Tunpatoc dnuoocisucav 81a-
dopa apbpa ota Evruna MEca MaZikii¢ EvnuEpwong
Kal oTo NePIodIKG «AFPOTHE» TOU Ynoupyeiou lMewp-
yiag, duolk@v Nopwv Kai MepIBANAOVTOC Kal ENINAE-
oV, NapouUcIAoeNKAaV APKETEC GOPEC OE EVNUEPWTIKES
EKMOMNEC TWV PASIOTNAEONTIKWVY MECWV TNE KUnpou.

11. MEAETEX - STUDIES

11.1. Study of landslides in areas of Pafos District
- Synopsis of resuits - Next objectives

Maria Efthymiou and Kleopas Hadjicharalambous
Abstract

The long time persisted slope instability and landslide
phenomena cause serious problems on many
mountainous and hilly areas of Pafos District. For
these reasons the Geological Survey Department
(G.S.D.)decided to promote implementation of the
Program “Study of Landslides in Areas of Paphos
District”.

The most landslide-prone terrain in Cyprus occurs in
the Paphos District. The landslide activity is mainly
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10. PUBLICATIONS

The Department’s publications in 2010 include:

U The bilingual Annual Report of the
Department for 2009 (in Greek and
English).

° A brochure in Greek intended for the
public titled “Water protection against
nitropolution of agricultural origin”.

. A bilingual brochure (in Greek and English)
aimed for the public titled "Environmental
Rehabilitation of the Asbestos Mine”
(reprint).

Furthermore, members of the staff of the
Department published various articles in the
media and the "AGROTIS" journal of the Ministry
of Agriculture, Natural Resources and the
Environment and also participated in radio and
television discussion programmes.

caused by high relief- steep slopes, intense rainfalls,
and periodic earthquakes coinciding with
exceptionally weak rocks. In the long history of
landslide activity in Pafos, many buildings, rural
roads, water supply and irrigation systems and large
rural area have been impacted, hence some villages
being re-located. Since 1970's Pafos region has
witnessed very rapid development related to
tourism, property investment and associated
infrastructure. Much of this development has
encroached onto unstable or potentially unstable
slopes, thereby increasing the risk posed to life and
infrastructure in the region.

This Program lasted for two years and was carried
out in collaboration with consultants from the U.K.
The whole work, a contract of €222.000, was
completed in November of the year 2010. The basic
objective of the contract was the systematic and
detailed mapping of the landslide phenomena in
areas of Pafos, within the framework of the effort
made by the government for a more proper and safe
Urban Planning Development in the Island.



Fig. 1: Landslide Distribution Map.

Derived Work - Aim of the Contract

The main derived work, within the framework of the
Study was as follows:

v Development of a GlIS-based landslide
inventory database

This development was based on the study
and the interpretation of the aerial photos,
as well as on the analyses and interpretation
of digital satellite images by using
appropriate software programs, and further

more on field mapping and ground
investigation, including laboratory testing.

v Landslide Distribution Map

v Terrain Classification, Landslide Susceptibility
and “indicative Risk" Maps

The landslide inventory data, supported by field
observation, helped the work dealing with the
distribution of landslides and also the assessment of
the levels of landslide susceptibility, hazard and risk
across the Project Study Area, and, conseguently,
the preparation of the above mentioned maps.

Fig. 2: Terrain Classification Map.
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Main Study Findings

v Extension of Landslide Area

In the Study Area about 1842 landslides have
been identified, classified and mapped, as
shown in the Landslide Distribution Map,
which covers almost 25% of the combined
study area.

v Landslide Factors

Analysis of the landslide inventory data, supported
by field observation, has highlighted the
relationships between the landslides, topography
and geology of the Project Study Area, and
confirmed that landslide activity poses a potential
risk to both current and possible future
infrastructure. It has alsc shown that the landslide
distribution within the study areas primarily arises
from the foliowing factors:

e The presence of broad upland plateau
comprising of highly permeable rocks,

Commonly overlying extensive weak to very
weak, highly plastic, highly sheared and fissured
argillaceous rocks, which show marked shrink-

swell behaviour,

The high levels of rainfall which often occur as
intense rainstorm events,

The occurrence of occasional strong earthquakes,

High relief with steeply inclined slopes, relative
to material strength,

The development of perched water tables
within slopes, including springs and seepages at
the contact between chalk or limestone caps
and underlying weak material, and the presence
of fauit and shear zones, causing locally weaker
rocks favourable to water concentration,

The presence of marl/mudstones within more
competent geological Units,

The undercutting of steep slopes by river and
stream erosion, and

Human activity, including cutting /filling, as well
as the removal of vegetation cover leading to
increased surface runoff and erosion rates on
slopes, so the equilibrium regime of the terrain
is changed.
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Fig. 3: Landslide Susceptibility and Indicative Risk Map.
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Suggested measures for limitation of landslide-
prone areas

The following measures are recommended for
limitation of landslide-prone areas, having in mind
various affecting factors, e.g. the applicability of
specific recommendations for landslide stability
application, the development or even the
infrastructure risk level, the sociable adjustment and
finally the cost of the applicable works:

e Control of surface runoff and of groundwater,

e Slope remedial works,

e Erosion protection,

e Soil-water regime preservation,

e Strengthening of slopes

Use of Study

The immediate Future Targets of G.S.D.

e The study resuits utilization and the work that
will follow by G.S.D for the preparation of
geological suitability maps in the framework of
its effort and furthermore the State effort for a
more rationalist and safe urban development.
This will contribute effectively to the socio-
economic welfare of the affected regions and
settlements and to the upgrading of life quality
of its inhabitants. The geological suitability maps
will help the Department of Town Planning and
Housing and also the District Offices in the field
of urban and building permissions and urban
planning zones as well. Furthermore these maps
will help the Departments, e.g. Water
Development Department (W.D.D.) and Public
Works Department (P.W.D.), dealing with the
design and or the construction of infrastructure
in the Island, as well as the Chamber of
Engineers in Cyprus,
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Fig. 4: Engineering Ceology map and Geology Long Section.

e The continuous development of the Database
landslide tnventory by adding new data from all
the areas of Cyprus,

e Method application of “terrain classification” for
all the areas, so that the monitoring of the
landslide activity be easier, coinciding the
topography and geology,

e The application of slope stability analysis as a
continuation of underground investigation,

e Monitoring, mainly electronically, of the
landslide-prone or even geologically unstable
areas using Inclinometers.

Etrioia Ex8eon 2010- Annual Report 2010 45



Fig. 5: Formal landslide at slope, where permeable rock mass is found above weak, plastic behaviour argillaceous ground.

Fig. 6: Landslide at Pentalia - Statos road.

Fig. 7: Landslide at Dhrousha village influences new residence.
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11.2. MERETN TWV NETPWHATWVY NOU SUVATOV Va
NEPIEXOUV IVWISN OPUKTA OTNV NEPIOXA TOU
Tpoosdoug

Xp1oT660UADE XaTZnyEwpyiou

nepiAnyn

MeTa&U tou 2003 kal Tou 2006 eKNOVNBNKE N PEAETN
«EKTIMNON tng emKivéuvotntag and tnv unapén tou
uetafngiou Apiavtour Katw and tnv Enonteia tng
apuodiac TexvIKAC ENTponng yia thv anokatdatacn
TOU JETANAEioU AMIAvTou. ITic nAcioteg deiydatonn-
Wigc a€pa eixe KaTaueTENBE NOCOTNTA IVWOV aUiavTou
otnv atuéodalpa, Oxi HOVO OTNV NEPIOXN TOU METAR-
Agiou Apidvtou, affd kat otn eupUteEPn NEPIOXn Tpo-
680ug. Q¢ ek toutou, Eva and ta kUpia cuunspdoua-
TA TNG MEAETNG ATAV N avaykn xaptoypddnong twv
NETPWHATWY, MNOU MEPIEXOUV VAN OPUKTA otnv
rnepioxn Tpoddoug.

To TUAUA FEWAOYIKAC EMICKONNONG, EVEPYWVTAC OTA
nAgic!la Twv apuodIoTNTWY TNG TEXVIKAC EMNITPONNIG
via TRV anokatdotacn tou MPETanfeiou Auidvrou,
NPOXWPNOCE OTNV EKNOVNON TNG WEAETNG TWV NETPW-
MATWY NoU Suvatov va NEPIEXOUV VKON OPUKTA oTtny
nepioxn Tpoddoucg.

H WMEAETN QuTN, NOU NPAYNATONOINGNKE GE CUVEPYQ-
oia ye Kolvonpa&ia CUMBOUAEUTIKWV OiKwv anod tnv
KUnpo «kal 1o BEAyIO, YETA and avolKTo SIaywvIioud
yia ayop@ unnpeoiv, NATav OUMBATIKNC a&iag
€126.400 Kkal SIApKEIaC U0 XpOvawv.,

0 Baoikdc otoxog tNG WEAETNG Ntav péoa and uia
oRoKANPWHEVN Epeuva, va EKTIUNBE av UNAPXEI Eni-
Kivduvotnta and tnv Unapin Ttwv NETPWHATWY Nou
NEPIEXOUV IVRAN OPUKTA OTNV EUPUTEPN NEPIOXN Tpo-
odoug.

800000
L

H MEPIOXH TPOOAOY £ ME TA METPOMATA MOY MIGANON NA NEPIEXOYN INQAH OPYKTA

Xaptn¢ 1: MNeproxn UEAETNG.

ZTOX0I TNG HEAETNG — EKNOVNOEIOEG EPYATIEC

01 otdxol NG WMEAETNG uAonoINBnkKav WECA and Tig
aKOAOUBEC EKTENEOOEICES EPYATIEG:

1. AENTOUEPNAC VEWRAOYIKA Xaptoypddnon twv
EUDAVICEWV ORWV TWV UNEPBACIKWY KOI UEPI-
KWV BACIKWV NETPWHATWY TOu 0dIORIB0U Tpoo-
Soug.

H vewdoyikn xaptoypddnon neplefauBave tg
OKONOUBEC NETPONOYIKEC EVOTNTES: IEPMEVTIVI-
TNG, XapZBoupyitng, NEPISOTITNG, douvitng, BEP-
Altng, oNIPIVIKOG YABBPOG, KEPOOTIABIKOG-NUPO-
EeVIKOC YABBPOC, nAayioypavitng Kal Siapacng. O
EVTONICUOG Kal n xaptoypddnon YEWAOYIKWV
SOMWV ONWC KUPIa cuoTtAUATa SIaKAACEWY, pny-
MATWV, Kal ARAa YPauuIKG OTOoIXEia unootnpixtn-
Ke ano tnv punveia Kal avanuon agpodwtoypa-
dIv.
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5.

AglyyatoAnyia NETPWUATWY and thv nNEPIOXA
xaptoypadnong.

Katd tn 81dpKeia tng Xaptoypddnong cufnEXTn-
Kav 352 deivuata and eudavicell NETpwUATWY
KOl €dadwv, Ta oneia avunpocwneuouv OAa Ta
NETPWMATA TNG NEPIOXNC MEAETNG.

MeTa and UaKPOOKOMNIKA €E€Tacn sMIREyNKav yIa
neETpOYpadIKn Kai Opuktofoyikn avanuon 197
Seiyuata netpwudtwy, 49 deiyuata edadwv and
S1aBPWNEVA NETPWHATA KAl 24 SEiyuaTta XWHAaTog
ano KannIEPYNUEVEC EKTAOEIC.

NMetpoypadikn / opuktofoyiki neplypadn Ko
avaAucell Twv SEiyUdtwv nou CUuAAEXTNKOV
Katd tn S1IGpKEIa TnG Xaptoypadnonc.

