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1. UuvOoD

hREF3IFEAOGS 20GLI Rt 820 BANIRAGBIA Yy $ I tYIajewdifhodofgragid A LI2 BIN
Y2LINAGBYAOSd {I Yl t21F0A2 yI (12222 &S ylLfFITA 2R
LX Fy2Y 2LIBAYS Y2LINAOYAS1A LOLYySO 112 Al R@G22Sy2 3
t NPaG2Ny23 LIyl dzNB SYSS/CRId hblBd A LSRR NHROLINR G RG] A LA
LINBROASSy2 2RflF3alyeS 2GLIFRI & LER2RNHzZ2I hLBAYS Y2L
Y2 LINABHNAOBEDI 61 S Odzldr yaA2S oNXP dkaApZ dGKkATI nknNnp

udae Sy2aidiA 2R 212 y 1Y INIX6yS dzRIft2Sy2aiGA 2R 0S8
tdzadGl 12080 dRIt2Sy2 212 M Y T NIX6yS dzRIt2Sy2aiAa

1Y TNX6yS dzRIf2Sy2aiio

Odlaganije otpada (industrijskog i komimag) organizirano sea ovoj lokaciig Rt  OS 2R wmdyH 3I2
L26Si1dz a8 20 LAIMIIARRAAB2A YNNI 86¢2 28 LINB2 ARS2y2 |
21 OANHz 1 22S8S3F 28 LXIFYyANIY VYl &uéta®lgddinaNdasi@l(2000L) 2 &l y
AT NISSy2 28 y2@¢2 aoaLRS2y2 NBSOSy2S 2RYZ1IEINXAONOI @ (d
''YyALINR2S1G a/ Cx %l aANBoUI | Stdij@daid2eS|Odz 2d n ymk @ 23 2R MyOost
ANF SSPAyall Rz @6 yRlI dANBYISgRSEdz2RE | A . yadide: t A O 2
{ILylFrOA2I T2RRB63ELAQS nnnpd F2RAYS (S, cdDiegiRed2 RA f |
tvritkat A O 2aNWA-GIA 2412 2Rt F 31 £ AeOibd op&ate XbRR{D 3d tf {ARON] | KI2 &
prad Syal 1I190206S MERRENPRK2 D2 R 2 tIzZA OAgodhdizvedBriof5A OG |
LIAST2YSGFNY GS 2REF3AFEAO0OGS 2G§LI RF t AO12NYyAOl Lka
aAyAraldl NBGDliendretikelil A0S 271 2f A 0L

5Fyla 4S5 LINIoSyeaS 1110268 KRRARRIYEKS BDER$I 1202081 &2
G2R2021dz DfA621A 0dd @2Ry2 A YAl @2Ry2 2R 2Rt 3§
TITKGeS@AYl AT h12tA0yS R21 02t 8001 2ESEMEIES LINRPD2 RA
212t A0y2Y R21@02t2Y3 R@lI Ldzil 3I2RA0Oy2S 060agdll1AK c

potokaDf A621 A LN} GA a8 A 11926 SYNaA®RSyYyH] 02 RS NL
vrijednostima emisija otpadhivoda (NN br. 80/13, 43/14, 27/15 i 3/16).

{ ONKI LINBRYSGyYyS GdzRA2S 2S5 | yI f O NSYENHzES dzy 2BE LRI
t A0 2INFaDdyw2 o685 S AT NYRAGA Y2RSt G211 LRRISYYS
Y2 3dz0 SO @&fie 2Rt FAFT AOGIF yI ONLIAfAOGS, als@luyclii | LR
dzy I LINBSBISWwalH 212t A0 A aviyeSyal yS3aliAgdyAK dziaSo

¢SYStaSYy FyFrtAl S NBTdA GFGF Y2RSEANIyal @2BF ADF LINI
dz a1flFRdz & y2@AY &aLRIT yl 2l WA N2 y¥2 1ad DY yriB2 Sl 3/A2F | «
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2.th{¢hW909 HS['bDNI[ lb4¢! he¢t! 5! { Yw!¢YLa tw9D[95

t2a0225S6S 2RfIFT3IFEA0GS 20GLIF RIF t AO12NYAOlIZT adzlf I Ry:
MnIp KFEX 2R 6S3F LRONOAYF 2RtF3FfAOGlF dzydedd NJ 2 3 NI
212 cTKIFE® hRfF3IFtyesS 2GLIF R yI 2¢g22 t21F0A2A 28 1
12YdzylfyA A AyRdzAGNA2al1A 20LIFI R yI GFRF ySdiNBSSy
YAGA RNBYylFOYyA &dzadl2RId |2 ROPROS 2d (LINRBAGZS Ry AK y& R Y
All19%23 yFERI 2Nl 2RfF3Fr2 20LIFR dz G§S1ddSYy aityed
0A2t20123 LINRPG6AOOGAGI Sl @2RIF A {A&aStIdzND (& YdzZ 2S¢
R 4S8 2RftIFT3AFftAOGS 20LI RF tAO12NYAOF yFEFT A yIE |
gornjim slojem glinovitd IN} O1 Fad23 YFGdSNAR2FE & KdzYdzazyYsz 2Rfl
LINBGK2RY2 Aa12LIlyS 2FNJYS OLINAAYEBYdt 28 HAXPZFESE)
LINE O2S85SA@lyaS 2yS6AaA06Syal dz LRRISYfE2Sd {dzl f I Ry?2
2REF3IFEAOGE 1 2Ydzy | dKo@idhicaXI@Z WniRrojekt; 20@] g diti) Ao@dijenjeno je

116112 28 yI 2R 3dz t MIOIIB2 atfAdy 2N AMpy H® FRROtonam nnd Iz
komunalnog otpadaioko 147 nn 2yl AyYyRdza(iNA2&a123 20LIF RFd t NRO)
oko 223000 tona (oko 245000 2 Rf I AL f+ a8 21 ANy 2 yI oko&B{ dl NI
m.

{FylFOA2F 2RftF3AFtAQGlI 2GLIRIF tAO12NYAOF T FLRESE
AaK2SSya2SyY LR(INBoyS R21dzySydalroaasS T LR6SGE]T al y!
20LI RF t AO01 2NYAOL 1A LBRSSE 25 &lnyhlpGh &2 RIINSSR AANS Sy |
Al @2RA R2y2A ONILOSYyA atz2e A adadlg 11 al 1dzJd 2l ya¢s
AT O2RA LINBY2SOilyesS Lraiz228683zr 2Ry24ay?2 &DISNRI 2
novoLINA aGAIEA 20LI R {IylFrOA2 &4S LINRB@Z2RA | NBIT @GAO0S
t N FILTFY (221 2SS 1FLR6StEF wunnpd® I2RAYS &l 6A08
radova poput izvedbe zemljanog nasipa na plbhizvedbom obodnog kanala s kontrolnim ispustom i
AdLlzai2Y dz LRG2] DfADG21AZT 23IN}R2Y 212 2Rt 3LtArdd
LINA GNBYSydz LX 2Kdz dzydzi I NJ 2Rf I 3Ff AQGFEZ LRRNIT dzYar 2SS«
nanovoNBSSyS LI 2KSd LaAaGS 3I2RAYS ownnpov 28 1T LR6SH
sloja na plohi 1. U 2006. godini je slijedio nastavak gradnje brtvenog sloja i izgradnja zapadnog i
Adad26y23 yIaALl R2 3INI yAOlF Jedrelodlk @dtnaicdsta i KariNnk S Sy |
odvodnju oborinskih voda te je uspostavljen sustav odvodnje oborinskih voda s Plohe 1 na koju je
L2adl gt 2SSy A RNByYylIOyA &afzeod 520f2 28 R2 LINBYa2SOi
NI R2@I yI dMBRXKSyaudz (RYyaA &dz 20dzK@F 6FfA AT NI Rdz 6 NI
LINE O2SRYAK @2RI® bl12y AT O@BSR0S LI 2KS w R20t2 28§
plohe 2 otpadom. 2009. godine je krenula sanacija plohe 3 s izvedbom donjeg dytwioja i

RNByYy Il Oy23 &atz22F o

Cri2Y m 28 LINBROASSyYy2 1112 065 4S8 al @ LkRadtz2a2S06hA
volumenom od oko 460 000 TINA 2S L2 6SG1F 2RfF3AFyal 2GLIF R yI 1
odlaganja otpada na plohe3predv6 I &S5 L1 6SGF | Lkadl gt 2l yal oNI@Syz

5NHZAlI FITFZ LINBGASE &lFY2 LINAKGIG y2023 20LF RFEX LI
120S 2R 212 wmMpp Y yoyod yI{12y 6S3F 6S aSraghiLI R 2|
120l hRfF3IlyeS 2G0LIFRF yI LX2Kdz n 28 TFLR6Si2 dz

alyroOaesSz yI 2RtfF3IFEAOCGS 20GLIF R t AO012NYAOF LINBRY
R2 HnHo® I2RAYS & LINBROASISYyad DR dAISyROU 12 (2R R21 2.2
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¢NBoF  FITL L2 RN T dzYA 2S @1 12y+F6y2 LINB{INARGlIy2S 2
LINB|{ NAGy23 adzail gl dzad ATl GSRodz aPAK LINRA LI RI 2dz0 A K
biofiltera, cjevovoda, plinski T RSy OF A A&alLldzadl {(12yRSyITFdGF yI RA
sustav).

5Fylra 28 yI 2RXO0OE2 NKOQIdz RIABREY I al ylr OAaal Lk 2KIF
2REITOS yI LX2Kdz n yI &b yAGlE NI o NGIISHYWE 4F ReSEHAES  Rddd
adzaidl @ LINRPO2SRYAK @2RI A RNY | &yi 2R0delLaypiadme a3z y
temeljni brtveni sustavi ploha, sustav upravljanja procjednim vodama, sustav za sakupljanje i odvodnju
procjene vode dvije lagune za sakupljanje procjednih voda, kanal za odvodnju oborinskih voda i sustav

za recirkulaciju procjednih voda, dgk zasustav za otplinjavanja tijeku postupak ocjene o potrebi

LINE O2SyS dziaSolal yI 212tftA00

U trenutnoj situaciji je ostalo manirano oko 10000 n? 2 (G LI R AT @y 3INI yAOlF 2|
RFEylFOyaS 23Nl RS0 2dz0y 2 skiRspaiigliead | 2Rt 3Lt AO0GF 06 OAR

bl f21F0A2A RIEYylIOye2S3 2RfFILEAO0GF 20§LIF RE t A0 2N
J2all2RIFINBy2aS 2GLI R2Y a2S@OSNRBITILIRYS I NBFEGalsS ow/ L
2R on 3J2RAYIlI dz 1228Y 2S5 LINBR®@ABGIshog graiziidrivd otpada i 0 NR y
& LRRNHz2I n Od4zNRYSHEG |1 BEZIENBEYIBFTERASSAYdNE]S A 1|
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POTOK GLIBOK| — 200 M ZRACNE UDAUENOSTI | asr‘;mvgwe I::e

tielo odlagaliitaine
ispustaju u okoi

Talozno okno 2a ispuitanje

Qborinskih voda, koje ne
dolaze v doticaj s otpadom,
u potok H

PLOHA 1

P2, P3,P4,P5—
Piezometriza
uzorkovanje podzemne
vode

PLOHA 2

s

/ '
/ Flohe za odlaganje otpada, ]

otpad se trenutno odlaze samo
na plohu 4

PLOHA 3

PLOHA 4

Ulazno-izlazna zona s vagom —
zaprimanje | kontro'a otpada

]

OSTACI OTPADA KOJI NIJE SANIRAN

| VODOCRPILISTE IVANSCAK - 5.5 KM ZRACNE UDALIENOSTI

e ® 2 l
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3. KARAKTERISTIKE WO D t h5w! 2W! [hY!/LW9 tL~YhwbL/!
t 2RNHz6 2S5 £ 21
2

2 OreS 2Rt 3IFEAOGE 2GLI RFE t AO1 2Ny AOI
L&FyO6F13 R

I.
1 48 42808SNYy2 2R 2REFIFEAOGE yIFElTA

potok pripadaDr &1 2Y L2 NEBS62dz G§S &S dz hsREIade £ dkf QAiaSS @A Q1 2R\
a8 2dz20y2 2R LR{G21l DtA021A A yAe2S &avyaSoidSy2 dzydzil
hRE At ADDEBY AOL LR aRI2YW 20 28y OB 2 ik dapiviivg d 231t $1 208654
(Slika2.).

3| Legenda
[ Podrudje odlagalista nakon sanacije
SPEGS —— Potok Gliboki
g Vodoza&titno podrugje - Ivanéiak - 3. zona
B & —— Vodozatitno podruéje - Ivans¢ak - 2. zona
B — Vodozattitno podruje - Ivans¢ak - 1. zona

It A0l 2NYAO!

3 4 5 km

Slika2. A NB LJ2 RNHz6 28 2 Rt | 3k ¢ -

310 ARNRE 2018 {IFNFTGSNRAGATS OANBI LRRNHG2I £ 21
~ANB LRRNHz2S t21F0A28 tAO12NYAOF LINALI R yYA&al2Y
LINR K @ IKGSijma Yt F aA FAOANI yel 1fAYS 62 Y2LILISWoe AYE d:
@2RS yI OANBY LJ RNMz6 2 dza Cradg Imora, g8nogt odl v ZsING0ad@mhskoR A 2 2
Y2NX 0 3t @yl atAg@dylt LR2RNHz2F wSLldzftA{1S | NOFGaisSo

whk 3LI2NBR LRONDAYA{AK A LRRISYYAK @2 RY¥ENF2(22 O\ AyWe )
KARNRIS2t201AY TyFdlall Y FoAdSRY INE GNEHBBE € 2 RNOD R
zapadnom dijelu Dravskog bazena koji se nalazi u dodirnomzpiddiz A Eefr8lig4jdzOy 23 RA2Sf |
thy2ya123 ol1 Syl 206dehdtbdyVANYYSSaABY | A&GNF OYAK N
Y2 NFhi2 XA RNRIS2 201 AK 1 | Repridf i SR & (4 2 R NIGH NgBiSN M8/ iR NG
NI R2GAYE NI SSYAWNWIFaHLILRYINSOGIONEDS] GANI y2l KARNRSTE S
MPT PT t NBf 23204206 Si | £ & mnjaymovedera z& datieBeGrgdbopskrieR N2 3 S
Koprivnice i okolnih naselja (Geotehnika 1973.
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3.2 Karakteristike meteorologije i klime
{FYF t21F0A2F 2Rt 3Lt AOGI 20 LINAOSOr G 2Ry AQHELI WA 21
karaki SNRA & G A 62/ 2LIABNNMERESE S TdfY 2 SNBy 2 &ASYAKdzZYARY S dz &G S L3k
3R2S &aS 2aAy dzieSorel 2LWS OANJdz F OA2S 1 F NI 1 dSNR:
utjecaj niske Panonske nizine i velikog planinskog sustava Alpa i DibaNd&.Y | Y| LILISy 2 @22 | f
1fTAYS yI LR RNUNIRAS HM20LINR oG deldl] YA 28 LINB Gt + Rl @I dzya$S
tfeSiz2y 6/ Fo0 al atA2SRSOAY (tAYFGAalAY {IFNFX{GSNRADG
Y2y A Ol aNBRyal YaSaSéyl-oi SIYmgNt/GddzNIF T NI 1 ATy
NBRy2F GSYLISNIGdzZNY yl2G2L A25S3 YaSasSoOlF 2S5 Yl

ax

0FNBY ¢ Y2SaSOA dz I2RAYA |LA2tdziyl GSYLISNI G dzNJ
LINPa2S6yl 3JI2RAO0y2IF 12tA6AYIl LIRFEAYlF &S 1 NBOSS

G2SUNRGAG2aG 2SS LINBPY2Sy2A @Azl A (DN G NIBSAMR AN ABNC
vjetrovi rijetkost.

= =4 -4 -4 -2

bl LI2RNHzE2dz OdzLdt yA2S LI RI f A ydgddinasSprimjenimiisinghigaiienl y 2 21|
12fA6AYl LIRFEAYlF ARdzA 2R T FLIRF LNBYIF A&adz2] dzo
podjednaka maksimuma: kasno jesenski s oko 93 mm (studeni) i ljetni s oko 100 mm (lipanj, srpanj). Na

L322 RNHz6 2dz ¢ dzLdr yAeS ofl3A @2SUNBOA LINRAdziyA adz 4A:
jugozapadnjak i sjevernjak. Zimi prevladava sjevebhjakk A &ad26yalk 1 2S5 2F 6A dz LIN
LINB @t | RIF @I 2dz321 F LI RyA @2SiGFNE 122A 28 G2L1 2 A R

1AOA® ¢A2S12Y G6AGF@GS A2RAYSS || 2a20A02 dz 8SasSys:
aGdzRSY2Y A LINRPaAyOdzz R21 2S5 YAYAYFEyl dz 4N} @yadz
25 L YFE3tS a8 yr26S06S LkRal gt 2dz2dz dz 25SaSyaiiay A 1

bl 2ot A0l YSiS2NERTt 2 &jdje udaifetngkb DKM o@I8kacije AYCR|LANW/AYIGIA t NP
A32RA0y 2l S VYzmiSint/ EdzNI  {TNEEBYS dz Sa 2 REG u/sepop kBjide ujedno i
ylEai2LX A2A Y2SaSOo0od { @GARf2A@2Y 3I2RA0y22Y I YLI Al dzF
L2 RNMz6 2 | &

MinimalneiY { &AYF fyS GSYLISNI GdzNBE dz OANBY LR RNHz2dz f 27|
jakih anticiklonalnih strujanja zraka sa sjevera i sjeveroistoka u okviru sibirske anticiklone (minimalna
temperature -26,1° C na dan 16.02.1956.) i jugozapadnogdz® |l y 2 1T NJ 1 &l & dzLJi NI
masama koje uvjetuju maksimalne temperature prekd G5

ho2NAYS &adz T+ OANB LRRNHz2S 211 0A2S8 tA012NYyAOl
LI RFEAYEF TAYAS R21 yI 20A OS e katakieristike ganonskerkimeds O MIyy 2 ¢
2 6AK 202NAYLF dz NI y2 t2SiG2 yI adi dZijekondradhja, isvibhjaz 1 NJ G ]
fALl2F A aNllya2l 202NAYS2RSa1ABB6¢Y2 R RREZuSUREGY @&l Yk
i proshcu oko 80 mm/rd | 1 dzLly S 3I2RA Oy 2S 206 2 NAY Sy SHiGSS 21 \NBR 62dD | 2122
Koprivnica.

Osnovne karaktéstike ovog tipa klime su vefk Ff dz] G dzZt OA2S8 dz NI TftASAGAY LJ
2RAGAZLI} Y2l 2R NBOAYI 3abA2t NORA(® YRedl§ gibl NSNS SiyAR £ B 1 1
GAOLF 2062NAYyl OG2 68 a8 220 GAOS LR2I6FGFGA dz od
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LINF @2 2@ 1@ LIR2RNYz2I a (2YGAySydlFtyAY {1FN¥{13GSN
yIaBe8yLl2at 2SRA0OS dzo NdijddligatskikK grdpeat 2 01 23 OA 1 f dzal  dz3
haAY 1AOS dz OANBY LIR2RNHz2dz f21F0A2S tAO]12NYAOlF &
YI26S06S aS 2 @f 2 éide WNE dRyRDdadk § & A EESAIFS2 xR KINKDG ySe O |
AYL 212 nn RIEyl &l aya2SOyAY LERINADISESYD . N2 f SR
ima 1Q s minimalnom temperaturom okel0° C.

wdzOl @2SGNR Gl LR{1IT1d2S RI 2 SasyigieB429%dokssu Estaliviztkovida S G | N
YIyeS TylLélrayaAd h@dS {1 NI 1 idSNR Xing paonshd ravaieStige dz] + 1 c
YySR2all (I Yeldinifiobtka i@y & @A KI OA NJmdsa(Sliksa)2dz T NI 6 y A K

Smijer vjetra Udio (%)
Vjetar, %
N N 3,4
50

NE 3,9

E 0,9

SE 6,6

W 1=

S 10,6

SW 42,1

w 3,1

SE NW 29,3
tigina 0,1

Slika3. wdzOF G2SGNR GF & NI T Ropavoid (BUSNEISAmRIGA Olge S NB g1 dz
3.3.0snovne kirakteristikeLJ2 @ NI %ogad | A K

t 2RNHz62S YRANBBYAEAES$20dz2Ld yA2S LINALI RE &afAB2FAYEF N
btalyltélayrar @2R20G21 OANBI L} RN 20 S 6t52 1 IOARSO At
LINBRYS(yY?2 BadadEe® kpsliedA | INI Ry2S KARNRSYSNBSGA] A
dzLINI @t 2 yet A TyléleyAK A&al2LF @Fyel Ofadyl1ls 12NJ
riekajed S1f I 2dz0y2 2R [ SaANIRFEZ | RIyl&a (8S6S &a2S8S0SNy?2
braiyrétrayaresd LINAG21S NA2S1S 5NI 8S dz LINDBMtaji NI y2 Y
Y2YFENYyAOF A 2dzOyAiesS %RSta2l s w23aiGNHzA A jahdBAdSAl
3fF OA alif2y{ A NB 91 @nadmjesecuidnip i 2

Premda se radi @izinskom] NI 2dzZ NA2S1lF 5N} @F AYlF Tyl 6F@ydz 6 NI 7
m/s, sa srednjim protokom od 560°m& R21 28 LINRG21l & @e2SNea2liyz2a
procijenjenana 2700 Mk & ® h @k AT NI T AGF FtdzZl ddad OA2F LINRG21S
velikom brzinom tokarezultira erozijskim potencijalom, meandriranjeNA 2 SB3/12[@ G Sm T y I 6 I 2
pronoom@dz6 Sy 23 A AdZALISYRANI y23 yly2al o
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Izrazita dinamika rijeke Drave i lateralni utjeva)ikkK @2 Rl dz aft A @dz LR &af 2SRAGY 2
visinu podzemnih vodalemperatureispod nued dz NBt F G A @y2 6SaidsS A OANB LJk
ima keda uprosjekusvake druge godine.

