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EXTENDED ABSTRACT

Introduction: Risk assessment, particularly in the environmental domain, serves as a
fundamental tool for identifying, controlling, and mitigating the hazards associated with human
and industrial activities. This process enables systematic management and prevention of
adverse outcomes by conducting a comprehensive analysis of potential threats. Through the
application of reduction, elimination, and substitution strategies, high-severity and high-
likelihood risks can be identified and mitigated to lower levels. Such measures facilitate the
balance between human activities and environmental protection, effectively preventing further
ecosystem degradation. Integrating environmental risk assessment into various stages of project
planning and implementation ensures that potential threats are identified and managed
effectively, minimizing negative impacts. This approach plays a vital role in fostering
sustainability and responsibly managing natural resources, ultimately enhancing the quality of
life and preserving these resources for future generations.

Material and methods: This study investigates environmental issues in the maintenance
processes of Transmission and high-voltage electrical substations in Zanjan Province using two
models: Failure Mode and Effects Analysis (FMEA) and Energy Trace and Barrier Analysis
(ETBA). A total of 64 risks were identified in each model.

Results and discussion: The integration of these two methods allowed for a comprehensive
identification of environmental hazards, including risks such as energy losses, harm to birds
and animals, and hazardous waste. Recommendations for risk control and management were
provided, such as fencing the equipment and sealing canal entrances and exits to prevent
animals from entering. The analysis outcomes included identifying energy types and their
sudden or unwanted release, evaluating barriers and energy control systems, calculating risk
numbers, assessing barrier efficiency, and proposing actions for risk reduction and the resulting
residual risk.

Conclusion: In this study, risk assessment was conducted using the Failure Modes and Effects
Analysis (FMEA) and Energy Trace and Barrier Analysis (ETBA) methods, which
demonstrated that the level and identification of risks were similar in both approaches. Among
the most significant risks identified was energy loss, for which mitigation strategies such as
network optimization, equipment upgrades, proper maintenance planning, and reducing leaks
were recommended. For moderate risks, such as harm to animals and birds, solutions like
fencing equipment, insulating busbars, and studying animal behavior in the region were
suggested. In managing hazardous waste, such as mineral oils, the study recommended
developing comprehensive guidelines, proper collection, and delivery to recycling centers.
Additionally, reducing water and electricity consumption was emphasized through measures
such as drip irrigation, energy-efficient equipment, and double-glazed windows. Finally, for
managing administrative waste and minimizing paper use, the study advocated for the
development of digital systems and promoting awareness and training in waste segregation,
which significantly contribute to pollution reduction.

Keywords: Failure mode and effects analysis, Energy trace and barrier analysis, Power
industry, Transmission and high-voltage substation, Maintenance.

* Corresponding Author Email Address: sarkheil@ut.ac.ir

DOI: 10.48308/envs.2025.1469

ConDod

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2025.1469
https://orcid.org/0000-0002-7593-9587

YOAA-FAYY :LLS

L IOWERP A RVE HPROPes JRCe) JUI IE P OMVE SR SHIRRPS| W R¥:
SHLSS (p g gy il eolawl b by 80 2059 @98 9 JU!
ETBA s FMEA

‘sbb YY) Lo,y ‘rGfJUa S0 | ‘roLﬁ."ibLo S 9o ¢ *‘J.\p).w S0

VEeB YF (1) YV-YFA copgi o pole

siengs Alia

VEY/-AUTE sl f
VEYNNTY sl s

b guunro 008
bl 2alS 5 JruS (ololid lr 3l )l (armmeienyj 039> 50 oig S (b)) 130 g adsles
g wioplls Co e Sl g2 ge slanag gelr Julos b ol ool ol (ixio g sl lacadlad 51 ool
Sy I o0 3ol Bdo ialS 6los,S05) 625 T ar koS o ol 31, ate glasaly 5l (5 Kty
Sl slo s oloe Jolas sloml 4 Lladl 8l (2L (5 Simls b a5 bl |, YU Jlazsl 5 oot b
Sy b)) pleol LS o (6 S sl ptacsST i o B 3l g 005 S Cawlae  cblas
0ad JyuS 5 olulids loayagd a5 S po el odsp 1)zl g (550,00 Blise ol y0 (e
45 31wl goro o o g Il aste sl 58 aate LB AT B ol s e JBla> 4y ite &5k

