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Abstract

I should like to introduce the problem of the fundamental performance
and utilization of Neutron soil moisture meter. '

For the management of soil and the control of soil moisture, in irrigation
planning, the precise determination of the soil moisture is of major importance.
There are several methods for soil moisture determination. Each has its
own advantages and disadvantages. Recently the use of neutron soil-moisture
meter has attracted the attention of field workers as well-as those working
on basic principles of soil moisture problems.

I am especially interested in the sphere of measurement and the accuracy
of neutron soil-moisture meter.

Therefore, the advantages and disadvantages of the principles of soil
moisture measurement using Neutron scattering phenomena, will be described.

The principles in this method of the decrease in radiation intensity
when the Neutron beam passes through a medium can be expressed as

follows:
» dN

N =—ﬂed1

or:
N = Noexp (— #, 1)

Hydrogen nuclei have a marked property of scattering and slowing
' Neutrons. The quantity of hydrogen in the soil ranges from zero for dry
coarse sand to as much as 8% of the mass of a fine-textured soil with 50%
water content when structural water is included in the computation. Most
of the hydrogen in soil is associated with water, and lesser amounts with
organic matter. This fact is utilized in the determination of soil moisture.

In practice, the amount of scattered neutron reaching the Neutron
detector placed at the Neutron source is measured.

The neutron methods utilized for the measurement of soil-moisture are
presented as follow: ,

1) Measurement of soil moisture by neutron scattering, Neutron gener-

ating sonde:

Be + sHe — gn + 12C + 576 MeV
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Measurement of bulk density (thickness), structure, moisture (using
187Cs, ®1Am) by r-Ray attenuation.
Lambert-Beer's Law:
ITo =@ ~%8ueseereeisnrstannsancon: teassrrenseesnaberenessithranatirrestsersessantan (¢}
whete:
I, =initial intensity of r-beam
1 =intensity of the same beam transmitted through a thickness $
S =thickness of the attenuating medium in cm
¢’ =linear attenuation coefficient of the medium in em™, and
wS=u, 0, S + u, 0v 0S (2) 3
where:
4. =mass attenuation coefficient of the dry soil in cm®g™?

! a-Sources: **R

2

0, =apparent specific density of the dry soil in g cm™?

uw=mass attenuation coefficient of the soil water in cm’g™

ow=specific density of soil water in gcm™3

f0={ractional water content of the soil (in volumes)
substituting eq. (2) into (1)

3 VI, = e— (s 0.8 + £w 08) i 3) 1b
3 or logarithmic eq.(4) 3
In Il, = — (Ue0sS+1y0S) weeevereeessonanianuninaniinecsnionnnaissannisnns @ 3‘
and 05 = _ 1 Lo i et seersensnenans 3
s L | ® ;
1. =counts rate through dry soil
al‘so’ /] =_--“_V]'As~ . In ;[‘[: .............................. L PPN (6)
where: I,=count rate though moist soil
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Mass Thermal Fast
Element Ratio Neutron Neutron
No. o | o, o
i |
H 11 9999 :38x10 | 3.3x10-! 2,6
B 10 18.7 4,0x 102
i1 81.3 5 Xx10-8
C 12 98.89 4.8 3.2x10-8 1.6
N 14 99.64 | 1X10 | 1.9 . 1.0
0 16 99.76 4.2 2 X104 1.5
Na 23 100.00 4.0 5.2x 10~ 2,6
Al 27 | 100.00 1.4 2.3 x 101 2.5
28 92,18
Si 29 471 1.7 1.3x 101 3.2
30 3.12 1.1x10-t
35 75,53 3.3%10
Ci 37 24.47 | 1.6X10 5.6 101 2.7
54 5.84
F. 56 91,68 11,1x10 | 2.8
57 2,17 25 1.3x10
110 12,39
111 12,75 0.2
cd 112 24,07 3x10
113 12,26 2.0x104
114 28.86 1.1
116 7,58 1.5
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