Ané ta doeiypata nou emAEyNKav WETA tnv
HaKpooKonikn eE€tacn etoludotnkav 200 AENTEC
TOMEG, Ol ONOIEC EEETACTNKAVY ME NOAWTIKO UIKPO-
okoénio (PLM, polarized light microscopy) kai
Andenkav 333 cuvadeic wtoypadiec. Me Baon
TNV netpoypadikn e&€taon, €mAgynkav 111
Seiyuata netpwuatwy kKal 73 oeivuata e6adoug
OTa onoia EKTEAETTNKAV Ol QVTIOTOIXEC avanu-
CEIC ME nepIBRacuia aktivwv X (XRD). TEAoG, anod
autd emagynkav 80 Seiyuata NETPwUATwV Kal 47

Mesh textured
serp

500um

owt. 1: Mikpogwrtoypadia GAERISIOU LE IVEC AUIAVTOU LE

Xpnon noAwTIKOU LIKPOOKOoNiou (PLM).

AZIOAOYNON TWV CMNOTEAECUATWV KOl EKTiUNGN
NG NIBAVAC ENIKIVEUVOTNTAC KAl ETOINACIA OXE-
TIKOU X&p1tn.

Xpnolyonoiwvtag ta nmo ndvw anotefsouata
EXEl YyiVEl HENETN EKTIUNONG TOU KIvEUvVOU nou
NPOKUNTEI and tnv evOEXOUEVN anEREUBEPWON
VWV OUCINV CTO NEPIBAAAOV. H EKTIMNGN €NI-
KEVIPWONKE OTNV EKTIMNON KIVOUVOU gudaviong
VOV auIQvIou otnv atuocdaipa, adou n EKBECN
O£ auiavto otnv atuoodalpa CuvIoTa ToV UEYa-
AUTEPO KIVOUVO OTnv avepwnivn  UYEia. IUyKE-
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Seiyuata £dadous, ota onoia npayuatonoinen-
Kav 1119 OpUKTOAOVYIKEC avaAUOEIG CUVOSEUOE-
VEG ano 367 enEENYNUATIKEG DWIOYPAPIEC Kal
MIKpOYPadNUaTa ME TN XPNON NAEKTPOVIKOU
MIKpoaKoniou capwong (SEM).

Etoigacia TewAoyikou  XAaptn, KAidakag
1:10.000, og nepIBGAnov GIS.

0 FewfoyIKOC XAPTNG, MOoU EXEl ETOILACTEI Kai
napadobei ota nAaiola tTng MEAETNC, enIBERAIW-
VEl Ot PEYARO Baduo ta AiIBoRoyIKG Kal SoMIKA
yeEwRoyIKA SedouEva Gnwe napoucidZovtal o€
NanaIOTEPOUE XAPTEC, MOU £X0UV SNPOCIEUTE(
anod 1o Turpa. Evioutoig, péoa and th AENTouE-
pn gpyacia nediou Kal TIC NETPOADYIKEC/ OPUKTO-
NOYIKEC MERETEC EXOUV YIVEL ONPAVTIKEC avapas-
piceIg, Nou adopouv TNV KATAavoun Kai Th OXECN
TV AIBOAOYIKWY GES0UEVMV.

H xaptoypadikn anotunwaon Kal Ta EpYactnpiakd
anotTeNEoUATA E1I0NXBNCAv oTo LUuotnua Fewypa-
dIKQV NANpodopIwyv (GIS), TO onoio NEPIEXEl OAN
TN OXETIKN NANPodOPNoN, NOU CUAREXTNKE OTa
nAaiocla Tou €pyou. Ita dedougva NEPINANBAVO-
VIal 0 NPOCAPUOCUEVOC TEWAOYIKOEG XAptTng, Ol
BEoeIC SsyuatoAnyiag, Ta AnoTEAEOMATA TNG
epyaociag nediou, Ta NETPOYPADIKA KAl OPUKTONO-
YIKG anoteféouata.

dwr. 2: Mikpopwroypadia vV QUIGVTOU UE Xprion nAs-

KTPOVIKOU HIKOOOKOMIOU 06pwonc (SEM).

KpINEVA €XOUV SNUIOUPYNBEI OI £ENC XAPTEC Ol
onoiol oXetiZovtal Ye To BaBus enikivduvotntac:

TUNOC NETPWIATOC KAl NEPIEKTIKOTNTA VWV
auiavtou,

AlaBpwoiydtnta Tou £6adoug,
Xpnoeig yng katd CORINE,
TUVTEAEOTAC TPIRNC,

Opro taxutntag teIBAC (threshold friction
velocity factor).



Me BAcon ta anoteAEouata TNC EAETNE ENIKIVOU-
voTNTAC NPOKUNTEI 0TI MOVO O1 NEPIOXEC ME OEP-
NEVTIVITN EUNEPIEXOUV KIVOUVOUG anod tnv £KOE-
on Og VoSN OpUKTA. MePAItépw AgIOAOYNCN Tou

KIvOUvou and to PETANAEIo ANIAVTOU Kal TIC YEI-
TOVIKEG NEPIOXEG EOEIEE OTI Ol NEPIOXEC QUTEC
EMNEPIEXOUV UIKPOU WG METPIOU BABUOU ENIKIV-
duvotnta.

Xaotn¢ 2: EmKIVEUVOTNTA TNC NEPIOXNC UEAETNC.

0 TewAOYIKOEG XAPTNC £NIBERAIVEI CE NWEYANRO
Babudé ta NIOOAOYIKG KAl SOMIKG OTOIXEIa TOU
SnuooiguuEvou FEwAOYIKOU XAptn Tou THANATOC.

Mépav and tnv KUPIA OCEPMEVTIVITIKA WAZa
(Bacotitng, CEPNEVIIVITNG), N Onoia CXNUATIZEl
TOV nupnva tou UNEPRACIKOU CUNNAEYMATOC,
undpxouv NoAU UIKPOTEPA OWUATA CEPNEVTIVITN
Ot MONAEC NEPIOXEC MECO OE OTEVEC ZWVECQ
UNEPBACIKWV NETPWHATWV HWE  SIAPOPETIKO
Baduod cEpnEVTIVILONG.

PNYUATWOEIG TEMAXWV XAPAKTNPIZOUV TO YEVIKO
HOTIBO TNC NEPIOXNE LENAETNG KAl MEYAROC api-
HOC AIBoAOYIKWOYV Enadwv XapaktnpiZovtal and
anoTouEeC S1akAAOEIC Kal AQTUNONOINGEIC.

To KUPIO CEPNEVTIVITIKO OPUKTO gival o AIZapdi-
TNG WE TOMIKA avantu&n avuyopitn. O XpuooTi-
Ang sudaviZetal KUpiw oav auiavtog annd eni-
ONG KAl O€ WIKPOKPUOTAAAIKA popdn. O TpeNdAl-
80¢ Kal akTivoAiIBog¢ nou eudavidovtal otnv
nNepIOXN UEAETINC S&V NAPOUCIAZouv SOHIKA
OTOIXEIA IVOOWV OPUKTWV.

DdAEBeC audviou Bpiokovtal o P6vVo To 12%
TWV SEIYUATWY NouU €EETACTNKAV CTO £pyactn-
plo, Kal 6fa autd ta dsivuata ntav Nnanpwe cep-

NEVTIVIOUEVA NETPWNATA BACTITIKOU CEPTIEVTIVI-
™. MOvo éva nodu UIKPG HEPOC Twv unod £EETA-
on SEIYUATwY £0APOUC KATESEIEE NEPIEKTIKOTN-
TA OE XPUOOTIAIKG auiavto.

01 51E106UTIKEG DAEREC KAl Ta KARA avanTuyuE-
va BAEBidiIa tunou stockwork XpuooTIAIKOU
auIGvIou nepiopiZovtal OToV BAOCTITIKO CEPME-
vTIvitn, 1I510iteEpa OTo PEPOC, nou Eival Aatuno-
NOINUEVO KAl KATAKEPUATICUEVO EVIOC TOU
METANNEIOU ANIAVTOU KAl YEITOVIKEG TOU MNEPIO-
XEC.

TpIxogidn 1vidla XpUCOTIAN O HOPDN VOSOUC
KQl KPUOTAAAIKOU Xpucotinn Bpickovtal &61d-
onapta eviog ING CEPNEVIIVITIKAG Zwvng Nou
eival QVENTUYMEVEC OTa UNEPRACIKA NETpWHATA.

0 duvntikog kKivduvog and apiavio npoosdiopi-
OTNKE UE BACN TIC NEPIOXEC NOU EXOUV EMIGAVEI-
QKA NETPWHATA KAl £6APN NoU NEPIEXOUV IVEG
apidvtou. Mg auto To KpItnpio oAdkANpn n Cep-
NEVTIVITIKA NEPIOXN EUNEPIEXEI SUVNTIKO KivOUVO
ané adiavto.

0 kivduvoc¢ and apiavio (ARR) npoodiopiZetal
OTn BACN TOU KIVOUVOU €KBEONC OF iVEC auid-
VIOU Kal EKTINATAI UECA and TOV UNOAOYIOHO
MEVIOTWV SUVATWYV HECWV ETNCIOV WPIAIWV
CUYKEVTPWOEWV VOV agldviou otnv atudoodal-
pa nou pnopouv va npokUyouv and tn Snui-
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oupyia oKOVNG OE OEPNEVTIVITIKEG NEPIOXEG.

10. H nEPIOXN TOU CEPREVTIVITN EUNEPIEXEI BACIKN
eniKIvéuvoTnTa ano auiavto.

11. O SIATAPAYUEVEG, MN ANOKATACTNUEVES NEPIO-
XEC TOU METAAAEiou AuIAviou SnHIOUPYOUV
MIKPO ¢ METPIO BABNO KIVOUvVoOUu anod Inv
napoucia vV AuIAvVIou ToV aEpa. OUwC ONUEI-
WVETAl 0Tl XPEIAZETAl NPpOCBETN £peEUvaQ, 1I8IQITE-
pa 600 adopd TNV EKTILNCN TOU puBuoU napa-
yoyng gkponc auidviou and ta £dadn otov
aépa. EnnpdoBsTa onPEIMVETAl OTI N Mo NAvw
avanuon adopd TIC OUYKEVIPWOEIC auIdvtou
otnv atuoocdaipa nou Snuioupyouvtal yévo anod
duoikd aiua dnuioupyiag okovng. AvBpwnoye-
VEIC NNYEC ONwWCE EiVal Ta XWHATOUPYIKA £pya Kal
n 0énynon O XWUATIVOUC SpOUOUC anoTEAEI
npooBeTn Nnyn Kivéuvou.

TUNdwva PE TN MEAETN, O KivBUVOC E€KBEONC
KATA Tn SIAPKEIQ XWHATOUPYIKWV EpYaciwv gival
APKETA PeEYANog ondtav Kai evdsikvutal n Anyn
NPOCTATEUTIKWV METPWV.

Aaupdavovtac unoyn Ta anoteAEoUATA ENIKIVOUVOTN-
TAc £ylvav oi Nio KATw EIONYNCEIC:

1. EVNUEPWON TWV KATOIKWV KAl TWV TAKTIKWV £Nl-
OKEMTWV TNC NEPIOXNG TPoodou¢ ¢ Npog 1o
BaBuo6 gnikivéuvotnTag nou npokuntel anod did-
dopeC SPACTNPIOTNTEC.

2. Etoiyacia odnyou SIaxeipiong tou Kivéuvou ano
Tnv €KBECN OE auiavto, 0 onoiog Ba diatiestal
o O00UCG sunNAEKOVTAl O £PYACIEC Nou onul-
oupyouv oKOvN ONWE KATAOKEUAOTIKA KAl XwHa-
TOUPYIKA £pYa Kal KANMEPYEIEC.

3. Na eknoveital e1I51KN JEAETN EKTIUNONG ENINTW-
OEwV ano TNV EKBECN CE auiavto Kal va oxedia-
Zovtal KatdAanAa JETPa NPotou £kdoBel adela
£PYACIOV Mou NEPIAQUBAVEl 5pacTNPIOTNTEC
nou dnuioupyouv oKovN.

4.  EnKAAuyn Twv Xwuatodpouwy, £ite ue aagdan-
TO £ite YE €10ayOUEVO KATAANNAO UNIKG nou Sev
neEPINQUBAvVE! IVEN OpuUKTA.

