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Abstract

South pars gas complex, phase 12 is located it sddtan, about 17km east of Kangan, Bush province. In this study 6
seismic refraction profiles with refraction methbdve been taken. Dow-hole seismic profiles have been taken in 4 dri
boreholes (dowrole) for determining -wave and Svave velocity and 22 electrical resistivity sourglimeve been taken for
determining geological condition of layers. Alsargs with Schulmberer\Weener array have been tal

K ey words: Geophysical Exploration, South Pars Gas, Strucitombal.

1 Introduction

The location map of study area is showiFig (1). The
satellite picture of the site is presented in (2). The plan
of project which is reclamation from the sea blirffg sea
with soil and rock is shown in Fi@). Also, some picture
of site location are presented in Hi). In this study ¢
seismic refraction profiles of Raves and -wave velocity,
4 Down-hole seismic profiles of -Rave and S-wave
velocity and 22 electrical resistivity sounding msi with
Schulmbergei¥eener array have been taken. The loce
map of seismic profiles, drilledobeholes and electric
resistivity sounding point has been shown in (2).

S ot L. | SAYERS
2 Investigation procedures - e T e,

Identifying subsurface layers condition and its atyic Fig. 1;\}icinity of the project sit
properties are main factors in dynamic analysis
construction. In order to completing geotnical
information, seismidestes included refraction ancown-
hole has been done. In this study 6 refractionnsei
profiles of P-wave and ®&ave and 4 Dow-hole seismic
profiles of P-wave and ®&ave have been taken. For t
study following equipment & been use
(1) Seismograph RAS 24.

(2) 3-Componenet borehole geophone.

(3) 6-Geophone borehole strean®pacing2m).

(4) Vertical geophones.

(5) Horizontal geophones.

(6) Hammer.

(7) Wooden plank.

(8) Battery (12volt DC).

(9) Global Positioning System (GPS).

(10) Notebook computer. g. 2:Site location on the satellite ph:
(11) Other accessory, cable, reel, wire and
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"Fig.h4':'Préb;red grouna in tsea for offshore sfructar-é-s—loéél o
3 Theory of Seismic Tests

Geophysical explorations are used to study tecs
characteristic and geology, identified geology layg,
estimate of dynamic properties of materials, ccerag) of
behaviour of soil undeearthquake. Geophysical mod
divided into two groups. Inhe first group the physici
quality natural source is considering. This groopluded
gravity, magnetic, radiometrgnd thermometry and seis
city. The second group included the method thatsuring
response of nonatural or synthetic source. In this grc
can called seismic refraction, reflection, geoelec
induced polarization and electromagnetic. Seismethods
are included refraction, reflection, down hole, ssrdole
and tomographyross hole. Here we present the theon
seismic, refraction and down hole methods. Theshads
are commonly used to determine compression andr
wave velocity versus depth. These velocity datauaesl tc
help assess the seismic response and dele stratigraphy
of a particular site. In a down hole seismic ey a seismic
source is placedn the surface near a boret and a
geophone is placed at selected depths in the blerehioe
raw data obtained from a down hole survey are rineect
times forcompression and shear waves from the sour
the geophones and the distance between the sonct
geophones. Compression waves are generated bingta
sledge hammer on steel plate. The steel platecatdd a
short distance from the boring mou®hear waves travel
slower than compression waves. Therefore, compmme

waves often interfere with shear waves. This ietenfice
sometimes makes identification of the first sheave
arrival difficult. To improve the resution of the shear
wave arrivalthe seismic source is designed to produ
signal which contains a large shear wave compoaedta
signal enhancement seismograph is used to probes
received signals from the geophone. The shear saweee
consists of sledge hammer impacts onrnate ends of a
beam with steel end plates. The beam is offsestamtie o
five to ten feet from the borehole to minimize dir
coupling of the seismic energy to the cas

