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U3Bopa;: Mpunnkom nsrpastbe perynaumje Hekor BOAOTOKa MoKe Aohu 4o nojase BeauKor dpoja
Heo4YeKMBaHWX forahaja Koju cy pu3nyHM No UCXo4 NpojeKTa. PusnyHm gorahaju 3a nocneauuy
MOry UMaTV Npodujatbe BpeMEeHCKUX POKOBa, NnoBehatbe TPOLLKOBA, CMatberbe KBasuTeTa u ap.
Y pagay je n3BpLueHa aHaM3a pu3nKa y peannsaumjun npojekTa perynaumje Megasb noToka npu
yemy je y cBakoj pasu aHanuse KopuwheHa oarosapajyha meTtoga Koja 3a Ty dasy aaje Hajdbosbe
pesynTaTe. 3a aeHTUOUKALUNjy pu3ndHuX gorahaja kopuwheHa je HAZOP meToaa, 3a HUXOBY
OLEHY MaTpuLL@ pPM3KKa, 33 NPeSor akLmMja y CMatberby MOryhHOCTU HUXOBOT MOjaB/bMBatba
FMEA meToaa, 3a ogpehumBarbe y3poka kuxoBe nojase Metoga ctadbna HeMCNpaBHOCTU U 3a
oapehusBare moryhux ncxoga pusmndyHux gorahaja Metoga ctabna gorahaja. JodujeHu pesyn-
TaTW NOKa3anuM cy Aa je K/byYyHW pu3nyHK gorahaj ,MckonaH je camo Aeo nnaHupaHe 3em/be”,
Tako ga he y pagy dvTu npuKkasaHu pesynTaT Koju ce T4y 3emM/baHuX PaoBa MaKo ce aHanmn3a
OAHOCKANA Ha LenoKynaH nojekar perynauuje.

KsbyuHe peun: pusuk, ynpas/bake NpojekTMma, perynaumja peka, HAZOP, FMEA, aHanusa cTa-

dna oTkasa 1 ctadbna pgorahaja

YBOA

MnaHupakbe je Haj3HAYajHUjU enemeHT ynpa-
B/bakba PeasiM3alLiMjomM NpojeKTa, CBAaKOM HEeroBumM
¢dasom 1 noadasom, Kao n nojeamHUM GyHKLMO-
HanHUM obnactuma. OCHOBHM LW/b NAaHUPakba
jecTe cmarberbe pusMKa y peanmsaunjym 6uno Kor
npojekTa.

Mpema ctangapay ISO 31000 13 2009. roguHe,
pU3KK ce AeduHULLIE Kao yTULLaj HEM3BECHOCTU Ha
uumbese. M3 HaseaeHe aeduHULMje MoKe ce BU-
AT fa CBaKM PU3MK HOCKU M HEM3BECHOCT Koja ce
KBaHTUTAaTUBHO MW KBAJIMTAaTUBHO M3pakaBa, U
M3 KOje NPoMUCTUYE 3HaYaj NAaHMpakba U NpoueHe
pu3MKa y peannsaumju npojekata. CBakm noTeH-

UMjanHN pU3KK Yy SanKoj nnmn gassoj dyayhHoctu
MOXe M3a3BaTh BENUKE Noc/ieamLLe 3a NocnoBsa-
e npeayseha n 36or Tora ynpassbarbe puU3nLMMa
Tpeda Aa nocTaHe odaBe3aH A4eo yrnpas/bakba He-
rosum pagom. Npema HasegeHOM, Mmoxe ce pehu
[a pU3NK 0OyxBaTa [BE KOMMOHEHTE: HeXKe/beHy
nocieauLy 1 HEM3BECHOCT y oaurpasakby moryhe
nocneamue (Cupi¢ i Suknovi¢, 2010).
Ynpas/batbe pUM3MKOM 0OyxBaTa CKyn ynpa-
B/bauKMX METOZA M TEXHUKA Koje ce KopucTe aa du
ce cmarbmna MoryhHOCT OCTBapeHa HeKEe/bEHUX U
wTeTHMX gorahaja u nocnegmua u Tume nosehane
moryhHoCT ocTBaperba NaaHMpaHUx pesyaTtaTa.
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YnpaB/batbe PUIMKOM, NPeacTaB/ba CKyMn meToaa
Koje omoryhaBajy MUHUMKU3MpPaHbe ryduTaKka 1 ao-
BOZE Y CKNaj, CMakbere BepoBaTHOhe ocTBapetrba
rydutaka, ca TPOLKOBMMA Koje 3axTeBa OBO CMa-
mwuBarbe (Jovanovié, 2008).

Ynpas/barbe pU3MKOM Ce CMPOBOAM KPO3 He-
Konnko dasa: naeHTUdUKaumnja pusnka; aHanu-
33 U NpoLeHa pu3KKa; NNaHMpare peakumja Ha
PU3MK M KOHTPOJIA NPUMEHE peaKkuuje Ha puU3mK
(Jovanovi¢, 2008).

Kao jegHa og Haj3axTeBHMjMX dasa osor no-
CTyMNKa u3gBaja ce NpoueHa pUsnKa, jep 3axTeBa
04/IMYHO NO3HaBake CUCTEMA KOju ce mocmaTpa
W f0CTa BpemeHa Kako du ce Ha Hajdo/bu HaumH
cnpoBena. BuUTaH acnekT npoLeHe pusmKa jecte u
n3bop metoza Kojuma he ce oBaj nocTynak cnpo-
Bect (VujosSevic, 2008).

OCHOBHM y3poLM puU3MKa Cy Ayro Tpajare
npojekTa, HenpeaBMANBOCT U AMHAMWYHOCT Aa-
HawmMx TPKMwWwTa (Sudicé, 2008). MpojekTn 3a
3aLlTUTY 3eM/bULLHWUX U BOAHUX pecypca cy onTe-
peheHu pasnnumuTUm pMUsnLMMa, Kojuma je Bp/o
TELWKO ynpas/baTu. Y 0By rpyny npojekaTa cnagajy
M MPOjeKTU perynauunje peyHmux TOKoBa, Koju ce
CBPCTaBajy Yy MHBECTULMOHE NPOjeKTe Kog, Kojux
moxe aohu oo nojase sBenukor dpoja goraha-
ja Koju mory SUTK PU3MYHM MO MCXOA NpPOjeKTa.
[Jorahaju Koju foBoge A0 Heycnexa npojekara ce
MOry MnojaButn y dasun nsrpagte, nocedHo TOKOM
peanusaumje 3eM/baHNX PafoBa, Kao rpyne paso-
Ba Ca HajoOUMHMjOM KOAUMYMHOM NoCAa.

