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Contaminants Status (actual or Pretreatments  Relevant clay
for control potential use) required properties
Heavy metal Actual, mainly Mostly none, Charge.
calions and passive, use (e.g., In some organic  surface area,
simple cations  soils, liners) and inorganic  reactive
modification surface groups

Organic and Potential for water Generally Charge,
hiological and wastewater none, except surface area,
cations treatment, pesticide cation especially

control saturation interla yer
Non-ionic Actual, for water Cation Charge
organic and wastewater saturation,
molecules treatment; organic or

potential, for inorganic

pesticide control, modification

waste liners
Anions Actual, for water Appropriate Charge

and wastewater organic

treatment; modification

potential, for

pesticide and

nutrient leaching

control
Turbidity and  Actual, lor Generally Colloidal,
residual treatment of none from size and
treatment potable water and charge;
chemicals some wastewaters charge,

and sewage surface area
Leachates Actual, for waste Generally Swelling,

liners and none, except charge,

radioactive waste
storage

cation
saturation

surface area,
reactive
surface groups
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Well No. Easting Northing
1 238105.05 | 3362009.61
2 238837.48 | 3361518.72
3 239534 3361088
4 239649.79 | 3360659.3
5 238962.13 | 3361026.37
6 237969.18 | 3361594.12
7 238444.27 | 3361339.4
8 237704.23 | 3361334.27
9 238433.24 | 3360935.72
10 239453.92 | 3360329.95
11 239219.01 | 3359868.4
12 238267.58 | 3360573.35
13 237450.56 | 3360980.51
14 237441.82 | 3359820.3
15 237986.89 | 3359680.56
16 238545.96 | 3359611.31
17 238266.24 | 3359104.74
18 238715.91 3360701
19 238687.74 | 3359995.88
20 238379.93 | 3361658.9
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Layer Type Subdivision Nomenclature
Clay

Clay Gray C-1

Clay Gray to Brown -2

Clay Daik Gray -3

Clay Light gray 04

Clay Browu C-3

Clay Brown to gay 06

Claved Silt with sand
Clayed Silt with sand Gray CS5-1
Claved Silt with sand Daik Gray (5S-1
Clayed $ilt with sand Brown (853
Claved Silt with sand Brownto Gray (S84
Clayed Silt

Clayed Silt Ligh: Gray C5-]
Clayed Silt Gray to Brown CS-2
Clayed Sult Light Brown CS-3
Clayed Silt Brownto Gray CS-4

[
o 13 S0y

(ol o ) oVl b e 531 53 pelas g Cond on el g Lis 15507 IS

VAY



2532 0Ll 95 s sezie 03l (olo LS )

VAV

Well

e -
-,
: i
"
o __,./ _//
P

Wellds .-
gy ¥

Wl
i
1

Well#19
bk ®

(m S{dim 1000m

eVl T (a5 Gl &8 > S s gl gl Kl 5187 —F S

S g LSS S I s s OIsLT

= Clayed silt with sand-1

.o«sufg;j;@j\;:.gutww,;,@hﬁx;suwL;u -0 s



ST oSy 3 s S5l S 53 aalidiogso ) mab golo Sy 0lgie 0wy b

Depa
0.0
Clay-4
100.0 —
Clay-5
200.0 —
Clay-6
300.0
100.0 Clay-1
400.0
Clay-1
500008 4

AGLE iy SeneT 5 plsldoys 5 e slaeY sl S

AT N ST AN T T 2 AN 38 0 TR A R N RN R AT S A e

| oy skt aana

DOF0RE'E

| v 3w s
Tlayad < wth cand-4

] Cayed e

alf..:g_\{k{ AJajmj Slodalins L;\Aal? BE) @‘]a.wﬁ) L_gl.amﬂ Smdw da.;.n c]z»: -A Ji.l f. : 5| Sayed sk3

Ll ot b alas ot ol lasalouadaialoaadiaalayll]
207400 T3TA00 207,200 238,000 Z3E500 235 A0 JTEE00 2300 0000 135200 2400 T30

