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Introduction

Decontamination and decommissioning (D & D) requires the characterization of large surface areas
suchassoils, walls, and floors. Toaddresstheidentification and quantification of radioactivematerial
in these problematic surroundings, a portable high-resolution gamma-spectrometry system has been
developed. The system was tested using the calibrated concrete slabs at Grand Junction, Colorado.
The results show good agreement between the given values and the assigned values for nuclides
commonly found in sail.

The completein situ system, called the | SO-Cart® system, includes a high-purity germanium detector
(HPGe), mobilecart with specialized collimator/shield assembly, ORTEC DART® portableM CA, and
GammaVision®- 32, and 1SOTOPIC! data acquisition and analysis software. Gamma-ray spectra,
acquired using high-resolution gamma-ray spectroscopy, are processed first by the GammaVision
program, and then by ISOTOPIC. Correctionsaremadefor geometry, attenuation inthe matrix (sail,
walls, and floors), and sdf-absorption. The final ISOTOPIC report lists the quantity of each
radionuclide in units of grams and activity. The detector is calibrated using only an NIST-traceable
point source positioned 30 cm from the detector face. Other standards may be necessary to validate
the measurement-analysis system. No additional standardsor Monte Carlo simulationsare necessary.

ThelSO-Cart system, presently used for general-purposein situ measurements, can also be used for
measurement of radioactivity in soil which may contain radioactivity from natural sources, fallout, or
from a radioactive spill. Traditional soil-sampling techniques require long analysis times, are very
labor intensive, and are associated with significant sampling error. By contrast, the ISO-Cart can
makein situ measurements over awideareaat once, yielding asignificant reductionin sampling error.
In combination with the short analysis effort required, the ISO-Cart provides a very cost-effective
alternative to soil sampling.

Description of M easurement M ethod

ThelSO-Cart was configured with an 80% GM X (n-type) detector with a portable Dewar with a 48-
hours holding timefor liquid nitrogen. The detector was used with and without a collimator in order
to collect two sets of resultsfor comparison. The spectrawere collectedinthe DART, which contains
theHV supply and signal-processing dectronics. Thedata collection was controlled with alaptop and
GammaVision software. Power for the DART and laptop was provided by theauxiliary battery pack
on the ISO-Cart. The datawere acquired for 2000 seconds.

3 SO-Cart™ is a trademark of PerkinElmer Instruments.
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Description of Spectrum Analyss

The ISOTOPIC program runs in conjunction with GammaVision for HPGe detector gamma-ray
analysis. GammaVision controlstheacquisition, savesthe spectrum, and performsthe peak analysis.
ISOTOPIC then “ post-processes’ theresults further to correct for the matrix, container, collimator,
and geometry effects using operator-supplied information about the dimensions, weights, distances,
and materials, along with internal collections of databases of geometry and matrix correction
information. The programis menu driven with sdection by amouse. Hard-copy reportsareavailable
for summaries including gram and activity quantities of each nuclide, **U enrichment, peak-area
corrections, MDA values, and components of error estimates.

Deciding on Collimation

When no collimator is used the field-of-view is 10 x 10 m. This application is practical for low-
background measurements over widefidds. The patches sdected for measurement can be continuous,
random, or systematic. Thistechniqueishelpful for initial surveysover wideareasand providesmore
thorough sampling information than soil sampling using core-drilling techniques.

In areas of high background or well-defined contamination locations such as a concrete floor or a
localized spill onthesoil, acollimator (with 2.54 cm of collimation) can be used to reducethefield-of-
view to 3 x 3 m. If thereis one very hot spot, the measurement is configured as a point source. In
general, collimation should be used when the activity is known to berestricted or ambient background
ishigh. When collimation is used, measurement sensitivity is reduced by afactor of 2 to 4 depending
on the energy of the gammaray.

Configuring the M easur ement

This configuration information is used to
provide the attenuation correction for the soil
and the geometry corrections. The HPGe

detector is positioned 1 m above the soil. The T
measurement area is divided into squares of 1

either 3 x 3mor 10 x 10 m. The depth of the /v’/”

soil “box” is determined by the “infinite = X
thickness’® of the material to the highest-energy L /

gammarays used for the nuclidereference. For R E ¥E
example, for “K theinfinitethicknessfor soil of 0.7 m
density 1.6 g/cc is about 0.7 m. Thereis no
advantage in configuring the “box” any deeper f |<7 3m-— »
because the gamma rays cannot significantly
penetrate.  Within ISOTOPIC there is a Fig. 1. Position of ISO-Cart using a collimator.
provision for modding the measurement setup.

A diagram of a measurement configuration is

shown in Fig. 1, and the corresponding configuration description shown in Fig. 2.
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®Infinite thickness is the thickness through which 99.9% of the gamma rays of the designated
energy are absorbed.



