Environment and il waigo 9 Cuwyj lazao

Water Engineering YEYUI-TTAY : eSOl
ISSN: 2476-3683 i

35 soile auged 55 olBag Vb Gl 5 O wilie (65105 Cgusy g (S j55 anlllas

\‘” —Y" Olz.é.oo “‘“%q )LQQ “ O)L&.& ‘; 0)90

Vol. 6(1), Spring 2020, 13 — 30

DOI: 10.22034/jewe.2020.207062.1336

Study of Corrosion and Scaling of Water
Resources and Wastewater of Shahid Hashemi
Nezhad Gas Refinery

Tajbakhshian M., MahmudyGharaie M. H.,
Mahboubi A. and Moussavi Harami S. R.

www.jewe.ir OPENaACCESS

rllio ol 4 glo
S 5 oRa VL Sl Jole Clay )18 gy 5 (Sjs5 aslllas (VAR o (g0, Sgmse 5 | (psemment o (Sl Bsos0me wp (ldsugl
Y-V alran ) o)l F 0)90 ‘&_,—I eI 9 S jlanzo L yglxa «5’—‘ @L;.a g 0l5 GA....JLQ

Citing this paper: Tajbakhshian M., MahmudyGharaie M. H., Mahboubi A. and Moussavi Harami S. R. (2020). Study of
corrosion and scaling of water resources and wastewater of Shahid Hashemi Nezhad Gas Refinery. Environ. Water Eng.,
6(1), 13-30. DOI: 10.22034/jewe.2020.207062.1336.




L 4

\Y B iV Clay )8 gy 9 (Sije>

&
4

S5 (oobld duged 51 olia Yl Sl 9 ©F @il (5,)la50gmy g (S je5 andllas

rc.s°)’t$9"*’9'° L"’)Msrgw absloc! ‘Yé‘)-a 603050y oS ‘%‘d‘.. Szl oy

Ol dgein cdguive _owg 8 olSiils (pgle 0aSisls ¢ culids yan) 09,5 )] owlis IS ais-gal il

Ol edeion cigein (0,3 oSS cpsle 0uSisly (pulidiipe 0,5 Lol

) gt cgion g3 olKEils pgle SIS ¢ plids yan 05,5 eolinsl T
maryamtaj87@yah00.com : Jgkmo oddum o5*

Lol Ao

AR CYRR VAN R PRV RASYNERVARY PR G RASYNEVNRYY PO REING
oS>

5 Ss> el l s sads slecley 5 ol et wpd SIS oKVl dilate O mlie CoiS oy politens Gheshy cnl )
KT ol ol slagyge wlale 5 Lo BC pH azd 5 1,8 aslllaes 5o Gl aigad iy 5 (s 5 b o @iged VA (6l g
mows 0,ls ) g s O slaaiges STPIpEr loges 5l ooliiwl b .ssod (o puSeslail saiscuils p sladiges o COs* g HCOz Na® .Cl
5 AT PSI RSI LSI ol _ilie slo_msls dodigas )38 bams, 5 Soiyss sl Caz 0ls oLis | 05,15 mpi 5 5lilgas
dlee Sladgu g pudS 050540 LA gus (6,138 g,y (1, Skillman g L&SI gla aslis g Sly S mundS (6,138 Cgus, (53 S&DSI
oobol cpl aings 0di e o lse s 50 iluy g 009 IS g, YU CuldB g s oy ol sladiges ST sl ol mls .aias
e lendigie ied Slillas 3l Lol gl 31 soliiul by aiiilys slae CuasS Caio 5o solitul sy ol 5 ol loaiges ples
it 3ol Pl 5 il ) slaajlo 525 il 5 s wle T Gz s 13 G5 GG j3d i pandlSo w

s Ol il gy (slsiome 0atiS J S (sl il

@waa)j)m ‘@JLM) fo)Lw.‘;) 9 g.,\...) ‘)lf oli....ﬂb ‘SA*U 6(.903‘3

'yaa )Le‘). o O)LO-MJ o 0)90 GM‘J" LSMJ\.\.:.Q,O 9 A_A.».M.{)'Ja.am


mailto:maryamtaj87@yahoo.com
SAMSUNG
Typewritten text
13


Ol 5 pledsuzb

\f

L 4

J0 oddahal g pls o Mokif et al. (2018)
sleslatwl U 1) Al-Hilla ,o% ,o Tayyara als-aias
R ean 250 SIS gm; 5 (SN sl
s O g onsiaiar OF adi¥ Lasls Lulol 4 sl
el wlul g AT gw, goga B Jolss Jlb> o
oles Zamand et al. (2019) .$og 00i,e5 53l
S8s> el el ol gl ol ol wsls
5 ool Dliazs 4 ailgige S cnl 5l asls
il ol 0 10 Dl