Dgdisn e ouiy] (Sla s (sl (sl mlio L g (Swij oS il 4 Coleipo

9 JUES! slocny 6505 5 jeess T i5u o Cejlae PBlas swyp 4 Gimgiy ool 50 (BRg; 9 Olge
el 10 g Sl OV S g5_3l9,;,)| i 90 leslaul L AYAY Jlu yo ol bl jo 5 &8 B9
slaJos 51 S0 ,a 0 a5 el ouis axsls y (ETBA) labli> Jdsgasjo g 550 obo, 3 (FMEA) &l 5l

A bl S, #F slaws o )Lils 90

Olgiso aloz 5145 0l lulids JolS job ay s jlazme (slocSns ) (3s) 90 (ol 30l aed po 1y g @l
oo s SRS sl obly 55 3505 oA sy ooy Sy 5 5 & ] 53yl S S,
S5k sl U 2,5 5 53539 rit o8 b S 08 e ol cad o) Solgiiy S
s 095 3 (5551 chlisie gyl alolih ol ol (ol b 35 4 Olyicon |y JUIS 51 &0 Sl 35,9 5
Sl (Sos a5 haal n 6551 S Slapiass 5 @lse glsil plolids o)l o)kt e 5 ST pab
St 3 @lpe ,Shos (b3l iabgr o Sy p3lie drnlne i 13 (6531 aralysl s5luslil b cos
Sg1 0dilendl S, Jlade el 9 Sy s 2ol sl obaiogs &)l g (o550 S

Al 50 (Jarmecin ;) GlaSiu ) gal> 2Ll O ETBA gFMEA (g, 93 5l eslitul b axlllae o515 yuS azeis
DL oSy P el 5 alis b s 425105 ol o] 5 355358 5 JUBS) (a5 5 50
Gl olals oo plulis slocSius ) (Pt 5wl aline gy 99 10 10 ey ) olulid zolaw a5 ol ools
talS 5 Slyrani sl canslio ($525800 2 Dl (3luaing @Sd axwgi 5 23lol Gy 5l (T (el &S o5,
9055 sams 57 @Sl (B 5 Sllg 4 ol b augie Sy (gl b Sty b i
Grdilony oy a0 0l &l dilaie Gllge (ol )8, aslllas ¢ b Lowl 6,5 @l uid b Ol yup
et S8k 310 & gt g clin (6510 el ladoall g (95 e slagsdy; wiile (STl
Sl iy 5 B yanS Slpugs slo b (6Ll 5l oslizl Aoz 5| SLEIL 550 5 T G yan 2l ¢ primon 0
Sl drngs (s lol slaan ]2 5132l Bio g (55l slasilons o poe sl n «ales )2 3,5 a5 ol
i S92 5 B T 2al5 1 (5550 1 &S b las oy Cu e 5 SIS o (sl g Jlzms
S e Liy)

(By G bl Ldxigas i g Laa(_gjjsl Lsfl?.‘)) ‘Q] Q|)3’| Jelosigas 10 g Sl Y :‘5‘.\5.15 L;Lboj‘,
GINK 5 el 2398 358 g JUEI Ceany

* Corresponding Author Email Address: sarkheil@ut.ac.ir
DOI: 10.48308/envs.2025.1469

O

Cajlama 5 55008 09,5
oo sawckigo 0L ¢ ideo
8 A eo oSl
Q/« / %, L.{p © L.{p olLiiils

