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1  Introduction
In accordance with the terms of reference to contract No.16ГФ/02/13 dated 14.02.2013, on the construction site of the Baku port in village Aliaty, the Republic of Azerbaijan, during the period from March 29 to May 10, 2013 engineering, geophysical and soil vapor survey was held on the allotment of 120 ha total area, village Aliaty, the Republic of Azerbaijan.
The main purpose of the work is:

- localization of gas generating allotments of fault structures to ensure the safe construction and operation of the port buildings and structures.
In accordance with the task, the following objectives set out in Annex 1 to the aforementioned agreement were identified:
· conduct of an engineering seismic by refracted waves method (RWM);
· conduct of GPR;
· conduct of electric exploration by vertical electrical sounding method (VES);
· conduct of soil vapor survey of the allotment.

2 Methodology and works implementation
2.1  Seismic exploration
Seismic exploration (seismic) is by far one of the most popular methods for studying the structure and properties of the geological environment for engineering studies, mineral exploration, primarily oil and gas.
Seismic survey (Greek "seismic" - shake) – is a geophysical method of geological sites survey, mineral exploration and research of the Earth's crust by elastic waves (seismic waves). The method is based on the study of the seismic waves’ propagation in the subsurface (refraction, reflection, diffraction, interference, etc.). Physical characteristics, in particular, the velocity of seismic waves’ propagation, depend principally on the properties of the geological environment in which they propagate: on the lithology and the chemical composition of the rock, their porosity, rock jointing, fluid type (gas, water, oil), stress condition and temperature conditions of the mode of occurrence. Thus, by studying the propagation of elastic waves, the geological environment can be broken down into parts (layers) characterized by the propagation rate.

Because the geological environment is characterized by an uneven distribution of the physical properties, i.e., heterogeneity, the seismic waves undergo the reflection processes, refraction, refraction, diffraction, absorption, etc. during the distribution in the environment. The study of reflected, refracted, and other types of the waves in order to detect the spatial distribution and quantification of elastic and other properties of the geological environment - is the content of seismic methods and determine their diversity.
The subject of the study in the seismic exploration is artificial elastic field created by a special source of seismic waves. This may be the explosions on the surface, in wells or pits, bumps on the ground surface by different devices, electrical discharge in the water and others.
When generating the elastic waves the time of wave arrival from the generating source to the device registering the arrival of seismic waves - seismic detector is usually recorded. 
Seismic monitoring is carried out along the profiles (2D seismic) or sites (3D-seismic). In field monitoring, the surveys along the seismic profile are performed by sequential moving the generation station (GS) at a fixed position of receiving stations (RS). Special equipment - seismic detector is usually receives the seismic waves; a signal from it is further transmitted to the seismic surveying station where it is processed and recorded on the recording medium. Seismic detectors are usually placed with uniform spacing between them.
In seismic exploration, depending on which waves are recorded, there are the methods of refracted waves - (RWM) and the reflected waves - MRW.

1. The works by refracted waves method (RWM)
The works by refracted wave’s method were performed on 200 profiles of the surveyed site. The length of each profile is 100 m. The testing was performed on the system of reversed time-distance curves and catching-up time-distance curves.
The works were performed on preliminary prepared and marked profiles.
On all profiles the generation of the vibration was performed on 13 stakes, 4 of which - offset (2 on each end of the profile), the remaining 9 - directly at receiving channels Nos. 1, 7, 13, 18, 23, 30, 36, 42 and 48.
The location of generating stations was chosen to distribute them as uniformly as possible within the profile. 
The amount of accumulation was chosen adaptively depending on the distance of the receiving station from the generating one and the level of ambient noise; the range of accumulation amounted to 4 - 15. Further increase in the accumulation number improved neither the quantity of the recorded seismic data (by visual criterion) nor quality (ratio –of signal/MS).
When working using complex method of refracted waves (CMRW) generation and recording of longitudinal seismic waves was performed, i.e. the operations were carried out by Z-Z system.
Source of vibrations – is boss hammer of 5 kg.
To provide a single polarity of the record with the seismic detectors the respected rules of sensors orientation were met (detection coil in a plane perpendicular to the plane of the profile; locking fitting of the receiver is oriented toward the end of the profile).
The record length was selected based on a test recording of the oscillation at the maximum offsetting out from the source, so that on all routes the first entry was traced, and, if possible, also the direct wave.