by Sasglsl esls Langlier (1936)
sl ol bl glaw p a5 ol oslpras |, (LSD)
b S8 S (F3p93) Pl 5 (roios
2 sle S5 iz 31 (S DS el 253
GelS Sligey Sll Jole S e 5 ]
o>l (Taghipour et al. 2012) 54 o Cgumzxe
Pt Olyear | PH & atasly S joxe (slag s LSI
elosls i gusy LS gl ole

6 G gm, als Tinl sl el
o &8s b8l gl LSI ol pen 4 el a5 codl
ol mle Swys Loy o0, i
polie (Gupta et al. 2011) 5,5 - 41,5 oolazwls,ge
5 Col Gebaie LST oYL polie L UL RST oYL
el aages Gl O] (S9! sasasylis
Bl IS 0g, by (S9)95 e 5o eolitulsge
ol YPSD) oseys5s 6yl wsm, a3ls O
5ol S Bl cd b oS glaasls plo B,
3505 Sl ;o Wlsie oS 1) (age ke Sl
PSI waas cad )13 Jasae il Ls Jols g )8, 6l
5 Sovglal Al ol bl b owS o 0
Sl (SaS 8l eyl 5l ooyl by g, JeSis
c0ddbdwle RSTL alie asls cpl 0,900 oS

;o PH 31 28lg pH Jlade sl o] jo a5 gl ol b

SLanglier Saturation Index
*Ryznar Stability Index
¥ Puckorius Scaling Index

doddo —)
61-"”1‘5-*-'-“-*-’-*‘" ¢ 2D U‘r‘-@:—" = 89 2 “j e )-*-'L
a5 Gl a5 BB o)lge 5l 55 Slpslyd 5 T Jlasl
Load,loas gh e s Do Lz E/B.o.m
OMbleas) T Fa5 s 5 TS Lyl g,
b|3.a éo.?u 4 s aS ol Lglo‘.\% r““""’li"
il 50 09d oo Al pohiw (59) » wgllasl
b @) (58 g,
(Wranglen 1985) oS (5,138 Ggm,

p Al e S

Sl G, 5 (SN 0 She Jelss
(SrSl colae Ol by e g Joli O il
Ol « Siglom oSy (Jolowo sl Slge ggoe
(Khorsandi et al. ail o baly) joe 5 Lo «wlil
laaly) o] 3l 0 LialS daaly) sl 2015)
5 SN @b 5l ol ol pelie s g
oYl 05,5 rizee wiles Ol IS0,
oul § K, g 0o dloul dzl jo g o lailiwl w5l
5 ©y998 Ll dagiSL ol sk g5, p oS
2 ey ol ml Ko 5l ceaS els
(Mokhtari et al.  oib oo Sloyol slapius

2010)

Ol 0 S 0gm; 5 SNy Glie s xSeslul
2 plonl pefitns il 5 pefitns ot b wlg o
el sloosls ponds Jolds s o sla s,
Claasls anlxe o lag]l T 5 (o)l pdises
Ol CuiS el Cuz 0 I 0sm, 5 (S

(Shams et al. 2012) sl
Olw s i ol adllas L Amouei et al. (2017)
IS gy 4 Joled a5 Sisws) 4 (pl 4 Lo

3,10 0959 Ol slaaiges ST 50

'Fouling
¥ Deposition
TAggression

YCorrosion

\ya4 )LQ). Al O)Loafa & 0,99 “?“T W0 g M)Jé-’m

*


SAMSUNG
Typewritten text
14


Vo

B oBaVl Clay (6185 gy 5 (Sai )95

L 4

P
A4

Shases IS HT Ol mle gliond oS5 69,
Oligus (555,05 ) S aFLS (o) 2 5500
TSl 5 g (ALl sy o S5 4 (59,0 melS
@ Sad (Byme opl Gl & laasls DSy
a9 39deed gy S OlST (IS g,
Coole a5 08 o Gl |y oy Gos Cams (2
Olwe @ azg olul n 1) Ol gl o (Swije
(Larson and Scold Wl o cpuns 18 50,45
9,0 ) 4 pladsle 950 0 a3l (nl 1958)
g 00y Sldsw 5 WIS Ol S slapn o> oS
bl (@b (e g Jylme dalx lge Gline uizen

