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1- International Qil Spill Database
2- EPA (Environmental Protection Agency)
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1- Burning Pit

2- TOG/TPH Analyzer, Infracal by WILKS ENTERPRISE INC (USA)
3- TPH (Total Petroleum Hydrocarbon)

4- TOG (Total Oil and Grease)
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1- Geo-Statistic Analysis
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1- VOC (Volatile Organic Compound)
2- Advection (Mass Flow)

3- Diffusion

4- Millington-Qurik
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2- Partition Coefficient
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1- Mean Biases Error
2- Kriging

3- Spline With Tension
4- Surfer

"y



Oy Ko g oud] 3! Vg

3024800
3024800

3024600
3024600

3024400
3024400

3024200 30242004

3024000 3024000 % L]

T T et T T T
443000 443200 443400 443600 443800 444000

() (@)
Oy Ll e 5 (0) TOG 5 (W) TPH S50 ol S 41 51 5 bohs a2k -Y &

T T T T T T
443000 443200 443400 443600 443800 444000

Jsze 315 b 53 s Seplw a5 L) TPH s TOG o Sssam (Sl 55 aih w0

e (So 1 i edes a3 oS das e 0L (Wls GV pa b (ST alde Al S
SRS Gl b et (STl e 58 e oAV Glbl essdmee 550 5 et 53 (54 S 55
=l) O3 sladlr SlbI s o partas (538 Sllae 5 JTlagn Sosdes 225 VU sl
S It ol mlis Ol 15 O3 g sladly 3925 ol e L2l oo (ST s
St Saa L 5w oV 5,8 Sty 5 o a5 g e 5L 0 4L
St m et I il el Sl L OT e 5l B S e o
552 50 TPH s TOG S350 i gdman ai 35 5d aling, G b a4 uey slawY
S50 bl bedd cutls  Wla (250 5 sk el 05 e oKV SSIBLs

el ol el QLAY J&.Z 3

MY



D0 0000000000 OO0 o
D000 00000Q00Q000Q QO >
O ITNODOITNODOITANODDS OO I
DO OOHBANNNNN-— -+~ 0O0®F o O

. 9‘?' . 'Uadhb & 5}%417“

Al 5

VYA (£) o kous (1)

%
2

S

SR

%

55

2
%
S
7%
%
%

%
KL

%
%
%

Y

7

2 S
LIRSS

7
%
Z
%
%

Ty
%
%,
Z
%
7%
20t
5%
X
%

%

%

7
7
7
2%
%
%
%
2!

7

i

.
71
2%

o,

75

2%,
',;‘.

K
%Y

_
-
.
2
%
2
%
<

7

Z
%
%

7
o
.
7
""557,
/’;5'
%
77
75
%;
%
2
%
2

-~
~
_
-
Z
7

7
Zy,
2
2%
=%

%,

Z
Z
7
Z
7
7
7
%
%
Z
Z

~
_
7

4
7

,
%
7
~
2
%

%
7~

7
%,
%
7
%
%
:,.{
2
=
= =

Z
Z
Z

Z
7
,
~
2
2
%
=7
%

Z

7

7
&
Z
Z
%
%
%

7
7%
7
2
7
Z
7
2
2
Z
=

-
7
2
7
7
%
=%
5
5

2

-~
.
77
%7
%%
_
7
_
-

2
%

/
.
Z
~

=

.
7
2
Z
=

>

RS

=

7%

“
~
2
7

e p S

=

B

\
R
RRY
\
\

=
=
55

7,

7
7

7
7

/}?’l S
///,,;4{'/'%

_

.

;4//77/
7

07
o
7

R
O

R

=
=
2
o)

2
=

\

7
5

%
2
7

1,

Z
=

N

R
K
SRR
B
R
R
RN

XS
s

2
Iz/l/'
L

%%
9%

2
.

y
{4/;

N

;
7

75 %%
S
=

R

e
a‘v:év 0
@

i

1!
7

7
2

7

7

N

i
i
R

A

!
1

X

RS
e

2577

Z
5

Z
2

7
7

Z

o
RN

AR
R
! .__‘,. N

o

o

0
v
t

)

o
i

)

i

it
i

)

13

55

2

2

5

~
7

\

W

Ay

i

o
i

i
i

o

i
i
_._

o

i

i
o
i

,,
SSRRR
SRR
S8
g

(X
%%

!
RIS

5
3

S

7
Y

%

2,
L
7

=
=
5

SS

N

—

o
il
)
O
AR
i
i
s

i

i Ay
it
g
_._ W)
i
_._

o
i

i
i
il
i

i

i
g
il
it
i

!
i
i
i
i

3f

N

<

0
R
o
X
A
‘»‘”‘.“_’“.‘
i
e

i
i
il
)
B
Py
e
i
i

A

e

i
o
e
s

iy

i
i

ol

e
)
!