~ANB LRRNHG2S t21+F0A2S5 tAOl2NYAOL A Ylpritoka rjeer 2 Sy dz |
Drave, prokopah K {1 F Yy I £ | £ 2 fddZemde yollekkojd @ XY BSTAlI vy I & L2 OND
vodotocima. Za2 Rf I 3+ t A O0B2 RWADIRI y 1t &l Glibdki G SBS &/ BIK § 37
sjeverno odlokacije. OsinDf A 621 A L2 {21 32 RIXUGBRNB YW I A Ay 285 LR 2
[ SYRI @I I RoRRSGgysa @dpondm srednjitotoka od 0,05 45m*kk a ® ~ANB &t Ay 2
desnih pritokaijeke Drave procjenjuje se 1300 kn.

PR 1 2TfA6AYA LINRG21S ylalyl 6lidauk §k 6 poasiv8iaiiS2 QANROIf AAG0d2
INRT LRRNUzE2F al &@S AQING WAKINAGIAB/X OAINE #1fi @ My END NI T 2
Gliboki paok seulijevau Dravu kod naselja Komatnica i nalazi se na nadmorskoj visini od 120 m.n.m.
12Rai®onyn YoyodYd 12R Al @2 Nljelodmaixogh tpka GlbékipotakeNE dzd !
0 dz2 A KashlgeRa te za vrjemen2 SNBy 21 LINRG21S DfAo21A LRG21F yI
LINP&d2S6ydz ONARERR280ABRYhZuz08% dz 5Nl @dz Df A621 A Lk
protokom od 1,46 rifs.

Razgranata kanalsk¥ NB © Ipotocima nalai se u direktnom kontaktu s podzemnom vodom i

predstavlja@l Oy A NBadz2NE T @2R22LIE|{Nbdz A LRf 22 LINKAINBRA
RANBllGy2 dzieaS6S yI ylI6AYy 2RNOIF@GFya2l A (2y0iNRfdz T
Posebnu pozornostii NB 6 | LR agdSGAGA dzv2aSGyAayYy 2STSNA1AY LRY

S1aLX 2FiFO0Ac22Y KkahaBnaX] Iy DSRELBRY 2R &2 0AYl 6AYyS KA
LR RNHz 2 t21h@32801t 20 @NPaARE 0| 225 adz LakimSem i OSy 2
LINSRaGl @t 2F2dz NI 2 NI ye2A@dr @2RylF GAeStr 122k &adz
oAGA A AT @G2N) 2yS6A06Syal LRRISYYAK @2RI o

t NPaG2NYyA LY 3INIRFE Y2LINARGYAOS dzi ONRA2 adh @g2R21 |
@2 R2 ONIIALI2ZAZO G { A3SGSO A . d1 20S0d %2yS &l yAllNyS
TF3AFSAGlIy2al A RNMZAAK OGSUiyAK dziaSOlFal {(22A Y23dz )
Yy AT RFEOYy2aid A1 @2NWAGISO 4162 YRS FalyyA NG [2NikYS

lzonat 2 RNHz62S8 AT @2 NR Oi I
llzona! OS @2R21 I OGAGy2 LRRNUz2S
Nzona~ANB @2R21T FOGAly2 LRRNMzw2S

LLL T2yl a8 RSTFAYANI {12 LRRNMHz2S AT YSSdz INI yAO!
af dz6l 2dz RI 28RdzZRI { €SUyRRE @SOLLL T2yl RA2StA yI !
IT2yFYF LY LL A LLL! 11 0N}y 2dzdIB oifXabrablenp2cS 2 Rf | I | f
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3.4.0Osnovne larakteristike podzemnih voda
~ANB LR2RNMHz62S fta{IAOASSES dz AaONRRW/OYA S YW IRA2Sf dz R2f Ay S
2R 5N} @S yI &4d42S@SNHz A 20NRBYIF1F . Af232NB yI 2dz3
KARNRIS2ft23A2dz LINBYI GNI y23 LRRNHz2F A I ybHovah T S LI2F
od strane Getehnike (1989), Rudako3d S2f 2 01 2 y I Tidy@Ax] Nz 2120, MiBaiskon n 1 1 0
38220123 Ayais iddidzROEIDLEI 25ONdDF yI 212t A0 oLt %X

UsvinNJ aLR2f 20ABAY R21dzYSyGAYl @ARIBN®@A Se 3R 28802 A28 y
ANI SSyaddzy=2 LRRNHz2F A KA RNRafoaskbjnkiki. 2a20Ayl 1228 Of

Osnova pdzemnih formacija su kvartarne naslage kpjedstavijajul y I 6 2+ y @2R2y2ay A L
OANBY LI2RNUzE2dz f 2171 I O hi8aboptopuénd RrdNiiarp@dg vodehasdag slofa kdjul R @2 &
GAYA GFyYy1A L2 GNDAY aLANT A AG8n6viG dasterfll. Prvi voddgoSni SloRj@ A G 2
RSof2AyS 2R OAIOSdzRSABA 2 RE WV3IGT NDiGI RSo6S2 2S5 212 p
S22 R LINB23I @2R2y2ayA{l yItFT S &S LINRPat220A atl ozl
aS Y20S yIT @GFEGA 1 GAGFENR 2SNWE&6 N2 A dzLINR RHNANAR ¥2 F R
prihvatiti kao sloj koji odvaja gornji i donji vodonosnik. $ezii A Y LINB Y I (NI} 2dz A OA NB
t AO1 2NYAOlI S R2y2A @2R2y2ayAl AYlF KARNIdzf A61 dz LI2 @S

PodiuOA 2SSt 23 @2R2y2ay23 (2YLX S1al 6AyS &alaitz2a0Ar 3f
gornji vodonosni kompleksjeraz6 A G S RSo6f 2AyS 1221 a8 {NBO6S 2R nn

+2R2LINR LJzaY S ylaftl 3S dz OANBY LI RNXgaaddazitpgmaindi 2SS t
infiltracijom iz rijeke Dravéd 6 A 2SS 2S5 (1 2NA G2 RANB (ite/IINRIINSS Siry®l yd S
perkolacijom oborinskih vodalsl2 @NIOA Yy Sb I § SINB3 | ¢l 6Ay 2a0Afl OA2S dz
KARNI dzZf A61A RANBlGY2 dziaS6dz yHKakofe2shboproplisyackiving2 Ry 2 3
gornjeg vodonosnika razmjerno tank@ S 6 AR O 2 § Krdzckioyin@ odvija se vertikalno bez
TylrLélayaasSa K2NAT 2y RHINF DB ye2 di &R 2 Sq Sz 19N (DldZpA (i 2

tF RFEAYS 1228 yI 32 RA Oy 2%pshraidjulgdrnji iodo&oSnik pdglBvioda 2 1 2y
LJ2 RNHz6 2dz dzl NRA 2 S 1 dz obJbid Gdad® 31 DALA ( Bl O M GplihyasiizanjalPNE 02 S
G2R2y2ayA1l AYTFALGNI OA22Y LI RIfAYLl X EkSfoatacijan pz 3z
L2RT SYYyS @2RSs SOFLRGNFYaLANr OA2lF A RNBYANIyeS
gubitaka @dzemnih voda.

Ako sepretpostaviLl2 GNOA Yl 5NI @gal123 @2 Ra WA DBV 16 1 &y dadA NIy 2ISN
NBT dzft GANI RFE 28 32 RA Oyednadpitidh &5XI0 Yo d j@heeigBoatacliske mn n E »
12fA6AYSd | 201 AMRRS Yyl 28I f &S 1 Rt ¥ ARydsl aLx 21 GA NI
prihranjivanja), proizlazi da se koristi mali dio obnovljivih zaliha (HGI, 2014) te daje puno prostora

L2 9So6l yadz 21 @9yS @2R22LIAINDS 1112 T+ &aidly208yAdio?
Razina podzemnihvodiz LINR YI 0N} y2Y LR RNMzG2dz RANB{llGy2 20AaAr
5N} 98 ! @SOAYA LINAAdZiyAK LIAST BWSHERNDY R226 A 8 ORE L ¢

oko2metra(SUD A O1 2NYAOF S HAnnnL®

bl GSYStadz NITEASRKIIAKNIRRIA G AZLNINK (i & # RyemHasthiidaiaNd OA B y
LINB @t | R @ 2dz0 A 3ISYSNIfyA &aYa2SNI I3Aolyeal LRRISYYAK
et al., 1996).
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LAt imp@BRVERLINS RaGE GAGA 6S &S ydzZY SNAMNRN 2¥2 R$ € ik BSSly :
LINALFTFGA a0SylFNRe2 Y23dzS3 OANByel T113FrsSyal a 2
Y23dz6S dziaSOFr a8 yI ONLMAEAOGS LGIFyO61 1 dd NITEAGAL

Plitki vodonosnici imaju svoje prednosti i mane. JednostdvnoS {1 2y 2 YA 8y 2 ONLIX 2Sy 2SS
Y23dooy2aid oNJ S Rshpiofstdjenazsdifojerénjivastt @itk voddr®snika. Posebni
LINEINIY Y28NI 122A &FRNDA Y2yAd2NAYy3 LINBINI Y Y2NI
AYLFY2 YIRNMNBEX YRLINA Oy AOS @1 Oy2 ONLIAfAOGS LGIyOs!

{(dzOAG2G ONLMAEAOGE A 2REFILEAOGI 28 ySYAyazao y A R
A YIEOA2YlIfty22 NITAYA LR2Y236A Lkakde@i? ¥ IYJidRMNT KINB R 2 (
monitoring program u cilju rane detekcij2 3dz5 S3 T | 3+ S Sy Pleverdijg o/ Kojln G A 2 St
YSLI2 @2t 2y AK &A i kdhliBthresursahodzenthe vode. y | NHzOA £ S

35.. A2S12t201S 1FNFX1OSNRAGATS LR2RNMHz 2

t 2RNHz62S &t YS 21 0A32LYBYRKERI {FSIAMRHIAIER pribadal | NI A
FYONRBLR23ISy2Y &idlyAaAdy2Y (ALz WkLOmdnd o6LT INSSy
12yiAYySyGrtftyAK {NIF2S@F03x R271 FaNS pda ny Srid2 &yNE Ry 252 460t
NI TEABAGAY 12Y0AYLFOAZ2IEYIY 5omMOHdMK9 06aST2FAtyS
INF2SOFk~dzyS0x 9 00dzYS0x [/ dPHPoPHD 6aST2FAfYyS )
6 ~dzY Sk aSi 2T Aikase Sontinén@lait) Suzekno @imorskih krajeva/Zajednice nitrofilnih,
KAINRFAfYAK A &1A2FAfYAK adlyAaAoddroz | ®H ®0o DHK -
9dzNR LISk aST 2FAtyS OAGAOS A OA1LFNB 1 2Y gokig Sigokil £ y A K=
OAt2SOA A @Graz21A OFOSGAVLI 5OMPHPMOPKL dPmMdy dk9 6aSi
1IN 2S@Fs %I Ldz2OGSYyS LRf22LINAGNBRYS LI2INDODAYSKk~dzyS
1.1.2.1./1.1.8. (Mozaici kultiviranin @NIOA Yy I kK %I LJdzOG Sy S L2t 22 LINAGNBRY S |
6%l LIz0GSYyS LRf22LINAOINBRYS LRONDAYSkaST2FAfYyS (AQ
L2 ONOAYF 0SS LOPHDOPMDK/ PHDPoPHD odaz2l | AOA 1 adpé) A NI yAK
6az2zl F AOA 1dzZ GABGANI YAK LROINDAYIFIOI LOMDPY PK5PMPH DM D
OA1LIFINB 12YGAYSyilltyAKSE Al dzZ SGy2 LINAY2NE]AK ] NI 2S¢
OF OSOAKkaST 2DALYRB OA PN OSYy Syl yAKET AlTdd Siiy2z LINRAY?Z2
6aST 2FAftyS OAGAOS A OA{INB (2yiGAySyGlftyAKTZ Al dz
L2 ONDOAYSkaSI 2FAftyS AGF RSy R QYx yvik DSR2 DKBoRODBIA RBNKE L
t)\é‘l 2 NY A O shcilispadSka4.). T F yA Y I
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Legenda

- Odlagaliste otpada Piskornica
[ zona utjecaja (500 m)
Stanisni tip
A - Povrsinske kopnene vode i mo¢vamna stanista
C - Travnjaci, cretovi i visoke zeleni
D - Sikare
E - Sume
I - Kultivirane neSumske povrsine i stanista s korovnom i ruderalnom vegetacijom
118/¢232 J - Izgradena i industrijska stanista

Slikad.{ GF YAOYA GALRGA ylI OANBY LRRNMz62dz 2REf I 3 fAOGF 20LI RI t AQ12NYAOL
Izvor: Bioportal, DWG
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O

Y12 28 @OARt2A@2 Al LINBGK2RYS atAl1S dz ySLR2aNBRY
GNI oy2lF61S T 2SRYyS§0§20 virOSrS{I RS IR IRSS OAY
12yiAYySyGrtyAKT AldzZ SGy2 LINAY2NBR]AK (1Nr2Sgroz O
12NRJYy2Y A NHRSNIfy2Y @S3aSilOArA22Y oY21 | AO0OA 1 dzf |
L2 OBOA Y

{dAtFRy2 (FNIA adGFyAOdGFr AT wnnno 3I2RAYSI 2R Odzva
hrastovea NI} 62 @S A 6AaGS 3INI 0235/ IONINISY HDy o &iMRNID 6T Gddp )
adzOAyl S Ifd mbpood haAS JdzY & !LONW LR [t Sda NG5 Rdy Q! IDéC
YST 2FAftYyS A ySdziNBFAfYS OdzyYS LYl Ny23 A 06S50dzZ 21|
2RI ® h@dS OdzyS 6AyS @Graiyali LINR2SELFT AT Y®Sdz yAT A
Odzvai122 SiGFOA R2YAYANI 2dz fdzOyal |1 AfA {AGyel1Z
alFRA2AYIF Y208 o60AGA A R2YAYlLyYyldyl @NBiGlF RNBSOGFO®
O02St20A0SxT @S0 &dz NI 1 @ik gafeyaSDodatno? @ blidin| zahvaledse Indldzi] | A
LX Fydlr OF 1t2y2@F 1IyFIRaA1TAK (2LRtl & NITora2Sy2Y Lk
{2t ARF3I2 3IAIILYiISI ' AGdod bl alyvyze 21 O0Aj@a (S dz
LJ2 RNHz6 2 | @

t NBYF tNARf23dz LL tNIGAfYyAllF 2 LRLA&dDz aidlyAOyAK
GALRBAYLF oO0bb yykmn0O 2R adGlyAOyAK GALRGI (22A as
GALRZ GA | dn dvEd BANTROFAO AGA ENRSAPAT MMOABA a21 A OF OSOAZT /| dH
a2SO020A i IINKRR®S2d2 6AaiGS 3IANIo620S OdzyS &S ylLtFr1S
GALR G 2R ylFLOA2ylfy23 A SdzNBLJ{keBraiskel 6 21 T I &b dzLJ

351 Fauna

bl OANBY LRRNHz2dz 2RfF 3t AO00F yAadz LINPOSRSYyIl &dz
f21F0A2dz 2REF3FEAOGE 20LIRI tAO12NYyAOLsS Y20S8y2 1
GALAGYl aNBRy22S MR LANEBIR AT dWIADAY 28 SH AU/ S AT RO 2
I NIAOSE (1dzySs @2SOSNAOS: LRfa2ai123 A Odzyrai23a YAOl
2StSylFd ~ANB LRRNUz2S ARINGA2E dNSINLEIike] pOT2g8Y
1TFNFY{GSNREAGAGSYF @S0l NIXTyz2tAlz2ald @2R21 SYIFOFX dz 2F
L2 Lddzi 02St2dz01 Sz a4t e2SLIAGlIZT tAGFERYS 3dzZOGSNAROS A RI
aYSSdz OF 6dz A R NYz3 SwzadiupljenelgrkeNidizdzeada kikacd, dSkSjiNse izdvajaju
aiNRB3I2 T FOGAOGSYS ONRGS OGSt AlA fADBFRYA LXFGFEO A 11
YNBOS th+{ lwHnnnctH %2@g2So

352 %l OGAO8SY!l LI RNHz 2!

Nasamomofl I A t AOldz AfA dz 6t ATAYyA 2REF3IALEAOGlF &S yS y
LINANRPRS O0ynkmMoX MpkMyud bl2ofA0S TF12y2Y 11 0GA8SY
f ADI RS %w2@g2Sa ylI dRIft2SYyRGEEY2 2IR2 RNz $ d2 S NHSZA FY I
Drava na udaljenostiod 6255 m.2 f 2 Ol 2 2Rt [ 3L f AQGIF 2GLI RF t AO1 2 NYAC
je prikazan nalici ispod $likab).
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Mura - Drava

Legenda
| Podrugje odlagalista nakon sanadje
| | Zasticeno podrugje
[1 Regionalni park
© Spomenik prirode

t21F0AeS 2RtF3ALEAOGF 20LI R tAO12NYAOF dz 2Ry2adz ylt

500 1000 1500 2000 m

Slikas.h Ry 2 & T FOGASSY Lk

Izvor: Bioportal, DWG
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353 912t201F YNBOI
YNBOF wS Lz ' ANBRORZNDI21 462t AdNRAE | ORF DA

912ft2011
)}%Y)\ a@}xgéyl- I NBRo2Y 2 Al YZS){I-WH-p,K:MI‘mE)IV{G§LJN$§S¢|B@E
S121201S YNBOS 9dzNRBLJAT1S dzyA2S bl UdzNy HAnno®
912t2012Y YNBO2Y LINB3IflOSyl adzy i
w L2 RNYz62F Tyl 6l 2yl Ipbvoligog sizbja givdilsvrsta ptaiod idterésh G y &
T 9dzNRBLIE|dz dzyAadzs {12 A yYye2AK2QAK aidlyAaoddat
GNRGF LIAOFSE | 2&a20A02 Y260 Nyl LI2RNHz2 2
TyFél 2y kPdPy LIIAOS
w L2 RNHgeé I 2yl T 26dz@lyaS A 2800 NAGlIyaS LkR(
a0l yAOQGrET 112 A LINANRBRYAK aillyAOyAK GALROI
Tyrélrayl 11 @ONBROSS)A aidlyAOyS (ALRGS
hRE I EIIVfACV)uSAg[;lyLQI- R EHEATO 2yNY ALOFRNHBS 2dz S12t 201 S YNE
S12t201S YNBOS 2SS thz{ | wHannCcTH %2 d2S 1225 as
t2f20F2 2RfFAFEAOGF 20LI R t AO1 2NYAOL stz ighdtly 2 & dz
(Slikab.).
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3.54 Krajobrazne karakteristike
t NBYI { N} GS3IA2A LINRPalG2Ny23 daNBSSyal wSLlzmtAl1S |

INF220NIT 28 LRRA2StE2Sy yI OSayl S azhoj redwhazach NI T y A F
6. NI A8 MdhpPU-| NRRSBHE S YOUINRPYRB1 &S yI 20S6AY |
2REFAFEAOGE tAOI2NYAOLFT YT XN2adyddi Ny A NLISR & iN2 NIy
20Aft 2502 202RBYAINPHEIZRIAPANRTI DABRBY yI yAlAyalzy |
ITNF220NIT LI RAYlF LINBINAOGSYAK Odzralzy ©S3Sal oOAaeczy
L2 ONOAY S FYyGNRLRIASYA fAyA2alAir St Svekeyiend vode®nldzi  LIN.
L2 ONOAYF GS OdzyaliA LINPAG2NRD

~ANB LR2RNHz2S 2Rt 3AFtAOGI 2GLI FSIdZNBS@I HNISA Q2 RINMIDIA
2RfA1dz2S {1 IFNFTGOGSNREAGAGSIY YyATAYyalAzZ (1dzZf GAGANI YA
Samo ofi A3+ £ A0GS 20GLI Rl tAO012NYAOI LINBR&aG I @t 2t Ly
ITNF220NITd 'T f21F0A2dz 2Rt FAFLEAQGlI yFEEFITAY2 Y211
KSGSNRPISYAK Tylélr2a1A®d hoNIRADGS hdépddrbddd yzSlokaRijg Y A y A N
2Rt 3L EAOGE &l 2dzA2A4G26yS A 2dz0yS aaNIryS GS dz
L2 RNHz62F (1221 LR @GSTdz2dz {dzf GABANI yI LR2RNHz2] & hgl
AftA YlyeaS OdzvdyYyS aliadi gy3r ¢RI ALtadil 28 LINRYSGYAOD
yI  dzOSY LR RNHz2dz 21} OA28d

bl OANBY LRRNMZG2dz t21F0A28 ySYIF TyléFrayAK {N}a2o
15/18).
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4. ANALIZAPODZEMNIHA t HNSKIH/ODA

Y12 06A 4SS R20A2 dz@AR dz adlyesS (I 102682 adRR] BYVA
2REF 3T AONIO] 2NMHA R dz yFadl@1dz 25 RFy LINB3ItSR NBid
periodu prije i za vrijeme sanacije, @012. godine te nakon provedene sanacije, do 2018. godine s
OAfe2SY LINBO2SyS dzieSoOleal 2RfF3FEAOQGE 20LF RI yI ]
2005 do 2013 promatrano je kao vrijeme prije sanacile2 1| I OA 2S5 LA ST 2eSkovapl = || 2
na vodnom tijelu Gliboki su prikazane na slici isg&itk&7).