.(Barringer et al. 1993) aib

G Jlais VPO km o ol5 adile augd 515 oKauYL
P 5 Brd Pt BV ol ke Jsbo 50 gt
ooyge ol ol a3 S5 Jlus YFOYA' £/F"
ail> iz Sl QLS (SeSue las 0l g o8V
alold ;o a5 (2 (550 ailEog, LS o &dly of ol
syl Lug g el ols 3 oKagYL YO km

Sed oo Jiiie ol8ig Yl 4 O il

Sl abe @ 0ge, by Sy sRSell L
Dz sy 2 1y ool b lgiiee ablaie ;0 05250
o ailaie (USLo codls paizod 5 ol i o Jlas!
S3usUES 5 wrd Sar s sl Sl enes jsbay
Jolse olal 5 0ged gt S oo colaiul
5 b sbol coas ke Gll 5 b
) adlllhs ool 5l Baw wadlate )3 S92ge (en)
S oVl o oy Glacley 5 @l (nl CoieS
Ol e 9 e Bilas Cu 3l5 oedle st
JSSEE I T P IR ¢ AU ACJOS

g calize sl sy

o 09y 9 Olgo -¥
antllaos yg0 ddlaio —\—Y
UL"“"‘ B OYA km2 Cxwg A AA.IUQAO)}A dalaio

Ol el o9 GiSu g eddddly o, sl

¥ Larson and Skold Index (L&SI)

(Gholikandi et sgi o oolazwl (pPHeq) Jolss Jl>
pHs L sl pHs a5 ol S8 LB aSS ol al. 2011)
S 9 PH a5 cpl Jdoas .l LST Lazli aulxe o
5 bl J5 el il slagion 53 (oosli
ooty ol sl 2 Glg oo |, PHeq o)l oL BB L
L, ol 6 038 sm, ool LSI Lk (Colin 2008)
Ol (Saiysr o PSTas Jo s S oo oSaie
5 e polie (Golozar 2008) o ls (s i oS
Pl e polie 5 ol (Sas easmsplas £
(Shahmohammadi et was o Lis 1) (5,138 Cus,

al. 2018)

1y Sloss — ol slodly) (59, 5 o (S,95 3b
peedS DL S (SIS Dy (St Slp g ool ol
asSenl Gloolar (Faijs 5 o] i pas b
L ol (Kurdi et al. 2015) 555 0 oolaul laaly)
VeIV el 0 ye alias Vel 508 AT Jlade
ol I8 gy VY 51 iy Jlade b g oniyes Lo
odes ysbas a5 Al .(Fazlzadeh Davil et al. 2009)
oolazw! ‘Suw.))i 6[.{04.]5J B g_j U.AA-S wl.: 6‘)’
Sl Sy Gl eals plyiear Ysens sl o

.(Safe Drinking Water Committee 1982)
6‘)10 S el wl.un (5’1 C)LAA L.s‘)" 0):34;
LY ole 0 oo opl Jlade uile, ol cuas
Gy ey lesa glooyns  sba, S&DSI
elS Sl )S (6518 gmy slp ST bled e
Slold 5 odle (Bahadori 2010) sgi o oolatul
polie  wdllasd,ge  ddlhie o wlu,S  glawile
oy Jed 3l wldse B Slgw, 2P B
aS W5l 9929 (CaS0s) ¢y ,uil 5 (CaS0O4,2H,0)

' Aggressive Index
v Stiff and Davis Saturation Index

yyaa )Léd Al o)l.o.»f.v o 0,99 ‘;‘J—‘ LSA-UW 9 WJ).IQ..JLA


SAMSUNG
Typewritten text
15


Ol 5 pledsuzb

\§

L 4

S5l addllaes,ge  aikie Company 2009)
Sl 5 Jod Sl 5l Baes a5 el 5plsS
Moz 3 )‘I il oy )'I e Slouds LSis
S Slhguy 0aijls p)o dm jod g Elau (LS
g oo Jolds dilain )0 55158 0,90 Slga, aidl oo
b o y0ails b lawgioails (glpaglSiS 51 el laailSaly

