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Site EvaluationSite Evaluation
Direct MethodsDirect Methods

•• Boreholes/Probes

•• Test Pits/Trenches

•• Cores

Presenter
Presentation Notes




Typically site evaluations involve some kind of direct method to provide the engineer with subsurface information. This traditionally takes the form of test pits and/or boreholes.



Although these methods give information on any one small area, they give no definitive information on what the conditions are between excavations. The variation in materials and location of utilities between test locations can be enormous, which in turn can cause substantial problems for the design engineer.



An even worse methodology is that of blind digging. This is where no site assessment is conducted and the contractor initiates work without any pre-planning or consideration of whatever obstacles may be under the ground.



Geophysical TechniquesGeophysical Techniques
Indirect MethodsIndirect Methods

• Ground Penetrating Radar (GPR)
• Electromagnetics (EM) 
• Magnetics
• Utility Locating  
• Seismics 
• Electrical Resistivity
•• Gravity
• Very Low Frequency (VLF)
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EM /Terrain Conductivity: is based on the measurement of apparent conductivity through the generation of electromagnetic fields, which produce currents in the earth. 



Ground Penetrating Radar (GPR): uses transmitted electromagnetic waves to measure changes in the dielectric constant between materials at their interface. This method is analogous to seismic reflection where reflected waves are used to produce an image of the subsurface.



Magnetics: rely on the fact that ferromagnetic materials, or the lack thereof, will produce local changes in the earth’s magnetic field.



Seismic Refraction: utilizes seismic waves to produce subsurface velocity profiles and boundary information. This method is based on the measurement of physical properties of the subsurface materials.



Electrical Resistivity: uses electrical currents to measure changes in the electrical resistance of the subsurface  materials.



Gravity:measures changes in the earth’s gravitational field due to changes in the bulk density of the subsurface materials.



Very Low Frequency (VLF): instruments detect secondary VLF fields generated in fracture zones and ore bodies by primary fields generated by submarine communication transmission stations.



Advantages:

• Non-Destructive
• Cost Effective
•

 
Provides Preliminary or 
Supplemental Information

Geophysical TechniquesGeophysical Techniques
Indirect MethodsIndirect Methods
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By utilizing indirect methods of site evaluation, it is possible to effectively ‘fill the gaps’ between the excavations. If these methods are instigated at the start of any project it is possible to decrease the number of test pits or boreholes required and help to focus efforts in areas of concern. 



Geophysical techniques are non-destructive. Most techniques involve inputting some form of energy into the subsurface and measuring the return signal, or using natural energy and measuring changes in this energy. Both methods rely on the premise that subsurface features will produce a measured response, which can then be used to characterize or delineate these features.



Geotechnical ApplicationsGeotechnical Applications

Presenter
Presentation Notes
Some typical applications are listed above, showing which techniques may be applied. In general, the use of more than one technique, in many cases, can provide confirmation regarding the subsurface conditions.



Environmental ApplicationsEnvironmental Applications

Presenter
Presentation Notes
Environmental evaluation targets and goals can also be met by application of geophysical techniques. Again, multiple methods should be used to increase the level of certainty regarding the subsurface conditions.



Ground Penetrating Radar SystemGround Penetrating Radar System

Geophysical MethodsGeophysical Methods

SIR 3000 – 400 MHz SIR 3000 – 100 MHz

Presenter
Presentation Notes
Ground penetrating radar (GPR) provides a graphic image of the subsurface and has a variety of applications. GPR is commonly used to locate underground metallic and nonmetallic features. GPR is extremely useful for determining the location, depth of burial and orientation of tanks, pipes, utilities and other objects. In the hands of an experienced geophysicist this system is a very powerful tool which can be utilized in many different locations and applications.

Typical Applications:

locating underground storage tanks 

Mapping utilities and re-bar 

Determining fill thickness 

Mapping geologic strata, voids, shallow bedrock units, and fractures 

Archaeology 

Site clearance for drilling 







Ground Penetrating RADAR (GPR) SurveyGround Penetrating RADAR (GPR) Survey
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Method: GPR utilizes high frequency radio waves to probe the subsurface without disturbing the ground surface. GPR data is collected continuously as the instrument is towed over the ground surface. Radar pulses are transmitted downward from an antenna and are reflected from underground surfaces. The reflected signals return to a receiver creating a continuous graphic profile of the subsurface. Reflecting surfaces appear as bands on the profile. 