Y pocapalkb0oj NpakeK peannsaumnje npojeKa-
Ta 13 oBe 00/1aCTM yrnpas/batbe PU3NLUMA je pas-
MaTpaHO CaMo ca CTAaHOBULUTA yTULLAja MPOMEHE,
onHOCHO noseharba TPOLIKOBA @ NpUMeEHbEHa je
KBa/IMTaTUBHA meToaa - Monte Carlo cumynauu-
ja(Baumgertel n ap. 2016, Baumgertel u gp.
2019). Y oBom paay je usBpluieHa naeHTudmKa-
LMja U aHanM3a pu3MKa Ha npumepy m3Boherba
pazoBa Ha U3paau perynaymje Megasb noToka. 3a
peanusalmjy CBaKOr KopaKa, MpuMereHa je oaro-
Bapajyha metoaa. 3a naeHTMdUKaumjy pusnyHmX
porahaja kopuheHa je HAZOP meToza, 3a HUX0BY
OLEeHy MaTpuL,a p13nKa, 3a NpeasIor akumja y cma-
Hery MOryRHOCTU HUMXOBOF NojaB/buBakba FMEA
MeToZa, 32 oapehurBarbe y3poKa HUXOBe Nnojase
MeTogna ctabna oTkasza u 3a oapehusarbe mory-
hux ncxoaa pusunyHux gorahaja Metoga crabna
porahaja.
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MATEPHUJAA 1 METOA PAAA
UcTpaxknsaHo noapydje

Mepnasb NOTOK je gecHa npuToKa [puHe ca no-
BpWMHOM cauBa og, 2,3 km?, ay:kunHe Toka 2 km
M NpoceyHnm nagom og, 18 - 22%. Mepaasb NOTOK
npeceua rnasHy nyT /bydosuja — 3BOPHUK rae
[0Na3un 4o 3acToja caodpahaja ycnen Hagonacka
OyjuuHmx Boaa. 3a ypehere Meaasb NOTOKa Npo-
JEKTOBaHM Cy TEXHUYKM 08jeKTU Yy BUAY perynaum-
je ca ynmBHUM 08jeKTOM 0f, KaMeHa Y LeMEeHTHOM
ManTepy u Tpu AenoHunjcke nperpage (nperpaga
op, rabvoHa, nperpaga o KameHa y LLeMeHTHOM
ManTepy u nperpasa og KameHa y cyBom). Mopes
TEXHWYKMX PafoBa npojeKart je odyxsaTno n duo-
/IOWKe pajose.

MeToge 3a npoueHy pusmuka

K/bydHa dasa ynpas/batba pU3MKOM OLHOCK
Ce Ha aHa/iM3y M NPOLLEHY PU3MKa Koja ce BpLIn
NPUMEHOM PA3INYUTUX TEXHUKA, METOAA U ana-
Ta. MeToge Koje ce KopucTe 3a NPOLEHY PU3MKA
ce Aiene Ha: KBaHTUTATUBHE, NONYKBAHTUTATUBHE
(komduHoBaHe) 1 kKBanuTaTMBHe (Grozdanovic,
Stojiljkovi¢, 2013). KsaHTUTaTUBHE MeToAe Aajy
KBAaHTUTATUBHY MEPY PU3MKa Ha OCHOBY MO3HaBa-
Hba BepoBaTHOhe HacTaHKa HexesbeHor gorahaja
1 OYEKMBaAHUX NOC/eANLLA PeanunsaLmje Hexesbe-
Hor porahaja. Kog KomOMHOBAHMX meToaa ce Be-
NMynHe (BepoBaTHoha 1 nocneamLa) 3a NpoueHy
pu3MKa NpoLLEerYjy U PaHrMpajy of CTpaHe eKcne-
paTa. KBanuMTaTMBHE METO4Ee KOpUCTe KBanuTa-
TUBHE MoAaTKe 3a NpoueHy pusmka des notped-
HOT NO3HaBakba NPETXOAHMUX LWTETHUX forahaja un
KOZ, HbMX Ce PM3MK onuncyje onucHo (Ha np. ,cnad”
,cpearn”, , BUCcoK”, ,Bpno Bucok”). N3dop meto-
[le 33 NpoLEeHy pU3MKa 3aB1CK of, BULLE daKTopa
Kao LUTO Cy LLOCTYMHOCT pecypca 1 Bpeme notped-
HO 33 aHaNn3y, Pacro/IoKMBOCT U PENEeBAHTHOCT
nofataka, C/I0XKEHOCT NPOjeKTa, Ln/b aHanu3e u
ap. (Merna, Al-Thani, 2008).

CBY anatu 1 TEXHUKE KOju Ce MOry KOpPUCTU-
TW 33 NPOLLEHY PU3MKA, YKOJIMKO Ce MpUMersyjy
CUCTEMATCKM Ha oarosapajyhu HauuH, mory aa
YKaKy Ha CBEe pakbMBOCTU U TPeLLKe Koje NocToje
Yy NPOjeKTy Koju ce mocmartpa.
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MpoueHa p13nKa je CIoXKeH NpoLec Koju noa-
pa3ymeBa HEKO/IMKO KopaKa (VujosSevic, 2008):
1. WapeHTMdMKaumMja pusmuHmx gorahaja;

2. OueHa noTeHUMjaNHUX pU3MYHKUX gorahaja Ha
OCHOBY BepoBaTHOhe 1 nocneamua;

3. [JeduHuncare y3poKa 0TKasa M akuuja 3a tbu-
XOBO CnpeyaBatbe;

4. AHanusa yTuuaja NoHallaka KOMMOHEHTU Ch-
cTeMa Ha nojaB/buBake pU3MYHOr gorahaja y
cucTemy;

5. WpeHTnduKaumja moryhux nocneamua pmsmny-
Hor porahaja.

MpumeHOM OBMX KOpaKa ce aHa/n3upajy u
npesasunsiase NPonycTn y U3BpLUEHY NPOjeKTa,
Kao 1 Jby[CKe rpeLLKe Koje HacTajy y paay. Y oBom
pasy 6uhe usBpleHa npoueHa pu3nKa 3a npo-
jekaT perynaumje Megasb noToKa cnposoherem
rope HaBeZeHMX KOopaKa. 3a peasinsaumnjy cBakor
Kopaka duhe npumerbeHa meToza Koja Aaje Hajdo-
Jbe pe3ynTaTe 3a KOpakK Koju ce CNpoBOAM.

HAZOP metopa

CTyomja xasappa v onepadunHocw (eHr. Hazard
and operability - HAZOP) ce ypaja y TexHuKe aHa-
NM3e xa3apaa Koje ce KopucTe 3a uaeHTUdUKaumjy
pu3nKa.

OBa meToAa npunaja KBaaMTaTUBHUM MeTO-
[aMa YMju je OCHOBHM LW/b @ OCUTypajy Aa ce
n3derHe KatactpodanaH gorahaj TOKOmM XKMBOT-
HOT BEKa CMCTeMa KPO3 aHa/IM3y HeroBumx npoeca
(Nolan, 2008).

OcHoBHM Kopaun HAZOP meTtoge cy cnegehu
(Nolan, 2008):

1. [eduHucarbe OKBMPA U LM/bEBA MOCTYMKaA,

OArOBOPHOCTU M M3d0p CTpyUHaKa Koju he ga

YMHE TUM 3a NPOLLEHY PU3UKa;

2. NaeHTudMKaumja enemeHata cuctema Uau
npoueca, n3dop sogehux peumn n gepuHucare
oprosapajyhux gesujauuja;

3. WpeHTnduKaumja moryhux yapoka v nocneam-
La pM3nYHUX forahaja, 3aWTUTHUX Mepa U ak-
umja Koje Tpeda npeayseTtv aa du ce pu3nYHK
porahaju cnpeunnu;

4. Kpewupare n3BewTaja, npahere peannsosa-
HUX aKUuMja U ucnutuearbe notpede 3a NoHa-
B/batbeM OBOT MOCTYMKa.

Y pagy he HAZOP meTtoaa 61t KopuwheHa
CaMo 3a naeHTMOMKaLMjy enemeHata cuctema, us-
6op Boaehux peun n geduHucarbe ogrosapajyhmx
AeBunjaumja, O4HOCHO pU3NYHKX gorahaja.