‘J'LdJ‘L.d ‘C,......:J.E‘.za ouSCiils "
Ol ol ey j Lo Cibli>

& hF o ol 4 oli]
s il (I oo oLl
SilvJho VD 00 >
sl A [ amoens j S
% 5 JU slacew 5/l 5
Jleolétwl b iy i & ssd
SFMEA o LS oo slo s,

nsi olame psle aolilai ETBA
FEA-FY) (1) YF

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2025.1469
https://orcid.org/0000-0002-7593-9587

OHer 5 Jo oo

Jods @ ooy bl jo B n @iy 398 5 JUl slacey
gyl Sl by 5 ceal e @ 5l
(g Slple sloshl 5 slaghl « bla> sladl))
(ouly ey, « (SF6) 5,555 wl ol 135 518 Lal
5 Wby (Joil5 «Spsilgmaial ((Seal i slao e
Lalys 0929 5 Comylame (Sogll Jod cal 51 60,150
a5 csls walys sgzg Sl 9wy glp oeull
5 Jlixl @oly> ol cwyp 5 oyl 38 Slolis
S35 W55 o IS 5 B3l ] ot gm0 L)
ok

ey Jlo ololis T wsis oLl Job s
o iy 1y Gl Sl gt ali 5 Sl
0 o ple 4938055, S8 s bojg el b el ailis
5 il Capde 4 o (B0 waipe sl
Bl Co e St Ly o S, S8
Sarkheil et al., ) 3¢5 pladl (HSE) sy jlaiseo g (el
.(2020; Sarkheil and Rahbari, 2016

Olye 4 a8 lablas Jlodgay ;20 5 (65,0 (ol SSS
sype wol Jle ol bz caz )3
Jelosisan sz 5 5551 2l Gy S o0 8 el
LoaS ol atepllss Julowiga o0 anld SO dabilas
&1y 09790 Blas g e )3 39290 STl (o) 2
Kavousi, ) &S oo S &l o lulis 4 o] a8
&Pl b, Ubg, (20165 Rezaei, and Ghadiri, 2011
O &5 placde ad Cga bli> Llodg 25
Sl Bt jlin 05 SaS dnlo b dol> S5 g 0 0 Conl
5 &5l 2o, by, -(Pinto, 2014; Habibi ez al., 2011)
5 oliabl Sl ) sl bl Ly
OB 4 s S 0 &S Slihas (S slaghy, Cone
Abbasi et al., 2011; Ericson, ) 5,10 5,55 «el 428,
Jelodigta o g CaSlh SV By, (izen (2005
losaly 23yl (S b9y Ko S s e T 1

EVRTS

wzge ssylaeme Dbl Gl AL SIS o5l
G Ay sl gleans ol oad Gloas b SIS
@ bgrpe Sy g lagyb el 5 b jlane CBlge
S asse nl ) pee ladlsie 51 (o el 48518
Gl s e Sy obj,l 0o axg ] 4 jieS
BT ey Glp emlie Sl Glaiear Wlg o a5
Sarkheil et ) 34, ,I5 & Cons ) daee o yio glocIled
(al.,2016; Abbasi, 2013

P9 9 g SIS dnwg 5 Wb, 4 >y L
Gl ol 5l il e S B S95 6 5B
63k 2y OleygiS alex Sl le,5iS dan )3 5y &3
68 5 was slealas aSl 4 axgl Lol anils
Mbee e Canjlaze 5 gl p Gp e
sgw Ol cwsl p3Y (Rahmani and Omidari, 2015)
s5bite 4 5 058 JIB cu) g Gz 0550 o] ez
Eskandari et ) 55,5 3l o3V julas Jlm! slagyl
(@0kesle (ghyaelp b Sy o pae (al., 2012
C)uolyf‘))w‘uimﬁ‘)él.a.J‘so)ﬂosf
Heidi ef al.,) aos oo oS (Seo Jolas> 4 wao
B> oS job 4y lgs s ) e Sy ¢ IS 5bas (1999
Sarkheil et ) ols zalS” Jgu8 B o ) lg5 oo Ll oS
Baw o pl sl «al., 2017; Sarkhil, and Tavakli, 2015
@ el g depllas gl SO obml S o poe