A. Refraction method

Seismic refraction surveying is the first ma
geophysich method to be applied in the search for
bearing structures. Recent progress in geophy
exploration from computer assisted processing
enhancement of the data can assist in resolvinglcated
problems in structural geology and engineerincfraction
is a usual method in engineering geophysical eafitom.
Low cost, simple in survey and varity in interptiia of
this method caused it uses more and more in stisiyeoin
different engineer size. The refraction method &issof
measuringthe first travel times of compression or sh
waves generated by an impulsive energy source.
energy source is usually a small explosive charggrike
hammer. The arrivals of different kinds of seismiaves
are detected by geophones array and ded by
seismograph. By extracting time distance curvesni
seismograms we can calculate seismic parametel
section such as wave velocities and thicknessdayefs.
The process is schematically illustrated in F-1). All
measurements armade at sface of the ground and the
subsurface structure is inferred from interpretaticethods
based on the law of energy propagation. The prdfageaf
seismic energy through subsurface layers is destriy
essentially the same rules that govern the projon of
light rays through transparent media. The refractar
angular deviation that a light ray or seismic pt
undergoes when passing from one material to an
depends upon the ratio of the transmission ve&xcitf the
two materials. The fundamel law that describes the
refraction of light ray is Snell’s law and this &iger with
the phenomenon of “critical incidence” is the plogs
foundation of seismic refraction surveys. Suppos

medium with a velocityV; underline a medium with a

higher velocity V, (V,>V]). Until the critical angle of

incidence is reacheglmost all of the compression energ;
transmitted(refracted) into the higher velocity rea
when the critical angle is exceec the energy is almost
totally reflected and no energy is refract into kigh speec
layer in the refraction equations assume that tiswsrface
layers possess certain characteristics: each laitbm a
stratigraphic sequence is isotropic with gard to its
proportion velocityray paths water supply are made ug
straight line segment and each layer has a higbleciy
than overlying one. These are entirely reason
assumptions and relatively few actual cases depart
from these assumptions. In this method produceefsmic
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wave by synthetic energetically source(explosiqrariser
or hammer) at a point and received by array ofivecg in
a straight line. With releasing energy to distariicam
source called ross over distance the first wave recei

directly that has velocityVl and travel time has followin
equation:
t1 =X/'Vq

Y . Direct travel time
X : Distance between source and rece

Vi Velocity in surface layer

After this distance waves refract in second layéh:
velocity of sub layerEquation between time and distai
for a model included two horizontal layers as fatlo

_ X , 2H,Cosé
= 1

t
? \Z Vi

A

H1 : Thickness of first layer
Vi V2. Velocity in first layer and second la
9 . Critical angle

t2 : Received time of refracted wave

With plotting of travel time verse distar the velocity
of first layer obtained from inverse of slope irstimediumr
and the second layer from inverse of slope in s@&
medium.

B. Down-hole method

This method is commonly used to determr
compression and shear wave velocity versus deftbsé
velocity data are used to help assess the seisggmonst
and determine stratigraphy of a particular sitealdown
hole seismic survey, a seismic sourc placed on the
surface near a borehodnd two geophones are placec
selected depths in the borehole. The raw datarwatdrom
a down hole survey are the travel times for comgoe:
and shear waves from the source to the geophonethe
distance beteen the source and geophones. The proce
schematically illustrated in Fig (2y. Compression wave
are generated by striking a sledge hammer on ptatd.
The steel plate is located at short distance frioenktoring
mouth. Shear waves travel slowbkah compression wave
Therefore, compression waves often interfere whbas
waves. This interference sometimes makes idertiificaf
the first shear wave arrival difficult. To improvine
resolution of the shear wave arrithle seismic source
desgned to produce a signal which contains a larger:
wave component and a signal enhancement seismogr
used to process the received signals from the gewp
The shear wave source consists of sledge hammexcts
on alternate ends of a wooden beaith steel end plate:
The beam is coupled to the ground by weighing vl
with the front tires of the field recording truckhe beam i
offset a distance of five to ten feet from the Ibale to
minimize direct coupling of the seismic energy twe
casng. The down hole sensors consist of a three coemt
geophone. This assembbontains three sensor eleme

38

one vertical and two orthogonal horizontal elemeiitse
geophone assemblies at a fixed separation aresgsdtht
interval velocities can be determined from the saeteof
impulses. This method reduces timing errors causge
differences in seismic trggering and variations in sour
impulse characteristics. The data are analyzed
determining the interval velocity for each geoph
placement. Interval velocity is determined by f
computing the distance from the source to each lymug
and the diffeence in arrival times between the upper
lower geophones. The interval velocity is computsd
dividing the difference in distance between thepiemes
by the difference in arrival time

time, msg

Fig (1-1): Schematic of ray path and time distance curveefraction
methoc

Melal Flale far F Wave

Gravel pack

zeophene

FVC Tube

Fig (1-2):Schematic of Down hole te

4 Values of Velocity and Dynamic Property of

Different Materials

Dynamic properties of materials are important insh
projects. These parameters obtained either fronamya
and cyclic tests in geotechnical laboratory or dwspal
tests. Longitudinal and shear wave velocity are suesl
by geophysical test and dely is measured for by
geotechnical test. For example the longitudinal ahdat
wave velocity of some type materials are bring able(’-
1). Relationship between dynamic properties ofdsalnd

liquid are presented in Tabl«2). In this table Ve is
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longitudinal velocity, Ve is shear velocity and d is density.
The main parameter in geotechnical and civil ergiing is
shear modulus.