In essence, a cone shaped radar beam penetrates the ground reflects off of target and returns to the antenna



Reflection of radar waves occurs at interfaces having contrasting electrical properties (which are controlled largely by composition and moisture content of the material). Examples of reflecting surfaces are soil horizons, soil-rock or air-rock interfaces, water tables, and solid metallic or non-metallic objects. 





StratigraphyStratigraphy SurveySurvey
GPR DataGPR Data
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Utilizing lower frequency antennas, shallow geology can also be mapped



1500 MHz    .5 m        Structure Evaluation

900 MHz       1 m        Structure Evaluation, Void Detection

400 MHz       4 m        Engineering, Environmental, Void Detection

200 MHz       7 m        Geotechnical, Engineering, Environmental

100 MHz       20 m      Geotechnical, Environmental, Mining

Common GPR AntennasCommon GPR Antennas



EM-31

Electromagnetic Conductivity:Electromagnetic Conductivity:
EMEM--61 and EM61 and EM--31 Field Survey Equipment31 Field Survey Equipment

Geophysical MethodsGeophysical Methods

EM-61

Presenter
Presentation Notes
EM Instruments generate an electromagnetic field to locate conductors. Continuous profiles are possible, and surveys can generally cover relatively large continuous areas of interest much faster than any direct investigational method such as boreholes or trenching.

The EM-61 Metal Detection System is a time domain EM instrument with a coincident transmitter/receiver coil and second parallel receiver coil for depth to target estimation and rejection of surface metal response. The EM-61 was designed specifically to locate medium to large buried metal objects such as drums and tanks while being relatively insensitive to cultural features such as fences, buildings and power lines. The size and burial depth of the metal will determine the strength of the response. 

The EM-31 device energizes the ground by producing an alternating primary magnetic field with ac current in the transmitting coil.  If conducting materials are within the area of influence of the primary field, ac eddy currents are induced to flow in the conductors.  A receiving coil senses the secondary magnetic field produced by these eddy currents, and outputs the response to a data logger in the form of ground conductivity values in the case of the EM-31. 

Typical Applications:

Locating underground storage tanks 

Mapping utilities

Soil conductivity mapping  

Archaeology



Electromagnetic Conductivity SurveyElectromagnetic Conductivity Survey
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This figure specifically demonstrates how the EM31 transmitter coil induces a secondary current to flow in a subsurface metal object.  The receiver coil then detects a change in signal



UST Search UST Search 
Electromagnetic (EM61) Survey DataElectromagnetic (EM61) Survey Data

Presenter
Presentation Notes
The EM61 is very effective for location of utilities and UST’s



Highs on end of UST’s are caused by the fill riser extending close to the surface.



Magnetics Magnetics -- Magnetometer EquipmentMagnetometer Equipment

Magnetometer

Gradiometer

Geophysical MethodsGeophysical Methods

Presenter
Presentation Notes
Magnetometer surveys are rapid and efficient. Magnetometers can be used to detect buried ferrous metal objects (tanks or drums) or bedrock features with contrasting magnetite content. Detection depends on the amount of magnetic material present and its distance from the sensor. A single steel drum can be detected at burial depths up to 20 feet. Burial depth can be estimated from magnetometer data collected using the gradient method. 

Typical Applications:

Location of abandoned oil or water wells

Location of buried tanks and drums 

Geologic mapping 

Mineral exploration 

Archaeology





Magnetics SurveyMagnetics Survey
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Presentation Notes
This image demonstrates how the earths magnetic field induces a secondary magnetic field to flow in a buried ferromagnetic object.
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MODEL BODY: 10,000 Gal Cylindrical UST
Long Axis E-W
Mag Sensor at top of 8' pole
Ambient Field : 49000 nT, @ 60 deg Inclination
UST top at 3 ft bgs, bot. at 11 ft bgs
Sides of Tank at +1ft N, +9 ft. N
Ends at +10 ft E, +38 ft E
C.I. = 100 nT
Mag Susc: 0.2

Magnetometer Survey DataMagnetometer Survey Data
10,000 Gallon UST10,000 Gallon UST
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As shown in the previous slide, metal objects in the subsurface generally produce both a high positive and negative response.



