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ABSTRACT

A computer-controlled multichannel analysis system has
been developed by the Radiological Survey Activities (RASA)
Group at Oak Ridge National Laboratory (ORNL) for the Depart-
ment of Energy (DOE) in support of the DOE's remedial action
programs. The purpose of this system is to provide a rapid
estimate of the 226Ra concentration in soil samples using a 6 x
9-in. Nal(Tl) crystal containing a 3.25-in. deep by 3.5-in.
diameter well. This gamma detection system is controlled by a
mini-computer with a dual floppy disk storage medium, line
printer, and optional X-Y plotter. A two-chip interface was
also designed at ORNL which handles all control signals gen-
erated from the computer keyboard. These computer-generated
control signals are processed in machine language for rapid
data transfer and BASIC language is used for data processing.

The computer system is a Commodore Business Machines (CBM)
Model 8032 personal computer with CBM peripherals. )) Control and
data signals are utilized via the parallel users port to the
interface unit. The analog-to-digital converter (ADC) is con-
trolled in machine language, bootstrapped to high memory, and
is addressed through the BASIC program. The BASIC program is
designed to be "user friendly" and provides the operator with
several modes of operation such as background and analysis
acquisition. Any number of energy regions-of-interest (ROD
may be analyzed with automatic background substraction.
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Also employed in the BASIC program are the 22 6R, algo-
rithms which utilize linear and polynomial regression equations
for data conversion and look-up tables for radon equilibrating
coefficients. The optional X-Y plotter may be used with two-
or three-dimensional curve programs to enhance data analysis
and presentation.

A description of the system is presented and typical
applications are discussed.

INTRODUCTION

A system to provide a rapid estimate of the concentration of
in soil has been developed by the Radiological Survey Activities (RASA)
Group at Oak Ridge National Laboratory (ORNL) for the Department of
Energy (DOE) in their remedial action programs. The purpose of the
ORNL/RASA program is to perform various types of radiological surveys at
sites identified by DOE.

One of the predominant types of radiological surveys conducted by
ORNL/RASA is a site characterization (comprehensive) which is conducted
to fully characterize the radiological condition of a property. Infor-
mation gathered during a survey confirm the presence (or absence) of
residual radioactive material, determine the areal and vertical extent
of contamination, and provide sufficient data to assess an estimate of
potential health risks to property occupants. Site characterization
radiological surveys usually include determination of alpha, beta-gamma,
or gamma radiation levels at various locations on a property, and
obtaining environmental samples of air, water, or soil. The environ-
mental samples subsequently undergo analyses for radionuclide concentra-
tion.

A method of rapidly estimating the concentration of 226jja j n soil
samples was particularly needed since many of the sites surveyed involve
22<>Ra-bearing contamination. The system which was developed consists of
a 6 x 9-in. Nal(Tl) detector containing a 3.25-in. deep by 3.5-in.
diameter well. Data analysis is controlled by a minicomputer with a
dual floppy disk storage medium, line printer, and optional X-Y plotter.
A detailed description of the detector system and its applications are
presented in the following discussion.

INSTRUMENTATION

The sodium-iodide [NaKTD] counting system consists of three major
blocks as shown in Figure 1. This system is comprised of modules, which
are commercially available (NIH components), a custom-designed inter-
face, and a Commodore Business Machines (CBM) computer system. Each
of these subsystems are described in detail in the following sections.

Computer System



The computer system is a Commodore Business Machines Model 8032
personal computer with CBM peripherals. The console's main logic board
Is a 6502-based microprocessor with 32K bytes of Random Access Memory
(RAM). The" 8000 Series CBM incorporates a 12-in. diagonally-measured
video display for a maximum of 80 characters per line. Three ports are
available to the user which consist of an IEEE-488 BUS, a Parallel Users
Port, and two cassette ports. A memory expansion port is also included
for RAM upgrade. The dnal-drive floppy disk unit (Model 8050) is an
IEEE-488 device which is used for storing information from and entering
information into the computer's memory. This system maintains a con-
tinuous, permanent, record of all raw data obtained during a background
or analysis file. These data are retrieved by one of the following:
(1) at the end of each analysis the system automatically provides a
computer-analyzed summary of the results, or (2) by command at a later
time, a complete listing of all raw data or a listing of the reduced
data used in comparisons with background changes.

NaKTl) Well Detector

The detector is a Harshaw Chemical Company 6-in. x 9-in. NaKTl)
crystal with a 3.25-in. deep x 3.50-in. diameter well. Four matched
integral three-inch photomultiplier tubes (RCA type 8055) are optically
coupled to the sodium iodide crystal. The Instrumentation and Controls
Division at ORNL inspected and conducted tests on the detectors and
found the resolution to be 7.6% FWHM using 1 3 7Cs (0.662 MeV). Shielding
for the detector is provided by a 3-in.lead "pickle barrel" shield with
copper and cadmium liners.