Table (1-1): Longitudinal, shear velocity and densf
different materials

Type of material (332?3,) (r\r/175) (r\n//Ss)
Water 1.0 1500 -
Sand & Gravel 15-2.0 500 -1900 300 - 900
Silt & Clay 1.3-17 300 -1900 100 - 500
Marl 13-17 300 -1900 100 - 500
Gypsum 1.8-2.2 1700-3000 600 - 1500
Stiff Limestone 25-27 3000-6500 1500 - 3500
Weathered Granite 2.0-2.7 1000 - 3000 500 - 1500
Intact Granite 26-2.8 3000-6000 1500 - 3000
Slate Rock 2.7 5000 - 7000 3000 - 3800

Table (1-2). Relationship between dynamic moduhd a
longitudinal and shear wave velocity

PDy”amiC Solids Fluids
arameters
V
. () -2
Poisson’s p=—Ys 05
ratio 2[(Vp )2 1
VS
Wave V 2-2u
velocity 2?2 = 0
ratio Vs 1-2v
Shear — 2
modules G=pV; 0
Yung —
modules E=260+0) 0
Balk 1 E 2
modules K T31-20 PVy

5 Refraction Seismic Results

For determining P-wave velocity, twelve vertical
geophones with spacing 4m have been instaled idioae
Then by stricken hammer on metal plate at 4 looédi@nd
13m offset from first and last geophone) seismizavhave
been recorded. For determining S-wave velocity,l\eve
horizontal geophones with spacing 4m have beertgalan
one line. Then by stricken hammer horizontally wo side
of wooden plank at 4 location (4 and 13m offsenfriirst
and last geophone) seismic wave have been recofthed.
location map of refraction seismic profiles aresgrged in
Fig (1-3). Also two sample of P-wave seismograpbl ar
shown in Figs (1-4) and (1-5). Seismic data witfiveare
has been interpreted and then results have besanteel as
profile.

5.1 Refraction profile p1

This profile has been taken entrance of site. Pevead
S-wave is velocity sections are shown sequencegs [&-
6) and (1-7). With increasing depth density andowigy
increased. P-wave velocity at Z=101m increases tdue
water velocity. In this profile shear wave velocity
variable from 450 to 700m/sec.
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Fig (1-3): Location map of refraction seismic ptesi
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Fig (1-4): A seismograph of P-wave, offset 4m friirst geophone
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Fig (1-5): A seismograph of P-wave, offset 4m friasst geophone

5.2 Refraction profile p2

This profile has been taken on east branch of Bite.
wave and S-wave is velocity sections are shown eserpi
in Figs (1-8) and (1-9). With increasing depth dignand
velocity increased. P-wave velocity at Z=101.5nréases
due to water velocity. In this profile shear wawdocity is
variable from 450 to 700m/sec.

5.3 Refraction profile p3
This profile has been taken on west branch of Hite.
wave and S-wave is velocity sections are shown eserpi
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in Figs (1-10) and (1-11). With increasing deptmsity
and velocity increased. P-wave velocity at Z=102m
increases due to water velocity. In this profileahwave
velocity is variable from 450 to 700m/sec.

5.4 Refraction profile p4

This profile has been taken on west branch of §ite.
wave and S-wave is velocity sections are shown esezpi
in Figs (1-12) and (1-13). With increasing deptmsity
and velocity increased. P-wave velocity at Z=102m
increases due to water velocity. In this profileahwave
velocity is variable from 400 to 700m/sec.

5.5 Refraction profile p5

This profile has been taken on main branch of §ite.
wave and S-wave is velocity sections are shown esezpi
in Figs (1-14) and (1-15). With increasing deptmsity
and velocity increased. P-wave velocity at Z=102m
increases due to water velocity. In this profileahwave
velocity is variable from 400 to 700m/sec.