2.2 Processing of CMRW materials
Processing of CMRW materials included the following stages:
1. Geometry assignment (coordinates of the generating stations, receiving stations) to seismic records;
2. Evaluation and correction of static shifts within the CSP seismogram for the routs recorded at different receiving spreads 
3. Amplitude control;
4. Materials filtering to improve signal/noise ratio and improving the tracking of the first kicks;
5. Picking of the first kicks on all CSP seismograms;
6. The inversion of the first kicks based on the gradient model of the environment;
The initial materials of the CMRW are characterized satisfactory quality, with an expected deterioration in the signal/MS with the distance increasing from the source, partially compensated increase in the number of accumulations.
All profiles are oriented in the direction of NW-SE and SW-NE respectively.

The wave pattern is highly differentiated across the surveyed area, indicating the complex structure of the near-surface zone. 

2.3 Description of the processing procedures
Stage 1. Geometry assignment
In accordance with the processing flow (see the beginning of section 5.2), the geometry was assigned to the seismic records at the initial stage that is headlines of seismic routs were filled.
Relative coordinates were used as the coordinates (from the beginning of the profile), as the works technique automatically included equidistant location of RP.

Stage 2. Formation of the CSP collections
To create the CSP collections it was used the seismic station operator report that is filled directly in the field when developing the profiles.
An example of a report for No.308 profile is shown in Error: Reference source not found.

Stage 3. Amplitudes adjustment
CMRW is used to solve mainly structural problems based on the interpretation of the kinematic characteristics of the first kicks of the waves. Therefore, the crucial for successful interpretation of this amplitudes adjustment is the selection of such amplitudes adjustment, which, on the one hand, would allow the improvement of the first kick, and on the other hand, would not lead to the distortion (displacement, redistribution of energy) of the initial oscillation phases.

During the processing automatic amplitudes adjustment (AAA) is used in different windows of the duration from 100 to 500 ms. The specific value was chosen in each case individually. An example of CSP seismogram before and after the application of the AAA is shown in Figure 1.
Fig. . CSP seismogram before (up) and after (down) the application of the automatic amplitudes adjustment
Stage 4. Materials filtering
Materials filtering were carried out to separate the signal and increase the signal/noise ratio on the channels distant from the GS. The two-way HF filter was used with a cutoff frequency from 30 Hz to 40 Hz (depending on the seismogram spectrum), the number of filter poles - 2, the number of consistent applications - 2. An example of the filter use is shown in Figure 2.
Fig. . CSP seismogram before (up) and after (down) the application of frequency filtration
Stage 5. Picking of the first kicks based on  all CSP seismograms
To solve the inverse problem, it is necessary to determine the times of the first licks at all seismograms. Picking was conducted in semi-automatic mode in a few iterations by minimization criterion of RMS errors between the data picked and modeled in the process of the inverse problem solving (step 7). The example of a seismogram with applied times of the first kicks is shown in Figure 1.

