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Chang, C, Pang, D. W., and Sommerfeldt, T. G. 1990. Automated
laboratory gamma-ray soil density measurement system. Can.
Agric. Eng. 33: 027-030. Soil moisture and density are widely mea
sured by attenuation of gamma energies in both laboratory and field.
However, a manual gamma-transmission system to measure a large
soil column or block is labor-intensive. An automated laboratory
two-directional gamma scanner system was developed and tested. The
systemconsistsof an IBM PC/XT and EG&G ORTEC Power Supply,
Spectroscopy Amplifier and Multichannel Analyzer, and software
developed especially for the system. The system is flexible and easy to
use. The overall performance of the system was satisfactory. There
was no detectable amount of accumulated errors after the scanner

travelled a distance of 2588 cm. The coefficient of variation (CV) of
the radiation counts of the soil was less than 6%. The program is
user-friendly, requiring about 5 minutes for familiarization with the
operation of the program.

L'humidite et la densite des sols sont couramment mesurees par
attenuation de rayons gamma, en laboratoire et sur le terrain. II faut
toutefois beaucoup de main-d'oeuvre pour mesurer une grande col-
onne ou un gros bloc de sol a l'aide d'un systeme manuel de
transmission gamma. On a done elabore et teste un systeme au-
tomatique bidirectionnel de balayage a rayons gamma, pour
laboratoire. Le systeme comprend les elements suivants: un ordinateur
personnel XT dTBM, une alimentation electrique de EG&G ORTEC,
un amplificateur spectroscopique et un analyseur multicanal, plus un
logiciel mis au point specialement pour le systeme. Celui-ci est souple
et facile a utiliser, et son rendement global est satisfaisant. On n'a pas
pu detecter d'erreurs accumulees apres que le scanneur eut traverse une
epaisseurde 2588 cm. Le coefficientde variation (CV) des comptagesde
rayons du sol etait inferieur a 6 %. Le programme est convivial et exige a
peu pies 5 minutes pour qu'on se familiarise avec lui.

INTRODUCTION

Soil moisture and density are widely measured by the attenua
tion of gamma energies in both laboratory and field
environments (Corey et al. 1971; de Swart and Groenevelt
1971; Reginato 1974a, 1974b; Stroosnijder and de Swart
1974). The advantage of the system is that it is non-destruc
tive, which allows repeated measurements of soil moisture and
density at the same points. Detailed requirements for a gamma
emitter and collimation for both single and dual sources are
well established (Reginato and van Bavel 1964; Groenevelt et
al. 1969; Corey et al. 1971; Mansell et al. 1973; Nofziger and
Swartzendruber 1974). Optimal thickness of soil between
gamma-ray source and detector for various sources also has
been determined (Singh and Chandra 1977; Mudahar and
Sahota 1985). A manual gamma-transmission system to mea
sure a large soil column or block is labor-intensive.
One-directional automatic scanning gamma systems were de
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veloped and their usefulness was demonstrated by de Swart
and Groenevelt (1971) and Stroosnijder and de Swart (1974),
but their systems were mainly based on hardware controls. An
automated dual-energy gamma radiation system by a desktop
computer has been reported (Hopmans and Dane 1986). How
ever, that system's hardware and software were inflexible.

This paper describes the automation of an existing labora
tory two-directional gamma scanner system with an IBM
PC/XT or compatible microcomputer. The software was writ
ten in C language and can be easily adapted to any computer
system.

MATERIALS AND METHODS

System construction

The system consists of an IBM PC/XT and EG&G ORTEC
Power Supply, Spectroscopy Amplifier and Multichannel An
alyzer and custom software. The system is functionally
divided into four major parts: mechanical component of the
scanner, scanning control system, gamma attenuation spec
troscopy system, and computer program for the system.

Mechanical component of the scanner. Overall dimensions
of the system are 1.88 x 2.17 x 0.6 m (Fig. 1). The source and
detector are 16 cm apart supported in a "U" frame (referred to
as scanner). There is sufficient room between the source and
detector assembly to accommodate a block of soil 1.5 m x
1.5 m xO.l m.

The scanner is mounted on two horizontal stainless steel

rails, which are fixed on a framework base that can be moved
vertically by four rolled thread shafts, 25 mm dia., one on each
corner of the base (Fig. 1). The scanner also can be moved
horizontally along the rails by a single rolled thread shaft. The
four vertical shafts are driven by a continuous chain and a
variable speed electrical motor (mounted under the platform).
The horizontal shaft is driven by a chain linkage from a second
motor.

