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ABSTRACT

A seismic refraction investigation was carried out at Al-Aziziyah area for
delineating water table and determining the velocity of different layers, as well as
locating the contamination zones in under ground water which are resulted from
agricultural activities. Nineteen seismic profiles were carried out in this study using
ABEM TERRALOC seismic system. The length of each profile ranged from (33-
115) m. with normal and reverse shooting. The recorded field data interpreted by
delay time method using time distance curve as well as plus-minus method, mean-
minus time method, ABC method and generalized reciprocal method. The velocities
of the first layer range from (252-404) m/sec. and its average is (295.53) m/sec. while
the velocities of the second layer ranges from (1335-1666) m/sec. and its average is
(1494.21) m/sec. the velocities show no significant difference after interpreting by
different methods. In this study the second layer represents the water table in the area
with the depths range from (2.2- 5.5) m. Finally the contour map was drawn for the
water table of the ground water, as well as a map differentiating the contaminated
from non-contaminated zones.

Introduction:

If accurate predictions are to be made from

Seismic refraction method has many applications
in a variety of engineering problems and underground
water investigation where information on the depth of
water table is required. Despite the many successful uses
of seismic methods there is still confusion in engineering
practice as to the most appropriate stage of a site
investigation program at which seismic refraction should
be used (1). From the accumulated experience at a wide
variety of sites in Irag, the recommended sequence of
investigation
refraction (2, 3, 4).

is field work followed by seismic

Seismic surveys provide sub-surface information
over large areas at relatively low cost and locate critical
areas for more detailed testing of contaminated ground
water from seismic velocities at Al-Aziziyah area (5, 6,
7, 8).
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seismic surveys, the field work must be carefully carried
out and the results properly interpreted.

This paper aims to establish the basic features of
the shallow seismic refraction method and its effective
application in water table investigation and its
contamination by recommended field procedures and

interpretation techniques.

Basis of the method:

The seismic refraction method utilizes an
impulsive source like hammer to produce an elastic
waves which travel through the earth. Some of this
energy in these waves is returned to the surface where
the resulting ground vibrations are detected by
geophones and recorded.

From these records, travel times of seismic waves
between the impact point and a number of geophones a

long earth's surface are measured. The velocities at



P- ISSN 1991-8941 E-ISSN 2706-6703
2011,(5), (1) :84-90

which these waves travel through the subsurface are
controlled by elasticity modules and density which
generally vary both vertically and horizontally (9, 10,
11). The objectives of the refraction method are the
determination of the velocities and depths of the layers
and water tables as well as the contaminated area by

hard water from p-wave velocity (12, 13).

TOPOGRAPHY:

The topography of an area is one of the very
important factors in this kind of investigations, because
any small change in the general ground surface along the
seismic line may cause ambiguous seismic data (14).
Therefore, we should take in our mind the topography
corrections and must be accounted for in the
interpretation.

The elevations of the shot points and geophones

were placed mostly in the same level with few
centimeters difference. The reason of chosen the same
level is that the locations around Al-Aziziyah are placed
on the high way and parallel to Tigris river. Also, inside
Al-Aziziyah city the topography are almost horizontal
for the profiles fig. (1).
For the above reasons, the quality of the data and
subsequent interpretation are improved by avoiding
dense vegetation for all stations that are parallel to Tigris
River and Baghdad-Basrah high way.

Field procedure:

ABEM TERRALOC MARK-3 was used in this
study which needs personal experience to design
properly field program. Attention also given to such
factors as geophone spread to get the target, nineteen
profiles are chosen in the study area, and the length of
the profiles in this study ranged between (33-115) m.
and the spacing between geophones are (3-5) m.
depending on the space in the study area. The kind of
source is a hammer of (10) kg. weight, also enhancing of
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data used to get good ratio of signal to noise. Shot points

are located in both sides of the profiles for all stations.

MATERIAL CLASSIFICATION:

Seismic wave velocities in nature vary greatly (12,
15) and depend on such factors as hardness, degree of
consolidation, weathering, jointing and water saturation.
Table (1) shows a list of p-wave velocities for some
common rocks and soil in Irag. It can be seen from this
table that there is a little chance of making a serious
error when interpreting either low velocities as soil of
Al-Aziziyah area, also actual lithological identification
of rocks is not generally possible from seismic velocities
but this, does not limit the usefulness of the seismic
method as rock or soil with similar seismic velocities(1).
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Fig. (1) Location map of Al-Aziziyah area showing all profiles.



P- ISSN 1991-8941 E-ISSN 2706-6703
2011,(5), (1) :84-90

In this study some of the profiles shows velocities
of the second layer (water table) are larger than (1500)
m/sec as at locations (1, 2, 8, 9, 10 and 11) table (2),
Fig.(2) which shows the contaminated areas at these
locations with hard water that are coming from
agricultural activities north and east of the study area
around Al-Aziziyah city Fig(1). As reaching Tigris
River the velocities of the second layer which are
indicating water tables decreases because of mixing
fresh water of the.

