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Fig. 1 - Location of Azadegan oil field and well B for conducting experiments related to environmental pollution of drilling mud—cutting
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Table 3. Concentrations of hydrocarbons in type 1 samples (ppb)

59y ol 1 75 500 1080 3
Hydrocarbon name Standard
Benzo[g,h,i]perylene ND ND ND ND 50

Anthracene ND 11 ND 1.7 500

Acenaphthylene ND ND ND ND 200
Acenaphthene ND ND ND ND 200
Benz[a]anthracene 15 29 ND 55 50
Pyrene 24 14 ND 2.2 150

Phenanthrene 4.3 85 0.6 16 400

Naphthalene ND 2.5 ND 6 400
Benzo[b]fluoranthene ND ND ND ND 100

Fluorene ND 1.8 ND 4.6 100
Benzo[a]pyrene ND ND ND ND 100
Dibenz[a,h]anthracen ND ND ND ND 100
Benzo[k]fluoranthene ND ND ND ND 100
Fluoranthene 2.8 ND ND ND 500
Chrysene ND 2.4 ND 4 100
Indeno[1,2,3-c, d]pyren ND ND ND ND 70
ND = (Not detected)
(Ppb) ¥ g55 (sladigai,s oy Sg 0en clale -F Jouor
Table 4. Concentrations of hydrocarbons in type 2 samples (ppb)

750 gl 1 75 500 1080 o
Hydrocarbon name Standard
Benzo[g,h,i]perylene ND ND ND ND 50

Anthracene ND ND ND 13 500

Acenaphthylene ND ND ND ND 200
Acenaphthene ND ND ND ND 200
Benz[a]anthracene 15 1.8 ND 1.7 50
Pyrene 2.4 ND ND 1.3 150

Phenanthrene 4.3 13 ND 7.6 400

Naphthalene ND ND ND 5.4 300
Benzo[b]fluoranthene ND ND ND ND 100

Fluorene ND ND ND 2.6 100
Benzo[a]pyrene ND ND ND ND 100
Dibenz[a,h]anthracen ND ND ND ND 100

Benzo[k]fluoranthene ND ND ND ND 100

Fluoranthene 2.8 ND ND 12 500

Chrysene ND 1.8 ND 1.8 100

Indeno [1,2,3-c, d]pyren ND ND ND ND 70

ND = (Not detected)
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Table 5. Concentration of multi-ring aromatic hydrocarbons in leachate stabilized samples at a depth of 1080 m (ppb)

598 pli fes Y es o st

Hydrocarbon name Type 4 Type 3 Standard
Benzo[g,h,i]perylene <10 <10 50
Anthracene <10 <10 500
Acenaphthylene <10 <10 200
Acenaphthene <10 <10 200
Benz[a] anthracene <10 <10 50
Pyrene <10 <10 150
Phenanthrene <10 <10 400
Naphthalene <10 <10 300
Benzo[b]fluoranthene <10 <10 100
Fluorene <10 <10 100
Benzo[a]pyrene <10 <10 100
Dibenz[a,h]anthracen <10 <10 100
Benzo[k]fluoranthene <10 <10 100
Fluoranthene <10 <10 500
Chrysene <10 <10 100
Indeno [1,2,3-c,d] pyren <10 <10 70
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Table 6. Concentration of heavy metals in leachate of stabilized samples at a depth of 1080 m (ppm)

Standards it Type4d ¥ g Type3 ¥ ¢4 Symbol sl Metal ;15
40 <0.05 <0.05 As o]
Arsenic
600 0.82 1.14 Ba @l"
Barium
5 <0.02 <0.02 cd e
Cadmium
112 <0.05 <0.05 Cr r3°
Chrome
<0.05 °
7 <0.05 Hg il
Mercury
<0.05 o
75 <0.05 Pb -
Lead
<0.05 :
4 <0.05 Se ol
Selenium
10 <0.02 <0.02 Ag o
Silver
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Table 7. Concentration of heavy metals in Type 1 samples (ppm)

PPm) | g9 sladiges 15 (i lazld clile -V Jgor

S:;‘:d::‘d 1080 500 & ! Syomlal;ol M)::al
10 <4 <4 <4 <4 Sb Antimoan ,lge.sl
40 <0.8 <0.8 <0.8 <0.8 As Arsenic Sl
600 38 47 21 4 Ba Barium )t
5 <0.02 <0.02 <0.02 <0.02 Be Berylliumes.l,
5 <0.1 <0.1 <0.1 <0.1 Cd Cadmiumesls
112 18 17 7 18 Cr Chromeep, s
50 <0.1 <0.1 <0.1 1.3 Co Cobalteils
200 14 15 5.4 16 Cu Copper e
7 <10 <10 <10 <10 Hg Mercuryog.=
75 7.5 8.6 13 11 Pb Lead o yw
40 <3 <3 <3 <3 Mo Molybdenum a.Jse
110 24 25 7 25 Ni Nikelen Js.
4 <1 <1 <1 <1 Se Seleniumgp gl
10 0.8 12 0.2 1.9 Ag Silvero s
5 <2 <2 <2 <2 TI Thallium 55
50 <5 <5 <5 <5 Sn Cassitrite 118
200 6.4 10 2.6 11 \Y Vanadium gsbls
500 6 4 <0.1 9 Zn Zink g,
EPM) ¥ g5 sladigas 15 (i slazls clale -A Jgor
Table 8. Concentration of heavy metals in type 2 samples (ppm)
S:;‘:c;‘d 1080 500 » ! Sy:rlrl;ol Mial
10 <4 <4 <4 <4 Sh Antimoan ;,lgesT
40 <0.8 <0.8 <0.8 <0.8 As ArSenic S|
600 28 36 12 41 Ba Barium L
5 <0.02 <0.02 <0.02 <0.02 Be Berylliumes.l
50 <0.1 <0.1 <0.1 <0.1 Cd Cadmium geols’
112 21 22 12 18 Cr Chrome s5,5
50 <0.1 <0.1 <0.1 1.3 Co Cobalt cJLs
200 12 18 5.8 16 Cu Copper .o
7 <10 <10 <10 <10 Hg Mercury og.>
75 9.4 15 3.5 11 Pb Lead <,
40 <3 <3 <3 <3 Mo Molybdenum ;o Jse
110 24 28 9 25 Ni Nikelen s
4 <1 <1 <1 <1 Se Seleniumep gl
10 1.8 0.5 1.2 1.9 Ag Silver o &
5 <2 <2 <2 <2 TI Thallium 4G
50 <5 <5 <5 <5 Sn Cassitrite o3
200 7.8 7.7 5.6 11 Vv Vanadium g sblg
500 14 10 <0.1 9 Zn zink <5