Legenda

@ Lokacija uzorkovanja podzemne vode
4 © Lokacija uzorkovanja povrsinske vode
i “ s Smier toka podzemne vode (SZ-JI) |
== Smijer toka povrsinske vode (Z-I)

"1 Podrugje odlagalista nakon sanacije

Slika7[ 21 OA2S LIAST 2Y8dL NI & u2018 dd 2N] 20t y2t ylI @2
L2 RT SYYS A LRIONDARNHzE2 &2RBt I 31t AOGF 2GLIF RF t A01 2N

t 2RFOA 20N} SSYyA dz 2¢2Y LR3It Gt adz 20dzK Gl 6 2dz NBI
LAST2YSGIFINY 6tHX toX tn A tpO & dlt2dz8SyAY |yl f
OSteaST GS AaLAGAGLIy2l dzZ 2N} 1 LR ONDAYyalAid 2RI

2R alyvyz23 2Rttt AD1 2 QI R OB Glibikigdruyarkovand BaSdvije lokacije, uzvodno

2R t2110A28 2REF3ILEAOGFSE Yyl Y2aidz tdzAadl 12080dz 6Dwm(
2REFAFETAQGlI 20LIRIXT yI Yzalhdz 75t51200dz 6DHUO (224
vody 2 G(GA2St2 DfAG21A 206NISSyA adz LI NI YSGNR St S]TaNR
B 206N} Rdz 1+F12 yI LASI2YSGNAYF dF12 A yI LRG21]dz
ONBYSY&a1A YAT Aa&aLRGA D24 &iemd) i ngod RracijéZa ateig lpadtemnilS N& 2 R
A LR IONOAYyaAalAK @2RI &dz 2RIFION}XYYA 2yA GSO1A YSGlI f A
Y2YAG2NRAYTAYLE 1112 oA adGlaAadaAséltr FyFeAT L Y23t o
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CIKTIERT]
ﬁeNyz@a‘Q’)é' ' 25|INJ YAGSYy2Y 2R3I202Ny208dz 1+ )
AYOSyeSNAay3ds 2NHFIYyATlI OrcalsS A GSKyz2ft2018 dza f dz3 §
52RIFIGy22 {1112 o0A &S dzi ONRASYy X & I ded I R2YWHNONIY B §z62 dF
2REF A AQNOl 2N AR GS dz 6t AT AYA akyS 211 0A2S 2R
otpadat A O1 2 NYy A Ol OLISNA2R LINAR2S A yl12y atylroaesS oR
podatakas® 0 NI SSYAY LI N} YSUGNRAYI yI@BSRSYAY dz LINBGIK2RY 2Y
Y2 LRtFTAOQOGE dz FYylFEATA &dz d SGS LINBGLRadGl 1S RI
laboratoriju, uz primjenu iste metodologije za sve analizirane parametre te da je tok podzemiih vod
usmjeren odsjeverozapada prema jugoistokorikazano strelicama na slici izn&lika?).

4.1. ANALIZA PROMATRANIH PARAMETARA
4.1.1.PODZEMNE VODE

4.1.1. Elektrovodljivost

9f STUNRB@2Ri2A@2a0 LINBRadl gt al allazoyz2ait ©@2RS RI
koncentraciji otopljenih iona u vodi, njihovoj pokretljivosti, valenciji te temperaturi mjerenja te je jedan
od temeljnih fizikaind SYA 241 A K LR21IFTFGSE 2l 1119261 @2RS a
9f STINR@2Rt 2A@2alG 28 @Sol dz2ftA12 R2SS R2 2L} RI
provode struju, dok je kod organskih spojeva situacija obrnuta, odnosno prisutna je slaba
St STUNRO@2Ri2AQ2a0 & 201 ANRY RI adz 2NHIyalA alLkeS¢

wkR2Y 2RfF3FfAQGlI 20LI RIF Y23dz 2SS (2ydl1d @2RS al
NIFTEABAGAK y2NBHFYalAK A 2MBI YIEIARIKSY§ S NBA2 R&D LI
St STUNRO2Rt 2A02a0 dzZlldzodz2S yI 2y S6A08Sy2S A LINR ad:
L&t 2SRAOF 2GF LIk yel G2LIAGAK GOFNR AT 20LF RF 4GS LI
podzemlja. Sukladno navege2 Y= L2 @So6l yl St S{TUNR@G2Rt2AQ2a0 dz LRR

a8 R2@gSaiGtA dz ©0STdz a R2St2@glyaSy 2RflF3ALfAOGI 2
piezometrima P2, P3, P4 i P5 su prikazani s@Stiga8)® LT yI @SRSy23 2S5 OARf 2A
ONA2SRy2a0GA St S1TUNRO2Rt2A@®2aGA 1T10Af28S0SyS yI LA

elektrovodljivosti ispod maksimalniR 2 LJdzOG Sy A K | 2 ykGiSyQiWNd: OLINR LIAGEHFpynAnK |
a0l yYRINRdz {I19286S @2RI 6bb TOKMOI MPMKMNI TYyKMpZ
(NBYyR aviyaSyar @Nn2SRyzair StS|GNR@2R{2AG240A

piel 2YSGNHz tp dz LINPGS{EAK yS12fAl2 3FJ2RAYF 62R 1N}
LINE O2SRY A K @2RI = 2Ry 24y 2 dz6 Ay 1 2@A0G240 A
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Slika8 Trendovi kretanja elektrovodjosti na piezometrima P2, P3, P4 i P5 od 2000. do 2018. godine
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4.1.2. KPK i BPK5

bl 2Rt 3FfAOGdz 2 i LENBIRIR DIAIIAN AK2 LANRDSRAN ON@BN2 dzl f 2
GOFNRAD® YtYI 2Ryz2ay2 (1SYAzaal ] SL¥ARNE OyKe FLI211A-E A d1S £ 23
S 2T ylL6F@F (12tA6AydzZ 2Ry2ay2 Yl adz dziNRBOSy23 144
(mg QIL).

. A21SYA2all LRIONROy2lF 1A&ATllF O0.tYO0D 2SS @StAGAYIl
dadS NI TANIRA 6&0G1F0AfATANIO 2NHFyall GGFENdz m [ 2
temperaturi od 2@C, tijekom 5 dana (BB)KuU kojima su biokemijski procesi najintenzivniji. Biokemijska

LR GNROy2al 1AaAll 2 3A & ksti dpadyleAtiadz biolerNijsk¥ Gfgtadhje, visi2i Lidzi 2
broju organizama koji se nalaze u vodi, koncentraciji kisika, temperaturi i dr. U ovom kontekstu,
oA21S8YA2all LRGNROya2l (1AaArall LER2RNITdzyYaasSgr 11 Lk O
otpadnim vodama, uz djelovanje bakterija.

YtY A .tY @ONRA2SRy2aiGA dzlldzddz2dz yI 2yS6A08Sya2S @2RS
2RNBRAGA 111 9206 dz HiraRKi Slika9)tprikazant sk frehdd\i kretadjd BEIRPKO

Iz navedenih slika je vidljivo kako su koncentracije XPK2 @A OS y I LA ST 2YSGNHz tp
¢l 1288N) adz OARE2AGA 3TSYSNIt YA (NS svimzpdrometrivid, y 2 Sy 2 |
poglavito nakon 2012 godine.
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Slika9 Trendovi kretanja KPK napometrima P2, P3, P4 i P5 od 2002. do 2018. godine
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nomodod St a8 2

.St 2Si2 2S5 @I O0ly Yi#z NANSH| GYEBPNYAY R2UREE R2Sf d2 S
t 20S6+tyS 12yO0SyiNl OrcsS 0OStea2Sit dz G2RA yS3IlLGAgy?
TFrYdzwSyaS @2Ry23 a0GdzLI0F & Y2y OSy N} OA2S OSta2S8SiI A
pivaSysS (S 28 aidz23l 0O0St2Si2 2SRry 2R 3t OByAK YSil
OAGA LINRAdzGYA dz LINPOS2SRYAY @2RIYIFS | y2AK2@0S 12y
NI T3INIRya2aSed bl 26806 Au padaemhirh voada j@ 8 biliku Fddjefarmijé 21 Of &
2NBIFyalS Y2tS81dzZ S {dzZlf I Ry2 yI@SRSy2Ys 12yO0OSydN
2NHIFIyalS GOFENR yI aly2y 2RfF 3t AO0Gdz 20LI R ® hNHLI Y
otpada uL2 RT SYYS @2RS &aidi@FIN} |yl SNRoOoYyS dz@aSiS (22A
dzl N1 dz2dzo A LIR23IA2NDIyeS (1 GFHftAGSGS LRRISYYyS @2RSo
YIEy2air o600E8dx2dWA82y Il at 3S0 NA 2 Shgéa. STehd@vbkremrgad 1S &
12y OSyiN} Or2l OSt aS(Shkal®dz LINATFT FYyA yI &aft AOA AaLRF

LT LINARUFTEF 2SS OARf 2A G ( NBgbdneralbvitipieZoefids y i NI OA 21 O8
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412t hxw~Lb{Y9 £h59
WSRy 12 112 Wk 11326 SINHEDNOS VLA AOS y 88 RH 2 192 & 51 OBZR
L2 ONDA Yy & 1 2 3- Giibdkroda@osni sulp@dnetti koji indaj y | 2 RdzOdz L2 9A2Sal A3
a023Fr 2REFEONF YA LI NFYSGNR St S 0NPRO2RN2sNk@BSlkd = Yt Y3
12) prikazani su trendovi koncentracija elektrovodljivosti, KPK, BPKS5, bakra i cinka.

Bakar jesastavni dio Zemljine kore te u tlu pojayé u obliku sulfid® . I 1 NJ dz Gt dz Yyl 26 SO
na FeMn oksihidrokside, Mn@ organsku tvar te mu je mobilnost niska u neutralnoj i alkalnoj sredini, a
YI23S6 | LdN¥a bakih u widgnith vaddm Y2 0SS o6AGA A NBI dzA GF i 3821
G2R2Y2ayAllLZE VYI Oi2 yI 26S 006 SMohimdsizdhak® dz tiydvigii 6 12y O
12yOSYyidNI OA2FYlF 2NHFIyal23 dzZ 2A1F GS 2SS dz Gf dz aNBF
Daya aS o0l 1FNJ dzZLl2 iNBof a2l @ dz NITEABAGAY AyRdzaidN
preradi nafte, u poljoprivredi (fungicidi G2 Yy I N2 6 A (i 2te zor@hski? iImiderBninNE ( & dz
gnojivad = F dz @2Rdz (1 12SSN) Y2a8z @rdR22LIZ T RD YR AYRERID |
YSGFE LINRadzity yIF 2RfF3FfAOQldz 20X RtEA 1AR RaR2E A
obradu otpadnih voda

I Ayl 2SS LINANBRY2 LINRAadzily dz YIFIfAY 1 2y @8ayhdadal OA2l Y
sulfidima i u manjoj mjeri karbonatima. Gt A Yl Y20S o0AGA | L&A 2 ND-WMNI Yy VyI
oksihidrokside, magnezijeve i kalcijeve karbonate te koleidetopinama u tlu.Biogeni je element.

' yONRLIR2ISYA AT 02NARdAzORIg &t 2 BRAIGIdz NI RS SIOWRdzE G NA 2S5 =
20L) RYAK @2RFEY F2aFlIGyAK 3IFy22A O A RNUzR 2240 Aa@S0yAS v 2
koncentracije cinka u vodama se mogu javiti kao posljedica korozije cjevovoda i anmatuslijed
poljoprivredne aktivnosti, gdje se cink u obliku cinkovog karbamata koristi kao pesticid (Elinder, 1986).

t NEYIFGNI2ddA GNBYyR2GS A LRRIG1S yS Y208 a8 R2yArae
LINEFAf dz 6az2al 7orefSdntdi @z28d0ni prafit (Most Pustakdweoy.

t22SRAYA LRRFOA & AITNITAG2Z LR2OSo6FYA 1}
2REIFT3IFEAOGF @S0 dzlldzddz2dz yI LR ONBYSy2 2y
cinkaizmjerenuna datum12.06.2017. godine te 4.12.2018. godine.
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nN®HP { ¢! ¢cL{¢cL2Y! ! b!JALY!I w9% [¢! ¢! aWoOw9b
4.2.1. Uvod
Y12 O0A &S dzi@NRAES Y23dz2S NITEA1S dz 1{Q@FtAGSGA
2RE 3Lt AOGL 20LI RI t AO1 2Ny AO! LINA2S o0xm0 A yI {2
20NI SSYy A NBT dzf G G A uzoidiBapSiRednyiith idda Az piedbnietard (PY, 23, A5) |
YyIE £211F0A2A 2Rt IyAl dA QINDAtYA OLZMINDAlY &1 AK @2RI Al O;
A YAT @2RyYy2 O6DHUOU 2R 2REIF3FfAOGF 20LI RIFI® t NREA]12Y &
sSu sva ispitivanja provedena u istom referentnom laboratoriju te da su senpri analizirani
primjenom iste metodologije.

/I Ate2 adGriAxadAasélsS FyrftAal S 2S RIF &S dzZ LINRY2SNBydz
otpad- t A O]kagjd\j# duklddno projektnom zadatku ugovora, provedena u razdoblju od 2005. do
2012.godine.

NOHDOHD {GFGAGGASGTl FyFEATI
{GFrdradasé|iz2e FyFrtAT A LRPRONByYydziA &dz NBT dzZf GFGA AalL
T RN} 4002 -] NAIOSKBYA &1 20dzLI YA 2S 0a {dPE Y RY BRI L2 BRISHIGT &
t AO1 2 NY A Oy F2dz MBRYANTRPANOA { AK A LR RTI SYYAK @2RIF O0HAamy®
u razdoblju 20062018., kako je navedeno u tablici ispdadblical).

Tablical+ NBYSy &a12 NITR20f2S8S LINRPOSRSYAK A&iGNI OAGlIyel

Vremensko razdoblje Provedena ispitivanja
2000.¢ 2018.godina Ispitivanja podzemnih voda iz piezometara (P2, P3, P4, Pj
t21F0A2A 2Rt 3Lt A0
2008.¢ 2018. sprekidom u 2014. i 2015. LALAGADEY2F LR2ONODAYya1lS @2
godini dzl 2Ry 2 A YAl 82RYy2 2R 2R

{GFrGAAGAG1TA &adz 20NF SSyA NBIT dz GFGA AALAGAGlIyalr af e

1) podzemne vode uzorkovane iz piezometarana®ka2 I Yl 212 2Rt I3t A004F 2 0L

G2 11 at2SRS6S Tylréra1S 1+1926S8S @2RSY YtyYI .tYZ
2) LI2ONDOAYyalsS @G2RS @2R2G21F DfAO021A dZ SGAK dd 2R
2REFALEAOGF 20LIF RF A G2 11 at2SRS6S 0zré6r21S 11

t NAY2Sy2Y 2R3I20I NI 2dz0AK A0l GAAVTRG NAKS YBYIR&E2 YA LRI
agsS t21110A2S 6tHX toX tnX tpX DM A DHUOUX &NBRya2S ¢
alkyroaesS Gad R2 {NrXr2lF uanmud IF2R o6xmM0 & 2yAY NBI dz
tj. od 2013 do 2018. god. (V2).

ndudod aSiz2RS adldAraacarsé1sS FylLtAal §

4.2.3.1. Test
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iSad 28 adGlriAradGA61A LRaddzad 1 122A &S 1 2NR&adA 11
J\uYSqu‘hSM{@ ARNBIRAY G DA & G A 6dndsnodt 2 NRBE S8X D6 ¥ ES dz L
GFrGA&aGAG612Y dzZl 2NJ dzo &

T
I

Postavlja se hipotezaylda je Xs= %stj.:

Ho: Xs- Xes= 0

Ha Xs-Xsl' N alternativna hipoteza

LT NBTdzZA GFalF AaLAGADEY 21 62LF O y@l (L Tadiviiadeioszy || g+ &
dz& L2 NB Stzekdja se $aladi u tablicama raspodjele Studentog@lt NA 21 6 S 11 2R3 2 G
aldzlyaSgl af202RS o65C0 A T 2RFONI ydz NITAydz a
AAAYATALIl yiy 2-thal pouzdadost) 0 mastavkp pse sdaje primjer primjentesta kod

dza LI2 NBR6S aNBRy2AK @GNAR2SRy2aidiA T+ YtY R20AOBSYAK
nakon provedene sanacije (V2aplica2).

Tablica2 Primjer provedbe-testa (KPK, P2, V1/V2)

Variable 1(V1) Variable 2(V2)
Mean 50,89 17,47
Variance 1751,043 228,698
Observations 24 15
Hypothesized MeaDifference 0
df 31
t Stat 3,558
P(T<=t) onail 0,000613
t Critical onetail 1,695519
P(T<=t) twetalil 0,001226
t Critical twotall 2,039513

. dzRdz6 A RI 2SS G { a1
ANBRY2AK @NR2SRy?2
Byl 6AX dzZ @2SNe2l
provedene sanacije na lok&ih LJA

G 00Zppyv B Gy § NWaia dDHEZS oMdOT tyiS] &
alGA LINBYI GNJ-yAK . mea/b&'z A @So6 &
0y 2@yit LIZENBRN y52 (R0 D ITVRZGPY D diplt :f 2
ST2YSGNY tw R20t2 R2 aAIYATALLY

4.2.3.2. Analiza varijance

Ly FEATLE @OFENRA2FEYOS 6!'bh+xt o0 28 GSKyAll 1222Y &a$8 vy
vrijednosti odjednom.

Ho: X%s=%s=%sl X G2® ySYlF NITEtA]Ll ATYSSdz aNBRY2AK @NA2
HY Ll2aidz2aS NIXTtEA1S AT YSSdz aNBRY2AK @GNAR2SRyz2aidAz
t NEOSRoOol FylLtAT S @I

FNK 2l yOS GSYSt eh Yy I LINE NI 6 dzy
INBOtNBRCRO®E Y2044 Al

as
YSSdz INHzZLI 6dziaSOF 2 LINBYL NIy
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ECOINVEST
RNHzOG @2 & 23N} yAGSS
AYOSyeSNay3ds 2NBLY

B2Ny206dz T I
S A GSKyz2t201S8 dzaf dza3 $

' 12tA12 28 QOINR2lIoAty24aG ATYSSdz INHAI YIyal 2R &
LINEYFGNY Y23 FE{G2NF YEyeA 2R odfdzéleysS aINBO1S A LN

Slikal7o @ ! LINRPGAGBY2YZX |12 28 OINR2lIoAty2ad AT YSSdz 3
se hipoteza A T F 1 f 2dz6dz2S RI &adz N} T tA1S aAx3ayAFAllyltyS:
djelovanja promatranog faktores(ikal8).

Varijabilnost
unutar:grupa

Varijabilnost
izmedu grupa

Slikal7+F NA 2l 0Afy2aid AT YSSdz INMAB2 NY QAR B| D AH nyamd@iG A dz

Varijabilnost
unufarigrupo

v

V= Varijabilnost
izmedu grupa L

. - » -

Slikal8+ I NA 2+ 6 Afy2ad AT YSSdz INHAIB2 g QldAE B D A nyuamd@G A dz)

aSi2R2t 201 A LINBazY&8S| ®f RNB dz/ || PR dzdzLI y2I LR 2SRAYI 6
srednjih vrijednosti (SRip SSnutar ST v § 8 dgatim varijance’swp, Sunutar | Sai wdsl Y 6 Ay RIEF
2RI2OI NI 2dz0S adzyYS 1 RNEdzd A 6{ § NP 2B RAZEAzZSy @S @BINR & 2
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Nakon togase iNJ 6 \dryfilednost od F=% 1 vy S antarA 0z LI2 NHKSjdz2 Baladi u @blicama

N} aLl2R2StS aftdzrayS @GFrNrR2lofS C 1 2 RARrEZINNI 2 dzd A
AAIYATFALLYGYy2adA 60 ' nsnpod

U nastavku se daje primjer provedene analize varijance kod usporedbe srednjih vrijednosti za KPK
dobhA GSYAK LINA2S R2GNODSG1l &l ylOAeS 2Rfl JlTadicAd o+wm
3).

Tablica3 Primjer provedbe analize varijance (KPK, V1,P2 /P3/P4/P5)

Groups Count Sum Average Variance
Column 1 (P2) 24 1221,38 50,89 1751,0426
Column 2 (P3) 24 363,55 15,15 222,45279
Column 3 (P4) 24 747,15 31,13 560,82877
Column 4 (P5) 23 3258,77 141,69 3004,9011
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups | 223617,3 3 74539,1099 54,52739 | 2,9024E20 | 2,7047034
Within Groups 124397,3 91 1367,003088
Total 348014,6 94
dzR dz6 7} RI ) 2SS C o [:Lﬂ/NEP\p’(HZﬂ- @ I 5 GGNIK{R LiHI ST I!"[ d n)fE:l? I yS !_J2 i
QNJ’\BSRY%&UA LINB YI UNJ YAK QI-NJ\BI-(‘)fAZ,QS(') §1S LJI}IJ’,\KQI-E)
y f'21IO)\8)\ tp omnmMZc v aAIYATA]Il Yy okddie (B2l A3YE)S U Y 2 0
e |

- Gy23a80G LRANBO1LS 2R TlT'nInpo

noudnd wSidA GFrGA adlraArAadaseysS ylrtals
4.2.4.1. Podzemne vode

Rezultati provedenih-i Sa G2 @ 122A aS 2Ry2aS yI @NAR2SRyz2aithr |
elektrovodljivost, i Fe) prikazasil u tablici ispodTablicad).

Tablica4 SignifikatnosNJ T € A1 AT YSSdz ONA2SRYy2480GR2 ANIRENEF R KI C
2REF3IAFEAOGE yI  tes | raziDads@hifikantnosti5 d2brof ngerenja))

%y I 61| Piezometar V1 (prije san.) V2 (nakon san.) t-eksp. Napomena
P2 50,89(N=24) 17,47(N=15) 3,56 V1>V2
oK P3 15.15(N=24) 15,4(N=15) 0,04 V1=V2
P4 31,13(N=24) 11,05(N=15) 3,65 V1>V2
P5 141,69(N=23) 43,48(N=15) 5,93 V1>V2
P2 13,16(N=24) 5,64(N=15) 2,44 V1>V2
BPK P3 3,88(N=24) 6,76(N=15) 1,15 V1=V2
P4 4,91(N=24) 2,96(N=15) 1,47 V1=V2
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ININ/CCT
\ / \

RNIZOG @2 & 23N} yAGSYy2Y 2RI2G2NY206dz 1 I
AYyOSyeSNAy3dIs 2NHFEYAT I OrA24a1S A G(GSKyz2t20 dza f dz3

P5 28,67(N=2) 5,22(N=15) 7,55 V1>V2

P2 949 (N=27) 923(N=12) 0,15 V1=V2

P3 515(N=2) 472(N=12) 1,13 V1=V2
VODLJIV.