After determining the times of the first kicks for all the records of the profile, we obtain a system of reversed time-distance curves and catching-up time-distance curves (Figure 3)
Fig. . The system of reversed time-distance curves and catching-up time-distance curves
Stage 6. The inversion of the first kicks based on the gradient model of the environment.
The inversion of the first kicks was carried out by WET (wavepath eikonal travel time inversion) based on a times back projection of the first kicks by solving the eikonal equation to determine the velocity model of the environment. One-dimensional model was used as the initial one with the velocity vertical gradient selected by the linear approximation of the times picked before. An example of the initial model is shown in Fig. 4.
Fig. . The initial One-dimensional model with the velocity vertical gradient
The diagram of rays’ convergence showing the heterogeneity of the geological structure of the section upper part, after the passage of 100 WET iterations is shown in Fig. 5. The diagram illustrates the depth of the seismic rays.
Fig. . The diagram of rays’ convergence after the passage of 100 iterations of the inversion
Final two-dimensional gradient model is shown in Fig. 6.
Fig. . Final two-dimensional gradient model after the passage of 100 iterations of the inversion
3 Electric exploration

3.1 Electric exploration by electric profiling method
Fieldwork was carried out in accordance with the instructions and procedural requirements applicable to the equipment and technology. 

The measurements of apparent resistivity were performed at the construction site of Aliat port of total length about 20 linear km.

Control measurements were 7% (1.4 km).
In the measurements, we used the following setup: AB = 300 m, MN = 100 m, the distance between the profiles - about 100 m, spacing along the profile - 50 m. 
In one position of the transmitter circuit, 1 receiver circuit was worked out. Such a device was moved along the profile. The depth of exploration with this device in the host rocks resistances> 1,000 ohm/m is approximately 100 meters. Electromagnetic prospecting system "Skala-48" was used as a power supply source and a recording device (the device was developed in the laboratory of Trofimuk Institute of Petroleum-Gas Geology and Geophysics of the Siberian Branch of the RAS) with the additional power supply from the car battery.
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Fig.7 Scheme of Schlumberger electrode array
According to the data obtained as a result of electric exploration by electrical profiling (EP) method, the maps of apparent resistivity (annex No.) were made.

Electric profiling was a three-dimensional survey. The shape and density of the array are determined by the shape and size of explored objects. The calculation of apparent resistivity is calculated by the formula:
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where k-geometric factor of the device calculating by the formula 
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3.2 Equipment
The Russian Electromagnetic prospecting system Skala -48 was used for two methods of Electric exploration. This device allows performing the work by several methods of resistance VES, EP, ET. When working by EP and ET method, the multi-channel electromagnetic prospecting equipment "SKALA -48" was used. Multiple electrode station is designed to perform electric exploration by resistivity and induced polarization techniques using electrical profiling (EP), vertical electrical sounding (VES) and electrical tomography (ET) methods
SPECIFICATIONS
Global parameters
The number of electrodes to 50 [1]
Dimension (W x H x D) 42 x 34 x 23 cm

Weight 11 kg
Internal memory up to 4 GB [2]
The internal battery is 12V, 7A/h
External power supply 12V

Screen 12”, 240 x 128

Communication with the PC USB

Ingress protection rating IP 67 [3]
Working temperature ‐ C
Generator
Output current of 1. 1700 mAh

The maximum voltage of 750 V

The maximum power of 200 W

Current measurement accuracy 1 %

Protection against short-circuit available
Measuring device
Feed impedance 10 Mohm

The input voltage range 0.1 mV-250V

ADC capacity 24 bit

Current measurement accuracy 1 %

Number of measuring channels 1

Overvoltage protection up to 1 kV
3.3 Data Processing
Electric profiling data processing consisted of several stages. The first step included the data unloading from the measuring device to the PC. Next was the input of current values for each position of the feeding electrode. The resulting data file was downloaded into a specialized program Siber Tools.
The subsequent interpretation consisted of apparent resistivity maps building in the Surfer 11 program at a depth of about 100m.
3.4 Electric exploration by electrical tomography

Surveying technique
Fieldwork was carried out in accordance with the instructional and procedural requirements applicable to the equipment and technology. 

The measurements of apparent resistivity were performed at the construction site of Aliat port of total length about 20 linear km.

Control measurements were 7% (1.4 km).

