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PE3IOME

Llenta Ha u3cnegBaHeTo € Aa Ce U3SCHM BWSHMETO HAa aHOManMWTe Ha Temneparypata W Banexure npe3 xwaponoxkara roguHa 2002 Bbpxy pexuMa Ha
noA3emMHuTe Boan B Bbrrapus. AHanusbT € HanpaBeH Ha 6asata Ha faHHuTe oT OnopHaTa Xupporeonoxka Mpexa: AeOuTM Ha M3BOpWM M BOAHM HWBA B
HabniofaTenH1Te knagfeHLM, CpeSHOMECEYHUTE TeMNEpaTypu U MECEYHIUTE CyMU Ha BanexuTe - OT CUHOMTUYHUTE CTaHLuK B bbarapus.

Mpe3 nepuopa Hoemepyu 2001 — ceBpyapu 2002 Banexute 6sixa nog Hopmata. Kato pesyntat 6sixa perucTpupaHu MHOTO HUCKu JeBuUTU Ha U3BOPU U BOAHMW HWBa
npu knageHuu. ObunHuTe Banexu npes MapT B KOMOMHALMS CbC CHEroToneHe AOBeAOXa A0 PA3KO NOBULWEHM [ebuTv mpu kapcTouTe M3BOpU. [TbpBUYHMTE
MaKCMMyMI 3a 13B0pU B BOMLLMHCTBO OT palioHUTe Ha CTpaHaTa Ce Habniofasaxa npe3 MapT 1 anpun.

NsToTo 6e MHoro BnaxHo. Mpe3 cenTemMBpy 1 OKTOMBPY BanexuTe bsixa Haa Hopmata. BropuuHuTe Makcumymu. 6sixa perncTpupanm npes OKTOMBPY U aBrycT.

YBO[

BopHute npobnemu B Bbnrapus ca ot 06wy MHTEPEC, KONTO
ce 3acunu crnef sacylwnusua nepuog 1982-1994. Bnumsauueto
Ha TO3W nepuon BbpXy BOAHWTE pecypcu B bbnrapus e
oTpaseHo ot 'epacumoB 1 ap. (2001a, 2001b). MNoBegeHmeTo
Ha nof3eMHuTe Boay Cbllo Oe aHanmaupaHo (Bojilova et al.,
2000; Orehova et al., 2001 and 2001a; Andreeva et al., 2001).

CpasHeHnueTo Ha xugponoxkute rogunm (XI) 2000 1 2001 3a
noasemHuTe Bogu B bbnrapus e HanpaseHo oT Opexosa
(2002a). JleTHuTe 3acyllaBaHUs Npes Te3n roguHU NPUYUHXa
HamansBaHe Ha febutute npu ussopute. EKCTpeMHO cyxoTo
Hayano Ha XI 2001 cbwo ce OTpasn psi3ko OTpULATENHO
BbpXy nogsemMHWTe Boau. Xugponoxkarta roguHa 2001
3aBBPLUM C MHOTO CyX MeceL} OKTOMBPY.

Llenta Ha HacToAWOTO M3cneaBaHe € fAa ce
oxapaktepusupar obLuTe 3aKOHOMEPHOCTW Ha pexuma Ha
nof3emMHuTe BOAM B Bbrrapus npes xwuaponoxkara roguHa
2002. OueHeHo be BMUSHUETO Ha CyXUTe 1 BlIaXKHUTE NEpUoam
BbpXy nogbpaHu KapcToBM W3BOpPM W HabnwogaTtenHu
knazeHun. 3a Tasu Lien ca u3yvaBaHn U3MEHEHUSTA B pEXUMA
Ha MOA3EMHUTE BOAM MO OTHOLIEHWE HA MPEeaNLIHNS
HabntogateneH nepnoa. B Bbnrapus e npueto xugponoxkara
rogMHa pa 3anoyBa Ha 1 HOemMBpW OT npeauiuHaTa
kaneHaapHa roguHa, kato HeiHaTa NPOABIKUTENHOCT € TOYHO
12 meceua.