MaTpuua pusukKa

MaTpuua pu3mKa je 4BOAMMEH3NOHA/HA pe-
npeseHTauuja BeposatHohe u nocneamue pusmny-
Hor forahaja, Koja ce npuMetsyje y cyyajy Aa ose
ABe BPeAHOCTU He Mory dUTWU npoouereHe ca
TayHowhy 1 npeunsHowhy (Bilal 2003). MaTpuua
pu3uKa ce rpaduykm nnyctpyje nomohy aBe Katero-
puje: BepoBaTHohe OAHOCHO y4eCcTanocTu 1 nocne-
anua (BennymnHe wrete). Y matpuLm pusmKa, KOM-
OuHOBatbem BepoBaTHohe 1 nocnegmua aodwja ce
oppeheHun Spoj KaTeropuja Koje ce Mory BU3yenHo
NpUKasaTn pasnnymtum dojama (Ha np. 3eneHa,
’KyTa M UpBeHa) 1 Koje npeacTaB/bajy HUBOE pu-
3uKa (Ha np. ,,cnad”, ,cpeptn”, ,,BUCOK”). Mpumep
maTpuLe TMna 5x5 je npuKkasaH y Tadenn 1.

3a cBaku pusnyHu porahaj naeHTUdUKoBaH
npumeHom HAZOP meToge, MHOXeHem npoue-
HeHe BepoBaTHohe 1 nocneaumua, Aoduja ce HMBO
pusuMKa.

Tabdena 1. MaTpuua pM3nKa ca HUBOMMA PU3MKaA NPUKa3aHUM pasanymTum dojama

BeposaTtHoha
1 2 3 4 5
1 1 2 3 4 5
2 2 4 6 8 10
MNMocnepunue 3 3 6 9 12 15
4 4 8 12 16 20
5 5 10 15 20 25
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FMEA meTtoga

AHann3a HaumHa M edekaTa OTKasa (eHr.
Failure Mode and Effects Analysis — FMEA) je me-
TOAA KOja ce KopUCTU 3a ngeHTuduKaumjy ceux
moryhux y3poKa npenosHaTnux pusnyHmx goraha-
ja, Ha ocHoBY uera ce mory geduHucaTh akumje n
KOHTpone uunje cnoposohere &u ymarbuao uam
y NOTNyHOCTW enemuHucano pusuk (Ostrom,
Wilhelmsen, 2012).

YKONUKO je naeHTUMOUKOBAH PU3NYHM AOra-
hHaj, FMEA meToza ce MoXKe Aasbe NPUMEHNUTHM 33
aeduHUCcabe y3poKa OTKasa U akLMja 3a HUXOBO
cnpeyvaBarbe, Npu Yemy cy notpedHu cneaehm Ko-
pauu: (Ostrom, Wilhelmsen, 2012):

1. WNpeHTndMKaumja enemeHaTta AN aKTUBHOCTU
Ha Kojuma he ga ce BplUIM aHanu3a, oaayKa
O NPUMEHU CTPYKTYpHE Uan GyHKLMOHaNHe
FMEA y 3aBMCHOCTM 04, NOCMATPaHOr npoueca;

2. WpeHTudMKaumja HauMHA OTKasza, HEroBmx
edekaTa, 3aTMM y3poka 3dor Kojux ce Taj oT-
Kas Aecuo M akumja Kojuma he pa ce genyje
Ha CBaKM eNIeMeHT UM aKTUBHOCT, Kpenparbe
FMEA nucre;

3. OuermMBatbe pu3MKa KOMMNOHeHTe, ogpehu-
Bakbe efleMeHaTa puM3nyHo - 6poj npuopmTeTa
pusuka (eHr. Risk Priority Number - RPN), a
TO Ccy 030M/bHOCT, NOjaB/bMBakbe U AeTeKumja
pU3nKa;

4. OppehuBarbe NpuMopuUTETa aKLMja 3a CMakbe-
He UK MOTMYHO eIMMUHUCabE PU3MKa.
PesyntaT npumeHe oBe meTode je OTKas ca

Hajsehom BpegHocTM RPN 1 OH MMa npuopuTeT 3a

aeduHucame aKumja unja he peanmsaumja cmakbu-

TV 038M/BHOCT OTKa3a UM AellaBakbe nocneamua

(Nolan, 2008).

AHanusa cradna Heucn PaBHOCTH

AHanusa ctabna HeucnpaBHOCTM (OTKasa)
nunn ckpaheHo FTA (eHr. Fault Tree Analysis) me-
Toda je passujeHa 1960-mx rogmHa opg cTpaHe
HauuoHanHe Ba3ayxonnoBHe M CBEMUPCKE agMu-
HucTpauuje (eHr. National Aeronautics and Space
Administration - NASA) u MuHuctpacTsa ogdpa-
He CjeanroeHnx AMepuykux ap*kasa. FTA metoaa
npeAacrassba rpaduuKn MoLen KpenpaH AefyKTUB-
HUM 3aK/byuMBarEM KOje [0BOAM A0 HEKONMKO
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KomOuHauumja gorahaja Koju pesynTupajy oTkasom,
OAHOCHO Hexkes/beHum gorahajem (Bilal, 2003).
KoHCTpyKUuMja cTabna HEMCNPABHOCTU BPLUK Ce
camo 3a oHe gorahaje Koju cy npeno3HaTh Kao
3Hay4ajHW. YKO/IMKO ce Kao NonasHa Tayka oBe
aHanu3e y3Mma pesynTaT npeTxofHo Kopuwhe-
e FMEA meToze, ctadiio HEMCNPABHOCTU MOXKe
[a ce Kpeupa camo 3a OHaj pu3nyaH gorahaj Koju
je naeHTMdMKOBaH Kao Haj3HaYajHUju - OHAj Koju
nma Hajsehun RPN. HakoH Kpeunpatrba cnposogm ce
KBa/IMTaTUBHA U KBAaHTUTaTMBHA aHanu3a ctadna
HENCNPaABHOCTW.

[Jorahaj ca Hajsehum RPN BpeaHOCTMMA, KOju
je y camom ueHTpy aHa/nun3e, Ha3MBa Ce BPLUHU
norahaja U OH 3anpaBo NpeACcTaB/ba HEXebeHU
porahaj cuctema Koju ce nocmatpa. lMopepg Bp-
WwHor gorahaja, duTHO je gedurHUCcaTM U Nocpes-
He u npumapHe gorahaje Koju cy geo ctabna
HEUCNPaBHOCTU M ofHOce ce Ha moryhe y3poke
BpWHoOr gorahaja npoueca. NocpeaHu gorahaj
npeacTaB/ba HEMCNPABHOCT Koja ce Aecuna Kao
nocneamua NOKpeTarba JIOTMYKOT KO/la o4 CTpaHe
jeaHor uan suwe agorahaja. MNpumapHu gorahaj,
ca Apyre cTpaHe, npeacTas/ba gorahaj Koju je
Ha CaMOM MOYETKY KOJa U OH ce Aasbe He aenu
(Ostrom, Wilhelmsen, 2012). Npuankom kpe-
upatba ctadna Kopucte ce ABe BpcTe cumdona:
porahaju u nornyka kona. [orahaju ce kopucte
3a NpuKasMBakbe BPLUHON, NOCPEAHUX U NPUMap-
HUX gorahaja, oK I0TMYKa Kola NpuUKasyjy Bese
n3mehy rux.

