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Abstract

A portable sodium iodide spectrometer designed at Lawrence Livermore
Laboratory has been used at the Oak Ridge National Laboratory in a variety
of field applications. The spectrometer is a battery-operated system com-
plete with a 5x5 cm Nal(Tl). detector, 1024 channel memory divisible into
four quadrants, special summation and calibration circuits, and a tele-
meter output for data transmittals. The portable spectrometer has been
used to make in situ measurements around z burial ground. Typical spectra
of 137Cs and 60Co were easily discernible at one such site. Uptake in
vegetation near a sealed trench could be observed by placing the Nal(Tl)
probe in the foliage. The extent of the spread of low-level contamination
of 60Co was determined in an area that had previously been decontaminated.
The unique response of the two (>0Co gamma-rays could be obtained by
subtracting the local background response within the computing spectrometer.
The ability to perform qualitative identification and to assess hazards
in emergency situations has been demonstrated.

Introduction

Environmental surveillance activities at a large multidisciplinary
institution like Oak Ridge National Laboratory require radioactivity
determinations of many types. Qualitative determinations are an essen-
tial facet of the routine surveillance programs as an aid in quality
assurance procedures (0a77). Such determinations allow the selection
of representative samples in case of mixed radionuclide contamination
sites.
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Emergency response plans for contamination incidents include procedures
whereby early identification of the released radionuclides may be made (E177).
The ability to perform gamma-ray spectral measurements for qualitative identi-
fications at the contamination scene results in a more rapid hazard assessment.

As an adjunct to both the surveillance programs and the emergency response
capabilities, a specially designed, computing gamma spectrometer was acquired.
This portable, complete spectrometry system was one of thirteen such systems
built at Lawrence Livermore Laboratory under the auspices of the United States
Energy Research and Development Administration (MC76). The purpose of the
current investigation is to obtain operational experience and to determine
the applicability of the computing gamma spectrometer to field measurements.

Equipment

The computing gamma spectrometer is a second generation design of a
truly portable gamma-ray spectrometer. It is intended to be used anywhere
a man can carry it. The device is a completely self-contained unit with
detector, power-supply, amplifier and 1024 channel memory housed in a
luggage-type container with dimensions of 20 x 43 x 56 cm. The spectrometer
will fit under the seat of a commercial airplane and has a weight of 17Kg
with its included accessories. The special battery system is rechargeable
with a nominal operational life of 15 hours but only 8 hours with maximum
use of the display at 25°C. The battery life is decreased at colder tem-
peratures.

The spectrometer system includes a 5x5 cm Nal detector housed in a
special compartment. The analyzer memory of 1024 channels may be operated
as a single group or as four 256-channel subgroups. The system design
permits addition, subtraction, and overlay of selected quadrants. Three
separate display markers may be positioned within the spectral regions for
energy determinations and for defining summation zones.

A standard model SX70 Polaroid camera is included to record the spectral
responses and to provide a read-out of the eleven light-emitting diode (LED)
displays of the experiment parameters. These LED registers provide an
indication of the time of day, day of year, live time, quadrant displayed,
sample identification, and integral counts between the display markers.
In addition, the counts per channel and the energy of the marker channels
are displayed on the LED registers.

A special telemetry output via an audio coupler provides access to the
channel-by-channel spectral data as well as the LED registers. This output
mode requires implementation with a modem to permit conversion to computer
or data terminal. We have not added the necessary peripheral equipment to
fully utilize this feature at the present time,

Figure 1 shows the operational panel of the portable spectrometer.
The 3x5 cm display and LED registers are seen in the black rectangle on
the left. The center portion shows the 36 keyboard, dead time meter, and
battery meter. The detector compartment (cover has been removed) on the
right contains the 5x5 cm Nal in a white shock and thermal shield. Other
operational controls for the analyzer, amplifier, and clocks are contained
within this compartment.



igure 1. Photograph of the portable gamma-ray spectrometer



Field Studies

To date, the portable spectrometer has been utilized for three field
expeditions. The first trial involved the study of the intensity and quality
~f gamma radiation in the vicinity of one of the older sealed trenches at
the Oak Ridge National Laboratory (ORNL) waste disposal site. Gamma-ray
spectra were acquired around the periphery and upon the asphalt cap of the
sealed trench. At this old burial site, the major gamma spectral response
was from varying proportions of 60Co and 1 3 7Cs. By placing the detached
sodium iodide probe directly in the foliage of trees growing at that
location, it was possible to demonstrate the uptake of both 60Co and 137Cs
in those trees. The ambient temperature at the time of the measurements
was about 32°C and the relative humidity was very high. The spectrometer
system operated without a problem. Difficulty was encountered, however,
in reading the LED registers in the brilliant sunshine.