5.6 Refraction profile p6

This profile has been taken on main branch of §ite.
wave and S-wave is velocity sections are shown esazpi
in Figs (1-16) and (1-17). With increasing deptmsity
and velocity increased. P-wave velocity at Z=102m
increases due to water velocity. In this profileahwave
velocity is variable from 450 to 730m/sec.
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profile p1
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determining  of

5. Results of Down Hole Tests

Seismic study with down hole method in 4 boreh:
BH-1, BH-2, BH3 and BF4 has been done. For
compression  velocity,  seisr
source(vertical strike hamer on plate) located about m

from mouth of borehole and receive-componenet) swept

all of depth borehole. For determining of shearowity,
seismic source(horizontal strike hammer on sidwooden
plank) located about 30 from mouth ofborehole and
receiver(3eomponenet) swept all of depth borehole. L¢
coordinates of drilled borehole are presented ibl&{a-3).
In  Figs(1-18) and (19) sample seismograph
compression and shear wave have been sl

Table (1-3):Coordinate of drilled boreholes that down h
seismic test have been d

No. Borehole X Y
1 BH-1 616141.¢ 3066972.!
2 BH-2 615981.¢ 3066909.!
3 BH-3 615994.! 3066809.!
4 BH-4 616083.¢ 3066827.
Depth, m

20 10

20 10 a

)

Time, ms
4 2 @ 2 W w2
3 8 8 & 8 8 &5 o

@
8

@
8

100

Fig (1-19):A sample of recorded shear wave seismograph i-1

6.1 Down hole test in BH-1

Test daracteristic of compression and shear w
velocity have been obtained by down hole seisnst ite
BH-1 are shown in Table-4) and Fig(1-20). Based on
changing seismic velocity some layers physicallp te
distinguished. From 0 ton7 there is me-made soil such as
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cobble, boulder and gravel. From 7 to end of bdeetteere

is seabed materials such as sand, silt, loam ahdlgravel
that with increasing depth increasing density aalbaity.
Depth of groundwater during test is about 3.5nTable(1-

4) Compression velocity(Vp), Shear velocity(Vs)agtic
modulus(E), Shear modulus(G), Bulk modulus(K) and
Possion ratio() are presented.

Table (1-4): Characteristic of compression and shveae
velocity accompany with dynamic parameters in BH-1

Depth(m) Density(griemd) | Vp(mi/seer Vs(miset) | E(MPa) GQMPa) KMPa) | v
2 980 =50 1537 605 1114 027
[ 1ose [ om w1 7w | s | 026
2 Vl 100 640 2038 819 1328 0.24
2 1500 0 1340 w45 37 038
2 1550 00 2689 980 3498 0.37
L& 1600 350 650 1 314 047 |
1.85 1600 400 868 296 431 | 047
19 1600 510 1481 514 417 044
i 1600 600 2042 20 4160 0.42
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Fig (1-20): The variation of compression and shedocity verse depth in
BH-1

6.2 Down hole test in BH-2

Characteristic of compression and shear wave \gloci
have been obtained by down hole seismic test in2Bifle
shown in Table (1-5) and Fig (1-21). Based on cheng
seismic velocity some layers physically can be
distinguished. From 0 to 7m there is filler matesach as
cobble, boulder and gravel. From 7 to end of bdeetitere
is seabed materials such as sand, silt, loam ahéligravel
that with increasing depth increasing density aalbaity.
Depth of water during test is about 3.5m. In Tabig)
Compression velocity(Vp), Shear velocity(Vs), Elast
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modulus(E), Shear modulus(G), Bulk modulus(K) and
Poisson ratia() are presented.

Table (1-5): Characteristic of compression andishave
velocity accompany with dynamic parameters in BH-2

Depth(m) | Density(gr/em3) | Vp(m/sec) Vs(misec) | E(MPa) | G(MPa) K(MPa)| v |
0-1 2 850 480 1167 461 831|027
12 2 1000 570 1637 650 1134 | 0.26
23 2 1500 630 2211 794 3442|039
35 2 1550 650 2355 845 3678 | 0.39
5-6 2 1600 700 2708 980 3813 [ 038
6-7 1.85 1500 500 1330 463 3546 | 0.44
712 1.9 1550 400 890 304 4159 [ 046
1217 1.95 1600 450 1151 395 4466 | 0.46 |
17-20 2 1600 500 1446 500 4453 | 0.45