AHanusa cradna gorahaja

AHanusa ctadna pgorahaja (eHr. Event Tree
Analysis - ETA) je meToAa Koja ce KOpUCTY 3a UAEH-
TMdUKaLmjy cBmx moryhux ncxoga gorahaja Koju je
pes3ynTaT HeKor MHuumjanHor gorahaja (Crawley,
2020). HexesbeHun porahaju godujeHn metogom
cTadna HeMcnpaBHOCTM Aasbe ce pa3maTpajy npu-
meHom meTtoge AHanusa ctadna gorahaja. OBa
MeToZa KOpUCTH ce 3a oapehusarbe U oLermnBa-
Hbe CKyna forahaja Koju NoACTaKHYTU HEKUM UHU-
unjanHum gorahajem mory npeacraB/baT CLeHa-
puo HexesbeHor gorahaja.

HakoH geduHMcaHMX ynasa, Kopauu y pe-
anusaumnju aHanmse cy cnegehu (Ostrom,
Wilhelmsen, 2012):
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Oapehusarbe cBUX Moryhux cueHapuja;
OppehuBarbe nocpeaHux aorahaja;
Kpeupame ctabna gorahaja;
YtBphuMBare pu3nKa 4oOMjeHnx ncxoaa.
Peanusaumjom oBUX Kopaka U cnpoBoherem
aHanu3e, Kao pesyntaTt fodujajy ce HexesbeHM
MCXOAM Y OKBMPY CUCTEMA KOjU Ce MOCMATPa, Be-
posaTHohe nocneamua u 3axTesu Koju he gosectn
8o nosehara curypHoctn npoueca. Kaga je ped
0 nocpegHum gorahajuma, Tj. YBopoBMMa cTadna,
OHM NpeacTasbajy gorahaje Koju nmajy asa moryha
M3/1a3a: ycnex 1 Heycnex, O4HOCHO MO3UTUBAH U
HeraTMBaH Mcxog, a oBu gorahaju cy mehy cobom
noBesaHu rpaHama ctadna.

3a ctadno porahaja Takohe ce cnposoau u
KBAHTUTATMBHA aHA/M3a Koja NogpasymeBsa Uspa-
YyHaBatbe BepoBaTHohe cBaKoOr of, AeHTUOUKO-
BaHMX ucxoaa. Ose BepoBaTHohe mory ce ogpeau-
TW YKOJIMKO Cy No3HaTe BepoBaTHoOhe No3UTUBHOT
W HEraTUBHOT UCXOAa CBAKOr o4 Aorahaja. YKynHa
BepoBaTHoha MO3UTUBHOT UCXOAA CUCTEMA PaYyHa
ce Kao 36up BepoBaTHoha CBMX NO3UTUBHUX UCXO-
[la mocmatpaHor cTadna, foK yKynHa BepoBaTHoha
HeraTuBHOTr ycnexa godwja ce kao 36up BeposaTt-
Hoha CBMX HEFAaTUBHUX UCXOAA, OGHOCHO CLieHapu-
jayTom ctadny (Ferdous et al., 2011).

PN E

PE3YATATU U AMCKYCHJA

Mpea dasa npoueHe pusMKa y peanusaumjun
npojeKkta perynaunje Megasb NOTOKA je NAEHTU-
duKaumja pusmnyHux aorahaja Koja je M3BpLleHa
npumeHom HAZOP meToge. MpBu Kopak y naeH-
TMdUKaumju je oapehnsarbe raBHUX efemeHaTa
cuMcTema MAK npoueca M AofaBarbe 0Arosapajy-
hux Bogehux peun. MNoa enemeHTMMa cucTema ce

noApasymeBajy cBe rpyne pagosa v npunagajyhmnx
pagHux onepauuja Koje je noTpedHo n3BpwmnTH. Y
npojeKkTy perynauumje Meaasb NoToKa n3adpaHo je
10 aKTMBHOCTM — NPETXOAHWN PaA0BU, UCKON 3e-
MJ/bE 3a perynaumjy, TPaHCNoOPT UCKOMaHe 3emMJ/be,
u3paga perynauuje, UCKoM 3em/be 3a nonpeyHe
objeKTe, U3paga nperpase o4 KaMeHa y LeMeHT-
HOM ManTepy, U3pasga Nperpase o KameHa y cy-
BOM, U3paja nperpaze oa rabuoHa, u3paga yimse-
HOr 00jeKTa og, KaMeHa Yy LeMEeHTHOM ManTepy u
OMONOWKM pagoBu. 3a CBaKy aKTMBHOCT MAEH-
TUOUKOBAHA Cy OACTYMakba CUCTEMA OF, NPOjeKTa
(pu3nyHM gorahaju) npumeHom Bogehux peun
(Ha np. ,He", ,Buwe”, ,0eo0” ,npyro“). Pusmyum
porahaju Ha Koje yKasyjy ogpeheHe Bogehe peumn
cy cnegehun: ,npe“un ,nocne” ykasyjy aa Huje uc-
NOLITOBaH pesocses U3BpLleHa NojeANHUX paso-
Ba (aKTMBHOCTM); ,A€0" 0O3HaYaBa Aa je camo Aeo
pagoBa peann3oBaH; ,He” yKasyje Aa aKTUBHOCT
HUWje peann3oBaHa; peymn ,,paHo” uan ,,KacHo" yKa-
3yjy Ha oAcCTynarbe M3BpLIEHa PagoBa y ogHoCY
Ha Bpeme npenBuheHo NpojekTom; pey ,Buwe”
ce noBesyje ca ussplerem seher odbMma nocna
op, npeasuheHor npojekTom 1 ap. Y paay cy 36or
0OMMHOCTM NPUKasaHu camo AodujeHn pesyntaTm
33 aKTMBHOCT - MCKOM 3eMJbe 3a perynaumjy jep cy
ce 3eM/baHM Paf0BM MNOKA3aIM Kao K/byYHU Y aHa-
/113K pU3KKa oBor npojeKkTa (Tadena 2).

HaKoH ngeHtndmKaymje ceux moryhmux pusmny-
Hux porahaja y npojekTy perynauuje Megasb no-
TOoKa dopmMpaHa je maTpumLa pusnka. MaTtpmuom
pU3KKa je ynopeheHo BuLe pu3nyHMUX gorahaja u
ouerMBatbeM bUXOBe BepoBaTHohe 1 nocneamua
ogpeheHn cy NpuopuTeETN Mepa 3a CMakbere pu-
3uKa. Y Tabenu 3 cy Aatv pmMsnyHu gorahaju sesa-
HW 33 aKTMBHOCT MCKOM 3eMJbe 3a perynauujy, Kao
M OLLEHa p13MKa.