Voo Gl &F ojlod (020598 0,90 ¢ e pyle dolilad

A



OLSee g oz o

Gl 00ls ylis alie ladiges ;o (5,90 Linlejl mls
20 G5 3l yeS digad ;0 (5)9d e Ve AL Bae B aS
el cpl Juds aS sl 009y (S S digas) dilaie S
o3lil b ol so (g ke YL jo LIS e b cdale
odmlive F 5 ¥V go5 sladiged alyls 0 S ey (6,5
u..@lf QS’?A" Laauj.o.‘ Q"‘ B &)5....: cdale a5 conl oo
EF Higed ;0 (590 ke (ol 4S5 ebas ol azdly
dodiges oy \)AMU.’)...QJ C).ﬂ).}l.;.g Lol odds oaso ¥
awily o giiiad anl g ailasls § isu sladiges
LoasS (g3, 5l 1) e Jule (Bos op il b el
3 Y e lodises (5,90 A jo a5 WS SL
3 a9y el gl el snls S ddlaie S (5,9
005,105L Jele «g e (slmoasS (6,98 cguiiins ai ],
SB o anlp ol gl Jels gleeasS adss sly
GV Bos jload 4y diged cdale 0L sod dadlaie

Ll oals Azt g e diged Glaicay (1) Jga> o

So9
>z a8 ey 5o b b oan¥T 5o wiiles 55 ()9
Sl b g osde li SVl 3y ey Wl 51 TS
93 Olpear (gl Vb angd (o o S (359 Gial38
S5 Oy Nl Al 4y az g b gl oo a8l YL 4
3 st ol Jele calyley sl 45505 g L8
YVl 4ags 5 &5 sl )5 aiile LlacSad Yl
2 658 RIPl Bes Gl b aish e oolitl (gl
il Bl a3l ol s 45 enys | g5 cladiges
b oo il Blesl o gla> YL o WIS 5l eolaul

Lol 03g) yuso YAY o ppm G V- -+ ppm 3l aS
5,98 b 0 (azin o lailinl &Sl 4 axgi b
Slde )l 3925 S (598 9,50 50 ladhaie &j50n
59 SE saigei )3 5eh cble b ladiged 1o (559
g dilate S 0l jsd Jas 5l b el o anylie

298 Jol> liebol dilowsy

(Ppm) Ldiges ;0 (5,00 cdale - 4 Jyun
Table 9. Salinity concentration of samples

¥ ey Yes Y V&5 I Gos
Type 4 Type 3 Type 2 Type 1l Depth
—— -— 22000 - 1000 1
—— -— 3400 10000 1000 75
— - 11000 20000 188000 500
3600 4160 20000 130000 180000 1080
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CI”":The amount of chlorine ions in the drilling fluid, which is specified in depth
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Introduction: The process of extracting and exploiting oil and gas resources requires a cycle of production,
delivery, and recycling of drilling mud or drilling fluid to achieve the right composition of drilling mud and
recycling it as a fundamental issue in the oil industry and also, the environment. For this purpose, waste
management methods are usually used.

Material and methods: In this study, an alternative method was chosen instead of the conventional method of
stabilization/solidification as a drilling waste management process that is environmentally and economically
viable. A total of 80 samples were taken from four types of samples taken from nine levels in an oil well in the
south Azadegan field, including mud-cutting mixture, washed cutting, fixed mud-cutting mixture by cement (1:12
portion), and fixed mud-cutting mixture by cement and silica (1:12 and 1:400 portion).

Results and discussion: Samples were prepared in different types of washed, with drilling fluid, stabilized, with
cement, and stabilized with cement and sodium silicate to assess the concentration of heavy metals and polycyclic
aromatic hydrocarbons (PAHS), as well as the salinity. The concentration of heavy metals in the samples showed
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that no waste management process is required to control or reduce the metals in the samples, but salinity and PAHs
require treatment at a depth of 1800 m and more.

Conclusion: Summarizing the results of the analyzes showed that the washing process is better from the
environmental point of view than the conventional method of stabilization/solidification because the contaminants
have been removed from the drill bit, which will be utilized as the final product of this process. However, in the
stabilization/solidification method, the pollutants are not purified. Therefore, the washing process was able to
remove the contaminant from the excavation wells, so that the washed samples were according to the standard soil
of Iran until the end of the standard drilling operation.

Keywords: Waste management, Drilling fluid, Stabilization/Solidification, Heavy metals, Polycyclic aromatic
hydrocarbons
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