Velocity, m/s
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Fig (1-21): The variation of compression and shedocity verse depth in
BH-2

6.3 Down holetest in BH-3

Characteristic of compression and shear wave \gloci
have been obtained by down hole seismic test in3Bitle
shown in Table(1-6) and Fig (1-22). Based on chamgi
seismic velocity some layers physically can be
distinguished. From 0 to 7m there is filler matesiach as
cobble, boulder and gravel. From 7 to end of bdestitere
is seabed materials such as sand, silt, loam ahélgravel
that with increasing depth increasing density aalbaity.
Depth of groundwater during test is about 1m. Iil&gl-
6) Compression velocity(Vp), Shear velocity(Vs)agic
modulus(E), Shear modulus(G), Bulk modulus(K) and
Poisson ratiof) are presented.
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Table (1-6): Characteristic of compression and shveae
velocity accompany with dynamic parameters in BH-3

Table(1-7). Characteristic of compression and sheae
velocity accompany with dynamic parameters in BH-4

Depth(m) | Density(gr/cm3) | Vp(m/sec) | Vs(m/sec) FE(MPa) | G(MPa) | K(MPa) | v
0-1 2 850 480 1167 461 831 0.27
1-2 2 1500 550 1721 605 3693 0.42
24 2 1550 600 2033 720 3845 0.41
4-7 2 1600 620 2171 769 4095 0.41
7-9 1.9 1550 550 1641 575 3798 0.43
9-12 1.8 | 1500 370 723 246 3 0.47

12-14 1.9 1600 450 1121 385 4351 0.46
14-17 2 1650 540 1680 583 4667 0.44
Velocity, m/s
g8 8 8 8 &8 8 8
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Fig (1-22): The variation of compression and shedocity verse depth in
BH-3

6.4 Down hole test in BH-4

Characteristic of compression and shear wave ugloci
have been obtained by down hole seismic test indBife
shown in Table (1-7) and Fig (1-23). Based on cirang
seismic velocity some layers physically can be
distinguished. From 0 to 5.5m there is filler mitkesuch
as cobble, boulder and gravel. From 5.5 to endooélimle
there is seabed materials such as sand, silt, &baath and
gravel that with increasing depth increasing dgnaitd
velocity. Depth of groundwater during test is abbmot. In
Table (1-7) Compression velocity (Vp), Shear veioci
(Vs), Elastic modulus (E), Shear modulus (G), Bulk
modulus (K) and Poisson ratig) @re presented.
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Depth(m) ‘ Density(gr/em3) | Vp(m/sec) [ Vs(m/sec) E(MPa) | G(MPa) | K(MPa) v
0-1 2 200 520 1351 541 899 0.25
1-2 2 1500 550 1721 605 3693 | 0.42
24 2 1550 600 2033 720 3845 | 0.41
4-5.5 2 1500 370 1840 650 3634 0.42
5.5-7 1.9 1500 450 1116 385 3762 | 0.45
7-10 1.8 1500 370 723 246 3721 0.47

10-14 1.9 1500 430 1022 351 3807 | 0.46
14-17 1.95 1550 500 1406 488 4035 | 0.44
17-20 2 1600 600 2042 720 4160 | 0.42
Velocity, m/s
Q Q Q Q Q Q Q
=1 D =3 i) =1 D =1
=1 N D ~ S I\ el
=1 — - — « N ~
0 T T T T
| | B\H
4 __v,.l |
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|
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Iy
|
|
L
6 = = r =
{
|
|
o] E R A S

101

Depth, m

124

14 1
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18

20

Fig (1-23): The variation of compression and shedocity verse depth in
BH-4

7 Conclusions

Geoseismic tests with two methods of refraction and
down hole has been performed in this study. Thexc&bn
method has the limitation of blind zone in this dstu
Because seabed has lower velocity in comparisom th
upper man-made soil, seabed layer could not be
recognizable by refraction method. Therefore wegssy
the refraction method only for surface materialsiBes,
the down hole seismic test has not this limitatioerefore
down hole seismic has been selected for site &ieetson.
The dynamic properties that have been presentgdbies
(1-4) to (1-7) are based on assumption that matesia
elastic, isotropic and homogenous. These assungption
suitable only for intact rock rather than other en@ls as
boulder, gravel and sand. There are two code Imgidi
Iranian code building No. 2800 Table (1-8) and NEHR
(National Earthquake Hazard Reduction Pogrom) Téble
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9). In these codes (80) means shearave velocity to the

depth of 30m and is obtained by flolowing equation

ST
i=1 !