Tadena 2. aeHTdUKOBaHM pu3nyHM forahaju 3a McKon 3emsbe 3a perynaunjy Meaasb noToka

AKTUBHOCT Boaeha peu PusuuHu porahaj
He McKkon 3emsbe Huje n3BeaeH
Buwe McKkonaHo je BULLE 3eM/be HEro LWITO je NAaHMpPaHO
[eo McKonaH je camo feo niaHMpaHe 3em/be
Mckon 3emsbe 3a
; KAnmaTcKo-mMeTeopooLLKM YCI0BK 3@ UCKOM 3eM/be
perynaupnjy Opyro 2 v
HWUCYy 61U NOBOJBHU
KacHo McKon 3emsbe je KaCHMO ca MOYETKOM

Cnopuje

Mckon 3emsbe je Tpajao Ay»Ke Hero LWTo je naaHupaHo
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Tabena 3. OueHa pusnyHux gorahaja npu nckony semsbe 3a perynaumjy Megasb noToka

. OueHa OueHa OueHa
Pu3nuHu porahaj
BepoBatHohe nocneauue  pusuka
McKkon 3emsbe HMje nsseseH 2 5 10
McKonaHo je BULLEe 3eM/be Hero LWTO je NAaHUpPaHo 2 3 6
McKonaH je camo 4eo niaHMpaHe 3em/be 4 4 16
KnavMmatckum ycnosw 3a Mckon 3emsbe HUCy dunum 3ag080sbasajyhu 3 4 12
McKkon 3emsbe je KaCHMO ca NOYETKOM 2 4 8
Mckon 3emsbe je Tpajao AyXKe Hero LWTOo je nAaHupaHo 4 3 12
Tabena 4. Pesyntatv npumeHe FMEA meTtoae
Pusuqm'q Ve T OueHa Ou,esz\ BepoBaTHohe Ou,eHa' RPN
porahaj 036umHOCTH nojas/buBaa peTeKkumje
[pewka pagHuKa 7 7 6 294
MckonaH je
camo aeo LAl c.a 7 5 2 70
MexaHu3auunjom
naaHupaHe
3em/be [pewka y npeamepy 6 4 3 72

pagoBsa

MNpema pe3yntaTvma, Hajmakby BPegHOCT HMBOA
pu3KnKa nma gorahaj — MickonaHo je Bulle 3em/be
Hero WTo je niaHupaHo (oueHa pusuka 6), a Haj-
Behy BpeaHOCT HMBOa pusmKa (16) MMa pU3UYHK
aorahaj - ckonaH je camo geo niaHupaHe 3emsbe.

HakoH w0 cy pnsnyHun gorahaju ouereHn n
pacnopeheHun No 30Hama p13nKa Kojuma npuna-
aajy, npumerseHa je FMEA meToaa Kojom ce pedu-
Huwe porahaj ca dpoj npnoputeTta pusmnka- RPN.
Hajnpe je npumeHom FMEA meTtoge aedbuHucaH
OTKa3 KOjM 03HayaBa CBe NOTEeHLUMjaNHe rpeLuke
KOje MMajy CBOje y3pOKe KOoju ce mory, O4HOCHO,
He MOry eTeKToBaTH y npouecy nssohera paso-
Ba. Y OBOM MPOjeKTy cy AeTeKTOBaHa Tpu y3poKa
OTKa3a: rpeLlka pafHuKa, npodnem ca mexaHu3a-
LMjoM U rpeLlka y npegmepy pagosa. 3a ytepheHe
y3poKe 0TKasa, oapeheHe cy BpeaHOCTM napame-
Tapa: oueHa 030WU/bHOCTM OTKasa, BepoBaTHohe
nojaBe rpeLuke U BepoBaTHohe AeTeKkTOBakbe rpe-
wKe. MHOXeHeM 0BMX NapameTapa Koju ce mory
BpeAHOBaTK Ha ckanum oa 1 go 10, noduja ce 6poj
npuopwuTeTa pusnka- RPN, umnje ce BpegHocT Kpehy
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on 1 no 1000. Npodnem ca mexaHU3aLMUjoM, Koju
ce MOKe OQHOCUTU Ha NpecTaHaK paga MexaHu3a-
uuje je pu3nyHM gorahaj 3a Koju je npopayyHaTta
BpeAHOCT Opoja npuopuTeTa pusnKa Koja U3Hocu
70. Hajseha BpegHocT RPN oz 294 je npopayyHa-
Ta 32 OTKa3 y3POKOBAH rPeLIKoOM pagHUKa 1 3a Taj
p13MYHK forahaj ce naaHMpajy akumje, o4HOCHO
MHTEpBEHLMje Koje AONPUHOCE YKIatbakby Y3pOoKa
rpewke. bosby cTy4HM Haa30p Hag n3Boherem je
npeBeHTUBHA aKLUMja Koja je npeanoXKeHa 3a pe-
OYKLUNjy OO4HOCHO eIMMWHALLMjy OBOT PU3MKA.

PesyntaTtu nodujeHun 3a nckon semsbe 3a pery-
nauujy npumeHom FMEA metoge npukasaHu cy y
Tabena 4.

MpumeHom MeToae aHanuse cTadna oTKasa
npuKasaH je pusnyHu gorahaj ca Hajsehom Bpea-
HocTu RPN Kao BpwHM aorahaj. JedurHucanm cy un
porahaju Koju npeacrtas/bajy moryhe yspoke Bp-
LUIHOT, HeXes/beHor aorahaja cuctema, v To: rpeLlka
pagHuKa, Npodaem y MexaHU3auUmju v rpeLuka y
npegmepy pazosa. Notom cy aeduHncaHm goraha-
jV Ha HWXKem HUBOY, NPV Yemy cy penauuje nsmehy
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Cnuka 1. Ctadno otkasa 3a BpwHM gorahaj ,MckonaH je camo 4eo naaHupaHe 3emsbe”

FbUX NPUKa3aHe SIOrMYKMM onepalmjama. Ha npu-
Mep, rpeLlka pajHuKa je y3pOKoBaHa HeL0BO/b-
HOM cTpyyHowhy paaHWKa Koja je ycneamna 36or
HeazeKkBaTHe odyke (360or He3anHTepecoBaHOCTH
pafH1Ka MU MHCTPYKTOPA) UAK je pe3ynTaT ymopa
pajHuWKa U HeroBmx AnuyHux npodnema. YtepheHo
je YKynHo AeceT noTeHuMjaHUX Y3POKA PUSUYHOT
porahaja n cBu cy npukasaHu Ha Canum 1.

HakoH oapeheHor y3poka KputuuHor gorahaja
M3BpLUEHaA je aHa/IM3a HEeroBUX UCXOAA NPYMEHOM
MeTogae aHanuse ctabna gorahaja (Cnumka 2).

M3 KoHcTpyucaHor ctadna porahaja moxe
ce BMAETM Aa noctoju net moryhux ucxopa sp-
WHOT pu3nyHor gorahaja u brxoBe BEpPOBaTHO-
he. KBaHTMTaTMBHOM aHanm3om ctadna porahaja

npopavyHare cy BepoBaTHohe CBMX NOBO/bHUX U
CBMX HEMOBO/LHMX UCX0Aa. BepoBaTHoha nososb-
Hor ucxoaa usHocu 82,5% (50% + 25% + 7,5%), ook
BepoBaTHoha HEMOBO/bHOT Ucxoaa U3HocK 17,5%
(14% + 3,5%).