Grand Junction configuration;

Data file: bk with collimator at flag c [80%)

Measurement Series: ISD“ Measurements

Sample ID: |5593?4

Depth
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o Height |
= "
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Fig. 2. Configuration page in ISOTOPIC used to modd the measurement.
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Material Thickness: 2.54 cm

Density Collimation: 2.54 cm

Wt fraction U Diameter [ID): 8.9 cm

Fine-Tune Adjustments

The average density of soil may not be what the gamma rays “seg’ as they penetrates the soil.
Program ISOTOPIC has a unique feature that allows the user to fine tune the corrections factors for
matrix. When peak areas are corrected for branching ratios, matrix, and container attenuations, the
peak areas for all the peaks for each nuclide should be similar. |f the matrix density is incorrectly
assigned therewill beatrend in corrected peak areaswith energy. Anintense, high-energy gammaray
may be assigned as an arbitrary reference point. If the matrix attenuation is inadequate then a slope.
ISOTOPIC lets the user correct the attenuation dynamically as shown in Figs. 3 and 4. When the
slopeis reduced to zero, the correction factors are proper.
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Fig. 3. An example of an under corrected analysis.
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M aking M easurements When Soil Sampling Is Available

Results from soil samples taken earlier can complement the ISOTOPIC results. If radioactivity has
seeped into the sail to a depth determined by soil sampling, then improved results may be obtained if
this configuration is treated as if there is a soil “container™ covering the radioactive soil. This
“container” is configured as glass, which has an average atomic humber similar to soil. The density
assigned to this “ container” is the same as the soil density. The soil top containing no radioactivity
isthen treated as a “ dab attenuator.” Density values abtained from core samples of soil also provide
an accurate value for the soil density. (Bear in mind that the uncertainties in the matrix density and
matrix thickness that the gamma rays “see” are the major sources of error in soil sampling.)
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Fig. 4. An example of a properly corrected analysis.

Selection of ORTEC Software

An associated ORTEC product, M-1, exists for performing in-situ soil assay. This system employs
an uncollimated detector and uses algorithms devised at the DOE EML laboratory® to compute
activities per unit mass or area, based on specific detector physical data and EM L-derived formulas.
M-1 is designed to compute average contamination over wide areas (inifinte-plane geometry) and can
allow for exponential “washed-in" distributions characteristic of radioactivefallout. ISOTOPIC, on
the other hand, is intended for localized measurements. M-1 was not used in this comparison.

Resultsand Conclusions

An exercise was conducted at Grand Junction, Colorado, in October, 1999. Five concrete pads with
known amounts of radioactivity were measured for ?°Ra, 22Th, and “°K using the 1SO-Cart in situ
measurement system described above. Thesepadsarewd | characterized.? Thefollowing results, with
and without a collimator, are shown in Table 1. These results show good agreement between the
accepted values and the measured results. No significant bias was evident.

In conclusion, the newly developed ORTEC ISO-Cart system provides the data and the analysis
necessary to quantify radioactive constituents in soil or other contaminated surfaces. The |SO-Cart
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system can quantify contamination either without a collimator for wide-area measurements or with a
collimator for localized measurements. Excellent results can be obtained either way. This systemis
avaluable and effective measurement tool for D & D activities.
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Table 1. Comparison of Measured Results with Assigned Results
M easur ement of calibration pads using the | SO-Cart hardwar e | sotopic softwar e with collimator
Ra-226 Th-232 K-40
(pCilg) (pCilg) (pCilg)

Pad ID| Assigned | = | Measured| + |% Diff.| Assigned | + | Measured| + |% Diff.| Assigned | £+ |Measured| * |% Diff
1 082 102 08 [025]| 354 067 012 087 |o26] 2925 | 1267 [0.72] 1090 |3.27]-13.97
2 1.92 154 1.94 0.58] 1.04 0.87 0.12 0.64 0.19] -26.44 4558 |1.82] 44.36 |13.31] -2.68
3 1.70 1.38 2.05 0.61| 20.59 4,92 0.26 411 1.23] -16.46 17.07 ]0.82] 20.30 6.09 | 18.92
4 12.07 |5.64 13.80 4141 14.33 1.04 0.12 1.60 0.48] 53.85 1756 ]0.98] 28.80 8.64 | 64.01
5 8.36 191 7.42 2.231-11.24 191 0.16 1.79 0.54] -6.28 3468 |1.46| 36.50 ]10.95| 5.25

M easurement of calibration pads using the | SO-Cart hardwar e | sotopic softwar e without collimator
Ra-226 Th-232 K-40
(pCilg) (pCilg) (pCilg)

Pad ID| Assigned | + | Measured | + |% Diff.| Assigned | + | Measured| + |% Diff.| Assigned | + |Measured| * |% Diff
1 0.82 1.02 0.92 0.28 | 12.07 0.67 0.12 0.92 0.28] 36.87 12.67 ]0.72] 14.80 4441 16.81
2 1.92 154 1.97 0.59| 2.60 0.87 0.12 1.08 0.32] 24.14 4558 11.82] 51.00 ]15.30| 11.89
3 1.70 1.38 191 0.57| 12.35 4.92 0.26 4.86 1.46| -1.22 17.07 ]0.82] 17.30 519| 135
4 12.07 |5.64 9.94 298| -17.65 1.04 0.12 1.34 0.40| 28.85 1756 ]0.98|] 24.20 7.26 | 37.81
5 8.36 191 7.57 2.27| -9.45 191 0.16 2.78 0.83] 45.55 3468 146 44.30 ]13.29]| 27.74




