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EQUIPMENT OPERATIONS AND PROCEDURES 

 

Trimble Differential Global Positioning System 
 
The Trimble 4000 satellite positioning system provides reliable, high-precision positioning 
and navigation for a wide variety of operations and environments.  The system consists of a 
GPS receiver, a GPS volute antenna and cable, RS232 output data cables, and a secondary 
reference station receiver, in this case a Trimble ProBeacon receiver.  The beacon receiver 
consists of a small control unit, a volute antenna and cable, and RS232 interface to the 
Trimble GPS unit.  
 
Fully automated, the Trimble 4000 provides means for 9 channel simultaneous satellite 
tracking with real-time display of geodetic position, time, date, and boat track if desired.  The 
Trimble unit is mounted on the survey vessel with the ProBeacon receiver which 
continuously receives differential satellite correction factors via radio link from one of the 
DGPS United States Coast Guard beacons.  The Trimble 4000 accepts the correction factors 
via the ProBeacon interface and applies the differential corrections to obtain continuous, high 
accuracy, real-time position updates.  The Trimble 4000 system is interfaced to the OSI data 
logging computer and HYPACK navigation software for trackline control.  The output data 
string from the Trimble receiver can be modified to send all or part of the data parameters to 
the computer for logging.  In this DGPS configuration, the manufacturer’s reported accuracy 
is ±1 meter.   
 
HYPACK Navigation Software 
 
Survey vessel trackline control and position fixing were obtained by utilizing an OSI 
computer-based data-logging package running HYPACK navigation software.  The computer 
is interfaced with the DGPS receiver onboard the survey vessel.  Vessel position data were 
updated at one-second intervals and input to the HYPACK navigation system which 
processes the geodetic position data into State Plane coordinates used to guide the survey 
vessel accurately along preselected tracklines.  The incoming data are logged on disk and 
processed in real time allowing the vessel position to be displayed on a video monitor and 
compared to each preplotted trackline as the survey progresses.  Digitized shoreline, NOAA 
charts, and the locations of existing structures, buoys, and control points can also be 
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displayed on the monitor in relation to the vessel position.  The OSI computer logging 
system, combined with the HYPACK software, thus provide an accurate visual 
representation of survey vessel location in real time, combined with highly efficient data 
logging capability and post-survey data processing and plotting routines.   
 
Geometrics G882 Cesium Marine Magnetometer 
 
Total magnetic field intensity measurements were acquired along the survey tracklines using 
a Geometrics G882 cesium magnetometer that has an instrument sensitivity of 0.1 gamma.  
The G882 magnetometer system includes the sensor head with a coil and optical component 
tube, a sensor electronics package which houses the AC signal generator and mini-counter 
that converts the Larmor signal into a magnetic anomaly value in gammas, and a RS-232 
data cable for transmitting digital measurements to a data logging system.  The cesium-based 
method of magnetic detection allows a center or nose tow configuration off the survey vessel, 
simultaneously with other remote sensing equipment, while maintaining high quality, quiet 
magnetic data with ambient fluctuations of less than 1 gamma.  The G882 also features an 
altimeter which outputs sensor height above the seafloor along with the magnetic intensity 
readings at a 10-hertz sampling rate.  Data were recorded on the OSI data-logging computer 
by the HYPACK software.   
 
The G882 magnetometer acquires information on the ambient magnetic field strength by 
measuring the variation in cesium electron energy level states.  The presence of only one 
electron in the atom’s outermost electron shell (known as an alkali metal) makes cesium 
ideal for optical pumping and magnetometry.   
 
In operation, a beam of infrared light is passed through a cesium vapor chamber producing a 
Larmor frequency output in the form of a continuous sine wave.  This radio frequency field is 
generated by an H1 coil wound around a tube containing the optical components (lamp 
oscillator, optical filters and lenses, split-circular polarizer, and infrared photo detector).  The 
Larmor frequency is directly proportional to the ambient magnetic intensity, and is exactly 
3.49872 times the ambient magnetic field measured in gammas or nano-Teslas.  Changes in 
the ambient magnetic field cause different degrees of atomic excitation in the cesium vapor 
which in turn allow variable amounts of infrared light to pass, resulting in fluctuations in the 
Larmor frequency.   
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Although the earth's magnetic field does change with both time and distance, over short 
periods and distances the earth's field can be viewed as relatively constant.  The presence of 
magnetic material and/or magnetic minerals, however, can add to or subtract from the earth's 
magnetic field creating a magnetic anomaly.  Rapid changes in total magnetic field intensity, 
which are not associated with normal background fluctuations, mark the locations of these 
anomalies.   
 