NHOOPMALIMOHHA BASA JAHHM

M3nonseaHu ca AaHHuTe 0T HaunoHanHn MeTteoponornyHa
N Xugporeonoxka Mpexu npu HaumoHanHus WHCTUTYT no
Meteoponorus 1 Xugponorus. 3a LenuTte Ha u3cnegBaHeTo

Bsxa o6paboTeHn peauumn ¢ BanexHu cymu, Temnepartypata
Ha Bb3gyxa, AebuTUTe Ha W3BOPU M BOLHWTE HMBA Npw
KnaaeHLuTe.

Bsxa nogbpaHu XuaporeonoXku MyHKTOBE M CTaHUuMM C
AbITbI Nepuog Ha HabniogeHUs M MUHMMAnHa aHTPOMNoreHHa
Hameca. /anon3saHu ca peguuuTe C BOAHM KONMYECTBA Ha
W3BOPW W BOOHM HWBA npu knageHuute oT OnopHata
Xugporeonoxka Mpexa, kosito ctaptupa npes 1958-1960 r. 3a
noabpaH1Te N3BOPW M3MEPBAHMATA Ca NPaBeHN NpeaumHo 12
[0 24 nbTu roguwHo (BegHbX 4O ABa MbTU MECEYHO). 3a
HAIKOW U3BOPY EXEeHEBHUTE BOAHW KONWYECTBA Ca NOSYYeHM C
M3NON3BaHe Ha KMWOYOBM KpuBu. BogHute HMBa npu
KnageHunTe ce M3mepBaT OOMKHOBEHO BeHBX MeceyHo. C
nMMHUrpacu ca 0bopyaBaHM Camo Maska YacT OT NYHKTOBETE.

3a uenuTe Ha TOBa W3credBaHe ca MoabpaHM HAKOMKO
NPEeACTaBUTENHN U3BOPa APEHVpALLM MacuBW U3rPageHn oT
ME3030MCKN BApOBULY W MPOTEPO3ONCKM MpamMopy (AHTOHOB U
ap., 1980). MoabpaHnTe KnageHUM ce OTHACAT KbM MOPOBW
BOJOHOCHM XOPU3OHTK B anyBuanHu 1 nponyesnanHi Hacnaru.

MameHeHusiTa Ha pebuTUTe Ha M3BOPUTE W BOOHUTE HUBA
npu KknageHuuTe npes xuaponoxkata roguHa 2002 6sxa
OLIeHeHu Mo OTHOLLEHWe KbM nepurofa 1961-1990.

AHANN3 HA AHOMATIMNTE HA BAJIEXXUTE U
TEMMNEPATYPATA

Xugponoxkata roguHa 2002 3anoyHa npes Hoemepu 2001 r.
C NOOHOPMEHU BaneXHM Konu4ecTsa B NouTH usna bunrapus.
TeHneHL;vaa npoabvXu npes cnenpallmMa mMecel, OeKkemBpu.
AHomanuuTe Ha Temnepatypute 6sixa nog Hopmata npes To3u
nepuoa nouTM HaBcskbae. [lBata 3uMHW Meceua sHyapu u
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theBpyapu bsxa Tonnu. ®espyapu Gelue eKCTPEMHO TOMbA - C
aHoManuu Ha Temnepartypara po 6-7 °C Hag Hopmata. O6wwo
Banexute Osxa nNof HopMata HaBCAKbAE C  HAKOW
W3KIKYUTENHO rONemMM Banexu Hocelm kbM obwmte mexay Vs
n % 0T MeceyHaTa Hopma. 3a uenus nepuog Hoemspu 2001 —
cespyapy 2002 Banexute bsixa nog Hopmarta.