Sy bl sl Jol> s aslie ulul p Sloroas

Allen et al., ) 55,5 oo 3551 00l yupti Sy ko g

SIS g pens 0,8 S 40 (2009; Andrew, 2003

VEB oo o) o)l T 05 s slarme pole aslila

Yyy



g JE slocns 65l00% 5 peasd w13 aiorens ; Sy 55l e

Sl B b g peasle lge 35550 al> o (nl )0 (piasns
Glaal 4y sl 5 (651 loolil iy 51 a8 )18
S5l 5558 9l o antd (BT el 1,55 s
Sloal 4 ol sl e 5 ol ilwslsl a8
ad)S 5l 5o aulssl slagss sl Glsas 4 o)lo 1) e
So b bl o wlsioe a5 (6550 glgl 098 o0
0950 8 ygleer V ooz Gillas aSl anils 52 039
S @ladoe Bl 6550 ol glyl 5l plas e ol -V
Bl rizen 5 0ses atie 035 (555l slwl Lids
45 53,130 g 058l Blaal Gloa b 5351 0l > (sl yene
g atdie 55 abls IS Eblis byl 4y o alge
—Joallygis 5 ps aslllas aliws 4 (5551 (b, L8
L glse Jebssnms ogdon joaie Sl sl
Spdy Oy SB Wb g e glroans ]S
doos o ylgs aile galize sla S0 4y Wiy oo aSlge
il g loj lse calols da gyl

ol b ol Bhhs a4 bgye Sy, cpmeni-Y
il oo sl esliiul b pitasns 3 SLSL 5 anlsl
plnil el TSy ) o5 Sjpe 4 &5 S,
L 5" b)) slr gty (b e 5l (S 09 oo
MIL-std-) 1 o] sollss o lasbin golio ,0 (oS dous
s 43 45 Sloduo 1 a8ly ol 1 j0 a5 ol (882
2y b shs g8y Jlxal g 09doe o)y bame
S Dyge 4 ol S ools ) ped Jleixly
omple gl esliul b e Ngd oo gmail
@ skt Jlil g Sud polie 3l b &S 6 S peead
T R T U R e
Jolz @lhe) 0,5 o0 O)go eadplulid SlaSin,
(0 ojlads J Yoylass

Jsbate 4 ol 5 lbarog @il 5 Mol Sloladl -F
ol Wl o Lol (gl 055 co 1, 0355 (30803 Ly
S 5By Jlazo| L1als 5 a3 b aS atly Sleasliy

g oo )l 93,0 b g

Solpl 50,5 w28 T s g auad a5 ol Jaaton
Lo drwg aS (5 sbar ol S 10 )15 s 12
;1 .(Barendsa et al., 2011) 545 ol yorr  Jao lla>do
Yl g, eadol Sy ol G SaSS e
2 kel gy b o Sl Jlosign 120 5 sl
39290 09illy Sl Wlgi ooy &S Cenl S (2L
Ol b pe il g Yo utzmon 5 (ol Laogame 5o
blse 3 (Liu et al., 2023) &S sanas, § lulis |,
Sy 505 b3l 53 o1 09 camlie Glgs o by, 0]
5 Mo it Sl Ohey o oo ek s
Sgas 0,Lil Wlilas 5l (6 Sy Jooly (n 5 S50 paeis