P4 649 (N=2) 682 (N=12) 0,24 V1=V2

P5 2330(N=2) 1454(N=12 2,45 V1>V2

P2 25191,2(N=2) 3548,5(N=1) 1,96 V1=V2

P3 2993,3(N=2) 1579,2(N=1) 1,995 V1=V2

Fe

P4 11676,6(N=2) 2682,8(N=12) 2,02 V1=V2

P5 15292,7(N=27) 4354,3(N=1D) 1,77 V1=Vv2
¢SAGANIYy2SY aAIYyATFA]lLYylGy2aGA NITEALlF YSSdz aNBRya2a;
piezometara P2 do P 5provedenim prije (V1) inakon H 0 R2 @NDSG1 | &t ylF OAeS 2F
TF1t2dz6AGA 2 dzieaSOladz LINPYFGdNIy23 FIF102NF o6&l yl OA

4.2.4.1.1KPK
Rezultati ftesta za KPKTablica4) pokazuju da je nakon provedene sanacije na lokacijama P2, P4 i P5
R20f2 R2 &AAIYATFALlIydy23 o611FyYa2aSaiy230 hsnjalsikedyal @
utjecaju provedene sanaeijna vrijednosti za KPK dobije iz rezultata provedene analize varijance
(ANOVA) prikazanih u tablicama ispddlgliceb i Tablicab).

Tablicas! yI t ATl @FNA2FyOS T @GNR2SRyzadA TylréralsS Yty

Grupa N Suma Sr. vrijednost Varianca
P2 24 1221,38 50,89 1751,0426
P3 24 363,55 15,15 222,45279
P4 24 747,15 31,13 560,82877
P5 23 3258,77 141,69 3004,9011
ANOVA
Izvor varijacija SS df MS F P-vrijednost F krit
LT YSSdz | 223617,3 3 74539,1099 54,52739 2,9024E20 2,7047034
Unutar grupa | 124397,3 91 1367,003088
Ukupno 348014,6 94

F>Fkritg razlike su signifikantne

Tablicag! y I €t ATl @FNR2FIyOS T @GNRA2SRy2adGA Tylré6Fra1S Yty

Grupa N Suma Sr. vrijednost Varianca
P2 15 262,12 17,47 228,69796
P3 15 231,02 15,4 461,80418
P4 15 165,76 11,05 102,61599
P5 15 652,18 43,47 1670,9321
ANOVA
Izvor varijacija SS df MS F P-vrijednost F krit
LT YSSdz | 9677,305 3 3225,768293 | 5,2365301 | 0,00294979 2,7694309
Unutar grupa 34496,7 56 616,0125538
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ININ/CCT
INVES |

RNIZOG 2 & 23N} yAGSYy2Y 2RI2G2NY206dz 1 |
AYOSyeSNAay3ds 2NHFIYyATlI OrcalsS A GSKyz2ft2018 dzaf dza $§
Ukupno | 4417401 | 59 | | | |
F>Fkritg razlike su signifikantne
LT LINALFT FYAK NBT dzAE GF a1 TF TF1ft2dz6dzeS &8 Rl &dz Ol

na ostalim lokacijama (P2 do P4)z napomenu siNJ T £ A1 S YSSdz t21FO0A2FYl 11
Y12y LINROSRSYS alyloaes 2RtFILEAOGE Ylyes 2R N
sanacije.

4.2.4.1.2. BPK
Rezultati ttesta (Tablica4.) pokazuju da na lokacijama P2 i P5 postoji signifikantno smanjenje
GNR2SRy2aiGA .tY yF12YyY LNROSRSYyS alylOAaeSs R21 Yyl
tog faktora na reultate za BPK.

Tablica7! y I t ATl @ NA2FyOS 1T+ @GNR2SRyzadaA TylréralsS .ty
Grupa N Suma Sr. vrijednost Varianca
P2 24 315,78 13,16 150,47068
P3 24 93,14 3,88 10,6910775
P4 24 117,92 491 15,8043362
P5 23 659,3 28,67 188,232372
ANOVA
Izvor varijacija SS df MS F P-vrijednost F krit
LT YSSdz | 918492479 3 3061,641597 | 33,9298635| 8,2323E15 | 2,7047034
Unutar grupa | 8211,332341 91 90,23442133
Ukupno 17396,25713 94

F>Fkrit razlike signifikantne

Tablica8! yI ft ATl @FNR2IFIyOS 11 @GNA2SRy2adA Tylr6la2a1sS .tY
Grupa N Suma Sr. vrijednost Varianca
P2 15 84,68 5,65 48,3586695
P3 15 101,79 6,79 137,944311
P4 15 44,79 2,99 15,8066829
PS5 15 78,26 5,22 21,6572067
ANOVA
Izvor varijacija SS df MS F P-vrijednost F krit
LT YSSdz | 114,1347067 3 38,04490222 | 0,68008105| 0,56792265 | 2,7694309
Unutar grupa | 3132,736187 56 55,94171762
Ukupno 3246,870893| 59

F>Fkrit razlike signifikantne

Analiza varijanceT@blica7d o LJ2 1 F T dz2S RIF LR &aidiz22S aA3AYyAFALlIyaGyS N
T LR22SRAYS t21F0A2S LINA2S LINRB@PSRSYS alylOAaS 2R
P5.SdizZ2S &A0GNrySs yl 12y OiG2 2S5 LINBOGSRSYyl alyloOral 2
na lokaciji P5Tablica4.) pa rezultati analize varijge {Tablica8) pokazuju da nema signifikantnih
NI TEALF YSSdz aNBRY2AY @ONR2SRyz2adAYl T .tYo®
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4.2.4.1.3. Elektrovodljivost

Iz tablice ranije Tablicad) vidljivo je da je do signifikantnih promjena zbog djelovanja promatranog

FIE102NF o6&l ylrOA2l 2Rt 3Lt AOalbkaciiRe Ot 2 al Y2 T @GNRe
'Iv'ablicagv!}/I-AfAiI- DI NJ\ABI-)/Oé [ GNR 2SRy 2ailhA Tyrerais S
R2UNOSYS alyl OACS
Grupa N Suma Sr. vrijednost Varianca
P2 27 25634 949 300803,558
P3 25 11746 469 20255,5567
P4 26 17543 675 212927,885
P5 27 70411 2608 851862,849
ANOVA
Izvor varijacija SS df MS F P-vrijednost F krit
LT YSSdz | 75705676,59 3 25235225,53 | 71,2368207 | 7,9242E25 2,694618
Unutar grupa | 35778657,07 101 354244,1294
Ukupno 111484333,7 | 104
F>Fkrit razlike signifikantne
TabligalOV!A)/I-Af)\Tl- (Zvl- NJ\ABI-)/CV)S [ GNAR2SRyz2aiAr Tylérels S
R2ONOSYS alyl OAZCS
Grupa N Suma Sr. vrijednost| Varianca
P2 12 11069,64 922 231559,153
P3 12 5656 471 2322,06061
P4 12 8180 682 128086,242
P5 12 17453 1454 642147,902
ANOVA
Izvor varijacija SS df MS F P-vrijednost F krit
LT YSSdz | 6456939,922 3 2152313,307| 8,57396829| 0,0001354 2,816466
Unutar grupa | 11045268,93 44 251028,8393
Ukupno 17502208,85 47

F>Fkrit razlike signifikantne

Analiza varijanceT@blica9 i TablicalQ.) pokazuje da su vrijednosti za elektrovodljivost na lokaciji P5
usprkosy 2A K2 @2Y avYlyeaSyadz yr12y LINROSRSYyS alyloOoArzcS:
izmjerene na ostalim lokacijama (P2 do P4).

ndHodn dmdnd St 2871 2

Iz podataka prikazanih u tablici ranifeaplicad.)y S Y2 0SS &8 R2yA2SdGA 11 1f2d6l
AAAYATFALILIYOYAK NITEALF YSSdz GNA2SRy2a0GAYI Al Y2SNE
sve lokacije piezometara (P2, P3, P5).
Tablicall! y I €t ATl @FNA2FyOS T @GNA2SRyz2adGA Tylréra1S CS
Grupa N Suma Sr. vrijednost Varianca
P2 27 680161,7 25191,17 3260654256
P3 26 75665,83 2910,22 10407941,35
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RNHzOG @2 &

23N Y

A6Sy2Y 2R3IA202Ny2006dz 1|
AYyOSyeSNAy3as 2NHFYATFOA2a1S A (GSKyz2ft201S dza f dz3
P4 27 347085,4 12855,01 677272322,4
PS5 27 467869,9 17328,51 1272623131
ANOVA
Izvor varijacija SS df MS F P-vrijednost F krit
LT YSSdz | 6864127674 3 2288042558 | 1,736245384| 0,1642135 | 2,69284113
Unutar grupa | 1,35734E+11 103 1317810592
Ukupno 1,42599E+11 106

F<Fkrit- razlike nisu signifikantne

Tablical2! y I £ AT |

I NR2FyOS 1}

GNR 2SRy 240 A

iyré6ral1s cs

Grupa N Suma Sr. vrijednost| Varianca
P2 12 42581,78 3548,48 13917295,45
P3 12 18950,5 1579,21 1317403,687
P4 12 32193,72 2682,81 6140002,668
P5 12 52251,7 4354,31 18983249,1
ANOVA
Izvor varijacija SS df MS F P-vrijednost F krit
LT YSSdz | 50969414,52 3 16989804,84| 1,683911542| 0,18424486 | 2,81646582
Unutar grupa | 443937460 44 10089487,73
Ukupno 494906874,5 47

F<Fkrit- razlike nisu signifikantne

Podaci za analizu varijance prikazani u tablicama ifmadlicall i Tablical?2) pokazuju da nema
AAAYATFALILIYOGYAK NITEATL YidirSadispitivaiia Rigb&éni¥f naddkiica®ar y 2 & (0 A
piezometara P2 do P5. Visoke vrijednosti za varijance ukazuju na to da postoji veliko rasipanje

L2 2SRAYFS6YAK NBTdzZA GFGF AT (122AK aS NI¥6dzyl &ANBRyzal
nNdHdndHd t 2PNOAY AL S D2RS
Rezultati provedenint-i SadG 2@ T+ &ANBRy2a2S @GNA2SRyz2adA TylLél 2]
R2OADGSYAK AALAGAGIYy2SY dd 2NJ I LR ONOAy&a| Fabise RS G2 F
13i Tablical4).
Tablical3{ AIYATFALFYyldy248d NITtALlF AT YSSdz ONA2SRy2&GA Al
2REFIALEAQGE yI £ 271F OA 2l Rinizvadnd) #tdst raziDd slydifikahthost®D® 6 dzl & 2
%)N = broj mjerenja))
. . V1 (prijesan.) V2 (nakon san.) )
Byl 6| Lokacija N=9 (N=13) t-eksp. Napomena
Gl 10,1 5,97 1,97 V1i=V2
KPK
Gl 3 2,58 0,68 V1i=V2
BPK
G2 3,33 1,53 2,07 V1>V2
Gl 420 445 1,05 V1i=V2
VODLJIV
G2 466 481 0,54 V1i=V2
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RNIZOG 2 & 23N} yAGSYy2Y 2RI2G2NY206dz 1 |
AYyOSyeSNAy3as 2NHFYATFOA2a1S A (GSKyz2ft201S dza f dz3
Gl 2,25 7,74 2,2 Vi<v2
Cu
G2 1,43 7,63 2,11 Vi<v2
Gl 15,26 42,64 1,36 V1=V2
Zn
G2 14,65 73,61 0,98 V1=V2
Tablical4 { AJYATALFLylGy2ali NJ-Tt)\‘II AT YSSdz ONR 2SRy 2aiA
6dzl 2Ry 20 A DH OYVAT @2RYy 20ne BINKY B OA S m AaRtfAtaZnhlf A Dy | 0
signifikantnosti 95 %)
Byl 6| Uzorkovano Gl G2 t-eksp. Napomena
V1 (prije san.jN=9) 10,1 8.76 0,48 G1=G2
KPK -
V2 (nakon san(N=13) 5,97 5,37 0,65 G1=G2
V1 (prije san.jN=9) 3 3,33 0,68 G1=G2
BPK
V2 (nakorsan.)(N=13) 2,58 1,53 2,12 G1>G2
V1 (prije san.jN=9) 420 466 1,37 G1=G2
VODLJIV
V2 (nakon san(N=13) 445 481 1,77 G1=G2
V1 (prije san.jN=9) 2,25 1,43 0,74 G1=G2
Cu
V2 (nakon san(N=13) 7,74 7,63 0,03 G1=G2
V1 (prije san.jN=9) 15,26 14,65 0,08 G1=G2
Zn
V2 (nakon san(N=13) 42,64 73,61 0,6 G1=G2
Iz rezultata prikazanih u tablici ranij€aplical3® 0 dz2 6 f 2A @d2 2SS RI T I LINRYLl (NI

ustanovljene signifikantne razlike za vrijednosti dobivene ispitivanjem prije i nakon provedene sanacije,
uz dvije iznimke:

1 a) na lokacijG2 (nizvodno) postoji signifikantno smanjenje vrijednosti parametra BPK nakon
provedene sanacije

1 60 dz26f2A@ 2SS AAIAYATFALlLYyllyYy LRN}Iad ONR2SRyz2al
alkylLOAaesS 2RtF3ILEAOGE A G2 Jdzf dDRY 2 6DmM0O A YAl O3

a23dz0A dd N1l LR@So6ly23 dzR2Sft Il /dz adz LRt 22LINAINEF
dzi2S6S A yI NIz podatika priRazahid wXahblidi @riaga@idaty 1 | 1 f 2dz6 dz2S 3
f21F0A21 dd 2N} 20Fyal o0Dm dd 2Ry 23 DH YAITI @2Ry20
1019268 A (2 yS2@gray2 2 @GNBYSydz LNEPOSRO6S AALAGADI

Na tevy St 2dz NBT dzf GFdF LINRPGSRSyS aidlaradaaselsS FyltaAal s
1+1926S8 TF1tadz6dz2eS &S RI dziaSOFa 2RfFALEAOGF 20L
Gliboki nije zamjetan.

43



. g @ |

HINNVED |
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y2Y -
A

2RA2@2NY206dz T |
I OA2a1S A

GSKyz2t 2018 dzaf dza $§
noHdpd % 1f2dz6OA adriAadAaAé61S ylFtAl S
. wST dzZA GFAGdA AALAGADBEYy2F 202NAYa1AKI LRRISYYAKEZ
fALl2dz A NYz2ydz namy®d 3I2RAYS yS L1t 1d2dz Tyl 6l

odnosu na povijesne nizove ispitivanja.

. {41 GA&adGA 61 kikazamzreAdowikz8lt&tyispitivanja uoraka za:
f LRI SYYS @2RS dzZ 2Ny 28FyS AT LAST2YSGFNI yI

toX tn A tp0O A G2 1l &ate2SRS6S Tytélra1s 111
1 LR2ONDODAYaA]lS @2 R 8zetid azRoAnd Pokdcija BT) Aniz@odnd (lokacija G2)
2R 2RfF3AFfAOGL 20LI R A g2 [ af 2SRS06 S

elektrovodljivost, CuZn

| Ate atrdiAraidareél S | yjeldd sk UzSrinferehuypbuzdanioss pracijtiBlghRBtl 6 A 2
alylLoOaeS 2Ri{trAOTEANIMAOI2 GILERI 2SS adzZlfF Ry2 LINB2S1idy
razdoblju od 2005. do 2012. godine.

M. bl G§SYSfadz NBT dzf GF GF adraAraidrséy s I-yl-f)\TS TI-“[fE
 Podzemne vode

%l @GNRA2SRyz2aiGA dzR2StF CS 11 yAlGA 2SRydz £t211 OAadz
YS8Sdz NBT dzf GFdAYF A&ALAGAGEIY2F LINPBSRSYAK LINRA2S R2¢
rezultate dobivene nakon provedene sanacfjer HO ® haAyY (231X ySYl aAAy A’
srednjim vrijednostima rezultata ispitivanja dobivenih na lokacijama piezometara P2 do P4 u odnosu na
vrijednosti na lokaciji piezometra P5. Visoke vrijednosti za varijance ukazuju na to da postoji veliko

NI &ALl ye2S LIR2SRAYIFIG6YAK NBTdzZA GFaGF AALAGADEy2lF dzRe S
LT LINE SRSYS adlFidraidraé1sS +FyFtAlS TF{1fadzsdzeS &8s
t A O1 2 Ny A OdignifiRadtabf 8mariedja vrijednosti za KPRKB elektrovodljivost na lokaciji

LAST 2YSGNF tp A dz ySOG2 Ylyaz2e Y2SNR ylI f21F0A2l
2R YtYOd LT LINR{FTFYAK NBlTdzA GFAGF TF TF{ftadz8dzeS &°¢
signih { Fyldy2 ©@S6S 2R 2yAK yI 2aiGltAY t21F0A2FYl 6tH
Tl ONA2SRy2aGA AT Y2SNBYS yI12y LNRGBSRSYyS alyl Oracs
prije provedene sanacije.

Na temelju provedene analizefredzf G F G f1F 02N} i2NA2A1AK AALAGADlIyel
2REFAFEAOGF NBT dzAf GANI EF TylFélray2yY LRTAGADY2Y LINEY
odnosu na vrijednosti za KPK, BPK i elektrovodljivost, dok se rezultati igpitidiela Fe nisu
AAAYATFALlIYyly2 LINRPYASSYATA yIFE{12Y LNRGSRSYS alyl OAe
bl 23S6S LINRY2SyS @ONAR2SRyz2aiGA LINBYIFGNIYAK TylF6laiA
dzi ONBSYy S adz yI t21F0A2A tp3x 122Rf 1A £ KIOIKIZA RIZ 1 N
LIAST2YSGNY toX 122A &8 ylLfFT A LRINr2 2dAaAz2l | Lk Ry
LINEY2SyS ONR2SRy2aGA LINRPYFGONYyAK TylFrérFralA 1F1302068
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RNHzOG @2 & 23INI YyAGS

d Syz2y RI2P2NYy2006dz 1t
AYyOSyeSNAy3as 2NHFYAI a1 A

2 R
I OrA2al s GSKyz2t 2018 dzaf dza $§
1 t20NDOAYyal1S @2RS

Na temeljuNB T dzt G| G F LINE SRSyS adladAaaaél1sS FyrFtal s 114
1F19268 YtYT .tYT StS{TGNRB@2Rt2A@2alGz [/ dz A %y 111
1F1926dz LRONDOAYyalS @2RS @2 R2JGi21{Rdz D& A 6121 At 3/dk6eBA Vit
OmMUIdzZ Yyl LRYSyYydz R 28 Y23dzwA dd NB]1 LR2@Sstyal dzR2
uzrokovan utjecajem poljoprivrednih aktivnosti na rezultate ispitivanja.

V. Y2R 2RNBSSy23 oNR2l LI NI2YOSOHIANIY 2 ANIREEY 2 & (AAdz Y| &
AN YAOF RSGS10OA2S 6dAf 2A1 2 32 RAHOehzen, dnepRsildnilz GNIDA Y
AGANBY | 12R LERRISYYAK @2RI {-Na2n, ankpksile§, {1 128S
stiren. Ukoliko se takovi tsfR2 A Yy I aidl @S o6AlG 065 2LINI ORI y2 NII
LINF 6 Syal GNROSya2l FTAylLyOA2alAK aNBRaill gt o

45



- |
RNHzOG @2 & 23Nl yAS6Sy2Y
AYOSyeSNay3as 2NHIFYAT O

RA2P2NY 206dz T |
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5. b!a9wL2YL ah59[ ¢hY! th5%9ab9 h59 L twhbh{! %!

5.1. Uvod
I 2¢@g22 aldGdzRA2A 06S &a$S | 2 Ndovia 10836 BrumbdR2OBINI ¥V I C¥ dz6 HRX & 1
Y2RStANIy2S (S6Syal LR2RISYYyS @2RS A LINRy2&al T 3L ¢
28 LINPANIY 11 StS1UNRYASY2 NI Gdzylt2 ylILAAlIY dz @

stacionarnog pree SSA @t yal { NRBT R@G2RAYSYyT A2yl fyA LRNRIYA

RFEyl OyaS @NR2SYS ydzYSNAG612 Y2RStANrya2S 2SS @S2vYl
12NAOGSyel NI 6 dzy | £ I dz Ay OSy2SNHE{12Y NI Riegovabl 2356
ASYySNIfty248iGs Y23adoy2aid 2LAAAGIY2F LINBAT @2t 2yS 38
NHzo YA K dz@2Sil A 2LIWSNBoSya2l® { RNMHzZZS aidNIyS ydzy
kompleksnih problema na istoj ili neznatno modificea8 LIN2 INJ Ya (122 &KSYAX )
2RIAZ2GI NF2dz6S TylyeS (F12 yYydzYSNA{ST GF12 A FAITALLI

' 2@2Y LINRPINIYA12Y NBSOSyedz {2NRadS asS R@A2S T2
3S2YSGONR2SS LI RNHDH@2 NY[ R NRAYIS6 @S 2AaSYSYy GAd | A RNI dz A
GSYyT 2NRY LINRLzay2aidA (122A 2S5 (z2yaidlyidly yIF StSy
LINEYIFGNryaS aidlOAaz2ylFNy23 GS6Syal {NRT KSGHENRISYA
NFTEAGAG GSyT 2N LINPLIzZAY240A0d t NARAAfYyA NHZYyA dzde
6LRGSYyOA2HElI 0O AfA &aldNHzZ2yS Fdzy1O0OA2Sod ! 1 t2dz8SyS a&adz
6 32 NP GBS YNBOSI Ry&S NR 6 dzA NINRR dA Q& 8NB &@NF OSy 23 LRt
elementu) i fluksevi po rubnim stranicama elemenata koji se promatraju kao jednodimenzionalni

elementi i odvojeno se zadavaju. Tako zadani fluksevi predstaviljaju prirodne rubne uvjete. Sustav

jedn- RO6A &S NEBSOIFIGF FTNRYyGlIfyAY Lkaddzil2Y & @So6 dz3
ITFTRyeaS3 LRargteagdglyal 602N} dz tAadArA @ST1S & ySal Ga

Yl F2NXNdzZ | OA_2dz LR GSyOA2ltyS Fdzy1 OA 2 SrativiinRutendz 84S 2 L
OYF{AAYIEYA ONRB2 AGSNI OA2E 28 HpO NAR2SOAGA A NI T
ONBf y2Y LI 2K2Yd | G2Y &tdzladz R2f T A R2 &adzqaldSan
6 2NR OGS yI @2 RY 2 Ytivnonk Komdiku. dza far@wlatijp strujre fuikdije ne zadaje se

2LISNBdSY2S 28SNJ GF F2NNdA FOA2F yS Y208 d7l f 2dz6 A d A
NA2SOAGA LINRPOESY aft202Ry23 @2Ry23 t AOF ® matskNHz y A Y
48 AYFGNI RI dz G2Y 6@2NHz ySYI Ffd als 2Ry2ay2 RI
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52.al SYFGAG61A Y2RSt LINRO2SSAgGlIyzal
52.1. Darcyev zakon
DarcyS@ 1112y LINRBO2SSAGIy2al 1NRI LRNRIYA YSRAZ dz Lz

h(x
d; (X) =- K; (x) Hh(x) (5.1)
ux,
gdie jeqDarcyc S@F o NJ Ayl Af A & LHEQikZbrietassikd visina [igeSDdstofraS o[ k ¢
koordinaa (x, y, z) ili ¢ %, %), aKo[ k ¢ 8 285 AYSGNRGEFY GSyT 2N KARNIY dz

eKy Ky Ko ey Ky, Kig
— € u_é u
Ky = éKZl Kz Kzsu eK12 Kz, Kzsu (5.2)

§<31 K32 33H 6K13 K23 33H

gdiejekcl 2YLRYSy il GSyT 2N KARNI dzf A61S LINRLJdmmy2aiGA |
koordinatnom smjeru zbog toka #gm koordinatnom smijeru.