5. EKNOvVNOoN twv N0 KATw EMNINPOCOETWV HENETWV
0l OMNOIEC Ba EUAAOUTICOUV TN YVKOON KAl NANPO-
®OpNoN YIa TNV NEPIOXN MEAETNC KAl 80 CUUBRA-
flouv oTtnv NEPAITEPW BeNTIwON Ttou XAptn &ni-
KIvouvoTntac:

e EKT{UNON NEPIEKTIKOTNTAC AUIAVTIOU OTN oKovN.

e [lapakoAoudnon / HETPNOEIC CUYKEVIPWONG TNG
okovng (PM10).
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e ‘Epeuva via TN BEATIWON TWV EKTIMACEWV HETA-
dopdc okovng and to £€5adoc oTov agpa.

6. NAENTOMEPNC Xaptoypddnon tng yewnoviag oe
AANEC neploxEg onou meavo va undapxouv
METPWUATA HME IVOON OPUKTA, oUTwC WOTE va
EUNAOUTIOTEI NEPAITEPW O YEWROYIKOC XAPTNC.

11.3. TEXVOOIKOVOUIKA HERETN YIO EDapUoyn nino-
TIKOU NPOYPAUUATOC anokatdotaong Tou
EyKatansiguévou peTanneiov KokkivoneZou-
Aac oto MiItogpd

XpiotH6dounog XatZnyswpyiou Kai NEwpylog XatZnye-
wpyiou

Eicaywyn

To TuAPa NPOERN OTNV ETOINACIA TEXVOOIKOVOMIKNG
HEAETNG yIa TNV £dapuoyn NIAOTIKOU NpoypaHuaTos
anoKAatAoTaons TOU EYKATAAEIUPEVOU METARNEIOU
KokkivoneZounag oto MItogpd, Tnv onoia avabece os
€EEIOIKEUNEVOUC OUUBOUAOUG. H YeAgTn, Nou npay-
MATOMOINBNKE Of ouvepyaocia ue EARNVIKO CupBoU-
AEUTIKO 0iKO, META and avoikTto SIaywVICKO yia ayopd
UNNPECIV, NTAv CUMBATIKAC agiag €24.000 kal di1ap-
KEIAC 51 UNVQV.

H JEAETN ANOTEAEOE TN PUOCIKNA CUVEXEID TOU EPYOU
«ETOIMaCIa OTPATNYIKAG VIA TNV anokataotacn £yKa-
TAREIMPEVWV HETAAAEIWY HEIKTWY BEIOUXWV» NOU OAO-
KANPWONKE 10 NOEUBPIO Tou 2008, N onoia NpoodIopI-
o€ OAEC TIC NAPANETPOUC KAl TA KPITAPIA NOU ENNPEQ-
Jouv tTnv NEPIBAANOVTIKA anokatdotaon 25 gykata-
AEIMUEVOV METARNEIWV MEIKTWV OEIOUXWV CUMNEPI-
AQUBAVOUEVWV KaI TWV EYKATACTACEWV TOuC. Q¢
NEWTo oTtddIo via TNV NPAYyNATonoincn TOU AVTIKEIUE-
VIKOU OTOXOU TNG AnoKataoTaong EYKATANEIMPEVWV
METAAAEIWV UEIKTOV OEIOUXWYV, N UEAETN AUTA NPOTEI-
VE & BACN TA ANOTEAECUATA NOAUKPITNPIAKNG avAanu-
oNng, TNV npaygatonoinon mAoTIKoU nPoypauuatod
anokataotacng OTNV NEPIOXN TOU EYKATANEREINPEVOU
peTanfeiou KokkivoneZoUAac, oto MITogpo.

To uetanngio KoxKivoneZounag

To petafneio Kokkivonedounag, nou BRICKETAl oTnv
kolvotnta Mitoepou NG Enapxiag ASUKwaoiag, Nnapou-
O1aZel €va gUpOC NPORANUATWY, NoU cuvdEovtal PE
TNV anoKATACTACN AVOIKTWY EKCKAPWV KAl QNoBECE-
WV HN EKUETAAAEUOINWY CWPWV EEO0PUKTIKWV ano-
BANTWV (UNAZwvV), MOU CuXva NEPIEXOUV BEgIoUXa
OPUKTA. £TO CUYKEKPINEVO UETANNREIO NapousIaZovtal
gudavn onuadia aotdbeIac Twv NPAavwy TNG EKOKA-
®NE KAl TWV CWPWV EEOPUKTIKWV anoBANTwv, Kadme
ENIONC KAl apVNTIKEC NEPIBANROVIIKEC ENINTWOEIC,
OXETIZOUEVEC UE TNV Napoucia 6&IvwV anoppowv OE
NAapakeigeva puakia.



EIKOva 1: EyKATQREILUEVO UETAANEIO KOKKIVONEZOUAAS OTO MITOEPO.

EKTiUnon tou KOOTOU¢ NEPIBAAAOVTIKAG aNOKATA-
otaong

F1a tnv EKTIUNON TOU KOOTOUC NEPIBAAROVIIKNAG ano-
KATAoTaonG TwV CwPWV UETANAEUTIKWY OTEIPWV TOU
uetaffeiou KokkivoneZounag, eNIAEXBNKE, UE BAon
TEXVIKA, OIKOVOUIKA Kal NEPIBANAOVTIKA KpItApla, n
MEPIOXN TOU OWEOU OTa BOPEIOAVATONIKA TNG EKOKA-
NG, WG EUPUTEPN NEPIOXN EVTIOC TNE ONOIAC NPOTEI-
VETAI N 0PI0BETNCN TOU XWPOU £OAPHOYNC TOU MINO-
TIKOU NPOYPANMATOC.

01 £pyacie¢ anokataotaong NouU £EETACTNKAV NEPIE-
Adupavav:

1. Alauopdwon Twv CWPWV TWV OTEIPWV Kal ToV
EAEYXO TNC YEWTEXVIKNG EVCTABEING TWV CWPWV.

2. TEWXNUIKEG EPYACIEC NOU anookonoUv otnv Npo-
ANYnN Kal QVTIYETWMION TOU OXNUATIoNoU 6&ivng
anopponc anod TovV 0wPo TwV BEI0UXWV OTEIPWV.

3. OUTEUON TOU CWPOU OTEIpWY, CUMNEPIAaUBavo-
MEVNC Kal TNE Apdeuong.

4. NMapakonoutnaon tng NoIGTNTAC NEPIBAAAOVTOC.

Ma tnv NEPIBAAROVIIKA anokatdotacn TNG NEPIOXNG
€EeTAOTNKAV APXIKA TA NapakGtw oevapia, 600
adopd TIC £pyacieg diIauopdwong Twv NpAvwv Tou
OwpPoU OTEIPWV:

e Yyog¢ BaBuidwv 15m, nAAato¢ RBasuido¢ 8m Kal
ywvia npavouc 27°,

e  Yyog Baduidwv 15m, nAAto¢ BaBuidoc 8m Kai
ywvia npavoucg 30°,

€101 WOotE va eEaodaniZetal n nnia KAIon nNpavav Kal
N ENITUXia Twv GUTEUCEWV.

0 £AEYXOC YEWTEXVIKAG EUCTAOEIOC NPAVWV GE Xapa-
KTNPIOTIKEC TOMEC EOEIEE OTI TNV UBIOTAUEVN KaTtd-
otaon, ol UBICTAUEVEG KAICEIG €ival aodaneic, uno
OUVBNKEC OTATIKAC Kal Suvauikng katanovnong. O
EAEYXOC YEWTEXVIKNC €UCTABEIOC npavwyv £6&iEE Ot
Kal yia TI¢ U0 NPOTEIVOUEVEG KNIOEIC Ta npavn givat
aodann, und OUVONKEG OTATIKNG KAl SUVAMIKAG Kata-
noévnong.

Onw¢ NPOEKUYE and OXETIKEC avafuoEIg SEIYUATWV
Coteipwv, autd ta UAIKA xapaktnpiZovtal w¢ anod
APKETA UPNAN NEPIEKTIKOTNTA O B€i0 (S: 4,9%-9,2%),
XaunAo pH (3-4), Kal ONUAQVTIKEC OUYKEVIPWOEIC OE
Bapéa YEtanna, uE anotEAEocUa to uPnid duvauikd
oXnuaticUoU $alvouEvwy OZIVvNG anoppong WETAN-
Aciwv (OAM).

1o {610 cuunépaoua odAynce TOOo n €EETAON TOU
KaBapou duvauikol gEoudetEpwonc (NNP), 660 kal
TWV OTEipwV TNG KokkivoneZouAag, onou unoioyile-
Tal 6T viIa TNV E0UBETEPWON TNC NEPIEXOUEVNC OTA
oteipa ofUutntag analteital n NPocenkn 69-290kg
CaC0Oz/t oteipwv. NapadAnAa o AGYOC SUVAUIKOU
€ZoudeTEpwong (NPR) gival HIKPOTEPOG TNG povadacg,
yia TOV onoio IoXUgl NPR < 1, TEKUNPIOVOVTAC TO
QUENUEVO OUVAMIKO TwV OTEIpwV via yeéveon OAM.
Eniong, n opuUKTOAOYIKN €E€Taon TwV SEYUATWY £OEI-
ge OT1 Ta €&eTaZ0UevVa Belouxa oteipa eE6PUENG CUVI-
OTOUV EVEPYEC NNYEC oXNuUatiopoU G8ivng anoppong.
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H duvatotnta tou idIoU TOU UAIKOU Yia €E0USETEPW-
on tou duvauikoU ogutntag ekTiudtal ot ival e&ai-
PETIKA MIKPNA AOYW TOU €I60UC TWV OPUKTWV MoU Ta
anaptidouv.

Katd cuveénela, npiv TG EpYacieg Siauopdwons Twv

npavwv via GUTEUCEIC, €ival avaykaia n yEWXNUIKNA
anokatdotacn tng eNPAVEIAC TWV CWPWV UETAAAEU-
TIKQV OTEIPWV, ME TN SNPIOUPYIA NPOCTATEUTIKOU £NI-
KaAuuuatog/epayuou and OCTPWOEIC GuvoAlkou
naxoug 40-50cm, PE avaueiEn OTEIpwV UE aACRECTONI-
B81k6 UAIKO og avanoyia 200kg/t oteipou.

u1I00

wiroso

Ywépvnua

Neproxn mMAoTIXr(
£pappoyiq

Apopor - Badpideg

Tagppog exTporig
ETTHPOVENIX(IV QTTOPPOLIV

TN

Ixnipa 1: [IPOTEIVOUEVN XWPOBETNON NEPIOXIG MAOTIKIG EQAPLOYNC.