(Afshar Harb 1994) &loas JSis

I N e e S
sy 5 008 Jotiee iS5 5 ps S5 ailaie ! ol
&= . (Jangjoo et al. 2008) ceul o)L o5 sble
ool oz Gl e 4 g3y gl Lol
Sllas oogazme culis g wlelasy)l o Swi)b wi,
mm b ozl ol obe ol 45 ans oo ol
Y mm G oslsye Jls obe aioll oS 5 T
Slelas )l jo aVlo joed Gline iz ee cwl (S5
YEfe mm 5 YY) Copa oogume opl Culis

.(Toos Ab Consultant Engineers <ol oo (ji,l55

Gl 400 (W)

56 27 (M)

F36 21 00

0 20 40 6 120 160

Meters
Legend

""" ] Quaternary in general
LTI @uaternary traces

: Laowess

Mud flat

#d Poorly cemented, tited congomerate
E‘EE& Red-brown clayvstone and sandstone

(Khangiran formation)

Olive green shale and blue-grey sandstone

murl and gypsum(Chehelkaman formation)

00 Light buff limestone, subordinate grey

Red-brown shale, gyvpsyferous shale, sandstone
and subordinate gypsum beds (Pestehleigh)

Buff, sandy limestone (Kalat formation)

Light green grey, fine medium grained,
glauconitic sandstone (Nevear formation)

% Blue grey marl and shale (Abtalkh formation)

—~<= River and water path
Refinery
@ Village
¥ Well and spring sampling location
B Surface water sampling location

Fig. 1 Geological map of study area (Adopted from Afshar Harb 1982) and water sampling locations
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Table 1. Field characteristics of water and wastewater samples

Sample ID Water types Position to refinery T (°O) pH EC (dS/m)
TWI Groundwater South 18.5 7.6 11658
TW2 Groundwater South 19.4 7.8 8982
TW3 Groundwater South 21 7.6 7815
TW4 Groundwater South 16.2 7.6 11950
TWS5 Groundwater South 10.5 8 23178
TW6 Groundwater South 20 7.2 7517
TW7 Groundwater South 21 73 8250
TWS Groundwater South 18.3 7.4 18269
TW9 Groundwater South 19 7.6 17090

TWI10 Groundwater South 11.6 7.8 13172
TWI11 Groundwater Inside 18 7.4 7047
TWI12 Wastewater Inside 12.5 3.8 10393
TWI13 Groundwater North-west 32 7.5 12560
TW14 Surface water West 15.8 8.4 21806
TWI15 Groundwater West 16 7.5 9695
TWI16 Groundwater West 18.5 7.5 13029
TW17 Groundwater West 14.7 7.8 14067
TWI18 Surface water West 12.4 8.2 44454
TWI19 Wastewater Inside 29.6 7.9 1540
TW20 Wastewater Inside 29 6.5 1717
TW21 Wastewater Inside 25 6 12030
TW22 Wastewater Inside 27.3 4.1 51806
TW23 Raw water Inside 26.9 7.41 2155

Minimum - - 10.5 3.8 1540

Maximum - - 32 8.4 51806
Mean - - 19.96 7.2 14400
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Table 2 Chemical characteristics of water and wastewater samples

Sample ID TDS Ca**  Mg» Na' K" COs* HCOs Cr SO4>
TWI1 8743 3.13 28.14  2.12 42.84 3.79 0 54.12 30.82
TW2 6736 24.69  28.09 2.06 44.62 3.35 0 61.2 29.83
TW3 5861 22.06 2827 2.01 39.58 2.55 0 57.87 25.85
TW4 8962 3341 3048 0.57 66.28 3.23 0 68.9 53.2
TWS5 17382 54.06 2754 0.67 146.36 2.51 0.19 119.49 103.91
TW6 5637 24.64 29.01 0.46 32.8 5.03 0 53.29 23.86
TW7 6188 25.01 26.07 0.37 44.54 4.55 0 59.74 32.31
TWS 16442 49.28 3599 0.69 129.4 3.67 0 84.52 128.18
TW9 12817 29.04 224 071 126.36 5.11 0 117.41 69.09
TWI10 11855 27.09 459  0.49 57.86 4.27 0 43.5 88.12
TWI1 5285 1544 3635 0.28 20.01 5.51 0 39.97 21.52
TW12 7795 16.65 2195 0.62 50.45 0 0 52.04 36.79
TW13 11304 24.64  33.05 0.52 77.52 3.59 0 61.41 68.09
TW14 19625 68.39 2387 0.9 160.96 3.55 0.51 118.24 124.17
TW15 7271 21.69 29.78 0.56 46.97 4.55 0 59.33 34.04
TW16 11726 23.59 2497 0.42 78.51 3.31 0 62.03 78.11
TW17 12660 16.91 17.62 041 86.78 2.07 0 50.37 78.11
TWI8 40009 69.5 3343 0.9 220.97 3.75 0.19 124.49 236.33
TWI19 417 1.72 5.58 0.05 1.44 6.39 0 0.27 0.2
TW20 2063 2.13 2.19 0.15 61.76 3.59 0 5.26 4.97
TW21 6616 15.74  20.01 0.05 46.02 27.68 0 0.10 0.2
TW22 32800 62.42 32 0.67 54.43 0 0 56 89.61
TW23 1050 6.6 3.69 2.1 42.1 3.80 0 11.53 10