Banexute npe3 nponeTTa 65xa OKONo HopMaTa B MOBEYETO
MecTa 1 Hag Hopmata B CeBeponstouHa brnrapus. PekopgHo
Hal-BNaXeH MeceL, B MoYTH Uanata cTpaHa bele mapr.

Natoto Gewe gocTa BnaxHo. HOnn bele Han-BNAXHMAT C
BaneXHU KonuyectBa Mexay ABa U TpU MbTW Haj Hopmarta.
lMpe3 centemBpu HaBCcskbae Oele CTygeHO W BRaXHO.
Banexnute konmnyectBa 6sxa 4O NET MbTW  MPEBMLLMIN
MeceyHaTa Hopma 3a  YepHOMOpCKOTO  Kpaibpexue.
CentemBpn 2002 Gelle €KCTPEMHO BRnaXeH. TeHOeHUMsTa
Oelwe 3anaseHa npe3 BTOpUS €CEHEH Mecel, OKTOMBpW. 3a
uenvs nepuog Hoemepu 2001 — oktomBpu 2002 BanexHuTe
KonuyecTBa Bsixa OKOMO M Haf HopmaTa.

OCOBEHOCTW HA PEXXMMA HA NOA3EMHNTE BOOU

MpeacTaBeHM ca OCHOBHUTE 3aKOHOMEPHOCTY Ha pexumMa Ha
nog3emMHuUTe BoAM npe3 xuaponoxkata rognHa 2002, 3a ga ce
W3ACHAT ~ OTNMYMS My  OT  MHOTOTOLMLIHUTE  HOPMM.
ECTeCTBEHMAT peXxM e OMMCaH TYK 3@ HSKOM TUMMYHM CryYan
Ha KapCTOBM W MOPOBW BOAOHOCHM XOPW30HTY B Bbnrapus.

CpepHorogmwHU CTOMHOCTH 3a XMAPONOXKaTa roguHa
2002

B To3n pasmen ca npeacTaBeHM CPedHOrOAMLLHUTE
CTOMHOCTM Ha AebuTUTe Ha W3BOPUTE W BOAHMTE HWUBA MpU
knageHuuTe. PexumbT Ha  NoA3eMHMTe  BOAM  Mpe3
xugponoxkata roguHa 2002 e fageH B OTKIOHEHWS 3@ HAKOU
NpeAcTaBUTENHN KapcToBm n3sopu (Tabnuua 1).

Tabnuua 1. OTKNOHEHMs Ha roguwHMTE AebuTh Ha n3BopUTe
3a xugponoxkute rogun 2000 - 2002.

CpenHoroguwH1Te CTOMHOCTM Ha AebuTuTe Npu U3BOpUTE
Ca [afieHn B OTKMOHEHWS] OT CPEOHOMHOTOrOAMILHMTE UM
CTOMHOCTY

.09
£ = H=- 1H100% 1
0 "

N

kbaeTo N e 3a nepuopga 1961-1990. Toan nepuoa 6e npueT oT
CMO 3a onpegensiHe Ha HopmuTe (WMO, 1984).

3a lopHoTpakuiickaTa HU3MHa OT BogocOopHMs baceiH Ha
p.Mapuua pexuMbT Ha NOL3EMHUTE BOAM CE XapaKTepuanpa ¢
BOAHMTE HMBA Npu HabntopatenHute knageHuw (Tabnuua 2).
OTKNOHeHUsITa Ha BOAHWTE HMBA ca fdageHu B abCOMIOTHM
CTOMHOCTU OT CPEAHOMHOrOroAMWHMTE WM CTOMHOCTM 3a
nepuoga 1961-1990.

Tabnuua 2. OTKNOHEHMsATa Ha rOAMLLHUTE BOAHWUTE HUBA B
KnageHuuTe 3a xuaponoxkute roguin 2000 - 2002,

B HavanoTo Ha mbpBaTa kornoHa B Tabnuuy 1-2 e nokasa
HOMepa Ha BogocTonaHckus paitoH (BCP). Toii ce oTHaca KoM
BoAoCOopHMst BaceiH Ha peka Unu YacT OT Hero 3a no-ronsima
peka (Hanpumep Mapuua).