EZ£taon EVAAAOKTIKWV GEVARIWV NEPIBAAROVIIKAC
anokatdotaonc

Me Baon ta napandvw, OTo NAaicio TnE napouoag
MEAETNG €&eTAOTNKAV CUVOAIKA €8N (6) evanAakTIKa
gevapia anokatdotaong nou NEPINaUBAvouV:

“Yog Kal nAAtoc Baduidwv 15m Kal 8m avtiotoi-
XWC ME Ywvia npavouc 27° ue eMKAAUUUA Nou
nepIAauBavel dnuioupyia NPOCTateutikou dpay-
HoU and OTPWOEIC GUVOAIKOU NAxoug 40cm, ME
avAaueiEn oteipwv £E0pUENG PE AORECTORIBIKO
unikG og avanoyia 200kg/t oteipou. Ztnv enidad-
VEIQ TOU $payuou PETadEPETAl KAl EMNICTPWVETAL
£6adIkd uAIKO (YOVIUO XwWua), Naxoug 50cm ot
OPIZOVTIEC EMPAVEIEC (BABUISEC Kal SEUTEPEUOU-
OEC avaBabuideq) kai 30cm ota npavn, yia BEA-
TiIKOON TV £6aPIKWV CUVBNKWY, T60O and ano-
YNng OPENTIKWY CUCTATIKWY 600 Kal and anoyng
uypaociag edadouc. (Zevapio A1)

“Yog kal nAAtog Baduidwv 15m Kal 8m avtioToi-
XWC HME ywvia npavouc 27° ue snKAAuUKa nou
nepINaUBAvel th dnuioupyia NEOCTATEUTIKOU
dpayuou and oTR®WOEIC CUVOAIKOU NAxXoug 50cm,
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ME avAUEIEN OTEIPWV HE QOBECTONIOIKG UAIKO OE
avanoyia 200kg/t oteipou. Itnv enmPaveia Tou
dpayuou petadEpeTal Kal ENICTPWVETAl OTPWON
aoBeotonBIkoU UAIKOU SIaRABRICUEVNE KOKKO-
HETPIaC, naxouc 50cm oTIC OPIZOVTIEC ENIPAVEIEC
(BaBUIGEC KOl SEUTEPEUOUOEG avaBadbuides) kal
20cm ota npavn. Itnv enidaveia Tou nio navw
CUVBETOU KAAUUKATOC HETADEPETAl KAl S1A0TPW-
VETAl MWiyMa naxoug 10cm, nou npokuntel anod
TNV avaugiEn AUPAToORAonng N opvIBOAUNATWY,
XOIPOAUMATWY, 1AUOG, K.AN. PE €6adIKO UAIKO
(YyOVIUO Xwua). (Zevapio A2)

e YYoc kal nAAto¢ BaBuidwv 15m Kal 8m avtiotoi-
XWEC ME ywvia npavouc 27° YE ENIKAAUMMG NOU
nepINaUBAvel SnUIouUPyYia NPOCTATEUTIKOU dpay-
MoU and OTPWOEIC CUVOAIKOU naxoug 50cm, uE
avapoxneuon Kal avaueiEn oTeipwV UE AOBEOTO-
A1BIKO URIKO Ge avafoyia 200kg/t oteipou. ITnv
enipaveia tou dpayuou uetadEpsTai Kal dia-
OTpWVETAl aCBECTOAIBIKG URIKO S1aBaBUICUEVNG
KOKKOMETPIAC, ndxoug 30cm, Kal OTNV OUVEXEIQ
MeETadEpeTal otpwon e5adikol URIKOU (Yoviuo
XWUa) Naxoug 30Cm OTIC OpPIZOVTIEG ENIBAVEIEG
(BaBUIGEC KAl SEUTEPEUOUOEC avapadbuideg) Kal
20cm ota npavi. (Zevapio A3)



e 'YYoc kal nAdtog Baduidwyv 15m Kal 8m avtIioToi-
XWEC ME YwVIa npavoulc 30° ue enKAAUMMA ONwe
auto Tou Isvapiou A1. (Zgvapio B1)

e YYoc Kkal nAdtog Baduidwyv 15m kal 8m avticToi-
XWE ME ywvia npavouc 30° JE enIKAAUMHA Onwe
auto Tou Zevapiou A2. (Zevdpio B2)

e “Yyoc kar nAAtoc Baduidwv 15m kal 8m avtiotoi-
XWC ME ywvia npavoug 30° pe emikaAuupa onwe
auto tou Ievapiou A3. (Zevapio B3)

Emifoyn BEATIOTOU CEVAaPIOU NEPIBAAAOVTIKAG ano-
Kataotaong

‘Exel eMIAEYEl TO oevaplo A1, onpeiivovtag ot Katd
TNV KATaoKeun tng NIROTIKNG uovadag 8a Angpdouv
O6fa Ta anaitoUpeva WETPA, ONwE UETAEU AnAwv n
KOTAOKEUN Kavafidv EKTPONNG TwV EMQAVEIAKWOV
anoppowV KAl N CUNNUKVWON NAEUPIKWYV CWPWV,
(OTE VO EMITEUXBEI N udpaudikA anoudvwon Tne
MAOTIKNG povadac and Tuxdv enidaveiakeg anoppo-
€C, Kal MAEUPIKEC BINBNACEIC and TOUC YEITOVIKOUC
owpoUc oteipwy, Kal va gival duvatn n aZioAoynon
TNEC ANOTEAEOUATIKOTNTAC TWV NPOTEIVOUEVWV HEBO-
Swv anokataotaonc.

Zwvn amooTpayyiong

' E¢oudetépwon ue aoBeatoAiBo(40cm)

2TEipa £€0puUENG

2TpwWHA £da@IKOU UAIKOU
(50/30cm) |

Ixriga 2: TPOETOILACIA NPOCTATEUTIKOU EMKAAUULATOC ENIPAVEING OWPWV OTEIPWVY.

MPoUnoAoyIoUeS NIAOTIKOU NPOYPAMUATOG

AnNG Tov NpoUnoRoyIoUO KOOTOUG EPYACI®V anoKata-
oTaong Tou owpeoU ota BA TNG EKOKAPNC NposkuPav
EKTIMNOEIC VIA TIC OTABEPEG SANAVEC anoKataotaong,
KAl UNoAoYIGBNKE TO KOOTOC anoKAataotaon/CTpEM-
MO yia KABE nepintwan.

ra tnv edapuoyn evog dietolc NINOTIKOU npoypau-
HOTOC anokatdotaonc Ttou WETanfgiou KOKKIVOME-
ZouNac uE NPOYPANMATIZOMEVES SANAVEC TNG TAENC
TwVv £€100.000 via to 2011 ka1 £60.000 yia 1o 2012,
EKTINATAl OTI N CUVORIKN £KTAON TNG NEPIOXNAC, OTNY
onoia Ba unopei va edapuoobel, Kuuaivetal ano 7,12
€w¢ 11,70 otpéuparta.

Zupnepdouata — EIGNYNGCEIG

000 adopd oTn SIAXEIPION TWV YEWTEXVIKWV NPORAN-
MATWV nou gvtoniovial otnv ekokadn, n nAgov
evOESEIYMEVN AUON Eival N NEPIOXN va NAPAUEIVEL
uno TN CNUEPIVA TNG Jopdn, adou diatnpsi tn yopdn
TOU TOMIOU NOU NapouciaZel YEWAOYIKO Kal TOUPICTI-

KO evOIaPEPOV WG MVNMEIO TNG UETAANEUTIKAC I0TO-
piag tou toénou.

Vo0 adopd otn SIAXEIPION TWV USPOYEWAOYIKWY
NPOBANKATWY NOU EVIONIOTNKAV OTNV Ekokasdn, otnv
neploxn Tou Metanngiou KokkivongZounag, oto niai-
010 TNC KEIMEVNC NEPIBAAAOVTIKNG VOUOBETIAC yia tny
£dapUoyn HETPWV NPOCTAciag twv USATIVRV NOpwV
Kal Tou £6Ad0OUC O eyKATANEIMUEVA NETAANEIQ, NOU
ouvIoToUV EVEPYEC NnyEC punavong, 0d&nyia
2006/21/EE, npoTEivetal N NEPAITEPW SlEPEUVNON
TWV NOIOTIKWV KAl NOCOTIKWY XAPAKTNPIOTIKWOV TWV
uddtivwv nNopwv OTa Katdvin Tou WETAAAEIoU NG
KokkivoneZounag. NMpotdénke n ekndvnon udponoyi-
KNG KAl USPOYEWAOYIKNG MEAREING via TNV gUpUTEPN
NEPIOXN ToU £EETAZONEVOU UETARNEIOU, N E OXETIKN
ueBodoNoYIa KAl Ta METPA NPOANYNG KAl QVTIMETWNI-
oNg SUVNTIKWY ApVNTIKWV ENMTWOEWY 6TNV noidtnta
TV Katavtn uddativiv népwv 8a NNopouscE va ano-
TENEGOUV NPOTUNO SIAXEIPIONG TWV EYKATAREIUNEVWV
METAAREIVY, N YeBodoAoyia 6 autn va ePpapuocdei
oc AANEC IOTOPIKEC METANNEUTIKES NEPIOXEC TNG
KUnpou, Nou EXoUV XAPAKTNPIOBEI WG NEPIOXEC udn-
AoU NEPIBANAOVTIKOU KIvEUvoU.
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11.4. Late Pleistocene and Holocene deformation

along the Larnaka fauit zone, Cyprus

Richard Harrison and Efthymios Tsiolakis

Introduction: Late Pleistocene through Holocene
strike-slip faulting occurs at many locations
throughout Cyprus (Harrison and Panayides, 2004;
Harrison et al, 2002, 2004; Soulas, 1999). This
deformation is consistent with an approximate
north-northwest-oriented horizontal maximum

principal stress direction (sigma 1) and an
approximate east-northeast-oriented horizontal least
principal stress direction (sigma 3) (Harrison et al.,
2004). Conjugate left-lateral northeast-trending and
right-lateral northwest-trending strike-slip faults are
recognized, in addition to east-west-trending left-
lateral strike-slip faults. All of these onshore
structures are interpreted as subsidiary features to a
transform plate boundary, Cyprus transform system,
which occurs off of the southern coast of Cyprus
(Fig. 1).

" Anatolian %, 4
microplate

African plate Arlatiian
ate
300 km plate / p

—

Fig. 1: Plate tectonic model for the Eastern Mediterranean- Middle East, after Vidal et al. (2000); Mascle et al. (2000); Robertson
et al. (1995a), Robertson and Grasso (1995); Garfunkel (1998), Aal et al.(2001) and Harrison et al.(2002). ES-Eratosthenes
seamount, 0-oceanic crust, C-continental crust.

Fig. 2: Geologic map of the Larnaka area, Cyprus.
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Larnaka Fauit zone: Geologic mapping (Fig. 2) along
the Larnaka fault zone (LF2) has found structural
evidence of left-lateral strike-slip faulting during the
Late Pleistocene and Holocene. Trending NNE, the
LFZ has >30 km of onshore strike length and consists
of several braided, steeply dipping fault strands.
Bathymetric data suggests that the LFZ extends
many more km to the SSW, where it intersects the
Cypriot transform system, which is a plate boundary
between the Anatolian microplate and continental
crust of the Sinai microplate, which are fragments of
the Eurasian and African plates, respectively. LFZ is
interpreted as a sympathetic Riedel shear to the
Cypriot transform system; both are seismically
active. Exposures of the LFZ at Cape Kiti show that it
has experienced several episodes of faulting, which
extend back at least into the Pliocene, that the latest
2 events occurred just prior to ~16,000 yrs BP and
post ~6,000 yrs BP, and that it probably has not

moved there in the past ~ 2,000 yrs, based on 14C
ages of terrestrial snails, which vyield ages generally
from 2,300 to 3,000 years old (Harrison et al., 2004).
0On the west side of the fault, drilling shows that the
top of the Pliocene Nicosia Formation occurs at 16 m
below the surface and the top of the Miocene
Pakhna Formation at 34 m below the surface, thus
there is a minimum of 34 m of stratigraphic throw
across the structure in the Quaternary (top of
Pliocene Nicosia); the amount of horizontal
movement is undeterminable, but is considered to
be significantly greater than the vertical offset.
Optical spin luminescence (OSL) ages (see Fig.3)
indicate that the respective Quaternary stratigraphic
sections on either side of the fault are totally
different; Holocene beach deposits are juxtaposed
against Late Pleistocene inboard fluvial sediments.
Thus, there is no Quaternary horizon upon which to
base any cross fault correlations.

