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Columbia Technologies was subcontracted by Science Applications International Corporation (SAIC) to
conduct an investigation of subsurface contamination at the MCA Barracks Site, Hunter Army Airfield.
This investigation involved delineating the depth of contamination using membrane interface probe (MIP)
and soil conductivity (SC) technologies. The purposes of this investigation were to characterize
subsurface soil in the vadose and saturated zones and to delineate the nature and extent of groundwater
contamination at the site.

The MIP/SC probe is 1.5 in. in diameter and approximately 12 in. in length. The probe is driven into the
ground at the nominal rate of 1 ft/min using a Geoprobe or similar direct-push rig.

The SC portion of the tool uses a dipole measurement arrangement. An alternating electrical current is
passed from the center, isolated pin of the SC probe to the probe body. The voltage response of the soil to
the imposed current is measured across the same two points. The probe is reasonably accurate for
measurement of SCs in the range of 5 to 400 mS/m. In general, at a given location, lower conductivities
indicate larger-sized particles such as sands, while higher conductivities are indicative of finer-sized
particles such as silts and clays.

The MIP portion of the probe was developed and patented by Geoprobe Systems, Inc. The operating
principle is based on heating the soil and/or water around a semipermeable polymer membrane to 121°C,
allowing volatile organic compound (VOC) vapors to partition across the membrane. Bulk fluids do not
travel across the membrane, allowing the MIP to be used in both unsaturated and saturated soil.
Movement across the membrane is rapid because of the thinness of the membrane. Using nitrogen gas as
a carrier gas, which sweeps across the back of the membrane, the VOCs are carried to the installed
detectors. It takes about 35 s for the nitrogen gas stream to travel through about 100 ft of inert tubing and
reach the detectors.

Columbia Technologies uses three detectors—a photoionization detector (PID), a flame ionization
detector (FID), and an electron capture detector (ECD)—mounted on a laboratory-grade gas
chromatograph (GC) (Shimadzu Model 14A). The output signal from the detectors is captured by a MIP
data logging system installed on a MIP field computer or a laptop computer. Data are displayed
continuously in real time during each push of the probe. In addition, the data logs can be printed for
display and analysis following the data logging run or exported to common spreadsheet software for
further analysis.

The PID detector consists of a special ultraviolet (UV) lamp mounted on a thermostat-controlled, low-
volume, flow-through cell. The temperature is adjustable from ambient to 250°C. The 10.6 eV UV lamp
emits energy at a wavelength of 120 nm, which is sufficient to ionize most aromatics (e.g., benzene,
toluene, xylenes) and many other molecules (e.g., H,S, hexane, ethanol) whose ionization potential is
below 10.6 eV. The PID also emits a lower response for chlorinated compounds such as trichloroethene
(TCE) and tetrachloroethene. Methanol and water, which have ionization potentials greater than 10.6 eV,
do not respond to the PID. Detection limits for aromatics are in the low picogram range. Because the PID
is nondestructive, it is often run first in series with other detectors for multiple analyses from a single
injection. Use of the PID is mandated in several U.S. Environmental Protection Agency methods (e.g.,
8021, TP-14) because of its sensitivity and selectivity.

The most commonly used GC detector is the FID, which responds linearly from its minimum detectable
quantity of about 100 pg. The FID response is very stable from day to day and is not susceptible to
contamination from dirty samples or column bleed. This detector responds to any molecule with a
carbon-hydrogen bond, but poorly to compounds such as H,S, CCly, or NH3. The carrier gas effluent from
the GC column is mixed with hydrogen and burned. Hydrogen supports a flame and ionizes the analyte
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molecules. A collector electrode attracts the negative ions to the electrometer amplifier, producing an
analog signal, which is directed to the data system input.

The ECD consists of a sealed stainless steel cylinder containing radioactive nickel-63. The nickel-63
emits beta particles (electrons) that collide with the carrier gas molecules, ionizing them in the process.
This process forms a stable cloud of free electrons in the ECD cell. When electro-negative compounds
(especially chlorinated, fluorinated, or brominated molecules) such as carbon tetrachloride and TCE enter
the cell, they immediately combine with some of the free electrons, temporarily reducing the number
remaining in the electron cloud. The detector electronics, which maintain a constant current of about 1 nA
through the electron cloud, are forced to pulse at a faster rate to compensate for the decreased number of
free electrons. The pulse rate is converted to an analog output that is transmitted to the data system.

MIP/SC profiling was conducted at 12 locations (XX-14 through XX-25) in November 2001 to an
average depth of 50 ft. Upon review of the initial data, it was determined that the instruments had not
been calibrated to detect contaminant concentrations at the levels that were found at the MCA Barracks
Site. Another round of MIP/SC profiling was conducted at three locations (XX-13, XX-14, and XX-26) in
April 2002.

Drilling was completed using a Geoprobe truck-mounted rig. The results from each location are shown on
the following pages. Detector 1 provided the PID readings, detector 2 the FID readings, and detector 3 the
ECD readings.
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