DarcyS@ T 12y ylI 2@F2 ylFI6Ay RSTAYAN} aNBRya2S ArAaieaScC
@2RS 1FNF{GSNRT AN (21 {NRBT LER2NRBITYA YSRAZ 122A A
samo kroz povezani sustav porne faze stvarna brzina toka je:

v = ] (5.3)
n

gdje jev[L/T] stvarna brzina tokay [L/T] je Darcy§ @+ o NI Ayl A f A & |eJPobokn®sk. 6y 2 A &

5.2.2.  Formulacija potencijalne funkcije

¢t21 LRRISYYS @2RS Y2NI} T IFR2g2ta2l @ GA 2ay20yA 111
St SYSyiGlINy23 @2t dzYSyl ®ft bl AZFHAYHA @F0 12 RNODOF 2RI |
ONBYSyYyl (122l 2SS dzOfl dz StSYSyidlFINya @2fdzySy Y2NI
nemamo nikakvih izvora ili ponora, odnosno gubitaka mase unutar samog volumena.
ULAZ=IZLAZ
& W, & & W, g
v, dy +v, dx = +—dyQdx +a, + dxgly (5.4)
’ ?y w2 E;g X i
A Q
%ﬁ + &8dxdy =0 (5.5)
¢ KX Hy =
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2018 dzaf dza $§

aVx

v, o+ Sy |8y

X

Slikal9. Tok kroz elementarni volumen

Da bi gornji izraz(5) bio valjan, mora biti:

Y = dx,dy , 0O (5.6)

Ako se Daregvzakon supstituirausbc 02 R20ABF &S adlF OA2Y I Nyl 2SRYIl R

a Q
H Q(yxm+ megzo (5.7)
MX ¢ KX
hg2 28 1 OFTAKIENY2yArcall 2SRyFROol 122k (0SS RI 2¢
odnosno, nema nikakvih izvora ni ponora. Akodsg f 2dz6 A Y2 3dzwy2aid ONLX 2Syel
(5.7) postaje:

8y B yyuy§+Q:0 (5.8)

JR28 28 v 12fA6AYyl ONLX 2Syal AfA LINAKNIy2ASLyel
2Ry248y2 v 28 FJdaiz2dt

(21t dz 2SRAYAOA ONBYSYIl &

Potencijal@ funkcijgF 6 EZ 80 RSTFAYANI YyI 28 yI &t 2SRSO6A Yyl B6AYY
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RNIZOG §2 & 23Nk YAS6SYy2Y 2R3I2@2Ny2006dz 1|
AYOSyeSNAay3ds 2NHFIYyATlI OrcalsS A GSKyz2ft2018 dzaf dza $§
_ HF HF _ HF HF
O = - K - ny v Oy =- ny - Kyy (5.9)
HX 18Y HX 18Y

tako da vrijedi:

F(x,y)=h(x,y)+C

Ol2 TyFr6A RI a$8 Fdzy1 OAaal LGSy &endtantuldakle linjgh ST 2 YS G N
jednakih piezometarskih visina su ujedno i linije jednakih potencijala, tzv. ekvipotencijala. Sada izraz
(5.8) postaje:

F ik, E%ﬁgw L %§+Q:O (5.10)

Ha W
X X y 8

»op&mo

5.2.3.  Formulacija strujne funkcije
Strujna funkcija se definira kao:
_ Ky HY

g =—— :0,=-— (5.11)
uy ux

pa u skladu s Daragvim zakonom slijedi:

WY -k ”h-K LU KyX“h+K uh (5.12)
ux "y

Hy Tux Ypy  px

' YFGNRGY2Y 2&020j@:dz 32Ny 2A AT NFXT o

uhl |pY
- K K. ux
XX xy| [ X — Hy ; — 513
‘ny Kyy khi - pY - AT &4
Iny| |ux

gdje je matrica Aformalno jednaka modificiranom tenzoru propusnosti tako da je prvom retku
promijenjen predznak, a vektori b i f su vektori gradijenata potencijalne i strujne funkcije, respektivno.
hé6Ad2 RIFE YFGNROIF ! R2Sfdz2S 1| 2 pokehd@Ng finRciglu Vekt@ A LINS 2
gradijenata strujne funkcije. Supstitucijom2) u 6.8) dobije se:
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<

OiGi2z LIR1I1dz2S RI dz 2@22 F2N¥dzZ | OA2A dz@A2S1 Y2NI 0A
i/ili prihranjivanjem. Ao se piezometarska visina zamijeni potencijalom, onda 13 slijedi:

uF _eKy, py Ky pye  uF_eK,, py Ky pve
ux &detA py detA uxg  py &etA py detA px (|

(5.14)

detA =- K K,, +K K (5.15)

Xy 'Y yx

5SNAPBANI 2dz0 ASBOCMINIBA LB By AARNMBAIA &ty L2 EX GS AT 2S
20t A1 19FT AKFNY2YA2adu§nerkdle/ RO0S T F2NXdzZ | OA 2dz

waK, py Kypyg pé Ky,py K, pya
X é%etA UX detA py = puy ¢ detA ux detA py=

0 (5.16)

C2NXIFfty2T 2028 TFT2NXdzZ | OA2S AYIl 2dz X @mddiciraidehzbr] = 2 a A
KA RNJ dzf A 6 1 §= QLYN[R; LdezA]yLife jednak vrijednosti strujne funkclfe, Y2, Y s,... su
aGNHz2yAOSd a208 a8 LR1FTFTGA RIF a8 dz agli12e (261A
toga strujniceLl2 1 I T dz2dz G N} 2S1 G2NxA2S 3IAolyalk 6S&aGAO0F 2SN
L2RT SYYS @2RS RSFAYANI Y¥:-¥Y8§5 AT YSSdz R@A2S alGNHz2yAOS
5.2.4.  Rubni uvjeti
DSYSNIfty2z 1AYSYFGAGTA Af A LINRAACT Vinkenzidddgpelja, a dzde S A
LINBR&aGI gt 2k 2dz LRT YIS ONRA2SRy2aGA LRGSyOA2ltyS A
dzg2SiA &l T FRIF2dz LINB12 RSNAGIFOA2S AyiliSylAgyz23
ekstenzivnog polja u smjeru vanjskermale na granici promatranog volumena, odnosno promjenu
potencijalne ili strujne funkcije u zadanom smijeru.

dinamicki rubni uvjet:

Zadan je tok h, odnosno:

h
Vi =Cj 'g—z

kinematicki rubni uvjet: Zadano h

Slika20. Prikaz rubnih uvjeta
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1NV I
RNHzOG @2 & 2 3 NI yAGSy2 2RA2@2NY206dz T |
AyOSy2e2SNAy3a:x 2NHIyATFOA24a1S A (GSKyz2f201S8 dzaf dza $§

t 2002 2SS LINRo6ftSY aidlOA2yIFNIYSYS ySYI LR6BIHFAR dide S
formulaciju potencijalne formulacijeNa dijelu granice (ruba) gdje je poznata piezometarska visina ili
potencijalF zadaje se prisilni ili Dirichletov rubni uvfetF g, i ovaj rubni uvjet mora biti zadan makar u
2SRy22 (261 A2 O28NKJ2 ¢ HzLW2 LINBEOBY 2% o0Af 2 LIRYI ]ydz?2
kruti pomak.

bl RNHZA2Y RA2Sfdz AN} yAOS T IFRIF2S &S LINANRRYA AfA F
K Mk ”F)n w(k, Mk ”F)n +q=0 (5.17)
X X

gdiesupin 2aAydzai | dzu AT YSSdz 2a7\ EX &8 A Qlyea2als y2)
Yyl NYzodzp h@R2S &S NITEA{dz2S 2aAY 2@¢23 3ISYySNIfy23
jrnz G4 RI 28 Fftdala {NRI ANLINA P8z RERBEH | 2y dZSAIND liJ
(Neumannov prirodni rubni uvjet).

I F2NNdzE F OA2A a0GNHzZYS Fdzy1 OA2S LINRAAT YA NUzyA dzfe
vrijednost strujne funkciie5 Ay YA 61 A NHzo YA dz@2 S licu iLONGSdR forintladifi 2 1 F f
dovoljno je zadati dvije krajnje vrijednosti strujne funkdfjei Y ; da bi se definirao fluks g kroz taj dio

granice. Bilo koja od te dvije vrijednosti se proizvoljno odabere jer flaksvisi samo o njihovoj razlici,

a ne o fiihovim apsolutnim vrijednostima.

I dfdzl 2dz R 28 FftdAqa ySLRIylLIG GFRF 2082Y F2N¥Ydz | (
LINPOfSY LINIB2 NARA2SOAY2 a LRGSyOA2lfy2Y TF2N)¥dzZ | OA2:
A0UNHzZ2ZYAOF ldz GRBNWzb dz¢g IR20A2SY2 (12YLI Stydz aidNdz2y
podzemne vode.

¢F12SSNE RAYFYAG61A NHzoyA dweSi a8 Y208 TFRIFEGA vyl
veoma rijetko se dolazi do takve potrebe jer promjena strdjmecije u smjeru vanjske normale

AYLIE AOANY RF GfF1 YyIF NUzdz ySYIF KARNRAaGFGAG] dz NI AL
Al o2S3ar@r A ye2AK2@2 12NRAOGSyeSo

53.bdzZYSNAGS61A Y2RSt LINRO2SSAGly2l
5.3.1.  Varijaciona formulacija problema
t 2f FTABOXIGSYIFGAG6123 Y2RStI LRGISyOA2lrfy23 aiNUz22!l v«
122 dz LINY{GAB8y22 LINAY2SYA AYIl padrazuiniedee yeprdal A & t 2
OANRTA &aLIS{TGFN 12NROGSYy2l @ lerNtke i fodeBnys# Ronkiednady dzy I =
LINREOf SYF® hgR2S 65 4SS 23aNIYASAGA yI DEf2aSNyAY2Jdz

bS1F 28 TIFRIy2 2002NBy2 LIR2RNH2S mI 2aNFyA6Sy2 3AN

G=GGG G AG =A

bl RA2Stb BNYYROSIMySYLGAGLA NY0y ¥/ dzdte §iiagijeld Ry 2 &y 2
3 NI y,xadah jemprotok kroz granicu u obliku:
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RNHZOG @2 & 23NI YAS6SYy2Y 2R3I2@2Ny2006dz 1|
AYOSyeSNAay3ds 2NHFIYyATlI OrcalsS A GSKyz2ft2018 dzaf dza $§
_ HF HF [ uF
=(K,—/+K_—)n + K K n 5.18
qu/g (( XX X xyuy) X ( lJ-X ) )g [q]g ( )

t 2RNHz628 A NHD YA A StiAt HEINFENBYDA chtizy §1 28 RYOROG S
strujanja 6.10) ili 6.16) i rubnih uvjeta prikazanih na sktit Gifka2h i S | 2 NA & G S adjakuD I £ 2 S NJ
formulaciju, slijedi:

Lud wd o
B, _8” QuwdW=0 (519
W@“XI o i = g

gdiejeuy S12 2LWBSYyAl2 AyiSIAQGy2 LIfta2Sy dz 202Y LINRBINI Y
strujne funkcije.

y —
dy=dl'cosop n

=dx-dI'sing

=P,

[ —=q,

I =, X

Slika2l.t 2 RNHz6 2S5 A S$RRWH6EAF INI yAOS
Y2 NR &G ScoGRusDINSBNR ANF RalA LIR2dz6F {1 A LINI @GAf 2 LI NOA2I €
derivacijeintenzivnogLl2 f 2+ OG2 2SS Ayl 6S @St A1l LINBRyz2ad ySal |
K, Fnde- K, H 2 aw+ fvQdw=0 (5.20)
G UXJ' W IJX]- M w

t NAOof AOYy2 NESISORESS e 2 okl Ayl2dzdz &

u:urNr(x) ; r=1423..m (5.21)
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gdje suN, bazne funkcije, ar, Yy SLI2 T yIF GA LI NI YSGNR {(22A LINBRail gf 2
L2t 2 dz 6F2NRJAYI YNBOS 12yF6yAK StSYSylLdalFre Y2R
baznim funkcijama:

S

W:NS(X) ; s=123,..m (5.22

Matrica i vektor desne stran@ dza G @I a4 S R 5.48), B8.2%) i PNOAiasSH2a:SY 6

N, puN i
U QK —=dW= RN, dW+ AN.K; —n dG + fN,qdG (5.23
n L UX UX \fp Q ', !]“
Drs ul’ = FS + QS + XS (524)
gdje je
N, HNg A
-ﬁ<lJ dW-YI G NAR OF LINR@2SSyel =
HX; KX
F=fRN,dW ; Q. =fN.qdG -8S1 G62NX GFyeal23 2LIGSNBsSya2l A N
w G

s prirodnim rubnim uvjetom,

N
Xs = ANGK; “—n dGg = N K ——— HUN,) n dG- vektor reakcija ili rubnih dotoka na dijelu
G j i
granice s prisilnim rubnim uvjetom.

bl agF12Y 2y 6y 2 Yvrij&i ApisR.y4 dr Galjgrhdd\a tfoyhilacija vrijedi za
OA2Stdz R2YSydzz tA G112SSNIA T agrk1{Ar yaSy LR2SRA
aPl12Y 12yF6y2yY StSYSyiddz 6AyA €211 tydz YIONROdz (2
G240 6AYyS t21FfyA ©@S1TG§2N RSayS aiNryS (2ylFr6y23 !
YIEONRAOS L2 agAY 12YlF6YyAY StSYSYOGAYlF A ye2S3a2@0Ay f
sustav $.240 &l Y 2SRyl ROO0A A Aaiifga désaof strang izrafd5.ed 1 y I y A C
predstavljaju koncentriraneJNR G121 S dz 6 92NRJAYI 12yl 6y23 StSYSyidl
fA 2SS G211 dzaY2SNBYy LINBYlI 6@2NHz 0LRTAGAGIY LINBRIY
masa ulaziiliiziadii 6 32 N} & h@2 LINRBINIYaiz2z NBSOSy2a2S R2LIz00G
oAf2 122SY 6@2NHzd ¢l 2 LINRG2]1 dz G2Y &afdz6l 2dz AYlF A\
RA2Stdz INI yAOS & LINANRRYAY Nizenfrkavih pipeadiflakeg qY 2 OS & ¢
Ponovno je bitno upozoriti na predznak fluksa. Flgks je pozitivan ako je usmjeren suprotno od
ayYeaSNI grycalsS y2NXIFES 2SN dF RF L12 RT SYVY I @2 RI d
LINBRT YI 11 2Y2nh@issiw24.2S AT NI T A

Sustav %.24) nije regularan jer mu nedostaju rubni uvjeti. Prisilni rubni uvjeti se uvode tako da se za sve

6 32 NP OBLINKAIN R 2dz6 S 2SRyl RO6S 4T LI YiSé A TIFYA2SyS
Y23dz AT NI 6dzy | G dzy PAR2S RN EOSyYy 2l dz GAY 602NRIAYI o
preko vrijednosti fluksg lj @ | NUzYAY G6@2NROBAYIl dz 122AYlF yAeS al

automatski zadan flukslj 1 22A 2SS 2SRyl | VY dz ajesu dstalehepr@ijanere A Y 2 S|
$S1G2N) NBE1OAcl 28 28Ryl ydfZA 1623 agzeadl gF 2R
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A

2RA2@2NY206dz T |
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L2 YA Ol @I 2Gizpaivéktonyiéakcilidalplaziu susta24d 1 22A Yyl 12y dz@NDGSyY
uvieta postaje rAdzf N} y A NA2SOA @ Sb P2 yy Silg2dty I IR OB I Lidx 6
2SRyz2ail@ogy2 &S Y23dz AT NI 6dzyl GA NBF10A2S AfA Ny
dz@2Sid bl NI 2adz dza2Si NI @y 2GS G&iti, lpiNroj prptoka @, Fi OA 2S¢
X mora biti jednak nuli.

IO F2NNdzZE F OA2A LRGISYyOA2lItyS Fdzy1{OA2S 2@2 LINBIANIF Ya]
G2RYAY tA0SY A ONBfy2yY LX2K2Y {1FRF ySYI LINAKNIy?2
vodno lice nepropusna granica i slobodna strujnica utpras Na vodnom licu i vrelnoj plohi tlak mora

biti jednak atmosferskom (p=0), pa iz tog proizlazi uvjet da je h = y. ProblbiiEse @dra@ino tako

R 4SS LINBilLRaldlIgA yS12 ©@2Ry2 A0Sz AT NI6dzyl as
pretpostdB A Y2 @2 @2Ry2 A0S dz a1flRdz & AT N} G6dzyl GAY LR
aS LRy202 OA1tA61A LRylIgtal LINRPOSazx NIGdzyl asS 2 LJs
NIFTEALlL dz 8OAY 6C2NROAYEBSY2RYRIAAT NDB dzX i ¥ 83 dz2LIRINB O
YyS1S dzy LNA2SR 2RNBSSyYyS (2t SNl yOSd® hdF1+@ LINRAGC
YSRAZAY OYLINXY Of 2dzyOAX LIA2SaO0OA0Dd % &flFoAaS LINE L
licanigz T 1 ySYFNARDBS A dz LINBNI 6dzy a8 Y2NI dzl f 2dz6AGA G
ITFTKGA2SOlI LINRY2Sya2A@dz 3S2YSGNR2dzd | 2@2Y LINRANI Y
6 D2NR PS @2 Ryogadalid bitiQakaboprezarep Rl 6 A NHz LR 6SGy S {12y FA 3dzN
Y208 R286A R2 LINBlflLIyel yS1AK StSYSylril o

5.3.2.  lzoparametarska preslikavanja
t NDA 12N} 1 dz ydz¥SNA6122 FylLtAT A yS123 RO2RAYSYI A:
elemente. Kada se izabere oblik NB 2 6 @2NR Gl (1 2yF6y23 StSYSyidls &
0 STRAYSYT A2ylFty23 12yl 6y23 StSYSyidl & 2RIFEONIYyAY
AdalGAY ONRB2SY 602NRGIF® tNRA (2YS &S 1 LINBakad | | @I y &
A T+ 2LRAaAGLIYy2S LINAO6fAOy23 NeBSOSya2loe YFRI &a$8 11
stupnja nego za prikazivanje polja potencijala, takva se formulacija naziva subparametarska. Ako se
LINALFT A@FyeaS 3IS2YSiNR2hja, MDlAcia Isi? hakiya2nddpafdmeta@iaOS 3 2
Formulacija u kojoj se iste bazne funkcije koriste i za opisivanje geometrije elementa i za funkcionalno
prikazivanje potencijala, naziva se izoparametarska formulacija.
DSYSNANIyeS YNBOS 12 PDEYVRKASSt SZSyY N OF K 8 A L2 Y
66SGOSNRPAGNI YAKO StSYSyFdFo® t NBA 12NF {1 dz AT 2 LI NI Y
koordinatnog sustavaxhd & AaK2RAOGSY dz ANBRAOGdz St SYSyidl o
koordinated S G A NA  dz3 I 241 Bi-mE2 A FORdBINIISRG RSO0 A 12Nr 1 2S5 2RI
N=[N;,2 ,Nj,2 N,JLl2Y2osdz 122AK as8 ONDA LINBatiA|lgtyes 28§
NBIFfy2 LR2RNHz2S RSTFAYANIry2 (122NRAYIFIGYAY &addzaidl g
bezdimenzionalnih koordinatgh.
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\

RNHZOG G2 &4 23N} yAG

AyOSyeSNay3as

AQh
(-1,2) 1,2
XL
(-1,-1) (1,-1)

2NHI

Sy2y 2R
YAl I OA2

322N
a1S A

y206dz T I
GSKyz2t 2018

X

»

>»>

dzaf da$s

Slika22.t NBaf Al @dFryeS 2SRAYyAG6y23 StSYSyidl

hgReS
C6 D2 NY A

a)

1

0S

2

b)

1

aS NI T YFGNY GA
AT 2L NF YSGIF NRE] A
prikazompolja potencijala unutar elementlika23. b).

3

GAL) 1 OF RNRAEFGSNI £ y2s3 St Sy
19F RNAEF GSNI £ yA

Slika23. Izoparametaski kvadrilateralni element: a3 ¢6 @2 NY §ED 2 NJOA y

Bazne funkcije 8 6 @2 Ny 2 3

15).b I

(Slika24 b i 9 su oblici baznih funkcija-8 @2 Ny 2 3

sredinama stranica.