Cape Kiti strand of the Larnaca fauit zone

EG 1/2005

top of Pliocene 1 ] ] |

day’s Beach Deposits

Sm

[ 1 1

Nicosia Formation
at approximately 16 m;
base of Nicosia at 34 m;
A. Pakhna Fm.to 97 m- BOH

Fig. 3: A. Log and B. Photo of a strand of the Larnaka fault zone at Cape Kiti: note that the photo and log are at different scales.
Deposits on the left are Late Pleistocene terrestrial silts and muds, those on the right are Holocene beach deposits, which rest
with angular unconformity upon Miocene Pakhna Formation (lower right corner of photo). View is towards the north; base of sea
cliff is in the tidal zone.
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At Pergamos ~25 km N of Cape Kiti, a right step
along the LFZ has produced an E-W-striking
restraining-bend thrust fault (Fig. 4). Dating of
colluvial-wedge deposits at Pergamos indicates

NW

curved

minor fault movements within the past ~1,300 yrs;
offset strata indicates multiple episodes of major
faulting (>1 m of thrusting) in the Late Pieistocene.

exposure

|[€———nNa7w |«

pottery shards “C age on snail shell (4470F
~2100 yrs BP*
]

“C age on snail shell (3,600): ~1230 yrs BP* ™

“C age on snail shell (3585); ~1,200 yrs BP*
‘Cage on charcoal: 1,215 £ 50 yrs BP,

"€ age on snail shell (4245): 16“
~1,875 yrs BP* “;3

"%C age on charcoal: 945 & 30 yrs BP \

\\)_ggF AR

i

N4O"W | < N14°E

I T ] T I | I | I | |
13m 12m 11m 10m 9m 8m 7m é6m 5m 4m 3m 2m 1m 0

\ fault surface

Fig. 4: Geologic log across restraining bend at Pergamos, Cyprus (after Harrison et al., 2002). Zero level line is arbitrary:
comparison of the 13C charcoal age of 1.215+50 yrs calibrated BP on the 55 layer with the 74C snail for the 5S is consistent with
similar age difference for snails in the range of 2.300-3.000 years too old (Harrison et al., 2004).

Deformation along the LFZ accounts for Holocene
coastal uplift, which has stranded the Phoenician
city-port of Kition-Bamboula ~400 m inland and has
placed ~4,000-yr-old marine sediments ~2 m above
the sea level expected for their age. From the work
of others near Cape Kiti, ~4,800-yr-old fossil sea
levels have been identified at altitudes of + 2 to +3
m. Microseismicity is known to exist along a segment
of the LFZ. The LFZ poses a great seismic hazard to
the southeastern portion of Cyprus.
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11.5. Nitrogen sources and denitrification
potential of Cyprus aquifers, through
isotopic investigation on nitrates

Christos Christophi and Costas A. Constantinou



Abstract

Nitrates is one of the most common groundwater
pollutant. Being able to identify the source(s) as well
as evaluating the denitrification capacity of aquifers
can help shape appropriate remedial action. This
work aims to investigate the isotopic composition of
nitrates in groundwater samples in order to identify
primary and secondary nitrate sources as well as to
evaluate denitrification potential of aquifers in
Cyprus. A total of 135 groundwater samples from 12
different Ground Water Bodies (GWB) were analyzed
for 15N/14N and 80/160. It was concluded that the
dominant primary source of nitrate in rural Cyprus is
fertilizers. For many samples a secondary nitrate
source with an isotopic signature of organic source is
contributing. This organic source is, in most cases,
assumed to be manure. In addition, a primary organic
nitrate source was identified in 16% of the samples.
Finally, the potential of denitrification is seen in 21%
of the samples from 7 different GWBs.

1. Introduction

Elements that have different numbers of neutrons in
their atomic nuclei are called isotopes. The number
of neutrons in the nucleus of a specific element can
vary to a limited degree as such variations cause
instability that is brought about by having too many
or too few neutrons in the atomic nuclei. The
greatest stability is reached when the protons to
neutrons ratio is close to 1 for the light elements and
to 1.5 for the heavy elements. Radioactive nuclides
are unstable isotopes that have an increased
probability of decaying, whereas stable isotopes do
not show any known mode of decay (Clark and Fritz
1997). Many elements have two or more stable,
naturally occurring isotopes. For example, the ratio
of natural abundance of 180/160 in ocean water is
0,204 and that of 15SN/*4N in air is 0,366. Isotopes, as
well as molecules that contain isotopes, have
different masses and therefore different reaction
rates that leads to the process of partitioning that is
known as “fractionation”. Fractionation is expressed
in 6%, “Per mill", values. This unit essentially
represents the deviation of the isotope ratio of a
sample relative to that of a reference sample
multiplied by a thousand (Clark and Fritz 1997). For
example, a 8780 that is equal to & -5%. signifies that
the specific sample has 5%. or 0,5% less 180 than the
standard, which in the case of oxygen is VSMOW
{Vienna Standard Mean Ocean Water). Environmental
isotopes, such as H, C, N, O and S, are of practical
importance to hydrogeologist and among other
applications, can be used as natural tracers of water,
nutrient and solute cycling as well as chemical,
geochemical and biochemical processes that take
place in various phases of the hydrological cycle.

Nitrogen has two stable isotopes, 15N and 14N, they
are both active in the nitrogen cycle and they
participate in various nitrogen compounds. The ratio
at which these two isotopes are incorporated in
compounds depends on the processes and reactions
that produce such compounds. Therefore, 815N in
nitrates can be used in isotope hydrogeology
because of such fractionation between the various
nitrogen compounds, enabling the tracing of
nitrogen sources, sinks and fate. For example,
nitrates derived from synthetic fertilizer can be
distinguished from animal manure through &SN
values (Hoefs 1997, Clark and Fritz 1997).

The use of isotopes in hydrogeology to trace
nitrogen fate gained reliability and further attention
when it became possible, through advanced
analytical processes, to analyze &180 in nitrates.
Nitrogen molecules of different origin have large
oxygen isotopic difference between them.
Therefore, 8780 can distinguish between nitrates
that originate from the atmosphere, fertilizers or
manure/effluent. The combination of the isotopic
composition of 5180 % VSMOW and 815N %. AIR can
be used not only in distinguishing nitrate sources
more reliably but most importantly in, among other
applications, recognizing denitrification processes
(Amberger and Schmidt 1987, Bottcher et al. 1990,
Durka et al. 1994). More specifically, ammonium and
nitrate synthetic fertilizers have an isotopic signature
of 85N ranging from -1 to 5%. and 6180 from 17 to
22%.. Nitrate originating from litter, soil and
sewage/manure have similar with each other 6180
values that are very close to 0%, but their 815N vary
significantly (Clark and Fritz 1997, Mook 2000,
Lorence et al. 2010). Ammonia evaporation causes
enrichment of 875N whereas the process of
denitrification causes a simultaneous increase of
both 15N and 6780 values.

This work aimed to use nitrate isotopes in order to
investigate nitrate sources in GWB as well as
denitrification potential, in order to help shape the
necessary action plans within the nitrate vulnerable
zones, in accordance to the European Directive
91/676/EEC. Nitrate isotopic investigations in Cyprus
have been carried out earlier by a number of
researches, but on a smaller scale (Constantinou
2004 and Udluft et al. 2006).

2. Sampling

Sampling was carried out in two phases;
groundwater samples were collected in September
2009 and September of 2010. In the 2009 campaign,
98 samples were collected from all 12 different GWBs
whereas in 2010, 37 samples from the Western
Mesaoria GWB; 16 of these samples were common
with those of the 2009 campaign. Sampling was
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restricted to the area that the Republic of Cyprus
exercises effective control. Sample volume varied
from one to five liters, depending on the nitrate
concentration. Upon sampling, field pH, electrical
conductivity, dissolved oxygen and water level were
measured and recorded. One liter of sample was
collected in the cases of nitrate concentration equal
or above 20 mg/I, whereas in lower concentrations,
up to five liters were collected. Polyethylene botties
were used and ten drops of chloroform were added
upon collecting the samples. Samples were stored in
a cool place until they were shipped for analysis to
the lab Hydroisotop, in GCermany. In addition, a
second, one liter sample was also collected and used
in analyzing NOz, SOz2 and CI- with ion
chromatography. These analyses were performed by
the chemical laboratory of the Geological Survey
Department.

3. Nitrate Isotope Analysis and Methodology

The dissolved nitrate was separated using cation

exchange and neutralization with KOH. After
elimination of sulfate and phosphate by precipitation
with BaCl, the water samples were evaporated to
dryness. The samples were heated to 570°C together
with graphite under vacuum and conversed to N, and
CO,. After cryogenic separation these two gases were
analyzed in an isotope ratio mass spectrometer.

The isotope ratio analysis was done using mass
spectrometer "“MAT-251" with double inlet system.
The mass spectrometer was daily calibrated with
international standards (N-3, SDGS 34, USGS 35)
(Lorence et al. 2009, Lorence et al. 2010). The analyzed
isotope ratios are reported in delta notations
(56180N0;, 6'5NNO3 in %) relative to standard mean
ocean water or to air nitrogen as defined bellow:

815NNO3 = (Rs/Rst - 1)*1000 and 6'80NO5 = (Rs/Rst
- 1)*1000

Where Rs and Rst is the T5NNOz/14NNO; and
180N0,/160NO5 ratio(s) of the sample and standard.
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Fig. 1: Sample distribution and nitrate concentration in groundwater samples.

4. Results and Interpretation

A total of 135 samples from 12 Aquifers were
analyzed for electrical conductivity, chlorites,
sulfates, dissolved oxygen, 6'80NOz and &'5NNO;.
Fig. 1 shows the samples’ spatial distribution as well
as nitrate concentration. Nitrate concentration
ranges from 1,7 to 408 mg/l with mean and median
values being 64 and 29 mg/I, respectively. Nitrate
concentrations are rather inhomogeneous even
within the same GWBs and are related to a number
of factors such as the complexity of certain GWBs
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and the variations of land use within a single aquifer
area.

There is no strong correlation between electrical
conductivity and nitrate concentration that would
suggest evaporative nitrate enrichment.
Nonetheless, in the cases of the clastic GWB of
Southeastern Mesaoria (CY 1), the alluvial GWB of
Kiti-Pervolia (CY 3), the alluvial GWBs of Lemesos
(CY 8) and Akrotiri (CY 9), such a correlation seems to
exist. The isotopic composition of nitrates in all of the
samples is presented in Fig. 2.
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Fig. 2: Isotopic composition of NO3z in all groundwater sampies.

Primary and secondary sources are attributed to all
samples based on nitrate isotopic composition and
consequently their position within the graph. Based
on the primary isotope signature, denitrification
paths can be calculated and the enrichment paths
modeled. Such paths, using published fractionation
ratios, are sketched in Fig. 3 (Lorenz 2010, Amberger
and Schmidt 1987, Bottcher et al. 1990). Samples
that have isotopic signatures to the right of the first
mixing line are already going through some degree
of denitrification. However, in this paper, a more
conservative approach is adopted and only the
samples positioned far to the right of the second
mixing line were considered as having significant
denitrification potential.

The majority of the samples, 112 samples (83%), from

_CY 17

0 10 20 40 80

na "}

Kilometers

all aquifers, show nitrate isotopic compaosition very
similar to that of mineral fertilizers. This indicates
that the dominant, primary contributing source of
nitrates in groundwater, for these samples, is
mineral fertilizers. Twenty-nine of these samples
(21%) fall along the mixing lines of mineral fertilizers
and manure/waste water effluent. This is interpreted
as having an additional, less significant, secondary,
organic source that is also contributing to the
concentration of nitrates in these groundwater
samples. The organic source of mixing can be either
manure that is used as fertilizer in the fields or direct
infiltrates from animal manure and/or animal waste
water. The isotopic composition of animal waste
water does not differ from that of the urban waste
water, therefore, in theory the organic source could
also be urban waste water.
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Fig. 3: Sample spatial distribution, denitrification potential and primary nitrate source.
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A total of 22 samples from 7 different GWB (16%)
show organic as the primary nitrate source. Most of
these samples, however, come mainly from Central-
Western Mesaoria (CY 17) and Lemesos (CY 8) GWBs.
It is also clear that 29 samples from 7 different GWBs
(21%) show significant denitrification potential. Most
of these sampies, however, come from Central-
WesternMesaoria (CY 17) GWB suggesting a
significant denitrification potential of this aquifer. It
should also be noted that, the majority of the
denitrifying samples tend to have lower nitrate
concentrations than those with insignificant

denitrification thus supporting the scenario of
denitrification. The spatial distribution of the
samples, their denitrification potential and primary
source are presented in Fig. 3 and tabulated in Table
1 below.

