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Advanced Site Investigation
- Seismic refraction surveys.

- Electrical Resistivity.
- Large cell load tests.

- Directional drilling sensors.
- Ground penetration radar (GPR).

- Electromagnetic Sensing.

L. Prieto-Portar 2008
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In-situ Tests













This large cell load test is measuring pier loads up to 4,000 kips.



A shallow foundation is being subjected to full design loads through two hydraulic jacks 
that pull down on two anchor rods embedded 100 feet below the sur face. The 

deformation of the footing will be predicted accurately at service loads.



This directional drilling is 
being placed under a large lake 
and emerges on the opposite 
shore seen far away in the 
background.

The boring is controlled with 
special sensors that include 
GPS (see the next slide).



Directional dr illing with an EMWD sensor  can detect the levels of contaminants.



Real-time soil testing can identify contaminated soils as dr illing proceeds at hazardous 
waste sites. The sensor  is placed behind the dr ill bit, and sends high speed signals to 
the sur face. The data includes the location of the dr ill bit. 

The sensor  is composed of (1) an angular  or ientation sensor , and (2) a gamma ray 
spectrometer .  

The Environmental Measurement While Dr illing (EMWD) sensor  is built by A& L 
Underground, Lenesa, Kansas, and Sandia National Laborator ies, of Alburquerque, 
New Mexico.



A por table Ground Penetrating Radar  (GPR).



Ground Penetrating Radar (GPR).

Also known as ground probing radar , geo radar , subsur face radar  and ear th sounding 
radar . The GPR systems have been configured for  many different objectives;

The most common systems built for  underground utility locations are mounted on 
rolling carr iages that look like high wheeled lawn movers. Usually the display is 
mounted on the handle.

A ground penetrating radar system includes a radio transmitter  and a receiver  
connected to a pair  of antennas coupled to the ground.

The transmitted signal penetrates the ground sur face and is reflected by anything with 
different electr ic proper ties other  than soil.

The image is formed when the echoes received by the radar  are plotted on the display 
device.

The operator  can see the pattern that may be interpreted as an object.







The depth of investigation with ground penetrating radar  dependson the mater ial 
proper ties of the area explored.

The depth var ies form 3feet in clay soils to 1,600 feet in polar ice and up to 18 inches 
in concrete.

The resolution of the image depends upon the wavelength of the frequency.

The shor ter  the wavelength the greater  the resolution.



Ground Penetration Radar  (GPR) at the Wor ld Trade Center  site in November  2001.



The screen output of the ground penetrating radar  (GPR).



Newer versions of ground penetrating radar show details more clear ly.



Surface penetration radar (SPR) used to find steel 
reinforcing in a concrete masonry wall. The 

output is shown in the Figures 1 and 2.



Electromagnetic Sensing (EM).

Electro magnetic sensing uses microwaves to learn about the mater ial properties of 
the area investigated.

This method is widely used in ground applications such as cavity, pollution and 
ground water  surveys.

Ideal for  environmental and geo technical applications.

Also used in agr icultural studies of soil properties to optimize crop output.

In concrete structures, EM sensor  devices can locate energized 50/60 Hz power  cables 
and voids.

Micro waves are altered or  reflected depending upon the mater ials they str ike.

The changes are detected and analyzed using computers to provide information 
about the mater ial.

Different instruments are available for  different target depths.



Most por table units consisting a 
transmitter  coil, a receiver  coil 
and a data logger .

The depth of investigation of EM 
devices is determined by the 
ground conductivity and the 
ambient electromagnetic noise.

The noise level is generally higher  
in urban areas and lower  in rural 
areas.

EM is not recommended for  
depths greater  than 150 feet.



Applications.

1) Open sites with no existing record of underground Utilities.

2) Sites with existing facilities.

3) Concrete slabs and other  structures.

1) Open sites with no existing record of underground facilities.

Used to develop base maps in areas where records of underground structures are 
missing.

Current process is to dig test pits and sample boreholes.

The system quickly generates a continuous radar  record of distance versus depth into 
the ear th.

This data can be recorded on video tapes with  voice comments.

The mapping display can be pr inted on site for  immediate analysis.







2) Sites with existing facilities.

GPR surveys are conducted where a utility line is thought to exist. A 3D image will 
show where and how deep is the utility located. Current procedures are to dig test pits 
and boreholes which are time consuming.

EM surveys on existing locations will locate bur ied electr ical lines or  areas of 
contamination.

3) Applications for concrete slabs and other structures.

The GPR and EM technologies are used in concrete structures to precisely locate the 
imbedded items before dr illing or  chipping holes. Both are becoming increasingly 
accepted as non destructive methods of inspection, testing and maintenance of br idges 
and other  concrete structures.

GPR may be used for  forensic testing of failed concrete slabs.

EM can map moisture in masonry br idges, tunnels and even walls as a par t of 
structural investigation.



Benefits.

1) Reduced labor . These underground mapping technologies accomplish what 
traditionally had taken significant number  of labor  and surveyor hours.
2) Prevent damage to existing facilities.
3) Elimination of redesign in the field.
4) Reduction in change orders dur ing construction.
5) Reduction of contractor  downtime and claims.
6) Reduction of r isk exposure for  engineer , owner  and contractor .

Technical and commercial issues.

Utility scanners will read up to approximately 20 feet into the ear th in high quality 
conditions.

GPR cannot penetrate deeply in highly conductive mater ials such as metals, closely 
spaced reinforcement, hard clays and highly saline soils, and cannot measure sizes 
precisely.

Compromise is necessary between resolution and penetration.

Equipment costs around $10,000 to $20,000 depending upon the configuration.