Table (1) List of p-wave velocities for some common rocks
and soils from various part of Iraqg.

p-
No | Location Name wave Rock type
(m/sec)
1 Ejball(zdj)m site 1739 | Compact red soil
Ejbail dam site .
2 (24) 2429 Limestone
3 Elba"(gj)m Site | 188 | Calcium rich soil
4 Basrah (5, 6) 593 1t layer soil
2nd Jayer
5 Basrah (5, 6) 1462 sand(W.T)
Hawija-Kerkuk st .
6 (4, 8) 573 15t layer soil
Hawija-Kerkuk 2" Jayer silt
7 (4,8) 1364 (W.T)
Zubair power st .
8 st (%) 355 1%t layer soil
Zubair power 2nd Jayer
9 St.(%) 1491 sand(W.T)
Adhaim dam 1%t Jayer soil
10 site (2) 869 +sand
Adhaim dam 2nd Jayer
1 site (2) 1569 sand(W.T)
12 | Al-Latifiya (3) 607 1%t layer soil
o 2" Jayer
13 Al-Latifiya (3) 1370 sand(W.T)

* The velocities determined after researcher.

Table (2) Shows elevation above S.L., depth of water table
from the surface, elevation of water table from S.L., and
velocity of the layers.

—~ 2 - = - —~
SEEEEEERE:
e ]
2| 53| 28|58 |84 By
2| BEx| ZE|22E 58| «&
= S0 5| S3& 2¢ o€
e @ w o »n = _% b 1S > 1S
() 172) - = =
ol MEl €8/ S2 | 8 | 8
a8 |¥WeE | > | >
1 27 2.2 24.8 280 | 1535
2 27.6 3.5 24.1 310 | 1550
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4 275 4.1 23.4 404 | 1500
5 27 4.5 22.5 297 | 1335
6 26.4 3.7 22.7 273 | 1355
7 25.9 3.3 22.6 252 | 1424
8 28 3.4 24.6 270 | 1607
9 28 3.6 24.4 276 | 1563
10 28 3.7 24.3 275 | 1590
11 28 3.8 24.2 270 | 1666
12 28 3.7 24.3 319 | 1380
13 28 3.6 24.4 | 320 | 1408
14 28 3.4 24.6 292 | 1461
15 29 5.4 23.6 305 | 1515
16 | 28.6 4.7 23.9 284 | 1530
17 | 28.8 5.4 23.4 311 | 1490
18 | 28,8 5.0 23.8 292 | 1475
19 | 28,6 5.5 23.1 287 | 1486
Average velocity of the first layer = 295.53
m/sec
Average velocity of the second layer =
1494.21 m/sec

Tigris River with hard water that are coming from the above area.

Data corrections:
The first step of interpretation is to pick accurately

the arrival times from seismograph. In shallow seismic
refraction work in Al-Aziziyah area, the accuracy is not
larger than (0.25) millisecond when using this type of
in the field.
consideration should be given to the width and ambient

equipment In picking travel times
noise.

Arrival times of all seismic traces in (19) profiles
were picked and few of them are corrected which have
some elevated areas, the corrections times are less than
(2) milliseconds because the profiles are nearly

horizontal.

Interpretation and results:
A: Travel time curve analysis:
Nineteen travel time curves were drawn to

determine the velocities and depths of the layers in each
profile. Average velocities and depths were taken for
normal and reverse shooting for all profiles, because
there is no significant difference between the results in
the study area, Fig. (4) shows the time distance curve for
one of the profiles.

The methods of interpretation used are delay time
method (9, 11), plus — minus method (16, 17), mean

minus time method (18), generalized reciprocal method
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(19, 20, 21, 22), and ABC method (18) for velocities and
depths determination, the average of all results are
shown in table (1). The average velocities of the first
and second layer are (295.53) and (1494.21) m/sec.
respectively. The ranges of the depths from the surface
are between (2.2-5.5) m. These depths are documented
from boreholes that are drilled by civilians inside Al-
Aziziyah area at some places.

B: Contour map of the ground water:
For each profile the elevations were determined

by GPS above sea level, as well as the depths of water
table which are the depths of second layer from seismic
method, so the subtraction represent the elevations
above sea level, these values are distributed on the map

(23), then the contour lines were drawn Fig.(3).

Discussion:
The study area shows that the northern part of Al-

Aziziyah area are contaminated by agricultural activities
most of them are from fertilizers and sabkha, the area
shows also the direction of ground water flow from
north and northeast to south and southwest (to the
direction of Tigris River), which is considered as natural
discharge area and controls the movement of the ground

water flow direction as shown in Fig. (2).

Conclusions:
1-Seismic refraction method

is very effective in
searching for ground water resources by using p-
waves, their values in the study area and in southern
Iraq ranges from (1450-1500) m/sec for fresh water to
about more than (1600) m/sec for moderately hard
water..

2- The velocities of first layer are ranging from (252-
404) m/sec., and the velocities of the second layer
which represents ground water level are ranging from

(1335-1666) m/sec.
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3- The average velocities of the first layer is (295.53)
m/sec. and for the second layer is (1494.21) m/sec.
which represent the velocity of ground water level.

4- The depths of the water table in the study area are
ranging from (2.2-5.5) m. depending on the position of
the seismic profiles.

5-The elevations of water tables above sea level are
ranging from (22.5-24.8) m.

6- The directions of ground water flow are from north
and northeast to the south and southwest area.

7- The contamination area is concentr-ated on profiles
(1,2, 8,9, 10 and 11) because of agricultural activities.
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contaminated and non-contaminated zone.
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Fig. (3) Contour map of water table above sea
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Fig. (4) The travel time curve for the profile No. (9) in
the study area.
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