Tablicalb. Bazne funkcije i njihove derivacije

12yl 6y23

St SYSydit

StSYSyil Gr oy a Dbl 3 OB S N
O MIA S kd24n) prikazani su oblici baznih funkcijagc® @2 Ny 23 St GNBFOdzZy kA OF
632N O3S yI

Lokalne
2 @ 2| koordinate Bazne funkcije Derivacije baznitiunkcija
6 @2 NI
i X | hi N;(xh) HN; /px HN; /ph
1 -1 -1 - %C'Ql- X) (1- h) (1+x+h) %C'QZX+h)C'@_- h) %C'Ql- x)C()x+2h)
2 o] = 1di- x2) (- h) - xdi- h) - 1di- )
3 1 -1 %C@l+x) (- h)(- 1+x- h)| Ldex- h)da- h) | - 2di+x)dx- 2h)
4 1| o Tfu+x) fi- h?) - h?) - (L+x) 0
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INIA/LLC T

NV O |
F“emjzéé(z’)z & 23INIYyAGSS
AYyOSyeSNAy3as 2NHFYAI

S RA2P2NY 206dz T |
a41S A (GSKyz2f201S8 dzaf dza $§

O

5 1 1 |A+x)(A+h)(- 1+x+h)| Fdex+h)dfi+h) | di+x)dx+2h)
6 [ 0| 1 1di- x?)@+h) - xdfL+h) - x°)
7 || 1 |jA-x)@+h)(-1- x+h)| Ldex- h)di+h) | - Zdi- x)@x- 2h)
g8 [-1] o 1f1- x)fo- h?) - 1dh- n?) - (- X)th

Slika24.. I TyS Fdzy1 OA2S Al 2L NI Y&BIORINYRE TP DY NFREAO0StySY

{1 2R 2@0AK O0lFTYyAK Fdzy{ OAalk AYlF 2SRAYAG6Ydz DN 2
6P2NRJAYL StSYSyidl AYF @NARA2SRy2ald 2SRyl {1dz ydzZ Ao
2S y2AK2@ T oO0NR2 dz 0Af 2531R228RYiI216 13 S RA WA OND SY IS S i
funkcije strogo ovise o orijentaciji lokalnih koordinatnih smjeraviah. Varijablex i h su krivocrtne
122NRAYFGS LI a8 ye2AK2@ avyeaSN vyaaSyal a L&x 20l 28§
AaY2SNROGA &adz dz@AaS] LRITIYlIGA dz 2Ry24adz yI &0NIyAOS
NER2af A2SRI ydzYSNANI yaIxig@2NR@F StSYSyal A €21 ¢ty
Lo 6@02NRBOA StSYSyidl a8 21ylLéF@ladz dz LT AGA DY
kazall S yI al (dz0 LRG6AYy2dzdA 2R o0Af2 {22853 dAlI2y213

b) pozitivan smijer osk je tada definiran, za & 6 @2 Ny A {12yl 6yA St SYSyizx
AGNI yAOS St8YSyil LR6SYUOA 2R 1RW23I 682N LINBY!
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‘ NV __,|
RNHzOG @2 & 23INIYyA6S
AyOSy2e2SNAy3a: 2NBEIY

y2Y -
A

2RA2@2NY206dz T |
I OA2a1S A

GSKyz2t 2018 dzaf dza $§

c) pozitivan smjerogie S RSTFAYANI Yy LRYAOlIy2SyY RdzO &GNI yAOS
LINBYI 6S0@NIi2Y548) LISG2Y O0OARA aft Al dz

Vrijednosti koordinata x(th) i y&h0 dz 60 A f 2 xH02 @28+ 3 &@FA Sd SYSy it AT NI
0T YAK Fdzy] OA2l akadlenenbaRdoy l F SP2NYAK (26

X(x,h) = gl N;(x,h) &;
‘;1 (5.25)
y(x;h)=a Ni(xh)q;

i=1

gdiesu (xy0 122 NRAYNESS @IG2WE T dzy | OA @émaTablibaioNdize Drgjl 6 B2 NJ
6B2NR O 12ylFéy23 StSYSyluddzbgLIDBY | &l dzb Hzg §z0 & & NHzRE
Fdzy1 OA2F0 Yyl  agl12Y 12yl 6y hparahéetSanSyjilisdz RINNR QtizG 6 v 7
ONR2SRy2aGAYl 23S Fdzy1 OA2S dz 6B2NYAY (261F Yl dz 206

u(x,h) = é N. (x,h) Qu (5.26)

i=1

Analogno, derivacije neke funkcije,ff) po smjerovima i h dobivaju se kao:

(5.27)

gdie fk,h0 Y2 3dz oA (A 1x&B)NRWN) yilkamPondnt2 Gekidra w(h). Za konstruiranje
matrice elementa prema5240 > (G NBol 2RNBRAGA KARNIdZ A61S 3INIFR
LRGSyorertl LR E A & &aYeSNizd a%26ids Afvdzy 1dDaTea NYNE I G
S Y2NI} a4S yIoA @STF AT YSSdz RSNJ
A LI2Y20dz LN At RSNAGANIyal af

(6]
—

funkcija koordinatax i h®
smjerovimaxih® ¢ 2

Q)¢

B kIR »

(5.29)

58 k&

2RY 24y 2 dzobkui NAREYy2Y
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RNHzOG @2 & 23NJyA Sy?2 2RA2@2NY206dz T |

AYOSyeSNAay3ds 2NHFIYyATlI OrcalsS A GSKyz2ft2018 dzaf dza $§
efa ey
txd _ At
Xl=ag 529
=1 1=
Ty THYY

gdje je J matrica prvih derivacija dimenZj& 2, a zove se matrica preslikavanja ili Jacobijeva matrica
OWIF O20AL Yyl 0 A Y208 &S yILA&FGA 12NARAGSOA LINBGIK2F

eX  Wye SN o HNi 0 @

R TR TR
PP S IO 53
gh phg  Euh ' ph 'Y

Kartezijeve derivacije funkcijetivt 84S LINBYIl (2YS 2RNBSdz2dz 1| 2

e G e a

P, _ g1 d it

iea=J U (.31

My MG

THYY I ph{

gdje jeJ "1 inverzna matrica preslikavanja
éux phg ey e
€. U = U
Jl=g o 1 gy (5.32)

X Wy detd g Bx X g
ey Wi e ph mxHy

Dakle, da bi se mogle odrediti KartezijgR&§ NA @ OA2S3 RSUSNNAYLFyYyGlF W O20Al
2RYy2ay2 adadrgd 602NRGF 12ylF6y23 StSYSyidl Y2N»r ¢
Invertiranje Jacobianove matrice osjetljivo je na neke tipove distorzije elementa u odnosu na osnovni

PN} @21 dziyA 20ftA12X (S yI LRt20Fl2 602NYAK (2611 R
L2aidl OAGA 602NRGS yI &ad0GNIyAOFYlI dz aNBRAYA RdzZ 2AYy ¢

~ o~ oA >N/ An

RSNA G OAeS oF 1 yAK FdzyLDNIAGRAHE 12 RANSBNSRdZRAINIayS2 [ 2aNR200I Dy &

_ NG x| BN in
ux X pxo ph X (5.33)
MN; _ WN; x| NG ph
W X Wy phopy
Derlvacueux &% m AT NI 6dzy | @1 2dz a8 AT AJSSNIyS wk 026
Xy y
SAFTSNByOA2lIfyA SEtSYSyild LR2ONDAYS RE Ré &S dz agAy A
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RNHzOG @2 & 23NJyA Syz2y

l 2R y206dz T I
AYyOSyeSNAy3Is 2NHIFYAT Il Or2s

GSKyz2t 2018 dzaf dza $§

¢
— N
3
N
>z

dxdy =detJ dxdh (5.39)
gdie detd 21 y I 61 gF RSGSNYAYLlyldz WrO26A1LYS -Wd +EF 12 SSN]
h6A3f SRy2 2S5 RF 2RNBSAQIYy2S YIGNROS StSYSyidl LR

St SYSyiSd 91aLit AOAGY2 2RNBSAJI yas Y500 NA S 2ISNR2 @ B $¢
izvedivo, pa se koeficijenti ove matrice i vektor RSay S aGNFyS Y2NI adz AT NI ¢
integracijom.

533. bdzYSNAG]lF AYyGdS3IANI OAcSlH
' YSU2RA 1 2YF6YAK SEtSYSylF Gl LRRAYGSIANITYS TFdzyl OAc
YAdzYSNRAG1S AYyGdSINI OA2Sd %023 (2FRARAAIN OyYShH SANIIEE Y S&
LJ2 Y 2 0 dz-Léyéndréode kvadraturne formule. Gaussova kvadraturna formula u jednoj dimenziji
ima oblik:

+1
= {f (t) dt= a W, f(t;) (5.35)
-1 i=1

gdje je f(t) zadana funkcija, koeficiieniV; & S y I T A @I 2dz i §eORogrdinhtai-te T I | G 2 NJ
AYyiS3INI OArRaA] SAdZIURLGYIAS o NB 2 Ay G SIANI ORekoristanki ¢; V&S I { I @ 5
i=1,2,...,n. Polinom stupja (2n-1) 2 RNB S S y2n kaeficijerata, pa se prema tome 1
AYGSAINI OACAIAK G261 EBBY2¥d8z203 g6 REY 8 dzMWS S B RANNMIZ
@2n-Dd 112 2SS LRRAYGSIAINI Yl Tdzy(RmOA)ili akdF rjeipplindnd2 t A y 2 Y
il Rl 4553 YRBDAA &#dz LINAOGf AOYyS ONR2SRy2aGA AydaS3aINI €l
L2 RdzRI NI} 2dz 48 & L2 f €olh @&vhalyhdgbliiomné. U ttabliyi p §abkcsils) NJ
daniddz L2t 20F2A DI dza a2 @K mB2 64 | LINKWYUI R RRa&Arjads Od v & |
integracije n = 4.

bdzYSNAGTF AYyGSaANFrOA2F yI {1 @FERNATIFIGSNITy2Y 12yl G6y2
1 9FRNY GdzZNy 22 F2NNdzZ A ({2NAOGSy2SY agz22aidrk YINLSaaA

+1 +1 m n
» = i fifch) dxdh =3 & WW, f(x;,h)) (5.37)
-1 -1 =1 i=l
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NV O |
F“emjzéé(z’)z 4 23INIYAGS
AYyOSy2e2SNAy3asx 2NEH!

S RA2P2NY 206dz T |
a41S A (GSKyz2f201S8 dzaf dza $§

Tablical6. Gausdegendre2 @I Yy dzYSNA G611+ Ay dS3IANI OAxcl

n i T W,
1 I 0.0 2.0
| -1/43 1.0
2
I +1/4/3 1.0
| - .06 5/9
3 Il 0.0 8/9
1l +0.6 5/9
| - J(3+/48)/7 [L- V5/54)/2
I -J(@B-J48)/7 [+ 57542
4
1l (3- J4.8)/7 [+ 57542
\Y (3+/4.8)/7 h- J5/54)/2
h
30 S 6 V. 9 Tﬁ
1/63T 0.6
e, 5 8 :
. -1/@_3£ ioﬂ
1o ! 4 ) 7o
-1, 1l

, ~0Goe , Bos6 ,
A w \

Slika25. Raspored | dzi 42 OAK Ay U0S3INI OA2a{1AK G261 11

gdie su(xj,h;) 122NRAY+GS DlIdzAaz2@AK G261 1F 1F2 xdMNBSSYyAK
f(xi,h;) adz ONRA2SRy2adGA LRRAYGESINI f VW& i WonGlintegrachski dz DI dz

GSOAyalA FL1G2NA 1T+ DIdzaazgsS (2615 . NR2 DI d&aaz g
OAUA 2SRYF1Z F 2RIFIOANB &S LINBYI 26S1AGFy2Y &aidzlye
funkciju po pojediom smijeru. Na slidgznad Slika25)LINR 1 F T 'y 2SS LINRY2SNJ NI aL22N

na kvadrilateralnom elementu i to za integracijsko pravif® X rimskim brojevima, odnosno za
integracijsko pravilo ® & | NI} LJA1AY ONR2SOAYLI® {FF12Y dzNBSSy:
2SRAYyali@Sy AyRS1a& DlFdzaaz2@S (261S® wlkaLR2NBR (G261 ]
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RNHzOG @2 & 23NI YA
AyOSy2e2SNAy3a: 2NBH

S
Ly

wn O«
R O«

dz | F
y2t2018S dzaf dza $§

LINA RND I I d6n@p2 N asigpiE2 o+ SYSy i A DI dza a3ugajen jeyadpSraldNd OA 2 &
Ay G SaANI OA2a ] A ispod(Qlikar6). LINBYlF af AOA

POLOZAJ GAUSSOVE TOCKE
SMJER OZNACAVANJA CVOROVA
X PRI DEFINIRANJU ELEMENTA
Slika26.wl & LI2 NBR DI dzi a2 OA K Q6ydRSNag/NI QA2ayal {6AYKA  RX63NSy Gl |y
534. | ARNRPRAYIFYAS61l RA&ALISNI A2I

| ARNBRAYFYAS61F RAALISNI A2 LINBRaidl@gtal 2LIBSYyAdG2 LI
YyS1A GNIaSNE 2yRIF 4S8 AyldZAiAdy2 W20ONEoagRERSB6A A R
VI LINIBA Ll23f SR f 2 3AGyAf | L1220 A& yOAINS yya | FIANI ARSI NIY 2
1S6Sy2S LINRBYI G4NJ GA R NXzt évdneoSredjéhanezaker. Naie, mébpBofin62 dz 5
2S d@SaiAr LRa2lYy airtsS yI 12222 &S LINRYIFGNF (S6Sy
velike makroca { £t S® aA | NR&a| 2Ll &lalrépreze@afivnag 8lémentamog @St A 6
@2t dzySyrosx de2o ailrtsS yt 12222 Y2SNByS O@StA6AYS
fluktuacijska svojstvaS(ika27.o @ ! T AYlF &S RF 4 YA{NR&12LA1+F ailf
osigurati da proces osrednjavanja daje jednu reprezentativnu vrijednost. Zbog prirodne heterogenosti
poroznad YSRAZI yI A@QAY aibtryl 2 @taladz aS @ NA2l OA
YSKIYyATFY YA2SOFly2a2ld® bl YA{NR&al2LA122 ailtiA G
YSNI @y2Y2SNYS RAAGNRKOGIZOA 2Sy A0 NIJANSB = 21S N2 8y 01Nd A ywdzt
(Slika27 0@ ¢ 12SSNE 10623 NITEtAGAGS LRONDAYS LRNF 2l
2 LJoité nepravilnog oblika pornog sustava strujnice fluktuiraju oko smjera srednje b&iikal7.b)

(Bear, 1979). Osim prostorne fluktuacije brzing @ dz] f 2dz6 A GA A dziaSOF 2 &N
0 S 6 SHiileaR7.d)q(Holzbecher, 1998). Na slisipod Slika27.) su prikazani svi navedeni razlozi

Vi NA2FOA2S ONITAYEF yI YAINR&(2LKA]122 allftAd t N2OSA
al1ltA asS 1208 YSKIYyA61l RAALISNI A2H D

bl @S6AY ailtryYl (1228 a8 20A6y2 12@dz YI{NR&|2
YySK2Y23Sy2006dz LBN2T 53 2986BREI dz O NA2IF OA2A LISNXS
LRradz2alyal (S6Sy2al a0d@FNI @GFNR2FOA2dz NI Ayl yI &¢
R23I SI &S LINRPOS& Y2fS1dzf I NYS RA Tdz A2 Sdefermigivan LINB R a
gradijentom koncentracijeSlika27.00 ® t N2 OSa YA 2SOlyal 122AiA dzl f 2dz8c
YSKI YyAS]1dz RA&LSNIMZdEZ A2 Sr 2K ASR NI R ANY/TdY ARGAFIdzZIRA & LISNI A 2
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INR/ECT

INVED |
RNHzOG @2 & 23INIYyA6S
AyOSy2e2SNAy3a: 2NBEIY

y2Y 2R3IZ2G2Ny2086dz 1|
AT OAeca1sS A GSKyz2t2018 dza f dz3 §

al GSYFGAG1TA 2LAE& KARNBRAYIYAS81S RAALISNI A2S dz 2LI6 !
@S2Yl 12YLX Slatyo CfdzaSOA (22A yladlkadz 1623 YAie
postupkom osrednjavanja:

Cq=(C+C)(a+q)=Ca+C'q’ (5.38)
gdje su protok i koncentracija prikazani kao zbroj srednje vrijednosti i fluktuacija oko srednje
ONAR2SRy2atdAd 501 6flyl adz AaLz0GSyl 2SNJ 2S5 2aNBF
strani predstavljaLINSy 2aydz AfA T R@S1GADYydz 12YLIRYySyildz LINRY:?
RAALISNI AQGyA TFtdzla ylI ySi2e @S622 YI{NRajz2L@al122e 3
al1ltAv as 2r@gtal 1623 LINRA2St | T lrmadija Roji jgrassao priltom@ S 6 dz 3

prijelazu.
) b) ) & e
: Sy ) i\’/

=
=

&

—+

!

N
L
.

>
]

g

Slika27.1 ARNRRAY I YA61l RAALISNIA2F yI YA{INRai2L}&A{122 aj

N

Disperzivni fluks je jednak kovarijanci koncentracije i brzine te je definiran njihovim varijacijama, a
prikazuje se po analogig Fickovim zakonom (Bear, 1979) po kojemu fluks ovisi o gradijentu
koncentracije:
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1NV I
RNHzOG @2 & 2 3 NI yAGSy2 2RA2@2NY206dz T |
AyOSy2e2SNAy3a:x 2NHIyATFOA24a1S A (GSKyz2f201S8 dzaf dza $§

C'qg=-D®C (5.39)
gdiejeDG Sy T 2NJ YSKIFYAG61S RAaLISNIGRD & afroksBriacijeedBpeidhaga | Yy 2
FidAgal A GSyTmRINAXSK¥YNASYE RAG2ZES ONA2SRy2aiGA & LN
G21F A LINRBy24al a LINRBY2Sy2A@2Y 3dzaliz262Y yl26S006S ¢
NEfFiAGy2 @StAl2e YIF{NRBaj|2LAl 22 aialdleindnte tenzadhNl | a A
disperzije. Bear i Bachmat (1967)elsperimentalnaitvrdili tenzor disperzije:

[

VvV, V
Dij = & kvm f(Peay) (5.40)

gdie jeaym [L’x ¢ 8 GSyT 2NJ 6SGONI 23 NBRje PeBI&® YiSjkdjiiedetiia® RA &L
Lv/D i prikazuje odnos advektivne i difuzne komponente na mikroskopskoj skali, gdje[lje

1F NI 1 3GSNRaGA GDYLYT] Redficirit yidlekulaldeNdifuzije,ldok 2 Y2 SNJ 1 F NI 1 4§ SNR
Rdz 2AyS LERNy23 {IylFfl A (kES@PL odisujK dfeRtNdolexiularnde] 2 3 NI
difuzije u tenzoru disperzije. Osim ovog efekta molekularna difuzija nezavisno od postojanja brzine
definira fluks koiji je definiran osnovnim Fickovim zakonom:

J. =-D,A ®C (5.41)
gdie jeD, G Sy T 2NJ Y2 S1dzf F NYS RAFdzZ A2Sd ! LIRRISYfadz a$
TFYSYFENRGAD® LiTdzd SG1F1 adz 12yS & YIFIEAY oOoNIAYylFYl dz
LINF @AfYyS FATALFEYS AydSNLINBIGI ki 8iperzijgNe j€bak kbrod A 2 SO
GSYyT 2N} YSKIFEYA61S RAAGLISNI A2S A Y2€tS{dzA I NYS RATFdd A
D,=D+D, (5.42)
¢Syl 2NJ KARNRRAYIFYAB61S RAALISNI A2S LR2GST dz2S dziaSol
difuzije. Utjecaj geometrije se prijg@sS 3 23f SRl dz aAYSUNRGSYy2Y GSyIl 2N
2LIBSYyAlG2 AYLF 2112 at20Sydz a0GNHz] G dzZNHzd %623 G231 &
Z

AT20NRLIYA YSRAZ2I | 122A 2RNBSAQOlIy2S GSylj@Nr 38
koeficijenata: longitudinalne disperzija, [L] | transverzalne disperzijay [L]:
a -a
Qm = dr 011 Oy +— . (dikdj dmdjk) (5.43)
5F1€tST TF AT20NRLIWA LRNRBIYyA YSRAZ2 Syl 2NJ KARNRBRAY
. V.V,
D,; =D dj ta; Vdij +(aL - ‘:QT)G_J (5.44)
Y

gdie jed YNRY SOl SN2 @ RStidF aAavYozfe® hRNBSAGlIyal (12SFAC
28t GKe A DStKFEN omMpdpHO RFEEA adz GNA2SRy2adGA 12S87F/
Y2STFAOA2SYlG (GNIXya@dSNIIFfyS RAALININIANEGE 23 yTAy2R L
f2y3AGdZRRAYFEYS RAAASNIINBIS Hbd ANSHyE2L 23/ Sz 2Ry 204 R2 HnN
AdGNI OA Gl y2l omgerYyV a2 dzOBRBA2S2RIFB8n R2 mannnd ¢Syl 2N
2 0NJ AYyA postajanjaabizie jedBatizie vi. S druge strane, jedna od glavnih osiju tenzora
RAALISNI A28 a8 LR1tFLIl al &ayvyaSNBY @S1i02Nr oNJI AySd
ovako:

eav O 0g
D= g 0 a,v 3 (5.45)
g0 0 a,vy
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5.3.5.  Advektivnodisperzivne®2 SRy | RO6 |
WSRY I RO6F 12Y0GAYydAGSaGlr T Fridzm LINAY2Sy2Y 1112y
kontrolnom volumenu:

+DdrcCq)- bdnD, ®(rC))=CQ, +C Q (5.46)

gdejeGYlFaSyA dzZRA2 AfA YIFaSyl 12yOSyidN}OAZI wakab
LINBRAGI @t 21 ONBYSyaldz LINPY2Sydz YIaS FIF1TS8s RNHAA ¢
divergencije advektivnog fluksa faze na granici ili rubu oty 2 3 @2 f dzYSy I = GNB 6 A
promjenu mase faze zbog promjene ili divergencije sume disperzivnog i difuznog fluksa faze na granici
AfA NYzodz {2Y0NRBfy23 @2t dzySyl>s R21 RSayl &aiNIyl dz
djelovanja umitar volumena.
t NDA 6fly tA2S@S adGNryS asS yFIRIft2S NIT@gAaaly

pnrc) _unr), uC

unrc)
t

+nr i (5.47)
ut ut ut
5NHz3A 6tly LR&aGH2S8Y
pdrcq)=colrq)+rqdc (5.48)

¢ NSO A 54880mDr@a 8 Y20S NI T RA2DTIICDYydre RD2 G FH] (G @&ANd N6 |
aproksimacija (npr. Voss, 1984; Ackerer i dr., 1999) koja se uvodi je da se drugi faktor zanemari jer je
GBSt AG6AYLF YIyeaS3d NBRI dz 2Ry2&adadiyy 0 ®RNHZARNI G & ¥ O A8 S:
6yl &S yLINX¥ dz avYeasS mem ofeRuiardaeNdifuzije Ndarswer3alnd disperzijeS Y I NB
mogu usporeditind@ f A 2 SR §& *>a(VBryADLY gdjejed,1 F NF LG SNRAGAGY | Rdz 2
R20f2 R2 LINRY2SyS 3dzaG206S dz aYaSNuz 9S102NF oNJI A
predstavlja advekcijskdisperzijskug S Ry I uRkOjOj §iz Cc koncentracije neke supstance (faze, ft.