For presentation purposes, only the two end sources
are presented as primary source and the rest of the
samples are presented as mixing samples. No further
classification is made for the mixing samples, in
terms of which of the two sources is the prevailing
one.

Table 1: Primary nitrate source and denitrification potential as number of samples per GWB.

Primary source of nitrates J
GWB | GrO(UGnVC:ﬂ’g\;?\ItZ:—nBeOdy Samples | Significant  — : - —
CODE arid Typa per GWB | denitrification Iftqutr;l?zrzlr Organic | Industrial | Mixing ’
Kokkinochoria |
| CY1 (Clastic, unconfined / 11 11 - - 5
confined)
Kiti-Perivolia & Tremithios .
CY3 | Riverbed 13 12 1 ' - 3
(Alluvial, unconfined)
Softades-Vasilikos coastal | .
CY4 plain and riverbeds 3 3 - - 1
(Alluvial, unconfined)
Germasogeia Riverbed
cy7 (Alluvial, unconfined) 5 4 T ) )
Lemesos I|
CYs (Alluvial, unconfined) 9 1 8 ) 8
Akrotiri
5 CY9 (Alluvial, unconfined) 10 1 9 1 i 4
Pafos Coastal Plain and I|
CY11 riverbeds 3 3 - - 2
(Alluvial, unconfined)
Pegeia limestones
cY13 (Semiconfined) 2 2 i ) 1
} Androlikou limestones ) i )
_CYM (Semiconfined) - | 2
Chrysochou - Gialia
cY15 Coas_tal plain and 8 7 y ) 5
riverbeds
(Alluvial, unconfined)
Central and Western
( ' Mesaoria
CY17 | (Clastic, unconfined — 62 13 53 8 1 19
confined)
cY19 Troodos area 7 5 [ > 4
(Ophiolites —fractured) : | |
|
Total ] 135 29 112 1 22 1 49 B
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A more detailed presentation of the results
pertaining to the GCWBs of Germasogia river bed
(CY 7), Lemesos (CY 8) and Akrotiri (CY 9) as well as to
the Central -Western Mesaoria (CY 7) is undertaken
below.

Germasogia, Lemesos and Akrotiri are alluvial GWBs
that develop along the south central coast of the
island. The Germasogia CWB (CY 7) is a river alluvial
aguifer that develops along the channel of
cermasogia River. In 1969, Germasogia dam was
constructed and since then recharge is done by
systematic, controlled water releases. A total of five
samples were collected from this GWB and nitrate
concentration was below 7 ma/l. Nitrate isotopic
signatures from the collected samples are
distinguished from the other two GWBSs and suggest
that dominant nitrate source in groundwater is

mineral fertilizers. Denitrification capacity of this
aquifer appears to be high since four out of five
samples show significant denitrification (Table 1 and
Fig. 4 and 5).

Lemesos (CY 8) and Akrotiri (CY 9) are adjacent,
coastal, alluvium GWBs. The Lemesos GWB develops
within the city of Lemesos and it is recharged by the
Garillis River. The area is heavily urbanized and up to
1995 sewage effluent absorption wells were used in
all buildings. In 1965 the Polemidia dam in the Garillis
River channel was constructed thus reducing
recharge of this part of the aquifer which depends
heavily on river flow. A total of 11 samples were
collected and analyzed from the Lemesos GWB.
Samples show nitrate and electrical conductivity
values above 50mg/l and 1200us/cm, respectively.
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® e ®

Degree of denitrification - primary NO3 source |
@ not significant, fertilizer
@  not significant, mixture
® not significant, soillmanure
W significant, fertilizer

| significant, mixture
®@ significant, soillfmanure
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| | GWE code
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Fig. 4: Sample distribution, denitrification capacity and primary source in GWBs 7, 8 and 9.

Samples from Lemesos GWB exhibit the heaviest
influence of an organic source on the isotopic
signature of the nitrates to such an extent, that they
are distinguishable from all other samples (fig. 5).
Aithough mixing with a secondary chemical fertilizer
source is discernible, such a mixing appears to be
minor in the majority of the samples (Fig. 4 and 5).
Urbanization and the use of sewage effluent
absorption wells in the past, appears to be the
dominant nitrate source in groundwater. In addition,
a weak correlation between nitrate concentration
and electrical conductivity exists. This may suggest
partial nitrate enrichment through evaporation
brought about by reduced recharge. The samples
that show denitrification potential tend to have
lower nitrate concentration than those with
insignificant denitrification. Denitrification appears
to reduce nitrate concentration from about 100 -
140mg/| to about 60mag/l.

The Akrotiri GWB is adjacent to the Lemesos GWB to
the east. The major land use in this case is

predominantly agriculture with a number of smaller
in extent built-up areas. The Kouris River that runs
from north to south intersects and recharges this
part of the aquifer. It discharges to the sea to the
southwest part of the aquifer. In 1987, the biggest
dam of Cyprus, the Kouris dam, was constructed on
this river and changed the recharge regime of the
GWB. Recharge is now limited to direct infiltration
from rain, return irrigation and to the rare,
controlled releases from the dam. The aquifer is
pumped mostly for irrigation water and its water
balance is negative. As a resuit, seawater intruded
mostly from the west.

A total of 8 samples have been collected from
Akrotiri GWB. Nitrate concentration ranges from 19
to 279myg/l. The isotopic signature of the samples
suggests that mineral fertilizers is the main source of
nitrates in groundwater (fig. 5). Organic contribution
is only seen near and downstream from Episkopi,
Trahoni and Asomatos Villages (Fig. 4 and 5). None of
the samples shows significant denitrification
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capacity. This might be attributed to the relatively
thin unsaturated zone, high hydraulic conductivity
and, most importantly, to the much lower clay
content in the Akrotiri GWB when compared with
that of the Lemesos GWB (U.N.D.P. 1970). Nitrate

ARG NOy P

isotopic composition from the collected samples
from the above three aquifers shows distinct
differences between them that reflect the different
status of each GWB.
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Fig. 5: Isotopic composition of nitrates in groundwater sampiles from GWBSs 7, 8 and 9.

Central and Western Mesaoria GWB (CY 17) stretches
from just west of Nicosia to the east, up to Morfou
bay to the west. It is bounded by the Troodos
ophiolite complex to the south and by the Keryneia
range to the north. It is a complex but nonetheless
very important GWB consisting of a number of water
bearing formations / aquifers that are not always
hydraulically connected to each other (U.N.D.P.
1970, Zomeni 1977). Peristerona and Akaki seasonal
rivers are of vital importance to the system. They run
from south to north recharging the central-western
part of the GWB and eventually discharge into the
Morfou bay to the west (Fig. 6). Recent and
Pleistocene sandstones, sands and gravels form the
most important water bearing formation of the GWB
and it is known as the Upper Western Mesaoria
aquifer (UWMA). This aquifer is unconfined in its
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most part and its thickness increases towards the
western half of the GWB (Kramvis 1987). The
arenaceous part of the Pliocene marl is known as the
Second Western Mesaoria Aquifer (SWMA). The ho-
rizontal extent, thickness and depth of these
sand/sandy-marl layers vary across the GWB. These
confined layers grade into marls to the north and
occasionally are in the form of isolated lenses.
Therefore in most cases, the capacity of the Second
Western Mesaoria Agquifer is lower and its
groundwater salinity higher than that of the UWMA.
Upper Miocene gypsum-limestone formations form
the third Western Mesaoria Aquifers (TWMA). The
TWMA aquifer only develops along the south, south-
western boundaries of the GWB and it is confined in
its most part. It is an aquifer of local importance and
limited capacity (U.N.D.P. 1970).

River

Coastline JApo

Builtup area
Town ‘
Village

= - 1Kilometers

2t 28

Fig. 6: Sample distribution and nitrate concentration in groundwater samples in CY 17.
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A total of 62 samples were collected from the CWB,
both in the 2009 (25 samples) and 2010 (37 samples)
campaigns; 16 of these samples are common for
both campaigns. Sampling was restricted to the area
where the Republic of Cyprus exercises effective
control. Samples show high inhomogeneity in terms
of electrical conductivity and nitrate concentration.
Conductivity values range from 514 to 4620 us/cm
and they decrease in the area of Peristerona-
Orounda-Akaki due to the presence of the two main
Rivers that recharge the GWB. On the contrary,
conductivity increases to the east, away from the
recharge zone. Nitrate concentrations range from
0,3 to 125 mag/l, with average and median values of
21,95 and 19 mg/l, respectively. From the collected
samples, nitrates tend to show an increasing trend to
the south-west, an area of intense agricuitural
activities and live-stock farming. (Fig. 6).

The nitrate isotopic signatures of the collected
samples point to fertilizers as the primary source of

nitrates in groundwater (Fig. 7). In 19 samples, a
second source of organic nitrate is also contributing
either as a primary or as a secondary source.

Organic nitrate influence appears to be more intense
to the south-west and more specifically in the
vicinity of the villages Peristerona-Orounda-Akaki
(Fig. 8). This area of the GWB, in addition to being
highly cultivated, it hosts a great number of live-
stock farms. The increased participation of organic
nitrates in groundwater in this area is believed to be
predominantly attributed to manure either as a field
fertilizer or as direct infiltrate.

To the east-southeastern part of the GWB, only two
of the collected samples show nitrate concentration
above above 25mg/l (Fig. 6). The lower nitrate
concentrations in this area may be partially
attributed to the fact that most of the boreholes are
drilled in the semi/confined part of the CWB.
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Fig. 7: Concentration and isotopic composition of nitrates in groundwater samples from GWB 17.

The isotopic signature of nitrates shows denitrifying
potential almost across all of the GWB area. The
denitrifying samples tend to have lower nitrate
concentration than those that do not undergo
denitrification (Fig. 7). Furthermore, the drilling logs
of the sampled boreholes indicate that 12 out of the
13 denitrifying groundwater samples were collected
from boreholes that tapped the semi-confined level
of the GWB. Denitrification processes appear to be
active also in the cases where a single borehoie
tapped both the unconfined and semi-confined part
of the GWB. The above suggest that the Pliocene

marl that acts as a confining unit to the SWMA, is one
of the controlling factors in promoting denitrification
process. One of the samples in Astromeritis village
near an industrial facility showed unusually enriched
5180 suggesting industrial nitrogen or special type of
mineral fertilizers (Fig. 7).

All of the data are tabulated in Appendix A below. A
compiled version of this work has been submitted
and will be presented in the 9" Hydrogeological
Congress of Greece that is to be held in Octomber of
2011 in Kalavrita Greece.
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Fig. 8: Sample distribution, denitrification capacity and primary source in GWB 17.