Minimum 417 1.72 2.19  0.05 1.44 0 0 0.10 0.2

Maximum 40009 69.5 459 2,12 22097  27.68 0.51 124.49 236.33
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Fig. 2 Diagram of gypsum solubility constant vs.
ionic strength as a function of temperature
(Skillman et al. 1969)
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Table 3 Water and wastewater samples classification based on the scaling and corrosion indices
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Index type Index name Range Water quality Water Wastewater
<2 Intolerable corrosive 0 2
-2--0.5 Serious corrosive 0 1
" LSI 05-0 Slightly cor}zigien‘t;ut non-scale 0 0
Q
S (Shankar 2014) 0 Balanced but pitting 0 0
= 0-05 Slightly scale formmg and > 1
= corrosive
= 05-2 Scale forming but non corrosive 16 1
3 4-5 Heavy scale forming 0 0
o 5-6 Light sacale forming 10 2
g RSI . . .
= (Shankar 2014) 6-7 Little sgaleT forming or corrosive 7 0
A 7-175 Significant corrosive 1 0
2 75-9 Heavy corrosive 0 1
g >9 Intolerable corrosive 0 2
—g PSI <6 Scale forming 13 2
(é (Shahmolzlgrlnfgladl et al. =6 Corrosive 5 3
% Al >12 Scale forming 18 2
© (Fazlzadeh Davil 2009) l(ii (} 2 Sll{legilvt;y e 8 ;
S&DSI <0 Corrosive 1 4
Leitz and Guerra 2013 >0 Scale forming 17 1
Chloride and sulfate not
éo <0.8 influence on natural scale 0 4
= 3 formation
A g L&SI Chloride and sulfate may
2 = (Larson and Scold 1958) 0.8-1.2 influence on natural scale 0 0
“‘_; .5 formation
VEJ g ~12 Wazzrrrtgglidency tq high 18 1
55 ve predict
RN SI >1 Scale forming 8 1
S (Skillman et al. 1969) 0 Equilibrium 0 0
] <1 Not scale forming 10 4
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Fig. 3 Pie diagrams of the scaling-corrosion indices for water and wastewater samples
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Abstract

In this study, 18 surface and groundwater samples and 5 wastewater samples were analyzed to assess
water recourses and wastewater quality at Shahid Hashemi Nezhad Gas Refinery region in terms of
corrosion and scaling. The parameters measured were pH, EC, temperature, and concentration of major
ions, including K*, Na *, Ca**, Mg?*, SO4* Cl' HCOs™ and COs*. Majority of the water samples showed
Na'- SO4*" and Na*-Cl" type and face by Piper diagram. To assess corrosion and scaling of the samples,
various indices were calculated including LSI, RSI, PSI, Al and S&DSI for CaCOs deposition, and L&SI
and Skillman for sulfates deposition especially CaSOs. The results showed most of the water samples had
scale forming due to high hardness and alkalinity, and the wastewater samples were often corrosive and
therefore, all of the samples did not have favorable quality for industrial uses. The results of
hydrogeochemical studies indicated evaporation, evaporative minerals such as gypsum and anhydrite in
the water flow path, carbonate formations and their dissolution were the most important parameters in
controlling ionic content of the water resources.

Keywords: Gas Refinery; Hardness; Hydrogeochemical; Type and Face.
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