M3 npuKasaHux pesynTtata npoueHe pu3nKa
KOA, OABWjarba pafloBa Ha peanmsaumju npojekTa
perynaumje Meaasb NOTOKA MOXe ce BUAETU Aa je
porahaj ca Hajsehom BepoBaTHOhoMm pu3nKa gora-
hHaj ,MckonaH je camo Aeo naaHupaHe 3emsbe”, ca
AeceT moryhux yapoka u net moryhux ncxoga, og,
Kojux je BepoBaTHoha NoBo/bHOT Mcxoda (McKon je
M3BpLUEH MO NpojekTy) 82,5% a HenoBosbHOT (Mc-
KO je HaKHaZHO M3BPLLEH M UCKOM HUje U3BPLLEH)
17,5%.
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Cnuka 2. AHanusa ctadna pgorahaja ca moryhum ncxoguma BpLuHor aorahaja u BeposaTHohama

3AKMAYIAK

MpoueHa pu3nKa Koa, peanunsaumje npojeKkra
3a usrpaghy perynaumje Megasb NOTOKa BpLIeHa
je NnpuMeHOM KBaHTUTaTMBHUX meToga: HAZOP,
maTpuua pusmKka, FMEA, aHanusa ctabna otkasa u
aHanmsa ctadna pgorahaja. MeToge cy npumerse-
He y ogroapajyhum ¢dasama npoueHe pusmKa y
TOKY peanusaumje NpojekTa, 04 HauMHa Hberosor
HaCTaHKa [0 Ucxopa ca BeposaTtHohama HUxoBor
nojas/buBarba. Uctpaxkuearbem cy odyxsaheHu
CBW pafloBM Ha M3rpaftby perynaunje, ay paay cy
NPWKasaHM camo 3eM/baHu PajoBu jep je Bepo-
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BaTHoha nojase pu3nyHUX Jorahaja Koa HUxoBor
oaBujarba Hajseha. MprMMeHOM yCBOjeHUX MeToaa
yTBpheH je KpuTnuaH gorahaj ca Hajsehom Bepo-
BaTHONOM PU3MKa, Kao U HEroBM NOBOJBHU U He-
noBOJbHU MUcxoaun. MocTynak npoueHe p13nKa Ha
0Baj HaunH omoryhasa aAepUHUCaHbE NPeBEHTUB-
HUX Mepa M aKuMja 3a CMakberbe 1 crnpeyaBakbe
NoTeHUMjanHUX pu3mnKa, Ynme odesdehyje ognmu-
HY OCHOBY 3a NJIaHWpPatbe yNpaB/bakba PUINKOM Y
NOCMaTPaAHOM MpPOjeKTY.

HanomeHa: Pe3yntaTv paga cy feo npojekTa
Koju je duMHaHcKpaH o cTpaHe MuUHUCTpacTBa 3a
HaYKy 1 TEXHO/IOLWKW Pa3Bgoj.
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Summary: During the construction of the regulation of a watercourse, a large number of unex-
pected events can occur and increase the risk associated with the project hindering its successful
realization. Risk events can result in breaking deadlines, increasing costs, reducing quality, etc.
This paper analyzes the risk in the implementation of the Medalj stream regulation project, using
the appropriate method that gives the best results for each phase of the risk analysis. Thus, the
HAZOP method was used to identify risk events, the risk matrix to define the level of risk, the
FMEA method to propose actions to reduce the possibility of risk event occurrence, the Fault tree
method to determine the cause of risk event occurrence and the Event tree method to determine
possible outcomes of risk events. The obtained results showed that the key risk event was “Only
a part of the planned soil excavated”, so the paper will present the results related to earthworks,
although the analysis referred to the entire project.

Keywords: risk, project management, river regulation, HAZOP, FMEA, event and fault tree analysis

INTRODUCTION

Planning is one of the most significant ele-
ments of project management, with each of its
phases and subphases, as well as some of its func-
tional domains. The main object of planning is the
reduction of risk and uncertainty during the imple-
mentation of any project.

According to standard I1SO 31000 from 2009,
risk is defined as the uncertainty effect on goals.
From this definition, every risk has an uncertain-
ty that can be quantitatively and qualitatively
expressed, which results in the importance of
planning and risk assessment in project implemen-
tation. Each potential risk in the near of further
future can cause huge consequences for company
business, and that is why it should be a mandato-
ry part of business management. According to the
above mentioned, it can be said that risk includes
two components: an unwanted consequence and
uncertainty about a possible consequence (Cupic
and Suknovic, 2010).

Risk management includes a set of manage-
ment methods and techniques which are used
to reduce the possibility of adverse and harmful

events that could occur during project realization.
It leads to the loss minimization and makes a bal-
ance between the reduction of loss probability
and expenses that are required for this reduction
(Jovanovi¢, 2008).

Risk management is conducted through sever-
al phases: risk identification, risk analysis and as-
sessment, risk response planning, and control of
the risk response (Jovanovic, 2008).

One of the most challenging phases of this
procedure is risk assessment, because it requires
excellent knowledge of the system and plenty of
time to be implemented in the best way. An im-
portant aspect of risk assessment is the choice of
the methods by which this procedure will be im-
plemented (Vujosevic, 2008).

The primary causes of risk are long project
duration, unpredictability, and today’s market
dynamism (Sudjic, 2008). Soil and water re-
sources protection projects are confronted with
various risks, which are very difficult to manage.
This group of projects also includes river regula-
tion projects, which belong to investment projects
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where a large number of risk events may occur.
These events that lead to project failure could
occur in all phases of the project lifecycle, espe-
cially in the building phase during the execution of
earthwork as the most extensive work concerning
the quantity of works executed.

In the current project implementation practice
from this domain, risk management has been con-
sidered only from the impact of change point of
view, i.e. cost increase and a qualitative method was
applied — Monte Carlo simulation (Baumgertel et
al. 2016, Baumgertel et al. 2019).

This paper identifies and analyzes the risk on
the example of performing works on the regula-
tion of the Medalj stream. For the realization of
each step, the appropriate method was applied.
The HAZOP method was used to identify risk
events, the Risk matrix to define a level of risk, the
FMEA method to propose actions to reduce the
possibility of risk event occurrence, the Fault tree
method to determine the cause of risk event oc-
currence and the Event tree method to determine
possible outcomes of risk events.

MATERIALS AND METHODS

Study area

The Medalj stream is a right tributary of
the Drina river in the Municipality of Ljubovija
(Western Serbia), with a watershed area of 2.3
km?, a flow length of 2 km and an average slope
of 18-22%. The Medalj stream intersects the main
Ljubovija - Zvornik road, where traffic is stopped
due to the oncoming torrential water.

In the aim of the Medalj stream regulation,
technical objects have been designed in the form
of a regulation with inflow made of stone in ce-
ment mortar and three sediment traps (gabion
check dam, check dam constructed with stone
in cement mortar and dry stone masonry check
dam). In addition to technical works, the project
also included biological works.