Magnetometer Survey DataMagnetometer Survey Data
Abandoned Oil WellAbandoned Oil Well
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As shown in the previous slide, metal objects in the subsurface generally produce both a high positive and negative response.



Magnetometer Survey DataMagnetometer Survey Data
Lost CulvertLost Culvert
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As shown in the previous slide, metal objects in the subsurface generally produce both a high positive and negative response.



Geophysical MethodsGeophysical Methods

Seismic Refraction SystemSeismic Refraction System
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Presentation Notes
Seismic Refraction

In geotechnical and environmental studies, seismic refraction has many applications. Often, bedrock structure and topography control contaminant migration. Seismic refraction is a valuable tool for mapping bedrock troughs and fractures as well as rippability. It is usually more cost-effective and gives better coverage than drilling alone. 

Typical Applications:

Depth to water table 

Depth to top of indurated till 

Depth to bedrock 

Fractures zones in bedrock 

Bedrock contour mapping 

Bedrock lithologic contacts 

Rippability 





Seismic Refraction SurveySeismic Refraction Survey
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Presentation Notes
Methodology - The refraction method uses first‑arrival times of refracted seismic waves to determine the thicknesses and seismic velocities of subsurface materials.  Seismic waves generated at the surface (by a small explosive charge, a shotgun shell, or a sledge hammer) are reflected and refracted from boundaries separating materials of contrasting velocities, and are detected by a series of surface geophones.  The travel times of the seismic waves are used in conjunction with the shot‑geophone distances to obtain thickness and velocity information.



Limits: The seismic refraction technique requires that velocities increase with depth, which is usually the case.  A layer having a velocity lower than that of the layer above will not be detectable by seismic refraction. This is called a velocity inversion and will lead to errors in the depth computations to any subsequent layers.





Seismic Refraction Survey DataSeismic Refraction Survey Data
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Multiple shots (forward, mid x3, reverse etc.) are used to better constrain the subsurface boundaries and layer velocities.





Depth To Bedrock StudyDepth To Bedrock Study
Seismic Refraction Velocity ModelSeismic Refraction Velocity Model
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Presentation Notes
In this case geophone spacing was ten feet for all lines and shot points were conducted at ten feet off each end of the line and between geophones 6 and 7, 12 and 13, and 18 and 19.  The line length is 240 feet in length and allowed for an approximate depth of investigation of approximately one third of the overall line length.   





GeophysicalGeophysical MethodsMethods

Sting/Swift Earth Resistivity SystemSting/Swift Earth Resistivity System
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Resistivity

The electrical resistivity method is used to characterize vertical and lateral changes in subsurface electrical properties. Vertical changes are measured using the vertical electrical sounding (VES) technique. Lateral changes are measured using the resistivity profiling technique. 

Resistivity profiling is used to map spatial changes in subsurface electrical properties. Applications of a resistivity survey are similar to those of electromagnetic (terrain conductivity) surveys. Resistivity profiling is most commonly used to map contaminated groundwater plumes. Resistivity sounding is routinely used in corrosion studies.

Typical Applications:

 lateral and vertical mapping of contaminant plumes 

 location of water-filled bedrock fractures 

 location of gravel aquifers 

 vertical electrical soundings for stratigraphic information 

 mineral exploration 





Resistivity: Wenner Array SurveyResistivity: Wenner Array Survey
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Seismic Refraction

depth to water table 

depth to top of indurated till 

depth to bedrock 

fractures zones in bedrock 

bedrock contour mapping 

bedrock lithologic contacts 

rippability 

In geotechnical and environmental studies, seismic refraction has many applications. Often, bedrock structure and topography control contaminant migration. Seismic refraction is a valuable tool for mapping bedrock troughs and fractures. It is usually more cost-effective and gives better coverage than drilling alone. 

Constraints: Layer velocity (density) must increase with depth. Layers must be of sufficient thickness to be detectable. Data collected directly over loose fill (landfills) or in the presence of excessive cultural noise may result in poor data.





Sting DipoleSting Dipole--Dipole ArrayDipole Array



Landfill InvestigationLandfill Investigation
Earth Resistivity ProfilingEarth Resistivity Profiling
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Presentation Notes
The next two slides are data from the Crosspoint project in Tempe, AZ.  The site is a huge brownfield redevelopment project.  We were asked to set up a survey that would help to characterize areas of landfill and areas of clean fill.