Yo gl s oKV b sos 53 ebaw s S S ais -y S

Z=XFrem ) o 1 5l (6 e Sl

VAF



03, 0Ll 55 5 e g 035 (3L Lo, Ao

wall# 1

| 75
: 70
85
—80
55
i ! v.l-el!_#.g 5
Ee i
: —{40
: 35

o,
b e HElEE ag
SR 25
ol 10 2

O

; Eooy
well #19 - -

well 15‘14 i Wt? o
G g oS T AT C Aol
A welld LS i
iy AT Lol 16

_ ; . S T L%
3 Slodalin glasl> ;5 & a4 ais] @hmxjélkq\fg@mdzuc]@u—h J§& L R

_ well# 17
e&.&iyl;, Ab)mJ.: Ty

LT oVl a5 b e > S sl o Sils 5157 4 S

Sl

Ao AV QS OlLasl (Ol el e ; =1 VY g a3 b,

O o8l ol Lasl (ST 55 5 owelige (olidipme) —VTVA (.3 Ol slans

DT o 5 15 7 b g 5 &S ST Slalllan ol 1S WA Ol ) pmdige 2S5

OILT oYU nis Sl il aias —VWAY (Ol 550 oKt lojT Sl SO 5 35 ot lo 3T ol o575

ONLT oV (5t 059 &&s;;dm@}uﬁ,@u&,su S Sz s Sladlls i1 VWY (dileg, yslin pumdige &S5

LT oYU s dbs s oKl 035 5 (S 55 Slalllan )18 VWAL S o ) slis pmidige &S5

¥ a T 3,8 5 oLl °K:“‘,YLL 0k (b ysedd (e & slmes)sl b ¢\>- gy g g Gdghs 059 —\VAP e Gn0bslbgs . o cesljgalia
OILT oYU 5 s s ol (3 56 25 3] g Szl oSl 5 a2

References

Allen, A., 2002- Attenuation: A Cost Effective Landfill Strategy for Developing Countries. in: van Rooy, J. L., Jermy, C. A. (eds) Engineering
Geology for Developing Countries, International Association of Engineering Geology and the Environment, pp156-167.

Alther, G. R., 1999- Removal of oil from wastewater with organo-clay, International Water Irrigation Review 19, 44.

Batchelder, M., Mather, J. D. & Joseph, J. B., 1998a- Mineralogical and chemical changes in mineral liners in contact with landfill leachate,
Waste Management and Research, 16: 411-420.

Batchelder, M., Mather, J. D. & Joseph, J. B., 1998b- The stability of the Oxford Clay as a mineral liner for landfill. Journal of the Chartered
Institution of Water and Environmental Management, 12: 92-97.

Beall, G. W., 1984- Method of breaking emulsions; absorption of a quaternary ammonium exchanged clay in wastewater, U.S. Patent
4,470,912.

Beall, G. W., 1985a- Process for treating organic contaminated water; organoclay absorption column followed by active carbon, U.S. Patent
4,517,094.

Beall, G. W., 1985b- Method of removing organic contaminants from aqueous compositions; absorption with reaction product of clay and
quaternary ammonium salt, U.S. Patent 4,549,590.

Beall, G. W., 1996- Method of removing water-insoluble organic contaminants from an acidic aqueous stream, U.S. Patent 5,567,318.

Bergaya, F., Theng, B. K. G. & Lagaly, G., 2006- Handbook of Clay Science, Developments in Clay Science, Elsevier Ltd Vol. 1. 1246 p.

Cheremisinof, N. P., 2002- Handbook of water and wastewater treatment technologies, Butterworth-Heinemann Publication, USA.

YAO



ISLT ol > ids S3glT )8 > ulidiopoj b @lo Sy glgie oy g Uik

Chhabra, R., Pleysier, J. & Cremers, A., 1975- The Measurement of the Cation Exchange Capacity and Exchangeable Cations in Soils: A
New Method. Proc. Int. Clay Conf., 439-449; Wilmette.

Deuel, L. E. Jr., 1993- Evaluation of limiting constituents suggested for land disposal of exploration and production wastes. API publication
4527, Washington, DC, 20005

DoE (Department of the Environment), 1978- Cooperative Programme of Research on the Behavior of Waste in Landfill Sites, HMSO, pp.169

Environmental Health, 2002- World Health Organization (WHO), Regional Office for the Eastern Mediterranean, Amman, Jordan.