AHamu3bT nokassa npeobrnagaBaHETO Ha OTpULATENHM
TEHAEHUMM 3a pexuma Ha nogaemHute Boam npe3 XI 2000 -
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2002. 3a u3BopuTe HamansBaHeTo Ha gebuta npes XI' 2001
Oe Hal-CbLUeCTBEHO cpeaHo 42%, 3a XUAPONOXKUTE TOAMHU
2000 1 2002 - cboTBeTHO 24% 1 34%.
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Queypa 1. Jlebumu Ha ussopume Ne 396 u 63.

XpoHonoruyHata CTpykTypa Ha BOHMTE KOMMYeCTBa 3a ABa
KapcTOBM U3BOpa € NpeacTaBeHa Ha durypa 1. OTKNOHeHNATa
TyK ca Ge3pasmMepHM W Ca W3YUCTIEHM C W3MOM3BAHETO Ha
FOANLIHUTE CTOMHOCTY Ha febuTa:

0

kbpeto Q, 0 o Ca CbOTBETHO CpefHa CTOMHOCT U

CTaHAapTHO OTKIoHeHue 3a nepuoga 1961 - 1990 r. Huckute
cToiHocTu 3a rogunute 2000 - 2002 ca npeobnagasaLum.

AHanu3 Ha pexuma Ha KapcTOBMUTE U3BOPU

3acywuaBaHeTo npe3 MbpBUTE 4 Mecela Ha Xuaporoxkata
rogvHa 2002 foBeae 4O MHOMO HUCKM AebuTM Ha KapcToBUTE
1n3Bopu. [loMbAHMTENHA NpUYMHa 3a ToBa B eKCTPEMHO CyXus
MeceL| OKTOMBPM, C KOMTO 3aBbpLUM MpeauLlHaTa XUapornoxka
roguHa 2001 (Orehova, 2002a).

ObunHn  pbxpgoee npe3 MapT, B KOMOMHAUMS CbC
CHEeroTorneHe [oBefoxa A0 NOBULLEHN AEOUTM NpK KapcTOBUTE
nssopu, ocobeHo B CesepHa bunrapus. ToraBa ce
HaGmO,anaxa MbPBUYHUTE MAKCUMYMW 3a PEKUTE U U3BOPUTE
B CTpaHarta.

BRaXHusT nepuvoa HNU-OKTOMBPW MPUYUHI  3aBULLEHN
[e0uTM Ha 3BOPUTE W BOAHWUTE HWBA HA KnafeHuuTe. B Tosu
nepvop Gellie perncTpupaH BTOPUYEH MaKCUMyM.

Hsikorko npumepa 3a BbTPELLHOTOANLWHO pasnpesesnieHmne Ha
pebuta Ha kapctoBute m3sopu oT CesepHa u HOroustouHa
bunrapna ca npeactaBeHn Ha  Qurypu  2-5. [opagu
3acyllaBaHeTo Npe3 MbpBUTE 4 Meceua OT XMAPONOXKaTa
rogvHa 2002, ce HabniogaBaxa MHOMO HUCKM  [ebutu.
[MaBHMAT Makcumym 6elle perucTpupaH npe3 MapT unu
anpun, a BTOPUYHUST — NPE3 OKTOMBPU WIW aBrycT.
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Queypa 2. Pexum Ha u3gop 25 - CesepHa brnzapus.