Determination of the location of an object producing a magnetic anomaly depends on 
whether or not the magnetometer sensor passed directly over the object and if the anomaly is 
an apparent monopole or dipole.  A magnetic dipole can be thought of simply as a common 
bar magnet having a positive and negative end or pole.  A monopole arises when the 
magnetometer senses only one end of a dipole as it passes over the object.  This situation 
occurs mainly when the distance between opposite poles of a dipole is much greater than the 
distance between the magnetometer and the sensed pole, or when a dipole is oriented nearly 
perpendicular to the ambient field thus shielding one pole from detection. For dipolar 
anomalies, the location of the object is at the point of maximum gradient between the two 
poles.  In the case of a monopole, the object associated with the anomaly is located below the 
maximum or minimum magnetic value. 
 
Geometrics 881 Base Station Magnetometer 
 
In order to record diurnal variations in the earth’s total magnetic field intensity during the 
marine electromagnetic survey, a Geometrics Model 881 cesium magnetometer was set up as a 
stationary acquisition system onshore.  The base station was installed at a location away from 
human activity to prevent interference from local ferrous objects such as automobiles and 
buried pipelines or cables.  The 881 digital system was interfaced to a laptop computer running 
HYPACK to record magnetic intensity every minute, 24 hours per day.  The resulting magnetic 
data can be correlated with the marine magnetometer data collected onboard the survey vessel.  
Any short period diurnal variations that occurred during the survey period can then be removed 
from the marine data during the processing phase.   
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DATA PROCESSING AND ANALYSIS METHODS 
 
Navigation Data 
 
During the field investigation, vessel navigation files were continuously processed and 
analyzed in HYPACK to verify survey coverage and assist with the onsite review of 
geophysical data.   
 
Upon completion of the field work, vessel position data were processed and exported as a 
DXF file using HYPACK, then entered into an AutoCAD drawing file to show survey 
coverage in each area.   
 
Marine Magnetic Intensity Measurements 
 
Digital records of the magnetic data were reviewed and interpreted using HYPACK to 
characterize the nature of the electromagnetic field in each area.  The HYPACK single beam 
editor program was utilized to process and export magnetic data along tracklines to Excel for 
tabulation.  Each trackline was checked for erroneous magnetic data points then adjusted 
based on normalized magnetic intensity readings from the base station data.  The Cross 
Sections and Volumes module of HYPACK was used to generate profiles of the marine 
magnetometer data. 
 
For discrete anomalies, determination of the location of an object producing a magnetic 
anomaly depends on whether or not the magnetometer sensor passed directly over the object 
and if the anomaly is an apparent monopole or dipole.  A magnetic dipole can be thought of 
simply as a common bar magnet having a positive and negative end or pole.  A monopole 
arises when the magnetometer senses only one end of a dipole as it passes over the object.  
This situation occurs mainly when the distance between opposite poles of a dipole is much 
greater than the distance between the magnetometer and the sensed pole, or when a dipole is 
oriented nearly perpendicular to the ambient field thus shielding one pole from detection. For 
dipolar anomalies, the location of the object is at the point of maximum gradient between the 
two poles.  In the case of a monopole, the object associated with the anomaly is located 
below the maximum or minimum magnetic value.   
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Types of anomalies include a positive deviation from the ambient field (positive monopole), 
a negative deviation from the ambient field (negative monopole), one positive and one 
negative deviation associated with the same ferrous object (dipole), or a combination of the 
above (complex monopole or dipole).  Amplitude (strength) of the anomaly is measured from 
the ambient level to the maximum deviation point for a monopole, and from the lowest to the 
highest deviation point for a dipole.  Duration is defined as the distance between the onset of 
magnetic deviation to the return to background magnetic levels.   
 
Base Magnetometer Measurements 
 
The base station magnetometer data were imported to EXCEL and processed to generate a 
time-series of the earth’s total background field intensity.  The average magnetic reading at 
the base station during each survey period was calculated, and the value of each reading was 
“normalized” by subtracting the average base station reading for that survey period from 
each individual base station reading.  HYPACK-format ‘tide files’ were generated from the 
normalized base magnetometer values.   
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AREA 1N 

MAGNETIC INTENSITY PROFILES 
 

 