T

(A @)~

i=lVSi
Which Ti is thickness of layer | anVy is shear wave
velocity. Based on results that obtained in thislgt site i<
classified as type Il of Iranian code building ai@@! type
of NEHRP code Table (1-10).

Table (1-8):Soil profile classification(lranian Cod
Standard No. 280

5'"'l;’;‘e’"'“ L e Deseription
T ~730 A)lgneous rock(with coarse and fine grain texture). stiff sedimentary rocks and
: metamorphic rocks(gneiss and silicate crystal rocks) and conglomerate.
i 375750 WISHIN soils(compacied gravels and sands, very hard elays) with thickness of less
i than 30m from the bedrock.
i s Allouse igneous rocks(eg. tull), loose sedimentary rocks and lfaminaled
Eallk metamorphic rocks and in general all loose weathered rocks.
i Sis.qs0  PISHIT seilscompacted gravels and sands, very stiff clays) with thickness of less
. than 30m from the bed rock.
m 175-375 A)Weathered rocks
B)Rocks of mediocre compaction, gravel and sand layers with mediocre inier-
jiig 175-375 granular links and clays with mediocre stiffuess.
A)Soft deposits with high moisture content due fo the high ground water level.
v <175 B)Soil profile including a minimum of 6m high clay of plasticity index of more than
20 and moisture content of more than 40%.

Table (1-9):Soil profile classificatio (NEHRP)

Tvpe | V0 ey
E <180
D 180-360
C 360-760
B 760-1500
A =1500

Table (1-10)Classification of site based on the downt
tests results

1 2800 code NEHRP
Bort.’,holo. | I:um Giiedy type tye
BH-1 490 1} C
~ BH2 481 1 €
BII-3 502 1} C
BII-4 482 i c

The downhole geo-seismic tessults revei that the
shear wave velocity within the surface fill layer higher
than its counterpart in sandy layer of the natstaface.
The depth of the flivaries between 5 and & With respect
to the fact that the compressiwave velocit of water is
about 1500 to 1600/s, it might be higher than the veloc
in the soil material, thus the calculated modulestagher
than the dry materials' modules. Moreover the dated
modules by the gephysical methods gain a value
several times higher than the modules of labore
dynamic/cyclic test results, because the straiit mithin
the geophysical methods are much smaller than the s
limits in laboratory tests.

&

ot 3 \ "
Fig (i—26):EqU|pment

S e Ak
s used in electrical resistivity t

L= _,'
( .

ig 1-7):A picture of t used geohones n seismic
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e

ig(1-29). A sample of graphs obtained from the -

8 Introduction
In this study 22 electrical resistivity soundingtin
maximum current source length X00have been take
Equipments that have been used in this field woek as
following:
-Resistivity meter.
-Battery (12volt DC).
-Global Positioning System(GPS).
-Notebook computer.
-Stainless steel electrode.
-Bras electrode.
-Multimeter.
-Other accessory, cable, render, wire anc

8.1 Theory of electrical resistivity test

In this method theurrent source causes a direct cur
i to flow through the earth, entering at electragle, and
leaving from electrode C2. The potential differemd be
measured between P1 and P2 electrodes. The lin
current that flow through the earth are-D. Their
distribution can be computed theoretically althoitgimay
be quite complicated, especially for complex gepldthe
lines of flow current are always perpendicular toface
along which the potential is constant, the lateing
referred to as equipential. The relationship is illustrat
by the cross section in Fig@®- The potential difference(
voltage) impressed across electrodes C1 and C
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distributed along the space between them. Ir
homogeneous medium, the potential with respect 1c
along a vertical plane cutting the surface at mid
between C1 and C2, will be half as great as itsevak C2
The apparent resistivity can be calculatec
pa=KAV/I

Where K is geometrical factor and depends on e
distance between current ancotential electrodes. The
relationship between the apparent resistivity armdl
resistivity is a complex relation. To determine ttrae
subsurface resistivity, an inversion of the meas
apparent resistivity values using a computer prognaust
be carred out. The measured apparent resistivity value
normally plotted on a Ic-log chart.

