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Fig. 1 Schematic diagram of ¥-rays attennation device
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Table 1 Mass absorption coefficients of several materials
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Materials Calibrated valve Theoretical valve

K . 0.0814 7 0.0857
HHLB 0.0775
B+ 0.0746 0.0775
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Table 2 The results of water addition experiment 101
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Fig. 2 Variation of counts with water

thickness
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Fig. 3 Schematic diagram of calibration tests for measurement accuracy -
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Tab'e 3 Comparison of water-content results measured by two methods

@(cm?*/cm®)
n
: 'R % ‘ > ax,
Attenuate method X
1 0.0992 0.0991
2 0.2009 0.2001
3 0.3001 0.3026
4 0.4052 0.,4041
5 0.5055 0.5074
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Table 4 Resolution time at various N, and N,/N,
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T]?{‘C%EE of Atﬁn?‘at%n Resolution time (usec)

iron slab (cm) ratio (No/N2) N, = 904125 782078 598630/ min
0.50 1.74 2.4 2.3 1.7
1.00 . 2.96 1.2 1.0 0.3
1.50 5.12 0.8 0.8 0.6
1.90 7.64 0.3 1.5 5.5
2.24 10.85 1.7 1.6 7.9
2.50 14.47 3.4 5.4 10.4
3.00 23,27 9.2 1.7
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MEASUREMENT OF SOIL DENSITY AND WATER CONTENT
WITH Cs~137 GAMMA RAY ATTENUATION

Qi Longxi and Xie Bing

(Instizute of Mechanics, Academia Sinica)

Sumimary

The present paper describes a nondestructive method in which gamma ray attenuation is
used to determine the soil density and water content in a laboratory column. The gamma ray
apparatus consists of a radiation source, a detector, a counting system and a mounting flat-
form: The source is a 60 ma cesium-137 with a peak gamma ray energy of 0.661 MeV. The
detector contains a sodium iodide (Nal) scinullation crystal of 4 cm diameter and 4 cm thick,
a photomultiplier tube and a preamplifier.

Sufficient shielding and collimating of gamma radiation is essential to improve space
resolution and measurement accuracy, and to warrant personal safety. Collimation is required
on both source and detector sides. In our equipment, the holes in source-side and detector-
side collimators are 8cm in length and 1lcm in diameter and then stanard errors less than
0.001 g/cm® may be obtained for a 10 ¢m thick soil with a bulk density of 1.4g/cm® By
means of shielding the source, collimating the beam and controlling the counting rate and
time, percentage errors for the system may reach 1% and even less.

To determine the scil density and water content with gamma ray attenuation, it is neces-
sary to know mass absorption coefficients which depend only on material if the source is
specified. ‘'The calibration experiments were conducted in plexiglas containers. Measured
mass absorption coefficiens for water, plexiglas, sand, loam and clay were 0.0814, 0.0775
0.0746, 0.0744 and 0.0732 respectively. For the soil samples mentioned above, measurements
were made at several points and averaged due to nonuniform packing.

Two experimental procedures were designed where water is - successively filled into a
compartmented box. This method provides a convenient and accurate approach to calibrate
the system. The results of calibration measurement indicate that the system possesses a good
linearity of 0.99999 and measuement deviation of 0.0025 g/cm®.

Resolving time correction is an important problem, especially at high count rates. To
avoid the correction, the resolving time of counting system should be less than 1ps. Accor-
ding to error analysis, errors in the soil density and water content measurements is primarily due
to the counting error which results from the random nature of gamma ray emission. The
formula for estimation of measurement error is given in this paper.