i

i
o
i
i
W

i
fie
i
i

o
gty
i

Ty

“y,

2
%,

=
7
5z

\
R
R

X
G
S
A
0
o
D
i

A
i
gt
i
i

i
i

o

i

.
_

i
i
i

0o
4
i

14

N
5

¢ DB
SERRRRE
£ KK

KX
o5

%

7%
Z

%
2
%

N

SO
S
SO
W
N
N
N
I
AN

AR
X
R

i

e

i

)

i
A

f

i

i

i

i
i
i

i
i

Al

«
S5

q A
RRSRIRENS
ﬁﬂ«“o“——ua»"&" ..oo»o.o
o&.%.&%.%...?:o

2%
53

%%

25

%

e
BB
2%

%
5%
2

%

2
K
K5

.
T, s
= %
= :"’?";"?'“
S XK
SSRGS

7

R
RN
KRR
SRR
R
A

o

A

<) TOG

(o)

i

s

A

i

.._‘“,.. e
i

B

e
i
i
i
)

L - s

sl A mt

&

5 (<) TPH

5 (

Z -

sy Sogl chale ous ulal

a e
P el

.0

¢



Oy Ko g oud] 3! Vg

Sl slaaiod 4 a5 L 0T d o Ol sdllr 51 2 Ssoken (So gl 80 oo
s o OLE 1 Wl (6 pl 5 s 5 (S8 ol e 5 o VT ke Jltie a2 oS 5 g 0
YUY 5 vWY SITPH 5 TOG (85507 6l = o S oo otV (g ol 5 5 JU o3 5
P S SlS e, S e b 5V L Jled O b Ssles 53 St e SHLS e S e
B e el y (ST 5 458 53 pa s O ol el Gy d8EVL  f s
oS TPH 5l 50 5 ziy ous TOG o Syods SV &S ol of Sl VT
..Lauda
St 50w TOG s TPH S5 jlie o S50 5wl 53 8 55 3,5 Caad 3
sakaas Al esls ol A oled ) LB Jle o Sl 4 0T cls oS el anl )5l
5 and e sl 53 TPV B TP-) (slaasilod o S5, 01 55 5,55 (K,5 5383 oo

3
>
\\/\g 0« -
35 son m TOG
\ TPH
JAR
’l;
9 v
(S
a Voo |
A
3 ]
TP-y | TPy | TP—r | TPt | TP-s | TP-1 | TP-v
BTOG| o\ oYV OAA oy YV YV Y1
TPH 3% [ZVN oYY $AO Yo YEA Y

A ojled A KanSs o Ol gBALE Joe 53 TPH ; TOG 0l -¢ 52

Vo



oo oslad wileS 53 o S sl ST e i s 5d e salin ¥ ISE 3 a5 sbokes
£ Y0 oled Glanld Lm ssbre Gla Jos 53 g 3 E Sdls (ol axnSs ) LS)
Slie (V 510 laasled) 5 i asling, 4o v s 5 Js 0 O Sl Jlide 50
a5 b o a8 SLEI s (a0 55 s o ol OLES a8 s ek 25 (ST
sdas 5 ;508 Sl I (SanSo e g8 5 Jlad bl 53 O 125 5 (So il sgrs aSenl w
A e e ol BB B s s (s 3l g s pd la gy s OF 528 5
aSeml Idsan 5 ) (S g 35 ey 5l GV e Oloy Ste (2308 Slew (Sa
o 03 (Sl e 5 a8 Jlas b ol sl fes 3 ol cils (ST ik
5 Sl i S ) 3 pl a3 Ol laadlr Sy plne 3 5 oYL et
i Blad (ST ol s Ol sy s Dy 5 Ol g sladllr L 0T (5l

oS L TPH 5 TOG S50l (g3 500 125 L as 358 5 b0 b 4 (b a0
Sl o plowil (g3ledite bl e slaaiis g 5 il lawY 5l ed il Sledibl
Lol osls olzs St Sslize da 05 Blasl 3 otV Clils e 5 K5 55 g adlaie S
G ecidiie bl 53 Sbr slaaY gsme 5 iz gl pesdle dn 05k Blasl bl e
slaaY ( 13ls 5 Ges 1 Can)d sl O3l Ol Gl I D 2k LB s A s e
25 Dot da D Ges @IV 5l aah a3 Lledd s bled dny g Oy peot St il
Pyt

max
398 JB,s asSsw B Gos hmax 5 B0 5550 4Y Ges Dy 5 e o Ges Z YL se b 55 S

"1



Oy Ko g oud] 3! Vg

—_— sy

(&) ()
Ay g Blesl 3 LELE 51 & Jow 3 Lol gages i Jby -0 K
(o) TPH , (i) TOG 3341 ol