Depth, m

|
20 40 60 80 100 120 140 160 180 200
Distance, m

Potential , mv
Fig (2-1): Schematic of geoelectric resistivity metl

8.2 Values of electrical resistivity of different mateis
Electrical resistivity of rocs depended on type of
minerals. The important factors in electrical spec
resistivity are fellowmen:
-The volume of profuse and fract
-The relation between profuse and tre
-The volume of profuse that filled with wat
-Conductivity of water exists in ro
-Type of mineral
Therefore special electrical resistivity of
depended on geology condition. Special
resistivity some materials are presented in Ta-1).

lay
electi

Table (2-1):Special electrical resistivity of some mater

Specific electrical
Rock and water type rel;')islivily(()hm.m)
Sea water 0.2
Alluvial water 10-100
Natural spring water 50-100
Dry gravel and sand 1000-10000
Saturated gravel and sand by fresh 50-500
water
Saturated gravel and sand by salt water 0.5-5
Clay 2-20
Marl 20-100
Lime 300-1000
Argillite sand stone 50-100
Quartzite sand stone 300-10000
Lava 300-10000
Graphitic schist 0.5-5
Argillite schist 100-300
Fresh schist 300-3000
Gneiss weathered granite 100-1000
Gneiss fresh granite 1000-10000

8.3 Electrical resistivity results
In this study 22 sounding point along 6 profiledior
section) with WenneiSchulmberger, four ectrodes and



Journal of Environmental Treatment Techniques

2014, Volume 2, | ssue 2, Pages: 36-49

length current 200m have been taken. The coordioate
sounding points are presented in Table (2-2). Deatlon
maps of these points are shown in Fig (2-2).

Table (2-2): Coordinate of electrical resistivigusding

points

Soundage ‘ X Y
sl 615972 | 3066800
s2 616003 3066837
s3 616042 | 3066866
s4 616079 | 3066896
s5 616117 | 3066933
56 616151 | 3066966
s7 616161 | 3066968
58 616130 3066936
s9 616091 3066895
s10 616061 | 3066861
sl1 616018 3066830
s12 615984 | 3066796
513 615913 | 3066939
s14 615949 | 3066930
515 615993 | 3066917
s16 615989 3066905
s17 615940 | 3066917
s18 615899 3066929
s19 616069 | 3066803
520 616100 | 3066756
s21 616114 3066764
522 616098 | 3066811

/Agliﬁi/

+7

i

+ s+11 BH4

3066500 Fep
o T

——————P—— Refraction seismic
~+ Electrical point @ Down-hole seismic

Fig (2-2): Location of electrical resistivity sound points

8.3.1 Profile A-A’

This section included 6 soundage S1, S2, S3, S4, S5

and S6 with Schulmberger array and max current
length(AB) 200m located on main branch. Apparent
resistivity or row data are shown in Fig(2-3). The
true(interpreted) section has been shown in Fig(2Me
can see soundage S1 and S2 has low resistivityattems
since sea water inject rock material. Some parth s S4,
S5 and S6 the width of filler material more thahestparts
therefore this area has more resistivity. In théstion
soundage S6 has more thickness layer with resistivore
than 10ohm.m, which it seems by increasing distdrara
cost material is become finer.
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8.3.2. Profile B-B’

This profile is included 6 soundage S7, S8, S9,,S10
S11 and S12 with Schulmberger array and maximum
current length 200m located on main branch. Apparen
resistivity or raw data are shown in Fig (2-5). Tieal
profile(interpreted) has been shown in Fig (2-6)e \8an
see soundage S11 has low resistivity than othirse sea
water is penetrated to soil layers and soil typefing
grained. Some parts such as S7, S8 and S9 thextislof
man-made soil is more than other parts, theretusedrea
has more resistivity. In this profile soundage %% more
thickness layer with resistivity more than 10ohmthat it
seems by increasing distance from cost materiaét®me
finer.

8.3.3 Profile C-C’

This profile is included 4 soundage S13, S14, 3b8,
S4 with Schulmberger array and maximum currenttteng
200 m. Apparent resistivity or raw data are showhig(2-
7). The real profile has been shown in Fig(2-8). ¢de see
soundage S13 and S14 has low resistivity than ®tiace
sea water is penetrated to soil layers. Some pads as S4
the thickness of man-made soil is more than ottaetsp
therefore this area has more resistivity.