Pexxum Ha u3Bopy B NNaHWHCKW 06nacTu

KapcTosuTe n3sopu ¢ BucokonnanuHcku sogocbopu (MupuH,
Poponute) ce oTnuyaBaT CbC  ChEUNPUYEH  PEXUM.
MakcumanHuaT gebut npu Tsx ce Habnogasa No-KbCHO, BbB
BPB3Ka C NO-KbCHOTO CHErOTOMNEHE.

lMpe3 mbpBaTa MoOMOBMHA Ha Xxmaponoxkara roguHa 2002
Bsxa perucTpupaHn €EKCTPEMHO HUCKM BOLHW KONNYECTBA,
[oKaTo Npe3 CEnTeMBpU M OKTOMBPU Ce HabrioaaBaxa
CTOAHOCTM Ha fOebuta OKONO WNKM Hag MHOTOTOAMLLHWTE
MeceyHn Hopmu (dur. 6-7). MakcumanHoTo cpegHOMECeYHO
BOAHO KOnM4yecTBO Npu M3Bop 59a 6e perncTpupaHo Kakto
06MKHOBEHO Npe3 Mecel toHM, a npu u3sop 39a beaeHckn —
npes anpun.

BopocbopHaTa obnacT Ha u3Bop 59a e pasnonoxeHa B
3awuteHata Teputopust B MupuH. MNMpKH € BKIOYEH B CMIUCHK
Ha OOH kato yacTt Ha CBETOBHOTO NPUPOZHO HACNeLCTBO.
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Queypa 3. Pexum Ha u3gop 396 - CesepHa brneapus.
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Queypa 4. Pexum Ha u3gop 48 - CesepHa bnneapus.
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Queypa 5. Pexum Ha u3zgop 63 — F0zousmoyHa bbzapus.

Pexum Ha BOAHUTE HMBa B NOPOBU BOAOHOCHU XOPU3OHTH

[oa3eMHTe BOAM B MOPOBUTE BOAOHOCHW XOPWU3OHTU B
arnyBuanHu 1 anysuanHo — NponyBKUanHW Hacnaru He nokassar
Obp3a peakuUmsi Ha eAMHUYHM BaMNEXW, KaKTO e NPK KapCToBUTE
n3eopu. Te obaye ca YyBCTBUTENMHM KbM MO-AbAMM CyXu W
BNaXHu nepuoan. 3acyllaBaHETO Mpe3 MbPBUTE  HAKOMKO
Mecela Ha xuaponoxkata roguHa 2002 npuumHM cnagaHe Ha
BOAHUTE HuBa (Pur. 8-9).
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Queypa 6. Pexum Ha u3gop 59a - lNupuH.
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Queypa 7. Pexum Ha useop 39a 8 Podonume.

MapTt Gelue MHOMO BaxeH MeceL, 1 BanexuTe 3aefHO CbC
CHeroToneHeTo cnocobcTBaxa 3a ePEKTMBHO NOAXPaHBaHE Ha
MoOpoBKTEe BOAOHOCHM XOPM30HTU. MakcumanHuTte HuBa obade
ca bunv HabnoaasaHn npes Mecel| anpun.

BanexuTe npe3 neTHust nepuog Gsixa akTMBHO pasxofBaHu
3a eBanoOTPaHCIMpaLYsi Ha PacTEHMS,, U HE3aBUCUMO OT MHOTO
BMaXXHOTO NIATO He JOBEOXa [0 3HAYUTENHO NOLXpaHBaHe Ha
nog3emMHUTe Boau. MuHUManHuTE HUBa ce Habnioaasaxa npes
oMW MMM B HA4anoTO Ha XMOponoXkata roguHa — mnpes
HOEMBPY — iEKEMBPM.

CeI'ITeMBpI/I Oe M3KIIYMTENHO BaXeH mecel, nocnensaH ot
CbllO Taka BNaxeH OKTOMBPWU. EceHHute  awbxpose
cnocobcrBaxa 3a nogxpaHeaHe Ha nopoBUTE BOAOHOCHMU
XOPM30HTKU B CTpaHaTa.