Gee U ol 5L gla So T 5 op mi 58 e sdalive a5 sbilen .l ol 03ls OLES ol
Ol L s LB s alS S Gty Sl 5l alol 131G 5 LlaBl 358 /Y e
5> Sl adael s (s wolean 5 b e S Sy OF Jltde So T Cils 4 Ges
Jﬁwjgﬁf:jﬂf:g oo )3 el laaly Hls gad ) s g g0 St b slaaY

S sledas (Gl S
5 o O e 05 e oREVL Gl b glasS L s ;;}Tﬁd)uw 53 iolwde @l:d
5 bl Sle ey (Sl bl O s Jelse 5 (Sagll 235 e sede Je (s
j&ﬁﬂjﬁj;}% ;J.:—;;)Un u:w‘rﬁdl_zj.r‘ aoles ol JLL JJ.A)J a.L;)j.lé.'\.AL;it.cﬁ
fﬁdﬁd\ﬂébv_&«_‘:w.umﬁ#ﬁ absl L;Laful)lid\ﬁ&)ji}\&;}j
pDC,/Dt=-pD,V'C, +r, ()

oJ.QYTQE.L&Cgch?uJ&%-pcMMJJoMVTS}ﬁ%FDgc(\')‘dbL&AJJ45
IS sl 5 it o VL dslee s sl w6 by A O 2l s S 0500 plmls

A Mb} ool R

Yy



piC, /ot =—pD,V'C, +1, o)
349 J:JM.; adeie pl 5 aS WAL e gew e STy slasolis Ta £S5 @slee ol s
Sl SIS s et S 03 oS SB s alerd Gl VT 51 sl g5
s Sl 0l e Esl oS Lot VTl VU Sl e s (g 515 Alad o sl
2 5 Soyen dilas 5 BiC o (SO S b e Sl nlale esd e bl

e

piC, ot =—pD,V'C, (v

feols (Seelanse i lalsy a5 L 3L )

C CG DCGZWCCS
L=—=
Me ‘
Me _, Ov)
Kd
= Cg =aC;y

3L e i e Ko 25 ol L3 eV cdale Cl S s saVT cdale Gy ol s oS
ol pl by Al e (Sealys e el o ¥ 5 0V (sl s 8 uEHE (e 5 ol
pO(aCs)/0t =—pDyV'(aCs) (%)
Sl war g by ol ailae St s otNT ol w0 by s S0 oyl woaxg b

p)u@g;uﬂguQnﬁ,ugsuf\?(°u¢@|6u&ujig@jt{)wm>mm

u)ﬁQm)‘j@J;Jb)JQUba%Ipulj&QLwdwﬁﬁ'rheMVTCyW

fool3 ol pmled Sl slae b s ) 03,51
PaCs/at :_PDgVTCs (Vo)

St L Aol 3 015 o ol o St 5505 Ll VT SY5b Oley ode &Sipl w0 a5 L

v{)\i)J;%uﬂy‘dewwrﬁ)‘j@;Jﬁjslib

A



Oy Ko g oud] 3! Vg

pPDGV2Cs =0 SRy,
ol 5 Syt OF o g (650 Tl 5 el VU Wsles 358 > L &S g aales

7 At 2=0, XXources Y<Ysources 0<XXmax, 0<Y<Ymax: C=0
At ZZO: X:Xsource; y:}Isource :0 C:Csource
At =7, 0C/0z=0

At x=0: C=0

At X= Xpax: C=0

At y=0: C=0
LAt Y= Ymax: C=0

(._?o- u.'::j) L> c‘b)J?LA J.&Lﬂj J:)) )ﬁ)\f Chsjﬁ}.n r.LG JA.M; 9 Lo oals km; Jsles e
Sy Jdsas s Sl cslae o 5 ssdee JOlE ) 5058 Cdbse 340 Al ‘_}>Y;}J.>ua
olade 5l pl by s Aol > gl el Slblesn 550 Uip S Sl = aals 0o
4.3(s)"y..l..f&J}-JJWWUfu_g)ﬂu.A.Szl;u_}rled‘f&wdéd‘ﬁ\udw‘&.«)bcbfy
o bl 5l edal sy il 4 Sl coddplonl (3laand 53 oo sl e & Sl S5
Ll Ao j3 VY Sl i