I I 3+ SSy erh glavra depdznahida:A R

nri—?+rqd§)C-DC()rnDH®C):(C*- C)Qx (5.49)
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5.3.6.  Random walk particle tracking metoda

WSRY I5RO®F LI2A2RYy I T+ Y2RStANry2S LINBy2al T 3FSSyeal
dz & f A geSries$ainge¥fobliku gdje je glavna ulazna varijabla polje brzina :

— 120A0 NO%$MA T (5.50)
YEFAAGYF [FIANF YIALY BED je Msiing walk partitle tidiSgOneddaykgd 6
LINA{FT dz2d 26€tF1 1F 3l $Sy 2inasy[hp LaBdld et 5, $996] Raklet all, 2 25 A

2008] te je uvedena u program &D2 (1 2 @ O HnAanHO® { @I | lidishdzviimh O  LIdzi
korakom:

WO Yo o VY & ¢O Yo & cO Yo uvapA

wo Yo wo 0VdadoYo ® ¢O Yo & ¢O Yo uvadpA

DR2S &dz %AX AImMIH R@lI yAIll &fd6l 2yAK 0O0NR2SJI
Madificirano polje brzina je:

puj
w»

. . To 10

0 Gl U W — —— VB Q
w w
2 e To 10 .
0° ohw U(.JU) ﬁ ﬁb vd @
hé6A3dt SRy2s T AT @2SSy2S YSG2RS (GNBol AYIFGA (26yc
Y23F2 2LAAalGA GSyT 2N RA&LISNI u&dbeentraciufintelpolagijond S & G A O
YNBOdz 12yl 6yAK StSYSylFdl 12NRAAGSS6A NIyA2S LINAFT

(Gotovac, 2002).
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6.1.hLJAa LI2RNUz2FIkR2YSyS
Y2 OiG2 28 NIyAiAaS yI OSRENROSORAKRY S OzRINYMzZE 2SS NI2 RINR €
RA2StLY atAg@d@ NR2S1S {IPS A 5N @S t NBKi28)Nk y2 LI2F
yEEFTA yI LR2RNUz2dz aft A@F NxAa2S1S 5NI@gS (S 2SS 2RNB
NA2ST12YK. AAGdNBRY A @2R20212Y O0OADBAOGSOI O

Slka28.t NA1 1T R2YSyS NBIA2ylty23 Y2RStl GS86S¢gal yI LI

7z A

2RE It A O GCONILIALDE Al CABrSerid NGijalyu® Goinana)

+ Oydz KARNRRAYI YAG6]1dz dzf 23dz AYlF ONLIAE A GabSlikadl y O6 |
28).Dakle, naslige LINA { F T Fy2 LI2RNHz2S NBIA2yLIfy23 Y2RStI &t
2S 2RNBSSyl Aalf o/u26anidne a6t AAyZRdS yNIO2SY] S INRNBF RS {221 R
L2 RNHz62F @ 52YSyl 2SS a 3I2NyeS a2S@OSNYyS aiNlyS RSTF)
ONBSYy2Y 06222Y &adz 2RI 0NI YS R2gJett 2y122 N A G2 Ay DBENIVIR
1012 yS 0A dziaSOFftA yI 2RNBSAQGFIYy2S KARNRBRAYIYALS
LINR 0 f A OY(®kmimA YO | LRTFRAYA &tA1S 28 ANAR OGSt AB6A)
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62.hLIA & YNBOS 12yF6yAK StSYSyl Gl

Slika29.t NA { T YNBOS 12yt6yAK StSyYSylidl NBEIA2ytFty23 Y
t AO1 2Ny AOL

52YSyl LRRNHz2l NBIA2ylfy23 Y2RStI (NS O2F il LR
2AY28602NYAK | 2YI26NAASKG SSASYLINRITAING Y CA D { 2061 ANRY
LINA 6 f A O3H niA&YF HINY YO 1 2NAOGSYy2 28 mMunnn 12YyF6YyAK S
aY2SNHz 6S6Sy2Fr A wmnn 2R&a2S6F1F 212YAG2 ymuaYaSNJ
dY2SNHz (1S6Sy2F A wnn Y 212YAdG2 ylI &aYa2aSNI iS6Syel o
19000. Na slidgznad Glika29.) prikazanajenB OF 12yl 6y A K St SYSylt Gk T NB3IA
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63.1 ARNRP3IS2f201S 1FNIX1GSNRAGATS

t 2RNHz62S LINBYFGNI YS R2YSSiKa28gd { BINRERE REI RNIOGAE] 2 X 04 & A
A yratr3as a1 oe Yl SS RNIroa1sS GSNrasS o{!h tAO012NJ
2R LINI OAyladz23 (lFlyeS3aKuabzay23 LRESAPIEGEAR O062dapet
28 ATYSSdz p A wmn YSGFENYo® LALRR (23 LR2INDAyalz23 |
Ll2Sai12dAi23 YFGSNR2FHEF & R2YAYIlIYylUyAY dzia8@®a 2SSy Of
LINEYIFGNry22 R2YSYyA 2@Fe2 atz22 2SS @SOoAyd¥pushimR2y 2SS
af22Sy 3FftAySo ¢l2 3AtAYySyAaA aftz22 RA2SEA FJ2Nyai A
kontinuitet nije dokazan na cijeloj promatrandpmeni. Ispod drugog vodonosnika (debljine preko 50

m) je nepropusna podina vodonosnog kompleksa.

bl YaSalddz 2Rt F3FEA00F &dz LR6SG12Y RSPRRBEGNEGAK T2
R2 MH Y 122A &dz ATYSSdz 2ad | O2RSEtWz088 XY LIMSH2Y8NE
ANF ydzZf 2YSGONR2EA1S (I NARGdzA 2SS yIF wn dzZl 2NJ F { NdzLly 21 N
AAGYy 2T Ny23 YFGSNR2EFE I dz SR2YSGNYz 6{'h tAO]l2NYyAOl
I NROAY&] 23T YIS pARigmpdo’ Yiar LI2S06Fy23 RA2StAD°i g2 R2y 2
4700°Yka (S ylralladdzd eaSyaasS3a Ot 20H 6.8y, IRWIBSE | @2
LRRFGFYEF yI 2Rt 3FfAOGdz 84S Y20S i Nk yiatrébaaaglgsifi2z & G LIN
RFE LIXAGLTA LAST2YSONR yS TIK@IFolkadz OA2StA 12YLX S
uzeti s rezervom.

5dzA 6 A ! NHBY 28de 6 & draifamYA NI € A a@dS R20GF Rl OyaS addzRA 2!
L2aS0A0S RA2StEF R2YSyS 21 2 istoNBIkaB) &S | LINWt VD662 I A LI
al agAY AAGNIOYyAY A S{aLxz2rdlOrac2alAyY Rdzo21AY 06 dz«
profila AA"i BB' Slika31.iSlika320 @ A Rf 2A @2 2SS Al LINBFALLF RI yI LR
MO 3J2NYy2A @2R2y2ayAil 28 RSo6ft2AyS pn Y A LINBGSOy:
ONLIA f A O (6ldzO2@A BIiReB 1) linedi sloj dijeli gornji i donji vodonosnik na dva dijela. Gornji
vodonosnik prema pokusnim crpljenjima ima transmisivraat 0.036 s i efektivhu poroznost od

ME:> AfA ndm 05dzA 06 A ! NHzZY2 @A 63X H A A i BlizubkPL1, SikaR NHz6 2 dz
32) A3t AySyA &atz22 GF12SSN) RA2StA 3T2NYy2A A R2y2A O+
pokusnim crpljenjima ima transmisivnost oko 0.05knéd A STS{ 0A Oy dz LR NRI y2ad ;i
' NHzY2 OA G HANTOD

wSIA2y Lt yA Y2RSt (S Golognklkao &dslonasiiiipad tiakom ZbagNigsjanjad 2 R
YSLINR LJdzay S LR RAYS A &flF02LINRLIMzAYS {NRBOAYS oyS Yz
201 AN Oi(G2 12ylGAydzAdGSG LRRAy&a123 3JFtAySyz23a atzel
LINB G LJ2 a B ORI BHENIY 2A @2R2y2ayA|l 6AYyA 2SRydz KARNR
2REFILEAOQOGSYD LIE12 GNIyavyrAarg@yz2ald yiesS Kz2yz23aS8yl
LRREFGIETEF Y20S &S LINROA2SYyAlA RI 25 YsiiNBRivhEl ONK ¢
poroznost oko 10% ili 0.1.

Y2t Solyal yA@g2l LR2RISYYyS @2RS yI 3JI2RA0y222 NI AYy
Y208Y2 dd SiA @StA1S @2RS 112 NBFSNByidyS 11 dzalL
NEIA2YyFfy23 Y2RSAA YRSFESSy 2Ul2d NASHA 2NB 1 ( At@yzina 9St A | 2
KSGSNR3ISy2ai0 | td@@Aal dz 20t A1dz GNFYyaYAaABy2adbdr {1 :
{Gd23F 28 Y2RSt RO2RAYSYyTA2ylfly A L3I lutdkalksjie NBIA 2
STty T+ 2REF3IFEA0OGES tAO012NYAOH @
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Slika30.t NR& { F 1 KARNRIS2f 201 AK 2062510+ yl oLI2CReNHEG/S dz Y4 N
M Yy ONLX AQldz [ ALROBSOX HUO RYANNITORAIE 646 O@NEDR2NQAYS
NBIA2ylfy23 Y2RStI G4S6Syel® t NBdzZd St2 AT 5dzAd A | N
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6.3.1.  Opis rubnih uvjeta

Na sliciranije (Slika28) LINA { I T ' yS &dz NHz0 2 BAk ANI YA OS LINBYLl (i NI y ¢
Na slici 4.2 prikazanaje®2 YNB Ol {12yl 6y AK St SYSylLidl NBIAZ2YIl  y2
atlye8l igBSYRRNYz62dz 212 2Rt 3ALEA0GF tAO12NYAOlX
a2SOSNYyS aiadNlryS 5NFr@F 2SS Nuzoyl 3INIYyAOF (22l Y2N]
Drava je uzeta kao nepropusna granica (strujnica toka) takblBa3 A 2y I f yA (271 Y2 NI
5N @2Y OiG2 LR1F1dz2dz A rani@SSNBE29.Btreba YidpomérbitNd \sjdzdrnab | & |
granica modelay 2 OS &l Y2 LINAOf AOy2 2LA&LFGA YSIYRNANI yaSs
AN YAOF & LINRAATYAY NH2ZOYAY dzeSdi2Y 2R wmnnan Y® b
NUzo Y AY dz@2SG2Y 2R MuHnan Y& WdzOyl 3INI yAPlz2esS 2@ S ILIND
LI NI £ Sty2 LRt20Syl dz 2Ry2&dz yI G21 5N @Sz | & R
RI yS oA dziaSOlFftl yI NBTdA GFiS Y2RStl ® hgl12 RST
i dr. (1996).

632. / NLBtADGy O6 | ]

/ NLIAt A O LAFyO611 Yyl LINEYI iaNie @&k2s., RiragBiBika3z@S LINK
/ NLIAf A O 2S dRIt2Sy2 212 pod 20V Nysy&T1 A ONRB £
dalidzZRA2A ! NHzY2@A06 A RNXP omMpdpcOd / NLIATAOGS AYIl 1
LINEYIFGNFry22 R2YSYyAd® Wyl 6l a2ay2 LINBl2Y2SNYy2 ONLX 2S5
t AOT 2NV AOI2aAS CNUAIINDBG (A dz2S INI R Y2LINAGY A Odzd ¢ NBo |
aLJ RIF dz LY LL A LLLIF TFOGAGYdz T2ydz ONLIAEfAOGE ® 5
19t AGS0Gdz @2RS dz ONLIAf A Ol dzd dpo tild Ui graiBtranojytibmerd 1JA £ A C
yesS3da2@ dzieaSOlFea ylI NBTdzZA GFGS NBIA2yFfy23 Y2RSt 1l (
scenariji crpljenja:

S
S
I

S1¢ Q = 0s); nema crpljenja.

S2cQ =100k a0 T 2R3I2JI NI I RIFOy2SY LINRPaa2Sséyz2yY ONLIM

QX

S3¢Q=200k a0 T 2R3A2GF N} al RIFOyaSYy YIFI1aAYlIfy2Y ONL
S4¢Q =420k a0 T 2R3AZ2GI N YIF1aAYlLfty2yY ONLX 2Syadz a 2

S5¢Q =600k 30T 2R3I2GI NI ONLX 2Syadz 1225 0A dzl NR| 2
crpih QG A 2REF3IFEAOGE tAO1I2NYAOI @
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6.3.3.  Scenarij crplienjaS1
{m LERRNITdzYaAaSgl RI ySYlF ONLX 2Sy2lx 2Ry2&ay2 Rl
adlyaS LINA2S SikaEBNIZbey pRefosukd Bbristanthé franstisivnosti regionalni tok
LIN} GA &a2S@OSNydz A 2dz0ydz INI yAOdz Y2ZRSEI A LINATE I 3
L2f 208Sy2480A®

s VLSRN £
Gk % 2N\

77 A\
57 o paiie )
g Y

il

Slika33.t NA{ T GS6Sy2al yI LR2RNUzG2dz 2REUAHYAOGT t A O] 2
Tok je usmjeren odjeverozapada prema jugoistokuii 2 suBl&sju dzanalizom studije NXzY 2 A 6 | A

omdbdc L P [7\)/7\88 21y 6SyS &l &adNBtAO2Y dz aYaSNyz

A0NH2YyAOS adz LAST 2YSialNB1S OArarysS 1228 &5 | NBSdz

2REFILEAOGdz A yRI g2zRyi2 OXRRY §Sal ASBRY2AY KARNI d

noM:® 51 6A &5 adsS1l2 R2a2lY 2 AaylFTA G2113 68&GA
2 2

J2RAYS® t 2010 2 2REF3FEfAOGEF R NRA 2SS SedsaitodS AY

¢
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6.3.4.  Scenarij crplienjg S2

Q =100 1I/s

t A0 2

Slika34.t NA1 T GS6Sy2al ylI LR2RNMz2dz 2Rt 3Lt A0G!
odgovaraR I y I Oy 2AY @NA2SRy2aiAYl
2R3I2GI N &F Rl OyaSyYy LINR&a2S«

A0Syl Nr2 ONLX 2Syel
KK RNBREDSY Id:

{H
202 a0SylFINAR2 2LMAadzeS &zl @adsRIaYIlIF yea$s
ddNHz2Fyal T+ 202 &aftdzla ONLX 2Syal o {IRI 258 RAZ2
e Yiigu promijeniliy’ Nizvodno &@INJI R A &
of 32 T {NBydzi LINE

LINBYlF ONLIAfAOGdz 2S5 212 wmdp
2RE I 3FLEAOQGE NBIA2YIE YA (21 2S5 of
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6.3.5.  Scenarij crpljenjg S3

Q =200I/s

Slika35.t NA{ T GS6Syeal yI L} RRONGE &S ¥R & IS8y Ok ®a NRBE ézinh
2RIZ2GIF N YI1aAAYFEYAY RIEYFOY2AY (12Tt A6AYEFEYlF ONLI 28

{o a0SylINR2 ONLX 2Sye2l 2R3I2@IF N} &l RFOyaSyY YIF{1aAiy
a208Y2 NBOA RI 2@F2 &aO0Syl Nlade na teferi.ded Sizingd GBke3S)LJ2 3 2 Ry
RFEYl 2S5 KARNBRAYFYAGS1F atAll adadNyz2ryel 11 202 a
ONLIA £ AQldzd ~ANRYIl (21 ¢aaidNUz2y Shidhii &tgeEdgntna LINS Y I
2 Rf | JilnifvadBdiodmjega dz T F YA Yt 2A @2 Ylya2A yS3a2 dz af d#| 2dz
220 Rdz 2S5 Lidzi2@3% BS\Re MNIE$HJ ST I5INNBIBF AT @ Ry R RIRS 2R
regionalnitok senalazi I YSSdz ONLIAt AOGE A LRG21F DfA621A LRGS
dva vodna tijela.
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6.3.6.Scenarij crplienjg S4

Q =420 /s

AN
S04

fan N
rinXi fvay

|
A
i

§ %

S

Ay 18 C
@priv TP 2y |
3 !,\\I! ‘h.; ;ﬁ;m{: wh/ ;’"

e QP

Slika36.t NA{ T GS6Syal yI L} RNUzS 2dz RIRG2 N & ad (Bl G@¢ A2DG 12°
2RIZ2GIFNF GNBydziyAY YIFI1aAYlIEYyAY Y23dzoAY 12t A6AYIY

{n a0OSylFNxR2 ONLX 2Sy2l 2R3I2GF NI} YI{1aAYlFfty2Y AfA ¢
202 aO0OSylFINR2 2LMAadz2S yl 2y SLk 32Ma0A68kE36.pddmiaded S & 0
KARNRRAYFYAG6]1F atAll adNdvz2lyealk 11+ 2¢@¢F2 atdsla O
~ANRY | (271 LONGATNIEENIS t GAORISIPA0S) 212 ¢ (YD bAT @2RY
aLkra2Sy al ONLAtAOGSYS y2 dz FyFftATA LINRy2al o6SY
T F3FrSSy2al R2yA2SGA dz ONLIAEAOGSd® . NI Ayl ({NBGlyel

z
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6.3.7.  Scenarij crpljenjg S5
{p &aOSylINAR2 ONLX 2Syel 2R3I2@FNI 12ftA6AYA ONLX 2Sy

2Rt I 3t A OOvaj scenard oflsifief (OGS y I GSNBydz 1R &8 LI2RIT ¢
Y2 0S8 dzi Y &S NONLSe EEpidisikas7) R yI 28 KARNBRAYEFYAG6]1F a
At dz6l 2 ONLX 2Syal © { NBRy2al ooANIFA yolA 12NERG Imyhenl  CRYokE R 1yt

I32RAYl R20FI2 R2 1+K@LI6SyS @2RSo

2l yI LI2RNMz2dz 2 Rf I

Slika37.t NA 1T (S6Sy
ABAYI YKAGNRIREGY TR 61 8285

2R3IZ2 O NI 1 2f
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7.1. Uvod

hREf I 3FryeS (12Ydzytfy23a 2GLIF RF yI 2RfF3IH]{2AQI@BSOAPE
2REF 3L EAQGE dz G2 ONR2SYSIT yAaa2S Al @SRSy2 ySLINE LIz
alt LINAYINY2Y A S@Syildzty2yY aS{dzyRINYy2Y 2R@O2Ry2:
LINRSAOOGIF BFyaSed ho2NRAYS 12282 QL &5 @8zxzy | NBR Rtz 2S5t 2
efluent¢¥t dZAR 1 22A al RNOA 20LJ Rydz 92Rdz a4l Yy23aAy a&d
GSO1TA YSGIEtAZT NITYA LIEAY2Q0A (2 YSOilIyAZ &dzyLR2 NE
Efluentutomsiz6 I 2dz 6ST L2 RAY&1S o0FNAR2SNB dzZ I TA dz @2R2
YAT @2Ry2 LINBYIl @G2RYAY GA2StAYLF® | 2@02Y &f d6t 2dz
L2217 DEAG21AZ NAR2S1F 5N JIF 3N fQMNLUIAG SECAWSK NIZEFI-{ yAQH( S
L2 G Ldzy2aidA Al IANI &&ijefe j@diliddsayos2 Riff 2R SASOGI 68T LERR
2Ry2ay2 yAeS alyANry GS asS A1 (23 RaeStl LRGSYO
odlaganja otpad do 2005. godine. Ovaj oblak predstavlja potencijalnu ugrozu za prethodno spomenuta

2Ryl GA2Stl A NB&adzNBS LIAG1S LR2IONDOAyalS A LRRISY

L 2@2Y LRIt @t edz 6S 4SS AT ONOAGA FylFfATlF LINRy2a
tijelima. Generalg@ = 26f 1 T F3FSSyal &8 LINBy2ai YSKIFYyAT)Y
podzemne vode), disperzije i kinetikom kemijskih reakcija efluenta i poroznog medija (kemijski pronos).
Y12 3S21SyAac2aill FyFrtAT Ll STFtdzSydl A diJ22NBfilyRIE AYX
t AO1 2Ny AO! 6112 A dz 2adGFfAY yIOAY 2RfF3ALEfAOQGAY
kemijskog pronosa (npr. retardacija brzine ili parametre sorpcije). Stoga se u ovoj studiji radi tzv.
konzervativni pronos definiran osnovniddN2 OSaA Yl F R@S1 OA2S A RAALISNI A2
LINEPy2ad ¢l 1F@ 206fA1 LINRBy2al LINBRAGEF Gt 2 yIF 232NA
dosega oblaka, njegovog vremena putovanja i koncentracije oblaka. Naime, ovakav &tivizieoblak