Grim, R. E., 1962- Applied Clay Mineralogy, 1st edition. McGraw-Hill, New York, 422 p.

Haydel, S. E., Remenih, C. M. & Williams, L.,B., 2008- Broad-spectrum in vitro antibacterial activities of clay minerals against antibiotic-
susceptible and antibiotic-resistant bacterial pathogens, Journal of Antimicrobial Chemotherapy, 61(2): 353-361.

Holmes, M., 1973- Oil and penguin don’t mix. National Geographic Magazine, 143(3): 384-397.

Jaynes, W. F., Vance, G. F., 1996- BTEX sorption by organo-clays: cosorptive enhancement and equivalence of interlayer complexes. Soil
Science Society of America Journal, 60: 1742—1749.

Kokai, T., 1975- Japanese Patent Application 25,489.

Lo, I. M. C,, Yang, X.Y., 2001- Laboratory investigation of the migration of hydrocarbons in organobentonite. Environmental Science and
Technology, 35: 620-625.

Lorenzen, D., Conway, R. A., Jackson, L. P.,, Hamza, A. & Perket, C. L., 1986- Hazardous an Industrial Solid Waste Testing and Disposal.
Sixth Volume, ASTM STP933, ASTM, Philadelphia, 93-103.

Lund, E., Nissen, B., 1986- Low technology water purification by bentonite clay flocculation as performed in Sudanese villages: virological
examinations. Water Research, 20: 37-43.

Mackenzie, R. C., 1979- Clay mineralogy—whence and whither? In: Mortland, M.M., Farmer, V.C. (Eds.), International Clay Conference.
Developments in Sedimentology 27. Elsevier, Amsterdam, pp. 1-14.

Madsen, M. & Schlundt, J., 1989- Low technology water purification by bentonite clay flocculation as performed in Sudanese villages:
bacteriological examinations. Water Research, 23: 873—882.

Martin, W. F., Lippitt, J., Webb, M. P. J., 2002- Hazardous Waste Handbook for Health and Safety, 3rd edition. Butterworth-Heinemann
Publication.

McBride, M. B. & Mortland, M. M., 1973- Segregation and exchange properties of alkylammonium ions in a smectite and vermiculite. Clays
and Clay Minerals 21, 323-329.

Mohamed, A. M. O., Yong, R. N., Tan, B. K., Farkas, A. & Curtis, L. W., 1994- Geo-environmental assessment of a micaceous soil for its
potential use as an engineered clay barrier. Geotechnical Testing Journal, 17: 291-304.

Olsen, A., 1987- Low technology water purification by bentonite clay and moringa oleifera seed flocculation as performed in Sudanese
villages: effects on schistosoma mansoni cercariae, Water Research 21: 517-522.

Percival, C., Schroeder, C. & Leape, J., 1992- Environmental Regulation: Law, Science, and Policy, 2nd edition. New York, Little Brown and
Company, 1354 p.

Powers, J. P., 1992- Construction Dewatering: new Method and Applications, 2nd edition. John Wiley and Sons, Inc., New York, 528 p.

Quigley, R. M. & Rowe, R. K., 1986- Leachate migration through clay below a domestic waste landfill, Sarnia, Ontario, Canada: Chemical
interpretation and modeling philosophies, In: Lorenzen, R.A., Conway R.A. (eds.) Hazardous and Industrial Waste Testing and Disposal,
American Society for Testing and Material, pp. 93-103.

Robertson, R. H. S., 1986- Fuller’s Earth: A History of Calcium Montmorillonite, 1st edition. Volturna Press, Hythe, Kent. 421 p.

Roehl, K. E. & Czurda, K., 1998- Diffusion and solid speciation of Cd and Pb in clay liners. Applied Clay Science, 12: 387-402.

Roehl, K. E.; 1999- Assessment of Contaminant Retention in Clay Barriers. Conference of the European clay groups association conference
Euroclay 1999, Krakow, Poland, p.127.

Rowe, R. K., Quigley, R. M. & Booker, J. R., 1995- Clayed barrier systems for waste disposal facilities, 1st edition. Spon Press Publishing, 560 p.