The second field investigation involved the qualitative determination
of the major radioactivity in a stainless steel neutron chopper destined
for shipment to an overseas laboratory. The chopper was contained in a
wooden shipping crate of 13x13x200 cm. The crate was temporarily stored
in a high radiation level vault at a reactor site at ORNL. The portable
spectrometer was positioned about 6 meters from the unshielded crate,
perpendicular to its long axis. By means of such spectral determinations,
it was possible to determine that essentially all of the residual yactivity
of the chopper was due to induced 60Co. These field studies were made in
an air-conditioned facility with normal room lighting. No operational
difficulties were encountered.

The third and most racent field application of the portable spectrometer
involved its use in a radiation survey at a contaminated facility located at
the eastern boundary of Oak Ridge, Tennessee. A survey of inlets along the
eastern shore of Melton Hill Lake (Oak Ridge city limits) was undertaken to
determine the location of any residual radioactivity from earlier decontamina-
tion efforts. The inle's were reached by boat launched from the Oak Ridge
Marina, about 800 m downstream. The portable spectrometer was carried in
the open boat for the purpose of on-site examination of sediments from the
inlet bottoms. The ambient temperature at the time of the measurement was
about -8°C and the relative humidity was very low. The spectrometer operated
satisfactorily, but little information was obtained due to a lack of contained
radioactivity. Samples were collected for subsequent analysis at ORNL.

Figure 2 is a detailed mao of the eastern boundary of Oak Ridge, Tennessee,
showing the sampling locations (1-8) in the upper right corner. Locations
1 and 2 show t.ie inlets reached during the boat survey.

Subsequent visits to the area were made by land, and field surveys and
sample collections were obtained at locations 3-8. The source of the con-
tamination was the building indicated by the black symbol just south of the
numeral four in the figure. Contamination in the vicinity of the facility
is mainly 60Co with smaller quantities of 1 3 7Cs. Radioactivity has been
transported from the facility to Melton Hill Lake by waters of Braden Branch
which flow from east to west through the property. Gamma-ray spectral
determinations were collected at all sampling locations with the portable
spectrometer. Qualitative determinations performed in situ were valuable
adjuncts to the quantitative determinations subsequently performed in the
laboratory on samples collected in the field.



• • FIGURE 2. Map of eastern edge of Oak Ridge showing the samplxng locations
in the field studies .



Table I shows quantitative results of laboratory measurements along
with sample descriptions.

Discussion

The portable spectrometer has been found to be an extremely useful
field instrument. It performed satisfactorily under field conditions
where the temperature ranged from +32°C to -8°C along with relative
humidity extremes. Difficulty was encountered in carrying and operating
the instrument in rugged terrain when only one person was present. The
package weight, 17Kg, becomes burdensome after a period of 20-30 minutes
when it is suspended over the shoulder of the operator. With the multitude
of accessories e.g., camera, film, adapter, etc., it is desirable to have
an assistant for all field determinations. The addition of a portable
transport device such as a modified golf cart would be a useful accessory
to relieve the physical effort required for transport. In addition, the
cart might prevent accidental contamination of the instrument package in
those cases where the device is used on contaminated areas. The package
could be operated on the cart with the sodium iodide detector removed
from its well.



Table I. Laboratory Analysis of Samples Collected During the Third Field Exercise

Sample
Location* Description 60Co** 1 3 7Cs**

1 Sediment at inlet

2 Sediment at inlet

3 Wet sediment from center of Braden Branch

3 Soil from bank of Braden Branch

3 Water sample from Braden Branch (pCi/1)

4 Water sample from spring north of Braden Branch (pCi/1)

4 Water plant from spring north of Braden Branch

5 Cow manure from grazing beef cattle***

6 Grass at entrance gate

7 Sediment from entrance of Braden Pond

8 Sediment from exit of Braden Pond

*Refers to sampling locations marked on Figure 2.

**Units are pCi/g unless noted.

***Contained 1.9 pCi/g 9SNb,"1.2 pCi/g llllCe and other fallout nuclides.
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