3AKITIOYEHNE

3acywwasaHeTo npe3 nepuoga Hoemspu 2001 — deBpyapu
2002 noBeae 10 MHOTO HUCKM AeBUTW Ha KapCTOBMTE U3BOPY U
BOAHMTE HMBA NMPW KNageHuuTe.
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Queypa 8. Pexum Ha knadeHey, 266 —"opHompakulicka
HU3UHa.
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Well 287a
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Queypa 9. Pexum Ha knadeHey, 287a — 'opHompakulicka
HU3UHa.

HamansBaHeTo Ha BanexuTe npes aumata (gekemBpy, iHyapy
u peBpyapu) MMalle CUIMHO OTPULIATENHO BrUSHWE BbPXY
pexuma Ha MOA3EeMHWUTE BOAM Npe3 Xuaponoxkara roguHa
2002. lMocnepHusaT 3WMeH Mecel eBpyapu — eKCTPEMHO
TOMbS, Ce OTpasu M3KMKOYUTENHO OTPULATENHO BbPXY
BanexXHUTe Cymu, KOETO JOBeAe A0 crnaja Ha aebutute Ha
M3BOPUTE M HMBATA B KNafeHUuTE.

MbpBUAT nporeTeH Mecel MapT Gewe pekopaHo Hai-
BNaXHWSIT MeceL 1 JOBefe [0 Hal-BUCOKMS MeceyeH febuT 3a
n3BoOpWUTE B CTpaHaTa. BTOpUYHMAT Makcumym 3a u3BOpUTE U
knageHuuTe Gelwe HabntogasaH npe3 oktomepu. pes eceHta
UMalLe MOMNOXUTENHO BRMSHUE HA BaneXHUTE KonM4ecTa
BbPXY NOAXPaHBAHETO HA BOJOHOCHUTE XOPU3OHTU.
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ABSTRACT

The purpose of the present contribution is to clarify the impact of the temperature and precipitation anomalies during the Water Year 2002 on the groundwater regime
in Bulgaria. The analysis is based on data from National Hydrogeological Network: spring discharges and water levels for observational wells. Mean monthly temper -

atures and monthly precipitation values originate from synoptic stations in Bulgaria.

The period November 2001 — February 2002 is characterised with precipitation sums below normal. As a result very low spring discharges and groundwater levels
were registered. Heavy rainfalls in March in combination with snowmelt caused very high springflows. Then primary maximums for karstic springs in most regions of

the country were observed.

The summer 2002 was very wet. During September and October the precipitation sums were above normal. The secondary maximums for springs were registered in

October or August.

INTRODUCTION

The problem of water resources in Bulgaria is of common in-
terest, especially after the drought period 1982-1994. Ger-
assimov et al. (2001) analysed the impact of this drought peri-
od on water resources in Bulgaria. The behaviour of the
groundwater was analysed as well (Bojilova et al., 2000; Ore-
hova et al., 2001 and 2001a; Andreeva et al., 2001).

A comparison between Water Years (WY) 2000 and 2001 for
groundwater in Bulgaria was made by Orehova (2002a). Sum-
mer droughts 2000 and 2001 caused reduction of spring dis-
charges. Extremely dry beginning of the WY 2001 had strong
negative impact on groundwater as well. The end of the Water
Year 2001 was very dry.

The aim of the present study is to characterize the general
behaviour of the groundwater regime in Bulgaria during the
Water Year 2002. The influence of the dry and wet periods on
the regime of selected karstic springs and observational wells
was estimated. For this reason the variations in the groundwa-
ter time series were studied in relation to the previous observa-
tional period. In Bulgaria the beginning of Water (Hydrological)
year is accepted on the 1st November of the previous calendar
year. It lasts exactly 12 months.

INFORMATION DATA BASE

Data from National Meteorological and Hydrogeological Net-
works located in the National Institute of Meteorology and Hy-
drology were processed. For this study, time-series of precipit-
ation, air temperature, discharge for karstic springs and water
level for observational wells were utilized.