.(Sarkheil, 2021; Jensen et al., 2001)
G 5 yend S jhanzme GloSins ) (g3l Joe sl
Sl 2 by bl 5o B2 mie 398 9 JUl sloceny
Yl g bbla> Jlodsa i 5 655 @b, G,
p3Y 9l gard 5l 3 O S Jelodist o 5 oSt
@ cnlply ©0gd pldl o)l e JSCAS 4 Sond el
e Sl 6l Joe SO il B (39 (paass JJo
P b lag] olisl oliae g 013l Coos 5 aass )|
wly 5o 5l Gl cnly oS 0 Sy 2Ll s (ol
45 09h o0 DLl i )0 Cagle Cuz dbg e aasie
ol e ol IS ey ol )15 s ulis IS Lol
oy L5l (o popee L) (Gl el S
asi b @bl anld bl eed JeSas 5o ailee

Dbbos g b a olpin sl Jow 4

LS9, 9 dlge

Loy Gzl Ghgy 3l eslaiwl b Sy (2055
Ll Joulxiga 35 9 55 5!

Jelosisn iz 5 550 @boy sl o p sl )
5 Vpame o oloas dacdld olulis lablis
il oo a3 b o5en b b e slass Bl gl plulis

3 35290 sloss Bl b ogdll ol las glgsl Slolis gl

VEB oo o) o)l T 05 s slarme pole aslila

YYf



O g S5 s

(WMol LAYAD () 6551 &g cond S —) Jgu
Table 1- Checklist of types of energy (Shirali, 2006 with amendments)

sl 55! \Al 251 6551 !
e F¢ i b okt Jylote (sloct > Y

ebal> o oSl adss foado 3 (S Sl (655 Y

i yan £ esbliing 2SIl sla yils ¥

L)S o, yan v &l lasly [l > 5
alo,F S FA S S bl sty oaS ]S $

LS s 12 elis | fadls /o v
Seloel | plidi Jolge o 0297 oy (85 ) 50,8 bsins A
) o) skt bois /55, A

st N les sl Ve

el ov o st 655 "

Jsil of Y oiile | bodiog 2 | b & )= v

Sl SloCogane 88 e sloo 05 28 > i
b g5 4 P E A Gy P B '¥f

Sl oY Sl (S05 5 5 b il 10

s oA M- i3l \$
omebliie slo e Il sl gl 2ol b g i3l /s sl el fasle i, W
0 Slogarge by sl $o Vs g [Vl Ll A
o3l gl arll uSe 5 Jlasl £ Goils b 5l s ad g 1k
Slla> (sl ol oS sY lsa o8 > Y.
sy 5 iz ys il Y G S 5 g yla | ppej S > A
b bl 4 b iz 655 vy
o5 7o ot 59 Slasilyn MloSsgo dowl ry
- 75 S i sloaad ns ol Ao iS5 re

oS il 7Y o o "

ey O, 2 S e Sy ks Julag Y5
oy 2 b dLdl da b 187

Al \c ool Moo YA

oy 2l bl > \'A lowo Ya
sy \Al oolss )l Ye

Hlas sl \Al Cusb, [ g

So= hull V¢ elbond olge 51 3L (55,0 Yy
K IRUSUIPRE L J* RGeS vo oot ol (Kis [yl bsm vY
ol Vs S0 Y
Gy vy laJslome [ Sl fouisS s, s )

Gyt Sl 2SI YA iyolid a5 LB olge v
12,54 o Jusg 51/ )L g8 5 il )3 va oXilonny fodds (pudiiad Slge Yy
Sl yo> 595 (Shye> (i s A Sl LB YA
ol cd, jan M 9355 1 31zl 8 fouiiS ST ol 18

55 35 28, j0m AY sl sk 6 olse -
e slapl sl ok AY (038515) Lo 500 pos /s 95 A
U5 Ss,ls el 19 5o [ Jocins) Is AF ouiiSosgll 0515 Slge Y

VEB oo o) o)l T 05 s slarme pole aslila
YYo



g JE slocns 65l00% 5 peasd w13 aiorens ; Sy 55l e

( MIL-std-88213 3 jlailiw!) aiols ol (gusuadid Y Jous
Table 2- Classification of accident severity (MIL-std-88213 standard)