Scanning control system. Measurements along a region
(line) of interest are taken step-wise in any one of the four
directions (up, down, left and right). After arrival at the end of
the region of interest, the scanner moves back to the original
position. This procedure can be repeated or a new region can
be selected. Step size and limits of scanning size are controlled
by an IBM PC/XT, position disks and a Honeywell Micro
Switch proximity sensor (Fig. 1). Each position disk consists
of an acrylic disk, 5 mm thick, with ferrous metal plates glued
on the face, at equal intervals around the perimeter of the disk.
One position disk is attached to the horizontal rolled thread
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Fig. 1. Schematic diagram of the scanner.

shaft and the other one is attached directly to the shaft of the
motor for vertical movement control. The proximity sensor
counts the number of metal plates passing a fixed point as a
measure of the angular travel distance of the motor. The dis
tance between two metal plates determines the smallest step
size (0.266 cm) and position reproducibility (0.133 cm) of the
scanning system.

Gamma attenuation spectroscopy system. The gamma at
tenuation spectroscopy system comprises a gamma-ray
source, a Hewlett-Packard scintillation detector with Ortech
276 preamp, Ortech 570 amplifier, Ortech 478 2-kV detector
bias supply, Ortech ADCAM 917 multichannel buffer (MCB,
multichannel analyzer with buffer) and IBM PC/XT. The
source is 7400 MBq Am-241 packed in a capsule. Both source
and detector are housed in holders with a 1-mm high, 10-mm
wide and 14-mm deep collimation. The detector consists of a
76.2 mm dia. x 72.6 mm long solid Nal (Tl) crystal and a
photomultiplier. The incoming gamma ray is converted to an
outgoing pulse through the amplifier fed into the MCB. The
917 MCB has a high-performance analog to digital converter
(ADC), data memory, 4000-channel resolution and a Z80A
microprocessor for gathering spectral data at high count rates.
It can perform routine tasks such as input/output (I/O). The
MCB is controlled by ASCII commands from a terminal or
computer.

Computer program for the system. A menu-driven com
puter program in C language was developed for the system.
The program controls the scanner and the MCB, and logs the
counting position, real time and total counts or moisture con
tent into an ASCII file. The program accepts input such as
output file name, node size for scanning (x and y direction
independently), region of interest (maximum distance in both
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xand ydirections), live time for counting, time ofstart ofrun,
andnumber of times for re-scanning. Thecomputer communi
cateswith theMCB througha DualPort Memory Interfaceand
with the scanner using a Data Translation DT 2817 digital
input/output interface to motorcontroller. The proximity sen
sors to detect the distance of the scanner's movement are
connected to the game port of the computer.

The program controls both scanning and spectral systems.
The user positions the scanner, with the cursor key on the
keyboard, at the initial desired location. The program accepts
inputsfromthe user, initializesand sets up the operationmode
of MCB and starts to log the data as specified by the user.

System calibration and reproducibility tests

All the experiments were conducted at a constant room tem
perature of 22°C.

Calibration. The gamma attenuation coefficients of water
and soil were determined using distilled water and oven-dried
soil. A 33 cm long x 7.48 cm wide x 10.44 cm high acrylic
container with wall thickness of 0.64 cm was used for calibra
tion. The container was filled with distilled water or packed
with a clay loam soil to a mean bulk density of 1.38 Mg«m" ,
which is the bulk density of the soil in the field. The soil was
added into the container in 2-cm increments while a rubber

hammer was tapped constantly on the side of the container. A
24.472 x 9.8-cm area of the container was scanned several

times at 0.532-cm and 0.98-cm increments in horizontal and

vertical directions, before and after filling with water or soil.
Total number of measurements for each scan was 517. The

attenuation coefficients were calculated from:

H = ln(/0//)/(pjc)

where:
2 1li = attenuation coefficient (cm -g ),

Io, I = gamma counts without and with water or soil
respectively (counts»min~ ),

p = water or soil bulk density (Mg«m" ), and
x = thickness (cm).

(1)

For this study, x was 6.2 cm, p values were 1.0 Mg«m" and
1.38 Mg»m" for distilled water and soil, respectively. The data
obtained from the first two and last lines of scanning were not
used, in order to avoid an edge effect in the horizontal direc
tion. The edge effect in the vertical direction was minimized
by moving the starting and ending positions inward of the soil
block. Attenuation coefficients were calculated with the I0 and
/ at each point of measurement (484 points in total).