8.3.4. Profile D-D’

This profile is included 4 soundages S18, S17, 8ib
S3 with Schulmberger array and maximum currenttteng
200m. Apparent resistivity or raw data are showigy(2-
9). The real profile has been shown in Fig(2-10g ¢4n
see soundage S18 and S17 has low resistivity tharso
since sea water is penetrated to soil layers. Szarts such
as S3 the thickness of man-made soil is more thher o
parts, therefore this area has more resistivity.

A

SW NE

sl s2 s3 s4 s5 s6

T
100

Distance, m

T

I

4
05

T

Apparent resistivity , ohm.m

Fig (2-3): Pseudo-section A-A'(raw data)
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sw NE

sl s2 s3 s4 s5 s6

Depth, m

0 20 a0 60 80 100 120 140 160
Distance, m

C T T
Y T 8 8 8 5 B 8

Apparent resistivity, ohm.m

Fig (2-7): Pseudo-section C-C'(raw data)

13 o c c
& s © 8§ 8 8
Resistivity , ohm.m
Fig (2-4): Real profile A-A'(interpreted) W SE
B B’
Sw NE

depth, m

80 100

AB/2, m

Distance, m

- N [ = N @ = N @

s 8 8 35 8 8

Resistivity, ohm.m

Fig (2-8): Real profile C-C'(interpreted)

S = N R T
s 3 & © o &
o o NW SE
Apparent resistivity, ohm.m
Fig (2-5): Pseudo-section B-B'(raw data)
s18 s17 s16 s3
B B
SW NE
s12 si1 s10 s9 s8 s7

AB/2, m

Depth, m

T
100 150 200 [ T T T T

T T T
. 0 20 40 60 80 100 120 140
Distance, m
Distance, m
5 8 & 3 8 g
e < ° " R 5 8 8 5 8 g
Resistivity, ohm.m N hO e °
Fig (2-6): Real profile B-B' (interpreted) pparent resistiviy, ohm.m

Fig (2-9): Pseudo-section D-D' (raw data)

8.3.5 Profile E-E’

This profile is included 3 soundages S9, S22 ant S2
with Schulmberger array and maximum current length
200m. Apparent resistivity or raw data are showfrig(2-
11). The real profile has been shown in Fig(2-12§ can
see soundage S9 and S22 has low resistivity tHerotiue
to sea water is penetrated to soil layers. Somis gach as
S21 the thickness of man-made soil is more tharroth
parts, therefore this area has more resistivity.
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8.3.6. Profile F-F’

This profile included 3 soundage S10, S19 and S20
with Schulmberger array and maximum current length
200m. Apparent resistivity or raw data are showfrig(2-

13). The real profile has been shown in Fig(2-14% can
see soundage S19 and S20 has low resistivity th@erso
since sea water is penetrated to soil layers andenfiner
material. Some parts such as S20 the thicknessaofF m
made soil more than other parts, therefore this dras
more resistivity.

D D

Depth, m

80

Distance, m

Resistivity, ohm.m

Fig (2-10): Real profile D-D'(interpreted)

9. Conclusions
It can be inferred from the derived results of the

geophysical investigations that the electrical stégty at
the 'fill' zone (which has higher extents of pores)ess
than the other zones. Within the natural surfagerks the
electrical resistivity value varies between 1 t@&®m.m.
The higher amounts of resistant is a sign of engzeof the
granular layers, while the lower amounts stand tfoe
existence of fines. The electrical resistance gampwest
value at the location of soundages S22, S21, SP9, &d
S1. Therefore, specific consideration shall be estagt the

latter locations.
E E

NwW SE

AB/2, m

Apparent resistivity, ohm.m

Fig (2-11): Pseudo-section E-E' (raw data)
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Depth, m

30 40 50 60 70 80 90 100

Distance, m

= N o = N @ = N a
1) S S 1) S =3
3 3 3

Resistivity, ohm.m

Fig (2-12): Real profile E-E'(interpreted)

F F
NwW SE
s19 s20

AB/2, m

10 20 30 40 50 60 70 80 90
Distance, m

Apparent resistivity, ohm.m

Fig (2-13): Pseudo-section F-F'(raw data)

F F
W SE
s10 s19 520

Depth, m

50 60 70 80 90

Distance, m

&y N @ = N a = N @
o S <} 1] o =}
5} S S

Resistivity, ohm.m

Fig(2-14). Real profile F-F'(interpreted)
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