Salim, I. A., Miller, C. J. & Howard, J. L., 1996- Sorption Isotherm — Sequential Extraction Analysis of Heavy Metal Retention in Landfill
Liners. Soil Science Society of America Journal, 60: 107-114.

Sharmasarkar, S., Jaynes, W. F., Vance, G. F., 2000- BTEX sorption by montmorillonite organo- clays: TMPA, ADAM, HDTMA. Water, Air
and Soil Pollution, 119: 257-273.

Thury, M., 2002- The characteristics of opalinus clay investigated in the Mont Terri underground rock laboratory in Switzerland. C. R.
Physique, 3: 923-933.

U.S. Army TM 5-814-7, 1984- Hazardous waste and disposal/land treatment facilities, Head quarters department of the army.

U.S. Department of Transportation, Federal Highway Administration, 1997- Subsurface Investigation Practice Manual. FHWA H1-97-021.

Verstricht, J., Bliimling, P. & Merceron, T., 2003- Repository concepts for nuclear waste disposal in clay formations, Field Measurements in
Geomechanics, Proc. of the 6th Int. Symp., Oslo (Norway).

Warith, M. A., Yong, R. N., 1991- Landfill leachate attenuation by clay soil. Hazardous Waste and Hazardous Materials, 8: 127-141.

Williams, C. E., 1987- Containment applications for earthen liners. In Proceedings of the 1987 Specialty Conference on Environmental
Engineering (Ed. Dietz, ].D.) ASCE, 122-128.

Xu, S., Sheng, G. Y. & Boyd, S. A., 1997- Use of organoclays in pollution abatement. Advances in Agronomy, 59: 25-62.

VA%



Scientific Quarterly Journal, GEOSCIENCES, Vol 19, No 76,Summer 2010

Keywords: Gravity anomaly, Synthetic model, Salt dome, Depth's estimation, NFG, Number of Fourier series terms.
For Persian Version see pages 169 to 176
* Corresponding author: H. Aghajani ; E_mail: aghajani_hamid@yahoo.com

The Role of Clay as a Natural Geological Barrier in Oil Pollution Control of
Abadan Refinery

S. R. Shadizadeh' & M. Zoveidavianpoor'
'Abadan College of Petroleum Engineering, Petroleum University of Technology, Abadan, Iran.

Received: 2008 October 20 Accepted: 2009 May 25

Abstract

Abadan Refinery is located between Arvandrud and Bahmanshir rivers. These rivers supply urban, industrial and agricultural water of Abadan city. During the war
between Iran and Iraq, leakage of large amounts of oil and its refined products from storage tanks, pipe lines, and refinery units of Abadan refinery to surrounding
environment occurred. Also, leakage of petroleum and its products during the operation of Abadan refinery to surrounding environment led to conduct a research
for determination of oil pollution extension of underground layers in Abadan refinery. Utilization of clays as natural geological barriers in environmental
application and pollution control has been widely recognized. Abadan city was formed by recent Estuarine; these alluviums had a diverse variety in grain size
and material. In the case of dominant presence of clay in underground layers, petroleum pollution control hypothesis of Abadan refinery is confirmed. In order to
prove the above hypothesis the following items were conducted: 1) determination of material type of underground layers, 2) determination of petroleum pollution
in underground layers and defining the oil saturation of the cores, and 3) determination of petroleum pollution in underground waters by one year sampling
of underground waters along with measurement of piezometric head of groundwater monitoring wells. Location of twenty groundwater monitoring wells was
investigated by considering petroleum leakage to surrounding area during and after war. Geological underground layers of Abadan refinery was determined from
coring during drilling of the groundwater monitoring wells. The results of this investigation has shown that the material type of underground layers of Abadan
refinery had a significant role to encapsulate petroleum leakage, in such a manner that leaked petroleum was observed in all of the drilled boreholes. On the
other hand floated leaked petroleum on groundwater was observed just in two groundwater monitoring wells. These two polluted groundwater monitoring wells
were shown to be from leakage of recent activities of Abadan refinery. Finally the results show that the majority of existing petroleum in underground layers of

Abadan refinery was absorbed by clay.
Key Words: Clay, Natural Barriers, Environment, Petroleum Pollution, Underground Waters, Underground Layers, Abadan Refinery.
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