Reproducibility test.. The reproducibility of the system was
tested for both radiation counts and the movement of the
scanner. An undisturbed block of solonetzic soil, 1 x 1 x 0.06
m, was removed from the field, air-dried, housed in an acrylic
enclosure (wall thickness of0.64 cm) and placed in the scanner
system. The soil block was scanned several times, at 5.054-cm
increments in both horizontal and vertical directions, before
and 4 days after adding 15 cm water. Water was added to the
soil surface uniformally through a rainfall simulator at a rate
of 1.5 cm»hr" . There was no significant swelling of this soil
observed upon wetting. The total scanning distance in both
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Table I. Summary of gammaspectroscopy calibration

Container

Counts min"1
Container + Water Container + Soil

Countsmin"1 ^(cmV1) Counts min"1 \i (cm2 g"1)

Mean 246289.2 71435.0 0.200 25934.9 0.263

SD 1401.2 625.0 0.002 1363.8 0.007

CV 0.6% 0.9% 1.1% 5.3% 2.6%

Maximum 249712 72765 0.205 28752 0.278

Minimum 242558 69569 0.194 22921 0.232

N 484 484 484 484 484

|X= attenuation coefficient

directions was 80.9 cm. The live time for a gamma-ray count
ing was set to 60 seconds. The travel distance on each
movement was verified manually. The radiation counts be
tween runs were statistically analyzed.

RESULTS AND DISCUSSION

The mean gamma counting rate of the calibration container
alone was about 3.5 times that of the container with water and

10 times that of the container with soil (Table I). The mean
attenuation coefficient was 0.200 cm »g" for water and 0.263

2 1cm «g for soil. These results were similar to values of 0.192
to 0.202 crn^g"1 for water and 0.260 cm^g"1 for soil, obtained
by de Swart and Groenevelt (1971) and others. The counting
rate was least variable for the container alone and was the most
variable for the soil-container combination (Table I). In addi
tion, the counting rate decreased with increased depth for
container alone (Fig. 2a) and it increased with increased depth
for container with water or soil (Fig. 2b and c).

Reproducibility test

Movement of the scanner in both vertical and horizontal direc
tions was smooth and precise and there were no measurable
differences between movements. There were also no accumu
lated measurable differences for a complete scanning of the
block of 80.9 x 80.9 cm2 soil with a total of 512 horizontal
movements, i.e., 2587.648 cm (back and forth, the counting
was started at the same end of the soil block for each scanning
line) and 16vertical movements. The gamma counts of the air
dry soil for two different runs were almost identical (Fig. 3a
andb). The means of gamma counts of a horizontal line among
different scans were not significantly different (P < 0.01).
However, the means of gamma counts of the soil after the
addition of 15 cm of water were significantly different (E
>0.01) from those of the dry soil (Fig. 3c).

The Am gamma attenuation coefficients for both water and
soilwerein the range reportedby others. However,degreesof
variations occurred in both coefficients. This might be caused
by randomness of nuclear reaction and experimental errors.
The major experimental errors could be due to the container
suchas its squareness and methodsof soil packing.The CV of
the counting rate was the lowest for container alone and the
highest forsoil.ThehigherCVof thecountingrate for soilwas
mainly caused by the heterogeneous nature and imperfect
packing of the soil. Counting rates decreased with depth for
both water and soil, indicating that the container after filling
with water or soil was not perfectly square and it seemed to

CANADIAN AGRICULTURAL ENGINEERING

T3

260-

248

I

246

244

242

73.4

72.6

***:** :
71.8

22

• • 1.96 cm

•— -«4.9cm

A"--a8.82 cm

L
M

a

* /

4 8 12 16 20 24 28 32

Horizontal distance (cm)

Fig. 2. The counting rate of gamma radiation for
calibration:
(a) empty container, (b) container with distilled
water, (c) container with air-dry soil at three depths.
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Fig. 3. The gamma-ray counts per minute contour map of
an undisturbed soil block: (a) air-dry soil - run 1,
(b) air-dry soil - run 2, (c) after application of
15 cm water.

widenon the top becauseof the packingmaterial.
The precise movement of the scanner is due to the conver

sion of analog movement to step-wise. The resolution of the
movement could be changed by changing the number of fer
rous plates on the position disk. The almost identicalgamma
counts of the air-dry soil for two different runs not only
indicated reproducibility of the gammacounting butalsoindi
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rectly indicated thereproducibility of scanning movement.
The overall performance of the system was satisfactory.

The program was menu driven and user-friendly, requiring
about S minutes for familiarization with the operation of the
program. There was no detectable amount of accumulated
errors after the scanner travelled a distance of 2587.7 cm. The
coefficient of variation (CV) of the radiation counts of the soil
was less than 6%. This indicates that the automated gamma
scanner is precise on both scanning movement and radiation
counts. The system as a whole is flexible and easy to use, and
permitsa wide range of studies related to water movementand
uptake with minimumlabor. This system can be improvedby
addinga secondradiation source such as Cs to measure soil
water content and bulk density simultaneously.
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