The following device was used during the measurements:

Fig. 9. Arrangement of the electrodes and the connection of two 24-electrode bars to electromagnetic prospecting system
In one position of the transmitter circuit, 1 receiver circuit was worked out. Such a device was moved along the profile. The depth of exploration with this device in the host rocks resistances> 1,000 ohm/m is approximately 45 meters. Electromagnetic prospecting system "Skala-48" was used as a power supply source and a recording device (the device was developed in the laboratory of Trofimuk Institute of Petroleum-Gas Geology and Geophysics of the Siberian Branch of the RAS) with the additional power supply from the car battery.
 The main difference of the electrical tomography from the classical vertical electrical sounding is the use of multi-electrode electric exploration bars and full automation of measurements. Fig. 9 shows the arrangement of the electrodes and the connection of two 24-electrode bars to the electromagnetic prospecting system.
According to electrical tomography data, the resistivity sections were built on sites that required a more detailed survey.
4  Ground Penetrating radar – GPR

4.1 Technique
The principle of Ground Penetrating radar operation (in the usual terminology - GPR) based on the emission of ultra-wideband nanosecond pulses, receiving signals reflected from rocks interfaces or other reflective objects with different electrical properties, processing the received signal and then measuring the time intervals between the reflected pulses. Formation of the probing signals with 1.5 - 2 periods of oscillation is performed by antennas blow with a voltage drop with the front of nanosecond duration.
Fig.10. Scheme of the electromagnetic wave formation reflected from the environments contact with different dielectric permeability ε a. section depth, b. temporary section c. the wall area
The main purpose of the method is to determine the position of the interfaces in the studied structures. These interfaces in the test environments are, for example, the contact between the material and the air, the contacts between the materials of different properties and composition.

Model of the environment is represented in the form of a layered stratum with constant electrical and physical properties within each layer and the local objects that differ in electro-physical properties of the material enclosing. The most important parameters characterizing the possibility of the GPR method applying in various environments are specific attenuation and velocity of electromagnetic waves propagation in the environment, which are determined by its electrical properties. Attenuation determines the probing depth, velocity - the distance to the reflecting boundary.
Propagation velocity of electromagnetic waves in the environment depends on its dielectric and permittivity, but for most materials, the magnetic permeability value is about 1 and does not depend on the field frequency. 
Then the velocity in the environment is directly proportional to the velocity of electromagnetic waves in the air and inversely proportional to the square root of the dielectric permittivity of the environment. 

Table 1 shows the values of dielectric permittivity and the velocity of certain substances.
	
	Air
	Dry sand
	Sandstones 

	ε rel.
	1
	5
	10

	Vcm/ns
	30
	13
	7.5

	      L(F=100М      Hz),m
	3
	1.3
	0.75



Diffraction of electromagnetic waves – is a phenomenon that occurs in the case where the object is irradiated with electromagnetic waves, the dimensions of which are comparable to the dominant wavelength.
It is the phenomenon, which is extremely important for GPR research; it allows determining the depth of the objects and the layer boundaries, voids, and the velocity of electromagnetic waves propagation in each layer and in the voids. 
We can also determine the estimated size of the surveyed object according to the flat part at the peak of the diffracted wave.
Fig. 11. Scheme of the diffracted electromagnetic wave

a. section depth, b. time section (dashed line shows the time-distance curves of the wave), c. section of the wall with the diffracting object (channel)

The problems solved by means of GPR can be merged into following main groups:
1. The survey of the geological structure of the section

2. The search of different objects

3. The survey of different structures

4. The survey of physical and mechanical properties of the sediments

The first group of the problems is connected with the detailed survey of the section - lithology, structure of the sediments, hydro-geological features, etc. This may also include the study of the web roads, railway embankments, the runways of airfields structure; work on the study of fresh waters section etc.

The second group includes the task of searching and detecting a variety of objects, both natural and artificial origin. These include multi-purpose pipelines, cables, sewers, karst cavities, archaeological sites, burial grounds, etc.