The hydrogeological stations with long period of observation
and minimal human impact were selected. Time series from
National hydrogeological network that starts from 1958-1960
were used. They are spring discharges and water levels for the
observation wells. For the chosen springs the measurements
are made usually from 12 to 24 annually (once-twice in a
month). For some springs the daily data are obtained using rat-
ing curves. Water level in observational wells is measured usu-

ally once in a month. Some of the stations are observed sever-
al times monthly. Water level recorders are available only for
small number of the stations.

For the purpose of this study, some representative springs
were chosen related to elevated massifs of Mesozoic lime-
stone and Proterozoic marbles (Antonov et al., 1980; Boy-
adjiev, 1964). The selected wells refer to porous aquifers in al-
luvial and proluvial deposits.

The variations of spring discharges and ground water levels
during the Water Year 2002 were estimated expressed in rela-
tion to the 1961-1990 periods.

ANALYSIS OF THE PRECIPITATION AND THE TEMPERAT-
URE ANOMALIES

The Water Year 2002 started in November 2001 with lower
rainfall amounts relative to normal in most regions of Bulgaria.
The tendency continued during the next month December. The
temperature anomalies were below normal almost everywhere
during this period. The two winter months — January and Feb-
ruary were warm. February was extremely warm — with the an-
omalies 6-7 °C above normal. The rainfall totals were below
normal everywhere with some exceptionally heavy daily falls
bringing totals between ‘2 and % to the month normal. For all
period November 2001 — February 2002 the rainfall amounts
were below normal.

Rainfall during the spring was about normal in more regions
and above normal in Northeast Bulgaria. The wettest month on
record in most places was March.

The summer was very wet. The wettest month was July with
rainfall amounts between two and three times above normal.
September was cool and wet everywhere. The rainfall amounts
were up to five times the month normal at the Black Sea re-
gion. September 2002 was extremely wet. The tendency was
preserved during the second autumn month, October. For all
period November 2001 — October 2002 the rainfall amounts
were about and above normal.



BASIC FEATURES OF THE GROUNDWATER REGIME

To reveal anomalies of the groundwater regime during the
Water Year 2002, the basic features of it are presented. The
natural groundwater regime in Bulgaria is described here for
some common cases of karstic and porous aquifers.

Mean yearly values for the Water Year 2002

In this section, average values of spring discharges and wa-
ter level for observational wells are presented. The groundwa-
ter regime during the Water Year 2002 is executed in devi-
ations for some representative karstic springs (see Table 1).

Table 1. Deviations of the mean yearly spring discharge for the
Water Years 2000 - 2002.

The deviations of mean yearly values for spring discharges
were calculated in respect from their multiannual values by

£ = HQQ 1%100% (1)

N

where N refers to the period 1961-1990. This period was
chosen taking into account the recommendation of WMO for
defining of normals (WMO, 1984).

For the Upper Tracian Kettle in the Maritza watershed, the
regime of the groundwater during Water Years 2000 - 2002 is
characterized on the base of water levels in observational wells
(see Table 2). The deviations for water levels are given in ab-
solute values in respect from their multiannual values for the
climatic period 1961-1990.

Table 2. Deviations of the mean yearly water levels in wells for
the Water Years 2000 - 2002.

The number of the water region (WR) is indicated in the be-
ginning of the first column in Tables 1-2. It refers to the water-
shed of one river or to part of the watershed for larger river
body (i.e. Maritza).

The analysis shows the reduction of spring flow and falling of
water levels for most of stations for the years 2000-2002. In av-
erage, the decrease for the Water Year 2001 was stronger -
about 42% for spring flow compared to 24% and 34% for the
Water Years 2000 and 2002 respectively. Low values of spring
discharge and water levels were typical for the year 2001 due
to extremely dry beginning of the Water Year and dry summer.
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Figure 1. Discharge of springs 341and 63 in relative deviations



The chronological structure for two karstic springs is
presented in Figure 1. The deviations here are dimensionless
and are calculated using annual discharges:

0-0

0

v = 2)

0

where O, 0 o are average values and standard deviations

for the 1961 - 1990 period respectively. Low values of spring
discharges for years 2000 - 2002 are evident.