5. conclusions

From the nitrate isotopic investigation of the
groundwater samples collected from 12 aquifers in
Cyprus the following can be summarized:

e  Nijtrate sources in groundwater can be assigned
through investigation of the isotopic signature
of nitrates.

e  The dominant primary source of nitrates in rural
Cyprus is fertilizers.

e For 29 samples (21%), a secondary nitrate
source with an isotopic signature of organic
source is contributing. This organic source is in
most cases assumed to be manure.

e 22 samples show organic as the dominant
nitrate source. The majority of these samples
are from GWBs. CY 17 and CY 8. The samples
from CY 17 fall within close proximity to live-
stock farms the source of which is assumed to
be manure. Samples from CY 8 exhibit the
heaviest influence of an organic source. It is
thought that urbanization of this area and the
use of sewage effluent absorption wells in the
past remains the dominant nitrate source.

e The potential of denitrification is seen in 29
samples from 7 different GWBs. Denitrification
potential seems to be higher in GWBs CY 17 and
CY 7. Pliocene marl that acts as a confining unit
in CY 17 is one of the controlling factors in
promoting denitrification process.

e The low denitrification potential that is seen in
CY 9 might be due to the low clay content and
high permeability of the GWB.
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Appendix A: Analytical data

Site Id / Village East/ GWB | Cond | NO3 |5 15N |5 180 .Source of NO3 | Denitrifipat. [
Sample Id North Code | (uS/cm) | (ppm) | (%o) (%00) Primary Secondary[ capacity
28392802587‘03; " Akaki 3583;0069521 |Cv17| e42 | 24 | 439 | 2602 | Ferliizer NA | g Nt
Ggé%%%'g/%igs Akaki |3581818789£ cv17! 977 | 14 | 309 | 2659 | Fertiizer NA | Significant
Ggg)?’z%%'gl%igs Astromeritis 3580;8363;’0 cvi7| 2510 | 84 | 3.00 | 1287 | Fertilizer_.l Manure Sig{:‘.ﬂf‘i’éam
_68113929{:)85;%?161' Aglantzia 3%3;8%18626 cy17| 2020 | 54 |16.74 28.8?! Fertilizer | Ur?;t?én Significant
68392491;3?0%”5 Katokopia® 358085969;36'0\/1? o4 | 26 6.10 18.?0] Feriizer ‘ A Slgr:lf?éam |
'6839260%’8?&90 Orounta 35808852;‘550 cv17| 783 | 43 : 6.60 | 25.45 | Fertizer N | Slg:ff‘.l’éai'
.GS?DQQ%%’S."%iQS Palaiometocho |3582;962A;¥21 ICY 1?| 4380 7.6 3.40 15.7’0L Manure . Fertilizer | Significant
qu[)ngggfoigdf Palaiometocho :%‘887493936 CY17| 1423 | 20 | 499 ,25_70' Fertilizer | A sig::r?éam
GSI13927080!;:90%98 Peristerona 3580876965926 cv17| 78 | 25 | 871 | 16.99 Fertiizer Urggiﬁfé” sigr':ilf?éant
GSE%%S%LQQ Peristerona 3580878423721 cvi17| 50 | 21 | 730 | 1665 | Fertiizer | Uncerain Sig:f;’éam
GSEQZ%%SZO%OM Peristerona 358087;69521 cv17| st4 | 17 | 7.91 | 1859 | Fertiizer | Oncenan Sigr:‘ff‘i’ctam
Gséi%ggﬁ)asmj Peristerona 310886542721 Cv17| 649 | 22 | 600 | 1642 | Fertiizer NA Sig;‘:ﬁéam |
GS1[)92%7(§8/203502 Peristerona 3580877071121 IICY17J 808 | 39 | 560 | 10.02| Manure | Fertiizer | r,w\ilfci)ct:ant |
LGS%%%}J/SJO%O?) Peristerona | 00T | CY 17| 563 | 29 | 1.18 | 1253 | Fertiizer Unqgiﬁfe‘“ Sig::é’éam
l ngz%g;/?ossm Peristerona 3580876051021 Cv17| 668 | 25 | 1222|1687 | Manue | Ferliizer | Significant
Gg%%%'g/‘gg s L Avgorou 3%7767321621 |ov1 | 1523 | 147 | 469 | 1013 | Fertiizer | Manure Sig::;’éam |
Gg%;%%'g%%% Agia Napa 3588761%7821 oyt | 15870 | 49 | 650 | 1110 | Fertiizer | Manure | o :ff‘l’éan?
Ggg.;ggsﬁg;s Agia Napa i3589702112505 CY1 | 2200 | 64 |17.44 | 2625 | Fertiizer | Manure | Significant
o oo | AgiaNapa o921 cy1 | 3300 | 31 | 730 | 3813 | Fertiizer NA | Significant
639512%53/%1520[ Paralimni 3589756500076' CY1| 2330 | 47 | 7.91 | 19.85 | Fertilizer Ug:ﬁﬁfé" Sig:i‘fci’éam |
623012%33/%%22 Paralimni ST CY1 | 4000 | 355 | 5.40 | 16.99 | Fertiizer NA | Sigr:‘i‘f?éam '
G:Sgggé?ggzs Agios Theodoros 358?;588;000 CY4 | 2200 | 99 | 670 1790 | Fertiizer NA Sig:{é’éam
635922‘38%%26 Agios Theodoros 358176523821 CY4 | 19510 | 61 | 410 | 1330 | Fertiizer | Manure Sig:i'f‘i’éam
ot | Agios Theodoros 3583;77000721 CY4 | 3490 | 80 | 580 2053 | Fertiizer NA Sig::f?ctam
om0l 5| Kalavasos | 2738 CY5 | 2120 | 43 | 821 | 2499 | Fertiizer NA | sigr:\ijf(ijtt:ant
Ggg%%g,%%& Kiti |3585536327171 cva | 1980 | 90 | 7.30 1367 | Fertiizer | Manure Sig:ff?éam
r AL Kiti N2 | cva | at80 | 65 | 479 | 2922 | Fertiizer NA Sigr:\i’fci’éam
G:‘é;%%'g/%%% Xylotymvou 3587705304510 CY1 | 1405 | 50 | 3.99 | 1802 Fertiizer NA _sigr:\}lf(ijct: ot |
Ggg;%z’;&ig' Xylofagou | 3587772278750 Cv1| 5990 | 10 | 1360 2078 | Fertiizer | Manure | Significant |
624012%%‘3/%%850 Xylofagou ‘3587781062571 oY1 | 2600 | 315 | 640 | 18.02 | Fertiizer NA Sigr?i‘f?éam
Gs1[>92409(§8/008554 Ormideia 3587731775954] CYdli| 1740 [f| 178 | 399 | 1425 Fentllizer UQZ‘ZEZ'" sig:ilf?éant
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Steld/ | Vilage Easi | GWB | Cond | NO3 515N | 5180 _ Source of NO Denitrificat
Sample Id North Code | (uS/icm) | (ppm) | (%o) (%0) Primary | Secondary| capacity
Ggg;g;g%g% Perivolia 3585545177521 | cy3 | 3170 | 18 | 2306|3073 | Fertiizer Ur;giﬁfe'” Significant
bl ot Perivolia | cY3 | 4240 | 342 | 520 | 1630 | Fertiizer | breertaln | Sig::;éam
| Gg‘é;g%'g/%%% o softades 3585;4070071 cy3 | 1960 | 47 | 7.10 | 21.10 | Fertiizer NA Sig:i';’éam
GS?Z)%%ggli)OSGG Agridia ;89695338921 cY19| 378 | 13 | 620 | 2545 | Fertilizer NA sigr:‘gct;ant |
(3323927(%3/%3567, Agros 3%06?4911455 Cv1e| 443 | 22 | 791 | 1687 | Fertizer | Manure sigr:\i‘géam
‘GS;J%SDQS;?OSE’HI Asomatos ;89353753221 Cyo | 1581 I 34 | 560 | 2122 | Ferilizer i NA sig:l'f‘féam |
GSB%%%'JD%?B! Asomatos 3489352443631\ CYs | 1580 | 55 | 720 .13_9_0l Fertilizer ' Manure | Sig;‘:;’éam |
GSE)QZ%%{giJQSTG‘ Gerrﬂisoge;a 13580482058671 C‘_(T 896 41 ! 11_80. 33.56 | Fertilizer | NA | Sigm’ﬁcant |
GSB%%ES?OQSWI Germasogeia 358?472909576 cv7 | 870 | 4 | 970 [2602| Fertiizer NA ‘ Significant ‘
685927025%278 Germasogeia 35;3%80296071 cY7 | 822 \ 63 | 1122|3185 | Fertiizer NA ! Significant |
oo Lemesos ooz | cve | 1702 | o7 | 931 | 910 | Manure | Fertiizer | Sigr:lfci’c‘am
| Gsoroosioseo | Lemesos | 0tRCve | 1672 | 143 | 871 | 693 | Manure | Fertiizer - igniteant
GS?)%%QO/SZ;SSZ[ Dymes | oo ‘cvi1g| s66 | 60 | 419 | 17.45 | Fertiizer NA sigr?:géant
GSD%%%;%% Episkopi 3489305381621 CYs | 1313 | 47 | 700 |13.56 | Fertiizer | Manure sigr:\ilf?éant |
LGSB%%%;?O%M Episkopi 3489;5332150 cyo | 1215 | 50 | 961 | 1230 | Manure | Fertiizer | Sig{:‘i’;’éam
- GSDE2%88/70596 Kolossi | 34893212721| CY9 | 1289 | 51 | 489 | 1665 | Fertizer | NA Sigr:‘i’;’éam
Gs::>927020/8/104597 Kolossi ];'89335660551 cvo | 1116 | 19 | 530 | 21.60 | Fertilizer NA Sigr:‘i‘géam
| L Kolossi o CYe | 1213 | 125 | 329 | 2476 | Fertiizer | NA | signiveant
2810%%8/503605 Pelendri ST |CY19| 950 | 47 |1132|1642| Manure | Fertiizer sigr:‘fr?éam
GSE%%Z;%%OS Potamitissa l3489693023671 CY19| 586 | 11 | 469 | 17.00 | Fertiizer NA Sigr';‘%am
GSB%%%&/%%% Trachoni ‘348931128440 Cvo | 1371 | 125 | 590 | 11.85 | Fertiizer | Manure | i L [
ggggggéjof’gfh Tsiflikoudia 358%0666150 Cvs | 1758 | 102 | 841 | 1249 | Manure | Fertiizer | Sig:i‘é’éam
GS?D%%aO/g/sOQ(STQl Chandria ;89696927276 cv1o| 536 | 57 | 879 | 1367 | Fertiizer | Manure Sigrﬁf‘i’éam
caase8 1225 )| Androlikou | o900 | Cy 14 | 936 | 15 | 340 | 2650 | Fertiizer NA Sig:i‘géam
| Goopmri Argaka 3485;023221 CY1s| 1159 | 36 | 249 | 2602 | Fertiizer | NA |: sigr:\:g::ant
oeo | Argaka 348%10650400 CY15| 1185 | 34 | 239 | 1550 | Fertilizer Urggf\ﬁfe'“ Sig::f‘i’éam
e Gialia Aaaa0s Cv15| 2670 | 75 | 269 | 2030 | Fertiizer NA Sig;‘g’éam |
| sos3 Pegeia |34836920131161 |CY13| 1300 | 83 | 850 | 1350 | Fertlizer | Manure | Sig:i‘f‘i’éam
62312%%3/%%%4| Pegeia 348450828%21 CY13| 1823 | 38 | 570 | 17.79 | Fertiizer NA | Sig::géam
| G';g%%g;/%%%s' Kissonerga | soot UL | CY 11| 1734 | 149 | 4.09 | 1242 | Fertiizer | Manure Sig::f?ctam
| ngisoscg;ose 4| Kritou Tera 3484677090121 [Cv14| 642 | 15 | 489 | 17.90 | Fertiizer NA Sigr:‘#i’éam |
lGSg’Z%SO’ngMG Nea Dimmata | s | CY 15 | 1480 | 38 | 630 | 1200 | Feriizer | Manure lsigrrl\:géant