In the study of different structures, the thickness of the structure walls, foundations, floors, etc. is determined
The fourth group of the problems is connected with the search for correlations between any physical, mechanical and geotechnical properties of the section or the object with the characteristics of the wave pattern on the radiograms. 
4.2 Equipment
Picture No.12. Ground penetrating radar Python 3. Configuration.
Operating frequencies 100/50/38/25 MHz

28 traces per second

1,024 sampling in a trace

16-bit representation of the data

Digital gain function

Data transmission via Wi-Fi

Easy to assemble and use

Antenna length from 1 m to 4 m depending on the selected frequency

Weight from 10 kg to 20 kg, depending on the selected frequency

Time range from 1 ns to 1,500 ns with 1 ns pitch

Built-in battery 12 V, 9 A * h

7 hours of continuous operation 
5 Soil vapor survey
Soil vapor surveys occupy a special place in the complex works of engineering and geological surveys. This is due to the specific object of study - engineering-geological strata or ground arrays, where gas-generating soils are present - soils containing decomposing "organics" contaminants as well as the presence of neotectonic sources of gas generation.
The development of soil vaporing areas distribution for the construction due to the real risk of the biogas accumulation in flammable (for methane, molecular hydrogen) and toxic (for carbon dioxide, oxides of nitrogen, sulfur, hydrogen sulfide and other components) concentrations in the technical subfield of buildings and engineering services. Soil vapor surveys in the engineering and environmental studies are conducted primarily for the appropriate assessment of the suitability of the site for the construction, and, with the final purpose, to ensure safe operating conditions of buildings and structures and environmentally safe living conditions of people.
In order to carry out soil vapor surveys the soil sampling from the vertical holes is performed that are drilled to 0.5 depth m in order to perform the analysis of soil air composition. The depth of hole sampling is determined by the presence of "vadose zone" in the geologic environment - the zone of free atmospheric oxygen penetrating into the ground layer to a depth of 0.3-0.4 m. When reaching these depths, methane, which is in the lower parts of the soil mass, is oxidized by free oxygen to form carbon dioxide, mainly (CO2). At this, concentration of methane in the vadose zone is dramatically reduced.
5.1 Method of soil vapor surveys performing

Hole gas survey in the construction site of the "Alat" port was held to localize the gas generating allotments of fault structures detected by the results of engineering and geophysical surveys, as well as to determine the extent of soil vapor hazard of the area.
Sampling and analysis was performed by portable gas sensor DRAGER X-am 7000 (made in Germany) with the depth of the hole - 0.5 meters. The volume of gas hole survey in the studied area was -700 points. Gas components to be recorded: CH4, O2, CO2, H2S.
Sampling and analysis of air samples (soil air) is performed directly on-site of the measurements performance. For the analysis, portable gas sensor DRAGER X-am 7000 is used, allowing analyzing gas mixture at the simultaneous involvement of five sensors.
On a mission basis, the following sensors were chosen: 1. Thermocatalytic for hydrocarbons (with the selected sensitivity to methane CH4); 2. Infrared sensor for carbon dioxide CO2; 3. Electrochemical sensor for oxygen O2 and hydrogen sulfide H2S.
Analysis of the absolute concentrations of controlled gas components (especially methane CH4) gives an indication of the presence of fault structures in the surveyed area as well as the risk of gas-generating conditions of the soil mass.