RFGA 6S yIFI2@S6A R2aS3 OANByalk 206fF1F 2SNJ &S LINE
oNI AyS 12283 dz Tylétrayz2a Ya2SNR dzZ NB{1dz2S (1Syraecai

F2NNANI Y23 206fF1F MNBRGANRNE OR2 RENS i v 8idzivi2 OB wdzo A y 3
T F3aFrsSSyeal GNBol yLINY RS$EIG RAdzi2 R NBASES/ 2@ANBI2RHN-2 L Idi
prezentirana analiza{ @l 1 2 LINRRdzZ 2Sy2S 62Nl @1t 206t {11 T F 3t

2 Y 2 3 deduljgdrijeme njgove auteLJdzNR F A | | OA 2 Smanjgriikéhéestracied NS 2 6 S a
AaLR2R R21 @2t2SyS YI{1aAYlfyS 12tA6AYyS 6a5Y0d { Y|
ARS oNOS 1023 | RBS1TOA2SS | anNB dblakaRispGrénzbog Kemiskihy S d.
NBIF1OA2F AT YSSdz STtdzSyidl A LE2NRIYyS aAaNBRAYS 61 Yyl
S¥tdsSyidltod bl dFe ylré6Ay 26ftF1 T13FsSSyal 11 dzZ AYl
B3S6S ORINBlI2SA LI AOANI ya2S320S YlyaS 12yO0SyidNI OAxe
vodna tijela.

bl 2ay2@A NBIA2ylIty23 Y2RStI (86Syel-ScaidpesSy2 @
brzina glavna ulazna varijabla za analizu konzervatitdd@@ y 2 al y I 2Rt F 3+ £t AOldz 1 2
12YLRYySyilGdz LINBy2alo {@F1A &aoOSyFNaa (S6Syel 28§
RNHAl 6A2F &ag22ai0 OANByal 20t dz aYAdftdz yass
koncentraije.
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Slika38.t NA{ T 2LJASNBIOA2a1AK (261F1F 12NAROGSYAK dz |
N o} L G|

02Rf I athX ACONISA f X IQpbtSk GlibOKE ¢, @iézorhetri MLa T | 2 2 A
monitoring)

52RIGYyA YSKIFEYyATFY OANByelk 206t 1F 12y1 SNBIGAQYy23
G NA2FOA2F ONIAYylF yI altftA Ylyeaze 2R a1lftS 12y
svodi na definiranje parametara longitudinalne iyira S NJ I t yS RAALISNI A28 062
28 20ray2 2 A1 02N¥z BStA6AYS 12yl 6y23 StSYSyidl dz
GNA2SRy24a0 f2y3AldRAYyIFfYyS RAALISNI A2S 6dz@dA &S] Y
strujnice). Posebice bitnu ulogu ima parametar transverzalne disperzije koji definira transverzalno
OA NB y 2 $komitd halsttujnie. Novijaistr OA @ y 2+ L3R 1 | T dz@riggnést 101800 G NI &
puta manja od vrijednosti longitudinalne disperzijRubin, 2003). U ovoj studiji mi biramo opet
relativno veliku vrijednost transverzalne disperzije tako da je deset puta manja od longitudinalne

RAGLISNI A2Sd hgl1F@ 2RFOANI RA&ALISNI A2S RIFE2S ylI 2o
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AYyOSyeSNRy3IST 2NHIYAT I OA2ald A GSKy2t2018 dzat dzas

koncentraciie, B A RSTFAYANI (1NIFo6S GNA2SYS LINBAK R2fFTF {1
$S86dz LRGSYOACIfydz 2L ay2at 11 212tA0 A G2RYyL (iAe
Na sliciiznad Glika38)LINA 1 F T FyF 28 R2YSyl LINBYFGN} y23 L2 RNz
122AYF 8SY2 LINIYGAGA (I NBidGlyeS 26t TF3aFsSSyal A

2L SN OrAcalsS (2618 cadz &RSLINAR KOG Klibakixk G] @stdlf A O |

2LIASNDIF OA2al1s8S (2618 LINBRadl gt 21 2dz LIAST 2YSGNB awm
am 28 LAST2YSGIFN dzRFct28Sy 212 w 1Y 2R 2Rf-L.3FtA0
t NSRf I (BS (&S oRlEO2a1 Ayl 1 RP2NA &EA 2RNBRAGA dwaeSiS GS6S
2REFTALEAOGlI® &a8SYVRYBSLANRR2 mdTp 1Y 2R 2RfF 3l AO(
aAYdzZ  OA2dz ONLIX 2Sy 2l { H tphedd Piexdnatar @ sihalaRoky 1.7y 2 A Y
1Y 2R 2Rt 3AFEAOGF A yIFEtFTA &S yI &A0GNHz2YAOA Al 2
RANB{lOYl KARNRBRAYIYAS]l @ SMijdpiedomerad Rlaiendkdil.ekmbd O |
odl- 31 f AQGIF ofAl don LRI 2Y20DtNHPIIZW AaNd GA & YaSNBye
T FRIFddz LIN» 6Syal 206t 1 TF3FKSSyeal 6IINBYRYRazy i BRE
2RNBRAGA {NBGFyaS 26t 1F 11 3 &Bdi@da VA 16 j@ddaljghy 23 Y
oko4.87km,aM 212 y®mMH | Y-p2 RzR2RECISYI ford®G Yy 2R 2Rf | 3| f
INBlGFy2S 206t AT 2Rt 3AFfAODd LWINS YD @NLYA{6MGT da ¢
Y23dzo | YAING2 OANBYEES 20t F 1 dz LINPAG2NHz A @NBYSY dz

7.2. Ulazni podaci

hay2@yA dzZ T yA LRRIFIOA &adz RFYyA dz NBIA2YylLfy2Y Y2R
StSYSylidl GS LkteaS oNipiaylb T 2 RGOS H NRCRISz @8ad 3 yRa | 2
T F3aFrsSSyal 122A &S dz FylFftAT A LINRBYy2al LINBYFAGNI 11
GNBydziy2 dzirialAglyal 20L}I Rl dz GNBydzi{ldz 200N ye2
(Slika38. - prikazanocrvenimkrugom ¢t 0 @ bl AYS>E 2@2 2SS 2SRy2aidl gyaire
TITRFGIy2S 12y0AYydANIy23 AT @2NF T F3FSSyal @liliz2 &
Y2OAK 6SaGA0F dz agl12Y ONBYSyal2yY (12N} 1dzd a$Sdzxd
oAlYyl &agz2z2adol 12y1 SNDIFGAGYy23 LINRy2al dz avyAaft dz
wSIfyA a0OSylINAR2 0A2 0A ecdidhiRemijskiprangsh 2A 1 Rl 0 A &l 3
{ o1 6S&aGA0F AYlF &a@g22dz Yl &dzd LT LRf20l2F 6S&i7
St SYSylLidlF &8 NI6dzyl LR6SGylr 12yO0OSyidNlOA2ld 51 1f¢
2RE 3Lt AOGdz RS/FaA yrijedhbst (3=)2 Time Sdrd ypkikazali koncentraciju u

bezdimenzionalnoj formi jer nas zanima kolikagéativnoNJ T NESSSy2S 206t 11X | vy
12y0OS8YyiNI Ohcl LROG2 yS LINRIN bdabkahi upstidilulothddd yii  LINE
imamo na dispoziciji detaljnu geokemijsku analizuy I £ A T | LINRYy 2al i13rssSyeal

YESAYEY MO LINRPAG2NY2 OANByaS 26tk TF3rssSyal yi
2) krivulje ovisnosti bezdimenzionalne koncentrac@@NB YSy I T a@AK wmn 2 LJaSNDI

iznad Glika38.). Na kraju je potrebno odrediti parametre longitudinalne i transverzdisperzije. Kako

2S LINRaz2S6yl @StAG6AYLF 12yF6y23 StSYSyidl 2R wmcc
RAALISNI A28 28Ryl ] RS&SGAYA OSEAGAYS LINPaA2SG6yS &
velika vrijednost), a koeficiienNt ya 3SNI | t yS RA&ALISNI A2S RS&aSG Lzl |
@S0l ONAS2SRyz2aidovo
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730 yFEATE LINRBy2al 26t 1+ FSB3AFSSyal T a0Syl NX
Na slikamaanije Slika33, Slika34. iSlika35)LINA {1 Fyl 28 adGNdHzZ2yl -S&f Al
wSAA2y I fyA (21 a$S {NBo6S 2R a2S@GSNRI LI RI LINBYIl ¢
Ll2G21F DftAG21A A ONLMAEAOGIXT FEtA o0fA0S LRG21] dzod
odl- 3 £ AOGI A ONLAEAOGE GS 2REFIAFEAOGE A LIRG211 I
I RGS1 OA2dz LINRaAf2F@F 206fF 1 1 M8MGyeed RSYIly2ISHR®I :

NI TEALF AT YSSdz NBT dzt G (SB, stodghBafetné@ sama rezultd@ted7a ySB Kde2 S
predstavljaju najnepovoljniji scenarij.

[EEN
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Slika39. t NA{ T 2@Arayz2aia oST RAY
G261FYlF anwX ac A at | 23NHAS
t AO1 2NY A O

VyEtyS 12y0SyidNd
Bl S 2dzf Y I Oy2V &

Na sliciiznad Glika39)a S @ARA Rl  adz YI1aAYLFEyYyS {12yOSy NI OAc
koncentracije) te se gradualno smanjuju u M6 (25%) i M7 (16%). Krivulje koncentracije u piezometrima
imaju oblik vrioa t A6y y2N¥XIFfy22 NI RA26A 3IR2S YI 1&AYdzy
godina te u M7 za 35 godinu. Sve krivulig c A YI 2dz GNA 2SRy 2a0GA ydzZ I R21 L
dz Y2AK2@dz 212t Aydzd { G231 &dz LINII okaBNyBAN& Wa-M6 bldeli 2 G I+
13 godina, a do M7 oko 26 godina. Krivulieimaju nenulte vrijednosti u vremenskom razdoblju dok

20f 11 TF3FSSyal LlzidzzS LINB{12 (23 LRRNHZG2FI® bl |2
krivulje et su opet nula. Ovapenulti vremenski segment definira varijancu prolazne krivulfe ¢

6B NR2FYy Ol 28 2SRyl |l ya2S320@2 2m&B M2 WMeiMD (221 ATy
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RNHZOG @2 & 23Nl yA6Sy2Y 2RI2P2NY2068dz 1t
AyOSyeSNAy3Is 2NBHEYyATFOA241S A (SKy2t201S8  dzifdas
5AYSyi A28 2o0fl 1+ T1F3FsSSyel axdzd plz 12RE | @6 fyRZ0NISHYT HING

YAT @2Ry2 I R@S10A22Y A RAALISNI A22Y a8 LRGSoI B A
2.5x1.25 km, nakon 19 godina okoBkm, a nakon 35 godinu oko@tkm. Nakon 45 godina, oblak
I3 SSyal daaest [ 1 Ry ERNbretaddR £ 2SyA2S3 LIIAS

ir
0oF Q=200 /s
08|
o.7f—
o.ef—
=z osf—
© B
0.4
- I->¢c=0
0.3F
- M5->c=0
02F
0.1f
- M3
0’ [ ] I ] I I
0 10 20 30 40
Vrijeme (god)
Slika40. t NA1 1T 2@Aay2adir o0STRAYSyIAz2yLttyS 12yOSydnNd
G261 Icy@l YO611 GS LAST2YSUNRYF ao A ap
Na sliciznad Glika39)4 S @A RS {F NI 1 G0SNRAGAL S LINBZEES 113 23d36y
R YAGA dz atdzladz yr2@S5S6S3 RIEyl OyaS3a ONLX 2Syzat
A0Syl NxR2lF LINRPy2als yS6S R206A R2 1T IF3FrsSSyel LKLY
ONRA 2SRy 2a0GA LINRE I TyS®6| NABdap® WSRONRPIARSOGISondaS
LIAST 2YSiNHz ao 2R noo:® hé6A3It SRy2 RIFE 20tk 1 TF3FSS

samo putem transverzalne disperzije. No, bez obzira na odabir velike vrijednosti koeficijenta
transverzalne disperzije, to se u scenarijimgSi yS R2 3l S| ¢

t NB2adlt2 LAGLIy2S 28 RIF tA 26ftlF1 1T13FSSyal daANER
smjer regionalnog tokN\a slicispod Slika41.) se vidi da je maksimalna koncentracija u piezometru M4

212 yod: yFE12y mModyp 3F2RAYlI® ! Ya2SNyz22 G261 A dz LI
T 13rsSSyal AT 2RRIFIALBRAD[I Df b1l 2dzFAES282 RANBllUYy2Y
2REFAFEAOGE 1F12 28 LR1FIlFTy2 A Y2SNBy2AYl (1QFtAdl
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Slikad4l t NA1 T 2@Aayz2aii oSTRAYSyT A2yLtyS 12yO0OSydNy
i 2 6 1 B\Gliboki te piezometru M4

740 yFEAT L LINRBy2al 26ftF 11 T13FrsSSyal T adSyl N&

Na slicranije Slika36.) prikazana je strujnaslikaz®@Sy I NA 2 (GS6Syelk {n® %5623 N
2R nHn fka& dz ONLIAE AQlGdz LAy O6I 12X aidaNHz2yoES y®dza2i2K
YSYI RANB1GYS KARNBRAYIYAS61S @ST S Al YSSdAIZRIGGT!I
1228 RSTAYANI | RoS1OA2dz LINAR&aAt 2L G 26t 1 TF3FSS,
od trase PM2-M6-aT ® { Rl 206t A1 T I 3FSSyeal LlzidzeS (26y2 A
ispod (Slika42) aS @ARA Rl ddz Yl 1aAYFfyS (12yOSyiN) OAaAecS
12yO0SYyidNI OA2S0 (S &S 3INI Rdz f y 2l yaYslyyeaSdzeRiz Ok g£S t &n
YNR @dzt 25 12y OSy (NI OAc2S dz LIAST 2YSUNARYI AYlI 2dz 20f A
u M2 za 7 godina, u M6 za 16 godina te u M7 za 31 godinu. Sve krivitj@jc vrijednosti nula dok

LINBS 6SaiAysS R2aSdz SByyea A K2 @dz 212t Aydzd {G23F &dz LN
do M2 oko 5 godina, do M6 oko 12 godina, a do M7 oko 25 godina. Krixtufjeagu nenulte vrijednosti

dz ONBYSyal2yY NITR206ftadz R21 206f 1 1 lp@laskaSofflaka  Lidzi
vrijednosti koncentracije prolaznkrivulje ¢t su opet nula. Ovajenulti vremenski segment definira
varijancu prolazne krivulie@ o6 @1 NA2F yOF 2SS 2SRyl {1l yaS3z2g@gz2a OS:
pieozemtre M2, M6 i M7
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yiA2yrtysS 12yO0SyidNd
£ 11

Y I IS dz 3t Gy2Y

5AYSyYyT A2S 2o0f RIRt T BB $Oyiad LWBORZ2ZEYDSHH It 121 hdp !
YAT @2Ry2 | ROS1OA22Y A RAALISNI A22Y &S LR@gSol o )
2.5¢x1.25 km, nakon 16 godina3 km, a nakon 31 godinixd 1 Y® Dbl 12y op 3F2RAYIl X
PNRf T A LR2RNHz2S 1T FRya2aS3 yladRIf2SyAaasS3a LAS21T YSi

Na slicispod(Slika43)a S @ARS 1 F NI} {1 GSNRAGATS LINRy2al TF3FSSy
RF YAGA dz aftdzladz yr2@S6S3 Y23dz6S3 ONLIX 2Syal &
Y6IE232NB3 Y23dz206S3 1 2y1 SN iAGy23 a08yKBNIG2IRSLINE yOR
LAy O6F1® 521FT (G2YS &dz ydzZ §S ONAR2SRy2&a0GA LINEf
2REF3ILEAOGE A ONLX 2Sy2l LR71F1dz2dz &S {2 R20l NJ 2F
nenulte krivulje. U piezometru Bmaksimalna koncentracija je 3.5%, a u M5 0.8%. Varijanca je oko 1
J2RAYdzd héA3IEtSRy2 RI 26ftF1 1T13FrSSyal dz 202Y &08
transverzalne disperzije. No, bez obzira na odabir velike vrijednosti koeficijenta traadaeedisperzije,

G2 &S yAlGA dz 202Y &a0OSylINn2dz 6§S6Syalk {n yS R23FSI
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I ao A ap
t NB2adlt2 LAGlIy2S 28 RIF tA 206t 1 TF3aFSSyal dANE
TFI{NBillFy2eS LRtal aidNHzZyAOF LINBYIl -S3.Makilifspod Glittzz &l R
44.) se vidi da je sada maksimalna koncentracija u piezometru M4 smanjena i iznosi oko 5.6 % nakon
M®PTp F2RAYI O ! Y2SNy22 (261A dz LRG21dz Dt Ado21A 1
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750 yFEAT Il LINRBy2al 26ftF 11 T13FrsSSyal T adSyl N&
Na sliciranije Slika37)LINA 1 F T I y I 28 & (i NHz2 y85. Uslijediciplienjalotl 606 IB &y | NJA
ONLIAt AOQldz LOIyO6F1X &GNHzZYAOS &dz TF{1NBydziS LINBY!
ST AT YSSdz 2REF 3L EAOGF A ONLMAEAOQOGE® {d23F35 LRf

oblak # 3 SSy 2l RI ARS RANB] idpdkClikalblh o6 lvidi GeNsuiJinbkairtalnezd b |
12y OSyidNr OrA2S dz LIAST 2YSGNHz anw onmE: 2R LR6SAYyS |
GS a8 Tylélay2 &Yl yadz2dz dz ac dodvi (D%): KrituljeRehdentracgef I 1 1
dz LIAST 2YSUONRYI AYlI2dz 20fA] ONI2 atAbély y2NXIfy2c¢
M6 za 12 godina. Sve krivuljdic A Yl 2dz ONR 2SRy 2aiA ydzZ I R21 LINBS
okolinu. Stogadz LINDI @GNBYSyl Lidziz @l yeal 20tk {1l TF3FSSyzal
a do M7 oko 25 godina. Krivuljet dmaju nenulte vrijednosti u vremenskom razdoblju dok oblak

T F3aFSSyal LilzidzzS LINB12 (23 LI RNHz @dijedprolazng keiwilie LINZ £ |
ct su opet nula. Ovaj nenulti vremenski segment definira varijancu prolazne krivuljeadjanca je
2SRyl yeS3az@gz2e OSaldAyAuv (122l .ATyz2air 212 m 3I2RA
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Slika4s. Prikaz2 @A ay 23 0A 0ST RAYSYyT A2yl tyS 12yO0OSyidNI O
21LIJASNDIF OA2a1AY G261FYlF awX ac A arT
3

o

5AYSyT A2sS 26t 1+ 11 Syeal adz dz 2Rf I 3FfAOGdz LIN
YAT @2Ry2 | ROS10A22Y AT RRISERISAEEYya$2y2 G0 ASIRANY |
R 2SRRIy RA2 206ftF1F ARS LINBYlF ONLIAtAOGdzZ | RNHAAX
Na sliciispod Glika46) &S GARS (1 F NI 1 GSNRAAGATS LINRy2&al 113 S

a0SylNx_2dz 61S6Sy2al {p 26ftF1 RANBllGy2 R2tlTA R2 C
Y12y cn F2RAYLF 212 nor LR6SGYS wdudNdoni26 gHitaSy 2|
YIF1TaAYIlFfyl 12y OSyiN) O3@1k R R2R{ATIAIYAIOGIHA SR Y5 WL
crpljenja pokazuju da je u M3 maksimalna koncentracija 7.5%, a u M5 5.7%.
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Slika 46. Prikaz ovisnostio ST RAYSy T A2yl fyS 12yOSyidaNI OAcsS A @GN
21LJASNDI OASxLBYYyO86 1 ¥ LIAST 2YSUNARYI ao A ap

t NB2adlt2 LAGlIy2S 28 RIF tA 206t 1 TF3aFSSyal dANE
RANB|llydz @R dzIAT xX68Hz A ONLIAf AOGLFST NBIAZ2YlFtyYyA (2
M4 i potoku Gliboki, D 12y OSyidNr Oract 28 ydzZ I O0G2 TylF6A RI
RANBl1lGy2Y 12yidlliddz & 26tF12Y T F3FSSyel Al 2Rt} 3l

T ®c ® =+ SNdjeioblakd y 2 OA NJ

+SNIALFEYy2 OANBya2S 26t 11 20AaA 2 GAO0OS Fr102N)
o®Pp YSUGINIOZ LIR @2RyYy23 A0 6nimM:0I dzieSOl 2 202
LR NRTy23 YSRA 2! tavili Y290 $adizo maldjd8di dré@irjoj heterogenosti) i njegovog
korelacijskog strukturi (nemamo takve podatke) te srednjoj brzini tokal(®0 cm/dan). U ovom
GNBydzildz 25 ONX 2 (S012 LINROA2SYAGA VYSSdzazijayAr dzi
yIF26506S8 yAesS @StAalls Y20S 4S8 LINRBOA2SYAilGA RI @8
LINB LJ2 NHz6 dz2 S Rl Rdzo A Y | bugean@dignalioBimst&a/ A K LA ST 2 YS G NI

77.%F 1t 2dz8 | |
bl 2ay2@A LISG 4 @S raNm ISR NGBS 60Nt 2 Sy 21 dz ONLIA f
LINEy2a 26ftF1F TF3aFSSyal yAl@2Ry2 2R 2Rftl3FtA00!
LINPAaG2NHz A ONBYSydzz | 206f | | SIka880LINI5G Al fd3 IR F & Sl SSLya
dzd @2 Ry 2Y LAST 2YSGNYz am A GA2Stdz 2Rt 3FtAOGE o602
NEIA2ylfy23 G211 122A 4S8 LINRPGSOS 2R a2SOSNRI I LI
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