Interannual regime for karstic springs

The predominance of drought during the first 4-month period
of the WY 2002 resulted in very low spring discharges. An ad-
ditional reason for this was extremely dry October 2001 that
finished the previous WY 2001 (Orehova, 2002a).

Heavy rainfalls in March in combination with snowmelt
caused floods in rivers and increased discharges of karstic
springs especially in Northern Bulgaria. The primary maxim-
ums for the rivers and springs were observed in the country in
March - April.

The wet period July-October caused high springflows and
water levels. Then secondary maximums were observed.

Some examples of the interannual regime for karstic springs
from the North and Southeast Bulgaria are presented in Fig-
ures 2-5. Due to predominance of drought during the first 4-
month period of the WY 2002, very low discharges and levels
were registered. The primary maximum was registered during
March or April and the secondary one - in October or August.
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Figure 2. Regime of spring 25 in the North Bulgaria.
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Figure 3. Regime of spring 396 in the North Bulgaria.
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Figure 4. Regime of spring 48 in the North Bulgaria.

Regime of springs in mountainous regions

The karstic springs with watersheds in high mountains Pirin
and Rhodopes are characterized with specific regime. Their
maximal springflows are observed later due to later snowmelt.

During the first half-year period of WY 2002 extremely low
discharges were registered, whereas in September and Octo-
ber the values about or above their multi-annual norms were
observed (Fig. 6-7}. The maximal monthly discharge for spring
59a was registered as usual in June, and for spring Beden 39a
—in April.

The drainage basin of the spring 59a is located in preserved
area of Pirin mountain. Pirin mountain is included in the list of
United Nations Organization as a part of World natural herit-
age.
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Figure 5. Regime of spring 63 in the Southeast Bulgaria.

Regime of water levels in porous aquifers

Aquifers in porous media in alluvial and proluvial deposits do
not show quick reaction to the precipitation occurrence as
karstic springs. They however are sensible to droughts or wet
periods. The drought during the first several months of the WY
2002 caused falling of water tables (Figures 8-9).

Spring 59a
1200
O Qav
900 W WY 2002
2
)
5 600 |
(&}
L
[m]
300
0 4
1112 1 2 3 4 5 6 7 8 9 10

Figure 6. Regime of spring 59a in the mountain Pirin from the

Southwest Bulgaria.
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Figure 7. Regime of spring 39a in the mountain Rhodopes
from the South Bulgaria.

March was very wet month, and precipitation together with
snowmelt contributed to effective recharge of porous aquifers.

The highest water levels however were observed later during
April.

Precipitation amounts during summer were used to evapo-
transpiration by plants, and regardless of very wet summer
they did not contribute to important recharge of groundwater.

Minimal water levels were registered in July or in the beginning
of the WY 2002 — in November-December.

September 2002 was extremely wet, followed by wet October.
The autumn precipitation contributed to recharge of porous
aquifers in the country.

CONCLUSION

Long lasting drought during November 2001 — February 2002
caused low values for spring discharges and water levels in
wells during Water Year 2002.

Well 266

1 12 1 2 3 4 5 6 7 8 9 10
300 4

[ Hav

400 m WY 2002
1]
(&)
- 1
3500 A
3
©
=
600
700

Figure 8. Regime of observational well 266 in the Upper Tra-

cian Kettle.
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Figure 9. Regime of observational well 287a in the Upper Tra-
cian Kettle.

The reduction of the precipitation during the winter (Decem-
ber, January and February) had strong negative impact on
groundwater regime in WY 2002. The last winter month Febru-



ary - extremely warm, had negative impact on the rainfall
amount and on the springflows and water levels.

The first spring month March was the wettest month on re-
cord and caused the highest discharges for springs in the
country. The secondary maximum for springs and wells were
observed during October. Precipitation amounts about and
above normal during autumn had positive influence on the
groundwater recharge.
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