This first image has an example of an area of clean fill (filling a possible cut bank erosional surface near the rivers edge).



The second image shows what native would look.  



Case StudiesCase Studies
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Some case studies



Former Landfill, Proving GroundsFormer Landfill, Proving Grounds



Former Landfill, Proving GroundsFormer Landfill, Proving Grounds



Former Landfill, Proving GroundsFormer Landfill, Proving Grounds



Undocumented Landfill Undocumented Landfill 
SurveySurvey



Undocumented Landfill SurveyUndocumented Landfill Survey 
Data PointsData Points



Undocumented Landfill SurveyUndocumented Landfill Survey



Undocumented Landfill SurveyUndocumented Landfill Survey



Magnetic SurveyMagnetic Survey 
Undocumented LandfillUndocumented Landfill



Magnetic Data Magnetic Data 
MapMap



Proposed Power Plant SiteProposed Power Plant Site



Terrain Conductivity (EM31) SurveyTerrain Conductivity (EM31) Survey



Terrain Conductivity (EM31) SurveyTerrain Conductivity (EM31) Survey 
(EM Low)(EM Low)



Sting ResultsSting Results



►►

 

Sir 3000 GPR W/ 400, 900 & 1600 MHz AntennasSir 3000 GPR W/ 400, 900 & 1600 MHz Antennas
►►

 

Geonics EM61 Time Domain EM Metal DetectorGeonics EM61 Time Domain EM Metal Detector
►►

 

GeonicsGeonics
 

EM31 Terrain Conductivity MeterEM31 Terrain Conductivity Meter
►►

 

Geometrics 858 Cesium MagnetometerGeometrics 858 Cesium Magnetometer
►►

 

Schonstedt GA 52 Magnetic GradiometerSchonstedt GA 52 Magnetic Gradiometer
►►

 

RD4000, RD500 & RD4000, RD500 & MetrotechMetrotech
 

9860 Utility Line Locators9860 Utility Line Locators
►►

 

Fisher MFisher M--Scope TWScope TW--6 Pipe Locator6 Pipe Locator
►►

 

Fisher MFisher M--Scope MScope M--100 Rebar and Cable Locator100 Rebar and Cable Locator
►►

 

Instantel Instantel BlastmateBlastmate
 

III Vibration MonitorIII Vibration Monitor
►►

 

Geometrics StrataView 24 Channel SeismographGeometrics StrataView 24 Channel Seismograph
►►

 

AGI Super Sting R8 Resistivity MeterAGI Super Sting R8 Resistivity Meter
►►

 

Trimble Pro XRS GPSTrimble Pro XRS GPS

Instrument ListInstrument List



Advantages/LimitationsAdvantages/Limitations

AdvantagesAdvantages

•• Non DestructiveNon Destructive
•• Quick Data CollectionQuick Data Collection
•• Cost EffectiveCost Effective

LimitationsLimitations

••Depth of Penetration v. ResolutionDepth of Penetration v. Resolution
••Non Unique SolutionsNon Unique Solutions
••Undesirable Signals/NoiseUndesirable Signals/Noise

Presenter
Presentation Notes
Geophysical surveys were conducted by our experienced staff for Saudi Aramco. The methodology was and is now accepted by Aramco engineers, who recognize the value of increased knowledge of the subsurface prior to any construction work.



Aramco contracts often are and were completed on or even ahead of schedule, partly due to the extra information afforded by conducting a geophysical survey at the outset.





Illegal Drum BurialIllegal Drum Burial 
EM61 DataEM61 Data
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New capabilities



Illegal Drum BurialIllegal Drum Burial
GPR DataGPR Data
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New capabilities



Illegal Drum BurialIllegal Drum Burial
Pay DirtPay Dirt
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New capabilities



Undocumented Landfill SurveyUndocumented Landfill Survey



Site MapSite Map



TimeTime--Distance PlotDistance Plot
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Presentation Notes
First arrivals are plotted on a time distance graph and layer assignments are chosen.



The processing of the acquired data is computationally intense.  A ray tracing computer program, is used to iteratively honor all detector information to determine dip and irregularities in the refracting surfaces, and to be able to consider a large number of layers, where they are developed.  
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