ggg;ggéfog’ei%(%ns Chrysochous 3484788436821 CY15| 3430 | 40 | 6.30 | 3585 | Fertiizer NA | Significant
gg;‘;g&%ﬁ% Polis Chrysochous ;;98371376 Cy15| 1890 | 22 | 3.00 | 15.33 | Fertilizer l“;:izfé“ Sigr:‘jf?éam
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Site Id / Village { East | GWB | Cond | NO3 |5 15N 6180[r Source of NO, Denitrificat.
Sample id | North | Code | (uS/cm) | (ppm) | (%eo) (%0) | Primary lSecondary capacity
28682339'?0364500 Polis Chrysochousl:;';'777467921 lcv1s| 2020 | 96 | 881 | 1973 | Fertiizer | #hcertain sig::f?ctam
GSE%%&ZO%& Souskiou 3483‘2175968 cY11| 8e8 | 21 | 530 |17.56 | Fertilizer NA [ Sigr:‘i’f‘i’éam |
G:gggg;g’g% Chiorakas 34;55118000 CY11| 1805 | 127 | 13.33 | 2350 | Fertiizer | Manure | Significant |
685%7050/3%%5& Chrysochou 34847%1232075 cy15! 2210 | 11 | 710 | 7.00 | Manure | Fertilizer sig:ijr?éant
Gg%;%%&gé%g Agia Napa 3588792810700 cv1| 2340 | 24 |27 33.67_I Fertilizer | Manure | Significant
| Gg‘é%%';%%éo' Softades | 3%55140_26521 | cva | 10510 | 29 | 1560 17.70 |Soi|f|\rlarnure: L;‘;%‘f;ffe‘“ Significant
itiserc | Kit '3%551436521_. cY3 | 7100 | 408 | 2360 1 39.40 , Fertiizer | ncertain | Significant |
| 20, | Tersefanou P CY 18| 2420 | 106 | 2015 | 2442 ‘Soih‘Manure_ el : Significant |
_983%30%8;04683' Akrotiri 3"’59;322’136 cyo | 2300 ‘ 279 | 951 2270 | Fertiizer r NA | Sig:i'f?éam |
Baeily s dii Perivolia _3585;5?%76 cv3 | 9810 | 64 | 530 | 1270 | Fertiizer | Manure | S.{g:ff‘i’éam
_ 623121010-8/1023{235 Perivolia \3585;385200 CY3 | 0400 | 260 | 454 | 2465 | Fertizer | NA s;gr?:ﬁéant
G’;‘é;})%'g/%?% Softades 3%551523%121 RE | 2250 | 98 | 299 | 22.36 | Fertilizer NA | sigrlw\ijgéant
635922%8/10267 Germasogeia | e | CY7 | 960 | 42 | 710 | 380 | SoilManure|  NA oq i
cobpanotS | Palaiometocho | 225922 | cv 47| 2050 | 22 | 510 3620 | Fertiizer NA | Significant
ool Lemesas SOATee cYs | 2200 | 141 |1222| 796 | Manure | Fertiizer sigr:‘i‘f‘i’éam |
csooasre | Lemesos | 203992l ey | 1414 | 58 | 1393 | 1825 | Manure | Fertiizer | significant |
GSB%%%;/?’OZN Lemesos o222 | cve | 2000 | 63 | 26.37 2956 | Manure | Fertiizer | Significant
GS1DQ2%10/8/10%72| Lemesos 3580358364021 cys | 1769 | 63 | 841 | 3482 | Fertilizer NA | Significant
683%7085;/501673ﬁ Peristerona | US| CY 17| 579 | 22 (1021|1527 | Manure | Fertilizer Sigr:‘i'géam
GSE%%%S%%M Katokopia® 3580960370721 CY17| 921 | 108 | 289 | 1493 | Fertiizer | Manure | Sigr:\i‘;’éam l
ngi%ggﬁ)%m Katokopia® 358095066%71 CY17| 68 | 39 | 3.09 |15.27 | Fertiizer | Manure sigr:\ilt%ant
Somoo g | Peristerona | 209028 | cy 17| 645 | 28 | 560 | 17.22 | Fertizer | NA Sigrr:ff‘i’éam
Gséozoo%g;o%soJ Kokkinotrimithia 35;92066005 cvi7| 816 | 81 | 890 | 2200 Fertiizer Ur:giﬁf‘e‘” sig:ilgéam
GSE??%‘Xg?O?eSZ Agia Fylaxis 3580575;721 CYs | 1753 | 125 | 1252|1550 | Manue | Ferizer | Sigrz‘:ﬁéam J{
683%00%3%283 Lemesos 35803273945?5 Cvs | 1746 | 120 | 11221310 | Manure | Fertiizer | Sigr:\i'f?éam
GSBQZ%%g/CJOZB . Episkopi -348954748726 cveo | 969 | 22 | 530 | 2613 | Fertiizer NA | Sigr:_”i‘f?éam
nggz%%ggess | Germasogeia 35804811767261 CY7| 923 | 66 | 840 | 3570 | Fertiizer NA | Significant
Gg‘é%%g,%g%g Dromolaxia 358552943221 cvs | 1295 | 34 | 750 .23.27' Fertilizer NA Sigr:‘:;éam
| GS%%%%;’%%% Kokkinotrimithia | 00 cy 7| 620 | 29 | 530 | 2247 | Fertiizer NA Sig:ﬁam
Gséoz%%gfo%go Kokkinotrimithia |~y cv17| 1506 | 12 | 1150|1000 | Manue | Fertiizer Sigr:‘:f‘i’éam
GSE%%%;;O%M Kokkinotrimithia 3581970957629-0\(17 1587 | 3.4 |11.50 | 33.50 | Fertilizer NA | Significant
GSI1I)92%4C§8?06692| Peristerona 3580876697071 cv17| 677 | 29 | 961 | 2007 | Fertiizer Uneertain Sig:#l’éam
G';‘é%%'g/%gs, Dromolaxia | S22 | CY3 | 1990 | 43 | 590 | 2270 | Fertiizer NA Sigr’:i‘f‘i’éant
; Ggg%%'g/%g& Dromolaxia 3585;90185; CY3 | 3800 | 170 [ 9.81 | 1882 | Fertiizer | Manure sigr:\ilfci)éant
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Site Id / Vilage East/ GWB Cond NO3 |5 15N | & t180 ‘Source of NO- Denitriﬂ_cat. ]
Sample Ild | North Code | (uS/cm) | (ppm) | (%eo) (%0) Primary | Secondary | capacity
'. Gséz%ilg%isa Aglantzia 35838485;8626 CY17| 2030 | 59 | 7.84 | 2338 | Fertilizer NA g o ot
GSE)?Z%%IngiS s Akaki | S ‘cy17| 873 | 22 | 529 | 2519 | Fertiizer NA sigr:\iJf?ctant
Ggé%%%&%ﬁ% Akaki 35§818789050 cv17| 963 | 26 | 11752841 | Feriizer | NA Sig:i‘fci’éam
1 Gs1092%81/8/50€156 '- Akaki 3580897576721 CY 17| 4110 | 24 | 22783283 | Fertiizer Uﬁ’:gﬁﬁf: Significant
GS1IZ)927081/(1)/001457 Akaki 3523808142376 Cy17| 1809 | 35 | 454 1919 | Fertilizer NA sigr:lf?éant
| it | Akaki e [BE7 | 974 15 | 6.08 | 24.22 | Fentilizer NA sig::t?éant
| aineahe, | Astiomanis et ! cy17| 2180 | 03 | 7.13 | 3429 | Fertilizer NA Significant
L ons e | Astromeritis ‘ 358081?8??400 cy 17 1542 | 15 | 581 | 24.16 | Fertiizer NA | Sigr;’;féam '
| 683%80?1;3909463 | Astromerits | 35;]82?"3498?6 |[CY 17| 2000 | 28 | 221 4083 | F;:t?lii;ér. NA | siga:ilf?éant
GSBQZ%%JSEZIGd | Dali | 3%3861209;- ] CY 17 3060 2.8 1.95 | 15.80 II Fertilizer Manure Sigrll\:ﬁct:ar‘it
| Ggé%%‘?r'gxgﬁs- Ergates 3582-753;5;926 cvi17| 601 | 052 | 16.49 | 29.56 | Fertiizer Um”;‘:]Zf‘;“ SigniﬁcanLi
GS(139240?‘IH[:)}?O%¢5? | Katokopia® .3;5;30859%7036 cv17| 834 | 26 | 124 | 1901 | Fertilizer NA Sig::f?éam
GSB%%“?/&Z;% Katokopia® 358%60370721 cy17| 994 | 125 | 100 | 16.10 | Fertiizer | Manure sigrwf‘i’éam '
SR Kokkinotrimithia .3581950212826 cY17| 1067 | 1.8 | 1649|3519 | Fertilizer NA | Significant
oo | Kokkinotrimithia poos | CY 17| 1580 | 10 | 6.56 | 2531 | Fertiizer NA sigr:‘i‘géam
Gséoz%ﬁ/gjo%z | Kokkinotrimithia 3581961066005 cy 17| 721 11 | 845 | 23.01 | Fertilizer | ' oentan sigrl:;llgéant
GS?D%%2/870273 Palaiometocho | saseare | CY 17| 4620 | 53 | 1566 | 18.34 | Fertiizer | Manure sigr:‘i‘;’éam
GShoatomnza | Astomerits | 299072 [ cy 47 | 681 | 0.96 | 191 | 2659 | Fertilizer NA | Sigr:‘i‘f‘i’éam
GS‘I13927091/8/70%1751 Kotsiatis 358371450%50 Ccy17| 1087 | 98 | 8.54 | 2895 | Fertilizer NA | Significant
683392%81/8/807476[ Lakatameia | Shon | cy 17| 2120 | 11 |12:80 | 30.16 | Fertizer | SPSSMAN | gignincant
683329051/2)/%2477 Mammari 13%1981488021EY17 3370 | 52 | 643 | 2204 | Ferilizer | NA sigr:lgéant
633392%51/(1)?05478 Nisou oyl ey a7 | 1207 | 21 | 430 | 17.20 | Fertilizer NA Sigr:‘i‘;éam
653326021/8%279 Orounta 3580885244550 Cv17| 940 | 62 | 6.90 | 2434 | Fertiizer NA Sigf'\‘fé’éam
; GS?)%%%/E.J;O‘LSO | Palaiometocho shhroos | CY 17| 1426 | 20 | 541 | 2519 | Fertilizer NA Sigrwgéam
| ngaz%%%%m Palaiometocho 35;864525926 cY17| 1219 | 0.76 | 867 | 36.59 | Fertilizer NA Significant |
Gsl)%%z/g/zo%% Pera 3582748107971 cv17| 1874 | 12 | 787 | 1822 | Fertiizer Urggiﬁfén sigr:\:;éant
Gs%%%a’é’f’ois i Pera 3582748138750 CY 17| 1550 | 1.7 | 470 | 13.56 | Fertilizer | Manure Sigr';'f‘i’éam
csbontonosgs | PeraChorio | 29920 | oy 47| 1518 | 13 | 11.08 20.04 | Fertiizer | Manure Sigr:‘:tfl’éam
GS?DQZ%‘EI;S/.Z(iSS Peristerona . 3580886542?21 CcY 17 667 29 6.04 | 13.38 Fertilizer Manure sigrl::i?(t:ant
GSED%?‘IT)/_/;;SQ Peristerona ) 35808760;021 ey 17 . 919_ 18 14.07 . 18.25 Manure . Fertilizer sigr?ilgéant _1
GS1Dg27081/2)/%(2190 Peristerona | 358%76965926 Y17 I 547 \ 53 8.53 | 15.62 Fertilizer . Manure signi\ilfgl)ct:ant i
_GS?D%7091/8/?2)1491 Peristerona 3580878423721 l CY 17 553 I 24 576 | 11.13 Manure Fertilizer sigrrl\ilgéant
PRGN | Peristerona ol leya7 | 577 | 24 | 7.69 | 1301 | Manure | Fertiizer I
GS[22)02%1‘I/8/103493 Peristerona 3580960581576 cy17| se9 | 28 | 460 | 15.80 |‘ Fertiizer | Manure | Sigr:‘i';’éam
Site Id / Village East/ GWB | Cond NO3 [5 15N |5 :80 .Source of NOg Denitriﬁpat. l
Sample id North Code | (uS/cm) | (ppm) | (%0) : (%s) Primary ! Secondgry capacity
68%020001/\5%‘194| Potami SN2 | CY 17| 2430 | 67 | 813 | 18.10 | Fertilizer | ot i sigr:\ilgct:ant
'(3833928011/8;105495 Psimolofou 3582840080776 Cvy 17| 3030 | 38 | 186 | 1659 | Fertilizer Urggiﬁfe'” Sig:{;’éam
ESh2o100408 Tser sonarae | CY 17| 1733 || 18 [ ) 2368 Tediizer Fhan sigr:\:géant
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