> ey b <y %
Sbaszle 1 i (585 o S S e
S 2 FRCOW IRVIV. P SWOUNIP PR PR ISV I P DTG P e
S 3 ol 165 s 43 005 Gl b (55l wl>l >
o 4 el (S5 St s 43 03l (sl b (6 Lo el
(MIL-std-882B) aisl> £989 Jlodis| lie wls y0 -Y Jgu
Table 3- Different degrees of accident probability (MIL-std-882B)
&89 Jloao! chaw ol
X> (1) )% A bl o Gl S 55k ¢ Yoo
[QEARPD G SARD Y WESN B .M|@éml@1&§x5¢m@)oama)y@
(V-1 > X > Y1) fetoe C il o 3! ey an Yl
(Y- >X>F-10) Jotiome D iy 31 Yazo| el S Lal o] Jatonn o
(X< Josona E oLl aalys Gl jlas 45705 58 g on 5 Sl o5 o 589 Jlaio jln
(¥ ol dozo) Sy (235! S ilo -F Jgur
Table 4- Risk assessment matrix (Mohammed Pham, 2011)
JUERCR
= 3 S Shaslé
E989 Juao!
4A 3A 2A 1A A) ;5%
4B 3B 2B 1B B) Joimo
4C 3C 2C 1C C) Banls
4D 3D 2D 1D D) b
4E 3E 2E 1E (E) Joimo s

(YA (ol dosmo) w3l wlil 9 (6 8 puousd’ (5 5L -0 Jgu
Table 5- Decision criteria based on risk index (Mohammed Pham, 2011)

Sy lzo Sy (gegadab
Jod bl i 1A1B1C2A2B3A
osllasl 1D2C2D3B3C
Shiagass 4y 5L b s LG 1E2E3D3E4A4B
S 45l e JeS LB 4C4D4E

VEB oo o) o)l T 05 s slarme pole aslila

Yys



OHer 5 Jo oo

0 S 5 g9y Jloixl (a4, pelily 4w 08
Oygo ol d (203l 0gmi 05 o e (Sl
wmo0 el d ) e csolae Lol gl a5 wil e
5390 kel bidl> o Sasad jo 4S5 9k w098 o
Bl s ee yell 4 ) Lisl ladl ) 5eS
O 5 Slsg) Ay YV 7 slar Gb) 555 o0

.(\Yar

Yl g 3l eslaswl b S 5 (L5

o 11 Jaloxigas 5 5 oSl

0¥ Skl s jslaer 5 Sl med oS5 5l ey
Gy w Sepheme o cuye oL
Compjlame p O] Sy st SVl JLlogan 520
Hosseinpoor ef al., 2024; Dadashiet ) 545 oo plox!
S350 S, Cugdgl vas (bl pl (et al, 2024

Y% o) g (51839) (rnxotam ) Ao (S0 s —F Jouo
Table 6- Extent of the environmental aspect (Vazdani et al., 2017)

3ol

sbro

olo 5l 5 (Sodl

SpSe o sale U5 (Sl

Y 055 oy o |y ol ) eliel i3y (Sogll

v SpSen oy sale 5l (SasS i (Sl

arg bl e (Sodll

(OYAF ()0 9 (G1939) (ruroom ) dar 989 Jloi! -V Jgur
Table 7- Probability of environmental aspect (Vozdani et al., 2017)
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Fig. 1- Frequency diagram of risks identified in the ETBA method
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Table 10- Risk tracking by the method of failure modes and analysis of its effects
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Table 12- Key Aspects and Focus Areas of Methodologies for Risk Identification and Assessment in the Present Study
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Table 9- Risk tracking by energy tracking and protection analysis
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Table 9 (cont.)- Risk tracking by energy tracking and protection analysis
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