NIM Components

The NIM electronics consists of an ORTEC Model 456 high voltage
power supply, an ORTEC Model 113 preamplifier and Model 490B linear
amplifier, and a Tracor Northern Model TNI706 multichannel analyzer.
The high voltage power supply provides power to the detector's photomul-
tiplier tubes and the pre-amplifier/amplifier provides amplification of
the detector signal. The analyzer is used to acquire and store the
spectral data from the detector and upon completion of analysis, the
gamma spectrum of the sample is transmitted to the computer s.stem via
the system interface.

System Interface

The interface that controls the data transfer from the multichannel
analyzer to the computer system is a simple multiplexing circuit con-
trolled by machine language programming (see Machine Language Program
section). The multiplexing circuit is used to activate the proper
analyzer control line for either of two modes; Acquire or Input/Output
(I/O). When the computer selects either of these two modes, it toggles
a control line to the multiplexer and connects the appropriate analyzer
signals to the computer's Parallel Users Port. Power for the system
interface is accomplished from the cassette port on the m»in logic board
(see Figure 2).



SYSTEM PROGRAMS

The programming package for the Nal(Tl) well counter is a mixture
of machine language and BASIC programs. The machine language program is
used to control the multichannel analyzer operation and data transfer.
The BASIC program incorporates the algorithm for the estimate of radium
concentration in the sample and look-up tables for radon ingrowth.

Machine Language Program

The machine language program is a series of subroutines which are
executed from the BASIC program. These routines are used to place the
analyzer into either of two modes. These are: (1) to acquire the spec-
trum and (2) to transfer the spectrum data to the computer. When data
is transferred, the Data Read Routine provides the handshake signals to
the analyzer to insure that the computer has finished processing the
last character before the next character is transmitted. When the data
is entered into the computer memory, it is stored directly as a variable
so the BASIC pn>"ram can analyze any data channel directly as a sub-
scripted variable. The number of channels that are to be transferred
are also controlled by the BASIC program via dimension statements.

BASIC Program

The BASIC program controls the operation of the counting system
and performs the data analysis. The machine language routines are
"called" by the BASIC program to clear the analog-to-digital converter
(ADC) before placing the analyzer into the acquire or background mode.
The time interval for data acquisition as well as the operator's name,
the date, sample name, weight, location, and number of days bottled are
entered by the operator before analysis begins. Upon completion of
analysis, the computer stops acquisition and places the analyzer in the
I/O mode. The data is then transferred to the computer memory and is
also stored on a floppy disk in raw form for a permanent copy. When
data storage is complete, the background spectrum is called from memory
and subtracted from the data spectrum. The net radium counts are then
calculated by the summation of three regions-of-interest (ROD. These
windows are centered around the 21*Bi photopeaks which are 0.609, 1.120,
and 1.765 Me V.I Before the net radium concentration is calculated, a
comparison is made between the 0.609 MeV and 1.120 MeV windows. If the
ratio between these windows (R0l2/R0Il), is less than normal proportion
(approximately .41), the computer transmits a warning to the operator
during the analysis printout. This can occur when another isotope is
present in the sample, such as l^Cs, which will cause an overestimation
of the 226ga concentration. The net R0I counts are divided by the sam-
ple weight to obtain counts per minute per gram (cpm/g). This cpm/g
value is compared to a predeterminated calibration curve in the form of
either of two equations written into BASIC. Certain conditions mandate
which algorithm the computer uses. These conditions are the concen-
trations



of 226Ra a na 40j;. At lower 226Ra concentrations (below 15 pCi/g), the
40K concentration interferes or raises the spectrum baseline at ROIl and
ROI2. For this reason the cpm/g value of 45 or below wsts the following
polynomial regression equation:

CF = 1.033 - .1317X + .01261X2 -
(.5289 x IO-3) X3 +
(.1001 x 10-4) X4 -
(.7021 x 10-7) xs

where
X = cpm/g
CF = conversion factor.

If the cpm/g value is greater than 45, the curve is defined as fol-
lows:

CF = .56 - (2.54 x 10"*) X

Once the conversion factor is determined, the net counts, now in
cpm/g, may be converted to a pci/g estimate by:

The BASIC program then goes to the look-up table for radon ingrowth
based on the operator's input of tow many days the sample has been bot-
tled. This value is added to the radium estimate and sent to the
printer for a hard copy.
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