Risk assessment methods

The key phase of risk management relates to
risk analysis and risk assessment performed by ap-
plying a variety of techniques, methods and tools.
The methods used for risk assessment could be
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divided into quantitative, semi-quantitative (com-
bined) and qualitative methods (Grozdanovi¢
and Stojiljkovi¢, 2013). Quantitative methods
provide a quantitative measure of risk based on
knowledge of the probability of occurrence of an
adverse event and the expected consequences
of the realization of the adverse event. In com-
bined methods, the magnitudes (probabilities and
consequences) for risk assessment are assessed
and ranked by experts. Qualitative methods use
qualitative data to assess risk without the neces-
sary knowledge of previous adverse events and
describe the risk descriptively (e.g “weak”, “me-
dium”, “high”, “very high”). The choice of the risk
assessment method depends on several factors
such as the availability of resources and the time
required for analysis, the availability and relevance
of data, the complexity of the project, the goal of
the analysis, etc. (Merna and Al-Thani, 2008).

All tools and techniques that can be used for
risk assessment, if applied systematically in an ap-
propriate manner, can indicate all the vulnerabili-
ties and errors that exist in the project.

Risk assessment is a very complex process in-
volving several steps (Vujosevic, 2008):

1. Risk events identification;

2. Evaluation of potential risk events based on
probability and consequences;

3. Defining the causes of failure and actions for
its prevention;

4. Analysis of the system behavior influence on
the occurrence of the risk event in the system;

5. ldentification of the potential risk event
consequences.

By applying these steps, weaknesses in the
project implementation are analyzed and over-
come, as well as human errors that occurred in
the work. In this paper, a risk assessment for the
Medalj Potok regulation project will be performed
by implementing the above steps. An appropriate
method is applied for the realization of each step.

The HAZOP method

The Hazard and Operability (HAZOP) method-
ology is a process hazard analysis technique used
for risk identification. This method is a qualitative
method whose main objective is to ensure that a
catastrophic event is avoided during the life cycle
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of the system through the analysis of its processes

(Nolan, 2008).

The basic steps of the HAZOP method are as

follows (Nolan, 2008):

1. Defining structure and goals of the procedure,
risk assessment team experts responsibilities,
and choices;

2. ldentification of the system or process ele-
ments, selection of the guide words and defi-
nition of the deviations;

3. lIdentification of the risk events potential caus-
es and consequences, protective measures
and actions that should be taken to prevent
risk events;

4. Creating reports, monitoring the implemented
actions, and examining the need for iteration.
In this paper, the HAZOP method is used for

the identification of the system or process ele-

ments, the selection of the guide words and defi-
nition of the deviations, i.e risk events.

The Risk matrix

The Risk matrix is a two-dimensional rep-
resentation of the likelihood and consequences
of the risk event used when these two metrics
cannot be estimated with accuracy and precision
(Bilal 2003). The Risk matrix is created as a chart
where one axis indicates categories of likelihood
(expressed as a probability or frequency) and the
other axis indicates the categories of consequenc-
es (level of the harm). In the risk matrices, the
combination of probability and consequences are
compiled in a certain number of categories visual-
ized with different colors (e.g. green, yellow and
red) represent the level of risk (e. g. low, medium,
high). The example of a 5x5 risk matrix that has

Table 1. Risk matrix with risk levels

five levels of probability and five levels of severity
(consequences) is presented in Table. 1.

For each risk event identified using the HAZOP
method the level of risk is obtained by multiplying
the estimated probability and consequences.

The FMEA method

Failure Mode and Effects Analysis (FMEA) is a
method used for the identification of all potential
causes of identified risk events, supporting the
identification of actions and controls whose im-
plementation could reduce or eliminate the risk
(Ostrom and Wilhelmsen, 2012).

If a risk event is identified, the FMEA meth-
od could be further used for the identification of
the causes of failure, and actions for its preven-
tion applying the following steps (Ostrom and
Wilhelmsen, 2012):

1. Identification of elements or activities for the
analysis, a decision on the application of struc-
tural or functional FMEA, depending on the
observed process;

2. lIdentification of the failure mode, its effects,
causes, and actions that will affect each ele-
ment or activity by creating a FMEA list.

3. Component risk assessment, determination
of the risk-priority number (RPN) elements,
which are severity, occurrence, and detection
of the risk;

4. Prioritizing actions for reduction or elimination
of the risk.

The result of this method is a failure with the
highest RPN number and it gets the priority for
defining and realizing action that will reduce the
severity of occurrence (Nolan, 2008).

Probability
1 2 3 4 5
1 1 2 3 4 5
2 2 4 6 8 10
Consequences 3 3 6 9 12 15
4 4 8 12 16 20
5 5 10 15 20 25
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Fault Tree Analysis

Fault Tree Analysis (FTA) is a method developed
in the 1960s by NASA and the US Department of
Defence. It is a graphical model created by deduc-
tive reasoning that leads to several combinations
of events that cause failure, i.e. adverse events
(Bilal, 2003). The construction of the fault tree
is performed only for events that are recognized
as significant. If the starting point of the analysis
is a result of the previously used FMEA method,
the Fault tree could be created only for the risk
event that is identified as the most important —
the event with the highest RPN number. After the
creation of the fault tree, its qualitative and quan-
titative analyses have to be performed.

The event with the highest RPN number, the
very center of the analysis, is called the top event
and it represents an adverse event of the observed
system. Besides the top event, it is also important
to define the basic and indirect events that are part
of the fault tree and they relate to the potential
causes of the process top event. An indirect event
is a failure that happened as a consequence of the
logic gate started by one or more events. The basic
event, on the other hand, is an event which on the
very end of the branch and it can not be further di-
vided (Ostrom and Wilhelmsen, 2012). When
creating the fault tree, two types of symbols are
used: event and logical gates. Events are used to
display top, indirect, and basic events, while log-
ical gates display the connection between them.

Event Tree Analysis

Event Tree Analysis (ETA) is a method used to
identify all possible outcomes of an incident that
result from a selected initiating event (Crawley,
2020).

Adverse events obtained by the fault tree
method are further considered applying the Event
tree method. This method is used to determine
and evaluate the set of events, triggered by an in-
itial event, which may represent an adverse event
scenario.

After the inputs are defined, steps in the reali-
zation of the analysis are as follows (Ostrom and
Wilhelmsen, 2012):
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Identifying all potential scenarios;

Identifying the indirect events;

Creating an event tree;

Determining the risk of the obtained out-
comes.

By implementing these steps and performing
the analysis, as a result, adverse outcomes with-
in the observed system are obtained, the prob-
abilities of consequences, and the requirements
that will lead to increased system safety. When it
comes to indirect events, i.e. tree nodes, they rep-
resent events that have two possible outcomes:
success or failure, i.e. positive or negative out-
comes and these events are connected by tree
branches.

For the event tree, a quantitative analysis is
also performed, which involves probability calcu-
lation for each of the identified outcomes. These
probabilities can be determined if the probabilities
of positive and negative outcomes of each event
are known. The total probability of the positive
outcome is calculated as the sum of probabilities
of all positive outcomes of the tree, while the total
probability of the negative outcome is calculated
as the sum of all negative outcomes, i.e. scenarios
in that tree (Ferdous et al., 2011).

e

RESULTS AND DISCUSSION

The first phase of risk assessment in the im-
plementation of the Medalj stream regulation
project is the identification of risk events using
the HAZOP method. This step starts with the
identification of the main elements of the sys-
tem or process and appropriate guide words.
The elements of the system include all groups of
works and operations that need to be performed.