Features of the field analysis allow for greater accuracy when compared with the chromatographic systems, as there is no necessity to transport and preserve the sample.
Geodetic control was used for samples georeferencing and the subsequent inserting on base material. 
The hole drilled or forced in the soil is sealed by sampling device for 1-3 minutes, depending on soil type, and then analyzes with the portable gas sensor having its own pumping system. It is recommended to use a flow of at least 0.3 l/s for soil air sampling.
The measurement data is stored in the device memory and subsequently should be treated with the use of basic software. For the analysis of air samples GasVision package was used, supplied with Draeger X-am 7000 device.
Primary analysis is required for all sampling points with the mandatory insertion to the base material. Next, point with anomalous, relative to background concentrations of gaseous components, are selected; the results are analyzed for accuracy in terms of standard device operation.
After the dimensional positioning of the absolute values the simulation of digital model of gases distribution of in the surveyed area is performed and the findings of the gas diagnostic area developed.
Digital models of the distribution nature of the gas components concentrations are built using the simulation tool by similar products Golden Software - Surfer11.0.
Picture 13. Soil vapor surveys performance in the area, gas sensor DRAGER X-am 7000 and installed sampling device.
Picture 14. Soil vapor surveys performance in the area, gas sensor DRAGER X-am 7000 and installed sampling device in operation state
Picture 15. Soil vapor surveys performance in the area, gas sensor DRAGER X-am 7000 and installed sampling device in compacted soil.
Conclusions
1. The hole gas survey at the "Alat" port construction site was held to localize the gas generating allotments of fault structures detected by the results of engineering and geophysical surveys. Sampling and analysis was carried out by portable gas sensor DRAGER X-am 7000 (made in Germany) with the hole depth - 0.5 meters. The volume of hole gas survey in the surveyed area was -700 points. Gas components to be recorded: CH4, O2, CO2, H2S.
2. According to the results of soil vapor surveys of construction site of the "Alat" port gas-generating areas of the soil were identified and localized in order to mark the fault structures, revealed after the results of engineering and geophysical surveys. (See graphic applications).

3. The absolute concentration of the gas components in the identified areas (in some cases, the concentration of methane CH4 exceeded 7% vol.) suggest a high activity and a hazard of detected fracture concerning gas generation.
4. Identified concentrations of methane CH4 can be attributed the outlined areas to "Explosion/Fire Hazardous" category.
5. A survey on the area of the allotment, performed with the soil dumping and compacting (in the region of No. 108 point), also showed significantly higher concentrations of methane CH4 in the soil. It indicates that the lack of protective properties of compacted soil dumping and the inability to use it to protect the building from the methane inflow through the soil.
6. According to the results of soil vapor survey of the territory, the contour lines map with dedicated gas-generating sites was built. This map is used to determine the drilling sites of monitoring gas wells. (see graphical annexes)

7. The electrical profiling and electrical tomography were performed at the “Alat” port construction site to identify the fault structures of the site. The works were performed by Electromagnetic prospecting system "SKALA-48", the amount of profiling was 20 line kilometers.
8. According to the results of electrical profiling and tomography, the highly mineralized areas were detected in the territory with high resistance characteristics that allows attributing these areas to fault structures.
9. Outlined axis of the fault has a good convergence with the results of soil vapor survey (See graphical annexes).
10. Seismic surveys were carried out in the territory of "Alat" port to isolate fault structures of the site. The works were performed by seismic surveying station "ELLIS-3" by refracted waves method (RWM), the amount of profile shooting was 20 line kilometers.
11. According to the results of profile shooting the faults were detected, the nature of which can be attributed to their fault structure, which confirms the results of electrical profiling and soil vapor surveys.
12. Given that the fault identified and outlined on the survey results is characterized by high gas generating capacity, during buildings and structures designing in the surveyed and surrounding areas it is necessary to provide gas protection for structures of a membrane-type, as a minimum, (i.e., using insulating geotextiles).
13. Structures protecting using dumping and compaction of soil layer are not sufficiently effective in this case.
14. The long and directed nature of identified fault structures allows to the conclusion that a potentially hazardous, in gas generating terms, allotments are not limited to the surveyed area. That is, during the design and construction of buildings on adjacent sites it is recommended to perform surveys in order to identify potentially hazardous, in terms of gas generation, sites and provide the safety of the structures.
15. The materials of performed GPR survey of the territory after pre-treatment with Hilbert processing can detect multiple sites of decompressed soils. In these areas, it is necessary to provide additional soil vapor surveys in order to determine their potential gas generating capacity.
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