él:“"‘) skasOlis y BE s ‘u’:]é‘ —Q.EJJJ 6@\) slasOlis X PRl A% 9 hY L;U:J&J B
rﬁ}l.:sj;(s;é?a wﬂ‘tﬁa’.ﬁ)b eJ&i‘YT hﬂﬂwemadwz)w)&kgw
Méda UL;\J b oK..:.._:_YL < Coons L):"Lf 4..:')§ Jg_l w\ BE] (',') alads .,\.Ivl;dd Sl
(s pes)

dﬁ,m\ ol oala QL«L; MATLAB )\fe‘?-f’ .Ia.w_jj é)l.wd.ﬁmb)jw& aML«.AAS)}bQLo.A
b 555 S 3l s Al o 3555 pm Se Slie Sols Ol g sladdlr G bl addate 55 o VT ale

ol w8l J2alS Sase TPH 3 TOG S5 )1 jltis de o Gas 53l

1- Finite Element
2- Finite Volume

4



Gantaminant Mean Gonoenteration
Contaminant Gonceneration in Z=0.2

Gontarninant Goncenteration
Contaminant Concenteration

2000

1000 1000 1000

Length in ¥ Direction{rn) Length in X Direction(rm) Length in ¥ Difection(m) Length in X Direction(r)

Y da g Ges > chle (O L e clale (D)

Contaminant Concenteration in Z=0.6 Caontaminant Concenteration in 2=0.4

BB 583
8 B 8 8 8

20

Gontaminant Goncenteration
=
=1

Contaminant Concenteration

o

2]
2
2}
=

2000 2000

2000

2000 ) 500
1000 1o 1000 . 1000
0 I
Length in v Directionirn) 0 Length in X Direction(m) Length in ¥ Direction(m) oo Length in X Direction{m
N A g Ges o Sl (5) VA g Ges 3 Bl ()
Contaminant Goncenteration in Z=1 Gontaminant Goncenteration in Z=0.8
35~ 35
5804 ks
g E
T 25.. T 25
= 1=
3 a
220 S o
8 8
£ 16+ = 15
£ g
£ 10+ =T
é 54 é 5
0 i
3000 : 3000
2000 2000
1000 e 1000 i e Joon
0 o
Lengihin ¥ Direetion(m) Length in x Direction(m) Length in ¥ Direction(m) oo Length in X Direstion(m)
Vs Gor 2 B () VA dxs g Gos o3 B2 ()

O o&E YL GBI S 53 5 A /N /8 /Y A g Blesl jo 2l s TOG b ge il 1 S

VYo



Oy Ko g oud] 3! Vg

Contarminant Goncenteration in 2=0.2 Gontaminznt Mezn Gonoantaration

300
= =
2 260 . l
B T
I 2
£ 200 £
31804 s
g £
£ 100 g
g £
]
i s
- 3
i
3000 :
2000 2000
1000 : ; 1000 o .
i
Length in ¥ Direction(r) 0 Length in X Direction(rr) Length in ¥ Direction(rr) 0o Length in X Diection()
Contaminant Goncenteration in Z2=0.6 Gontarninant Conoenteration in Z=0.4
12 -,
510 S s
5 g
t @ 2w
G 6 EEY
£ =
g4 220
5 £
§ 2 £10
[§] 8
o 0l
2000 3000
2000 2000
1000 1000 1000 S 000
00
Length in ¥ Direction(rm) Length in X Direction(rm) Length in ¥ Directian(m) 0 o Lengih in Dot
N 3 =Ll - R
IV A o Ges s cLle (5) Ve dm g Ges 3 chle ()
Gortaminant Ganoenteration in 2=1 Contaminant Goncenteration in Z=0.8
3 3
c
825 Sas
5 g
£ 2 2,
8 o
818 8186
g B o
5 £
g 0s Bos
8 3
° 1]
3000 o : 0m
20m0 : L 2000 o 2000
1000 1000 oo ; 1000
0o
Length in ¥ Direction(rm) Length in X Directiongr) Length in ¥ Directionim) oo Length in X Direotionry
e e SR () VA A Gae 3 e (6)

O g5 g o&EYL GBI S 53V 5 /A /N /8 /Y A g Blesl jo chle s TPH b g cdale - IS

AR



g_j ol s s il slaoas VT Il cﬁlip @oax g Lol ol gledde @L:J
G e Sligad LU cpl plo wond (g (Sl ulie [2l5l Jast Ol g b 40 (93555
S5 S5 e 3 WIS G ) @l st 485 s (Sl B8l S e

23 e eslaal ol Do el

Sl Fwls
i 3053 o S8 oSEVG 655 cpl el 53 UL 5 OVt (6)1Sen 3 alescn s

3 e Dl Sl eslil 3 plealy Jsar el ax o oK1 skl JIST e S5 BT )
ISl Wilosls (5L 1y Lo milin g il 5 133l 5 4 53 45 (L5 Sl ekiga SGl

el

&l

1.Bivand, R.S., Pebesma, E.J., and Gomez-Rubio, V. 2008, Applied Spatial Data
Analysis with R, Springer, Pp: 311-324.

