GEM-5B: LargeBroadband/ertical Electromagneti&radiomete@rray

1. Summary

Geophex has developedehicletowed,electromagnetic (EMyradiometearray, called GEM
5B, that may be used for geologic mapping, as welktsctingcharacterizingnanmale
underground structures lildandestine tunneldt can alsgassivelydetect loaded powerlines
by measuring background EM spectra that magmete from lighting, ventilatigrandwater
pumping related to tunneperation.

The GEM-5B arrayis basedn principleonG e o p h@&ENM-& gradiometer butvith increased
transmitter dipole moment for deep penetration and impreigtatto-noise ratian a broad
bandwidth.The GEM-5 arrayis designed for detecting shallow targets such as landmines,
unexploded ordance, and utility lines that are typically buried ab®uteters or less.

Thearrayproduce realtime graphic data displainside the towing vehiclél'he array measures
inphase (I) and quadrature (Q) responsesl#® Brogrammable frequencies. From these
data, one can deriapparent conductivity aachfrequeny andmagnetic susceptibility at the
lowest specified frequencyfhe sensor can also measpassive emissions at powerline
frequency and its harmonicBhearraywill havethe followingpropeties

Large transmitter dipole momeaiout 3,000 A frat 570 Hz,

Broadband operation, typically iftequencies between 90 H26kHz,

Simultaneous operation of all receiver channels,

Immunity to nose induced by sensor motion andatobient environmental EM noise,
Detecting passive powerline eni@s from power usage in the tunnahd
IncreasedBNR owing tomultiple receivers witlthe noise immunities
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2. The GEMS5 Description

The GEM-5 EMI gradiometer array consists ofransmitterand a bank ofeceiver coils above
and below the transmitteoil, as depicted in Figure The difference between the two
matchingreceiver coils constitutdbe signalThe design is based on patented technology
(Electromagnetic GradiometdyS PateniNo. 6,204,667, March 2001, issued to Geoph&kg
array sensowas initialy developed anduilt for military countermine applications for
detecting and discriminating landmines amegxploded ordnanc&igure 2shows such a
military unit.

The array has recently attracted interest from the construction industigtémting buried

utility lines, such as water, sewer, electric, telephone, and fiber opticsiiniet are lineam
geometrical featuresimilar totunnels Figure3 shows a trailemountedarray made for this
purpose. Figurd shows an example data pfoom a typical city block. To make this plot, we
towed the array with an ATV at a speed of about 10 MPH. The map shows all utilities buried
under he street, including many 4iich diameter cement culverts buried & & below grade.
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Figurel. Thebasic EM gradiometer array geometry
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on an armored robotic vehicle for landmine clearance
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Figure 2. The GEMb array mounted

Figure3. A traile-mountedGEM-5 array in operation for utility detection



Figure4. An example plot of the GEMN aray data along streets in Raleigh, NC, superimposed
uponan aeriaphotograph of the are@ihe survey is mainly to detect all utility lines
(water, sewer, powerline, telephone and fiber optics cables) buried underuoadls
would manifest similar lingdeaturesFaintblack lines indicate the grourichck of the
array.A walkover indicated that the survey detected all utilibesed under the roads.



3. The GEMS5B Description

TheGEM5B i s a fAbi go - Asdepictedin Figure 5thhsen lag&Ederdl
transmitter (orange loop) anga receiver coil panels (yellow), straddling the central
transmitter and separated by ab®umh. The sensor frame, built mostly by fiberglass tubes,
weighs about 120 Ibs. The sensor is firmly mounted fimeaglassframe trailer that can be
towed by almost any vehicléruck, ATV, or SUV.

Figure 6 shows a photo ofGEM-5B completed and delivered in 2007.
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Figure5. Geometry of the GEMSB gradiometer array. This design showarge6 x 8 ft
rectanglar transmitter (orange loop) that could produce a moment of about 3,008nAmp
at low frequency end. The array also works in passive mode to detect live powerlines.




Figure 6. A traileimounted GEM5B array completed and delivered in 2007.

Typicd survey speed is I0IPH at a basic data rate of 30 Hz, correspondiregsample at
every15 cm in dstance. The systehasdual GPS monted on each side provide decimeter
position accuracylhetowedsensor shodl be ideal for fast, repeat surveysrajaborderin a
regular time interval to find changes occurring in EM responses. Thensgsin provide

realtimedata displayhat may besuperimposed on aerial or satellite photograpeshown in
Figure 4



