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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  0.41 86.78 2.07 0 50.37 78.11
TWIS8 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)

3 ot 5 oals ol gl sadacule sus
5 el Slils S OT s gledl G5 sl
pas ailb SO 5l 5SS esls las 1) o 6 a8 Ggm,
Ao gl STy ol oog sl cov g IS g,
(Skillman ses o ylis |y pundS” Slafgus Jolas ol

et al. 1969)

Cxy g Lrassly - Y
TWS abges ay g je bos (0 568 (V) Jooz oll 2
TWI3 aSges ;0 oo oy 5 i g 990 V+/0°C Llode a0
2 VP Sl LpH cccils 5455 YYC e &
Gl Hla U old8 0 oS 5l oabciilo y slodiges

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


SAMSUNG
Typewritten text
19

http://www.SId.ir

Y.
A = 4
‘u_a‘))l.u M\b‘s‘a uL..M.» ‘) wM ‘;AJ)P /? 9 J.b‘ u—l dud_gm /Ao( Jﬁ“\’ U"‘ U’“L""" » w‘ m.\...udjb‘
ol A 4.&]”4.00)9,0 UT LgL(bA)}o.s ua>L~) U"‘ u»L.u‘ 5 [ COyAR 9 009 odd)9>. J& 9 )‘qus.w) A.a]Ua.ao)}o
0diy95 g chnd oijo b S Cgm) (S I gy e e OS]y S (S95y55 5 NS g,
Sasye3 Sl 50 Olan sbbdiged 5 aiws jasiin  Jazs e Sos e TW22 g TWI2 sladsges
Lodiges opl 50 (uKics (S,93 ol 5l s gools lis g ools L (1Y) S S9s 95 9 5,050y,
6‘/._.: 035 d.,._...uLm PSI J.:..)LM ;)9_....;‘5_.0 ool i ‘U"‘J‘L’" ‘(/9’) Sl o;ﬁ)&?‘- )..\.C 9 )L&fuy) TW19
aS aad o Hlad (V Jgaz) anlllasd 9o ol sladiges U T Sdigai 0,90 ;0 LSI aculxs 5l Jol> ol
dLﬁbg_ALw.: dqyo..! RS- ) o&)}?.' /YA 9 )‘qus.w) /VY )Q 9 MQG_A uL—M) ‘) ‘;J._:)j} )_.\.c 9 d)ld.juw)
slod sai g A Sog s, (LF ) TW21 g TWI9  oogn e Joow Jli,e S5 50 Cluay ladiges
i 003 yg3 (L8 ) TW22 s TWI2 TW20  Sos,95 3 5,05 g, (s> Saiys5 o 5l g
SN gmy 5 (Sy55 slo ety (wlal p Ol 5 0l sladiges ganail Y Joor
Table 3 Water and wastewater samples classification based on the scaling and corrosion indices
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
2 corrosive
= 0.5-2 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 " formi .
= (Shankar 2014) 6-7 Little sgaleT orming 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
O (Shahmohammadi et al. .
§ 2018) <6 Corrosive 5 3
§3) Al <12 Scale forming 18 2
< . N
@) . 10-12 Slightly corrosive 0 1
(Fazlzadeh Davil 2009) ~10 Heavy corrosive 0 5
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 S L&SI Chloride and sulfate may
2 = (Larson and Scold 1958) 0.8-1.2 influence on natural scale 0 0
= g formation
VEJ g <12 Water ten'dency tq high 18 1
55 corrosive predict
RN <1 Scale forming 8 1
S S 0 Equilibrium 0 0
(Skillman et al. 1969) >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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Fig. 4: a) Piper diagram for water and b) wastewater samples and raw water of the refinery (adopted from
Piper 1994)
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Fig. 6 Binary diagrams of different ions in water 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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