2.Bruce, L.G. 1993. Refined Gasoline in subsurface. APG. Bull. 77: 212-224.

3.Chiles, J.P., and Delfiner, P. 1999. Geostatistics, Modeling Spatial Uncertainty, J.
Wiley and Sons, New York, 116p.

4.Cressie, N.A.C. 1993. Statistics for Spatial Data, J. Wiley and Sons, New York,
Pp: 71-75.

5.Delleur, J. 2000. Handbook of Ground water engineering, Springer-Verlag,
Berlin Heidelberg, Pp: 5-11.

6.Diggle, P.J., and Ribeiro, Jr.P.J. 2007. Model-based Geostatistics, Springer, New
York, Pp: 145-49.

7.Domenico, P.A., and Franklin, W.S. 1990. Physical and Chemical Hydrogeology,
John Wiley and Sons, U.S.A. Pp: 202-213.

8.Edzer, J.P. 2008. The gstat Package. Multivariable geostatistical modelling,
prediction and simulation, 33p.

9.Emeritus, J.B. 2001. Modeling ground water flow and contaminant transport.
First edn. Haifa, Israel, Pp: 86-123.

10.Frind, E.O., Malson, J.M., and Schimer, M. 1999. Dissolution and mass transfer
of multiple organics under field conditions: The borden emplaced source. J.
Water Resour. Res. 35: 683-694.

"y



Oy Ko g oud] 3! Vg

11.Kaminka, B. 2001. Managing Petroleum Contaminated Soil: Department of
Transportation Perspective, J. Environ. Eng. 22: 1080-1088.

12.Loe, C.H., Lee, J.Y., and Cheon, J.Y. 2001. Attenuation of Petroleum
Hydrocarbons in Smear Zones: A case Study. J. Environ. Eng. 28: 639-649.

13.National Research Council. 1994. Alternatives for Ground Water Cleanup,
National Academy Press, Washington, DC, 23p.

14.Schackelford, C.D., Daniel, D.E., and Lilijestrand, H.M. 1989. Diffusion of
organic chemical species in compacted clay soil. J. conta. Hydro. 4: 241-273.

15.Stein, M.L. 1999. Interpolation of Spatial Data, Springer Verlag, New York,
232p.

16.U.S. Environmental Protection Agency. 1998. Technical support document for
194.23: Groundwater flow and contaminant transport modeling at WIPP, EPA
Docket, A-93-02, V-B-7, Pp: 20-26.

17.Webster, R., and Oliver, M.A. 2007. Geostatistics for Environmental Scientists
(2™ edition), J. Wiley and Sons, New York, Pp: 118-123.

\YY



i

Gorgan University of Agricultural
Sclences and Natural Resourcas

J. of Water and Soil Conservation, Vol. 16(4), 2009
www.gau.ac.ir/journals

Hydrocarbon pollution emission in soil around Sarkhoun refinery
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Abstract

The aim of this research is to investigate the existence and the three dimensional
distribution of the pollution around Sarkhoun refinery. Following the initial
investigation of the site, wells were dug up to hardpans followed by sampling. Soil
pollution mappings and its distribution were performed by Surfer and Arc GIS and
MATLAB softwares. The results showed that due to the lack of underground water
in the area and the hardpans near soil surface, pollution spread has happened
through gas spread from the limited region above the hardpan. Geostatistic studies
and 3-dimential estimated pollutions mapping by software showed the range of
studied polluted soil for TOG and TPH was 3633 and 2612 mg/Kg near burning
pits and to 7 and 4 mg/Kg in the west south of the refinery. Furthermore, pollution
spread in the direction of soil layers gradient is towards Salt River, which is placed
in the east of the refinery. In the east of refinery, sudden increase in both pollution
maps was related to the tube lines breakage. The result showed that TOG pollution
map and TPH pollution map had similar trend. The results of the simulations
revealed that in Sarkhoun soils by increasing in water debit to burning pits, risk of
pollution spreading increased, Therefore appropriate remedy for blockage of
spreading would be necessary.

Keywords: Vados zone, Pollution, Hydrocarbon, Refinery, Vapor condensations
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