In the Medalj stream regulation project, 10
activities were selected - previous works, the ex-
cavation of soil for regulation, the transport of
excavated soil, the construction of regulation,
the excavation of soil for transverse objects, the
construction of check dam in cement mortar, the
construction of dry stone check dam, the construc-
tion of gabion check dam, the construction of the
inflowing structure and biological works.

For each activity, the deviations of the system
from the project (risk events) are identified using



RISK ANALYSIS IN THE IMPLEMENTATION OF A MEDALJ STREAM REGULATION PROJECT

Table 2. Identified risk events related to the activity — Excavation of soil for the regulation of the Medalj stream

Activity Guide word Risk events
No Excavation has not been done
More More soil was excavated than planned
Excavation of soil Part Only part of the planned soil has been excavated
for regulation Other Meteorological conditions for excavation were not satisfactory
Late Soil excavation was delayed
Slower The excavation took longer than planned

Table 3. Assessment of risk events during the excavation of soil for regulation within the Medalj stream

regulation project

Risk events Probability = Consequence Risk

score score score
No soil excavation implemented 2 5! 10
More soil excavated than planned 2 3 6
Only part of soil planned for excavation removed 4 4 16
Unsatisfactory climate conditions for soil excavation 3 4 12
Belated onset of soil excavation 2 4 8
Soil excavation lasted longer than planned 4 3 12

the guide words (such as ,not” ,more”, ,part”,
,other”). Guide words “before” and “after” indi-
cate that the order of execution of activities has
not been followed, “part” means that only part of
the work has been completed; “no” indicates that
activity is not realized; the words “early” or “late”
indicate the timing is different from the intention;
The word “more” means that the volume of per-
formed work was greater than planned, etc.

The analysis is performed for all activities, but
the results are presented only for the activity -
excavation of soil for regulation because ground-
works have proven to be crucial in the risk analysis
of this project (Table 2).

After identifying all possible risk events in the
Medalj stream regulation project a risk matrix
was formed. The risk matrix compares several risk
events and by assessing their probability and con-
sequences, the level of risks is defined and could
serve to decide on the risk preventive measures
and actions. Table 3 presents the risk events relat-
ed to the project activity — soil excavation as well
as the level of risk.

According to the results, the risk event with
the lowest value is (6) is More soil was excavated
than planned, while the risk event “Only a part of
the planned soil was excavated” received the high-
est level of risk assessment (16).

After the risk events had been assessed and
distributed according to the risk zones to which
they belong, the FMEA method was applied to de-
fine the event with the highest risk priority num-
ber (RPN). Previously, the FMEA method was used
to define a failure that indicates all potential errors
that have their causes that can or cannot be de-
tected in the process of performing works. In this
project, the three causes are detected: the worker
error, the problems with mechanization and pro-
ject error. For causes of failure, the values of the
following parameters are determined: the severi-
ty of potential effects of failure, the probability of
occurrence of failure and the probability of failure
detection. By multiplying these parameters that
can be evaluated on a scale from 1 to 10, i.e. the
risk priority number, whose value ranges from 1
to 1000 is calculated. The problem with mechani-
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Table 4. Results of the FMEA method application

. - Probability
Risk event Cause of failure Se‘verlty Gl HeEbly e of failure RPN
failures effects occurrence .
detection
Only part of Worker error 7 7 6 294
th.e planned Problem} W.Ith 7 5 5 70
soil has been mechanization
excavated Project error 6 4 3 72

zation is a risk event with the value of the number
of risk priorities estimated to be 70. The highest
RPN value of 294 is calculated for failure caused
by worker error and actions (interventions that
should eliminate the cause of failure) should be
planned for that risk event. As a preventive action,
better construction supervision is proposed for re-
duction i.e. elimination of this risk event.

The results obtained for soil excavation for
stream regulation using the FMEA method are
presented in Table 4.

Using the Fault Tree Analysis Method, the risk
event with the highest RPN value is shown as the
top event. Events that represent possible causes
of the top, unwanted events of the system are also
defined, namely: error of workers, the problem in
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Figure 1. Fault tree analysis for a top event “Only a part of the planned soil was excavated”
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The probability
of a risky event

50%

50%

30%

80%

Only part of the
planned soil
was excavated

The auditor
noticed an error
in the project

The supervisor
noticed an error
on the
construction site

The worker
noticed an error
during the
excavation

An error was
noticed during
the construction
of the regulation

The end result

Scenario
probability

Success

The excavation
was completed

Success

50%

according to the
project

The excavation
was completed

Failure

Success

25%

according to the
project

The excavation

Failure

Failure

7.5%

was completed

The excavation
was subsequently
completed

Success

14%

The excavation
was not
completed and
there was a flood

Failure

3.5%

Cnuka 2. AHanwmsa ctadna gorahaja ca moryhum ucxogmma spLiHor gorahaja u seposatHohama

mechanization and project error (error in the bill
of quantities). Then, lower-level events are de-
fined, and the relations between them are shown
by logical operations. For example, worker error
is caused by insufficient worker expertise due to
inadequate training (due to the disinterest of the
worker or instructor) or is the result of worker fa-
tigue and his problems. Ten potential causes of the
risk event are identified (Figure 2).

After a certain cause of a critical event is deter-
mined, its outcomes are analyzed using the Event
tree analysis method.

From the constructed event tree, it can be
seen that there are five possible outcomes of the
top risk event and their probabilities. The probabil-
ities of all favorable and all unfavorable outcomes
were calculated using the Event tree analysis
method. The probability of a favorable outcome is
estimated as 82.5% (50% + 25% + 7.5%), while the
probability of an unfavorable outcome is 17.5%
(14% + 3.5%).

From the presented results of risk assessment
during the implementation of the Medalj stream

regulation project, it can be seen that the event
with the highest risk is the event “Only part of the
planned soil was excavated”, with ten identified
possible causes and five possible outcomes. The
probability of a favorable outcome (excavation was
performed according to the project) is 82.5% and
an unfavorable one (excavation was subsequently
performed and excavation was not performed) is
17.5%.

CONCLUSIONS

Risk assessment in the implementation of the
project for the construction of the Medalj stream
regulation was performed using quantitative
methods: HAZOP, Risk matrix, FMEA, Fault tree
analysis, and Event tree analysis. The methods
were applied in the appropriate phases of risk as-
sessment during the project implementation, from
the manner of its occurrence to the outcome with
the probabilities of their occurrence. The research
covers all works on the construction of the regula-
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tion facility, and only earthworks are presented in
the paper because the probability of occurrence of
risky events during their development is the high-
est. By applying the adopted methods, the critical
event with the highest probability of risk was de-
termined, as well as its favorable and unfavorable
outcomes. In this way, the risk assessment proce-
dure enables the definition of preventive meas-
ures and actions to reduce and prevent potential
risks, thus providing an excellent basis for risk
management planning in the observed project.

Note: The study is a result of the project fund-
ed by the Ministry of Science and Technological
Development of Serbia.
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