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Abstract- In-situ measurements of terrestrial gamma-ray dose rates were carried out at
252 locations for soil samples and 47 locations for rock outcrops in the Shonai River
drainage region to understand the transport of soil mass and terrestrial radioactivity. The
basin was divided into two parts, a bedrock and a sediment (diluvium and alluvium),
for compartment analysis. A set of balance equations for soil mass and radioactivity was
derived for each region to obtain the transport rate of soils from bedrock to sediment
region, the removal rates from land to ocean through rivers and the leaching rates of
radioactivity. The relative values of the above parameters to the production rate of soil
from bedrock could be estimated from the observed gamma-ray dose rates.

Introduction

The objective of this paper is to propose simple models to study the parameters with
respect to the long-term transport of soils in a relatively wide area. Natural radioactive
nuclides present in the soil such as uranium, thorium and potassium can be used as
radioactive tracers for the above study. Terrestrial gamma-ray dose rates above ground
are proportional to the natural radioactivities of the above mentioned nuclides contained
in nearby soils. We use the dose rate values obtained through in-situ measurements
instead of the radionuclide concentrations, since in-situ measurements can be carried
out easily and in a short time compared to the nuclide concentrations measurements.

Basin Description

The Shonai River drainage basin is about 1010 km^ in area and lies across Gifu and
Aichi prefectures in central Japan. Its estuary is at Nagoya City. Figure 1 shows the
region. The north eastern part is mountainous territory whose heights vary from about
200 m to over 500 m above sea level. Major rivers are also shown in the figure. The
boundary between bedrock and sediment territories is represented by a bold line A-B.
The bedrocks consist mainly of granites, rhyolites and some kinds of sedimentary rocks.



Measurements

A battery-operated portable type 1 "<j» x 2" NaI(Tl) scintillation counter was used for the
measurements. The calibration between count rates and absorbed dose rates in air was
made through simultaneous measurements with a 3"<f> x 3" Nal(Tl) scintillation
spectrometer. The dose rates were determined by the response matrix method *>2).

Scintillation counters were sometimes used to evaluate background gamma-ray dose
rates^), because the count rate from a scintillation counter can be converted into the
dose rate with high accuracy if there are no artificial radioisotopes near the measuring
points. The error in the conversion factors of the count rates to the dose rates is mainly
caused by the difference in the geology. To examine the influence of the geology on the
conversion factor, Monte Carlo calculations were made for 1000 sets of uranium,
thorium and potassium data sampled from different part of the world. Table 1 gives the
result obtained for terrestrial gamma-ray flux spectra for energies greater than 50 keV.
The dose rate values were from the work of Beck'*). It reveals that the magnitude of
error expressed by the coefficient of variation, i.e., the ratio of standard deviation <j to
the mean m, is not great for Nal(Tl) scintillators of various sizes.

The measurements were carried out during the period from November 1996 to March
1997. The locations sampled are shown in Fig.l. Figure 2 shows a three-dimensional
representation of the dose rates based on a contour map deduced from the measurements.

20 ka

Fig.l Map showing the site studied.
Closed circle: soil and rock measurements,

open circle: soil measurements only.

The Equations

The drainage basin is divided into two parts in this study as shown in Fig. 1. Region 1 is
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at the upper stream bounded by the line A-B. It is underlain with bedrocks. Region 2
consists of quaternary sediments transported from region 1.

Table 1 Conversion factors and the coefficient of variation

Size

r
2"

1.5"

of Nal

< t > x 2 "
<j>x2">

(j) x 4

Conversion factor
(nGy/h)

Calculation

0.0126
0.00479
0.00402

per (cpm)
Experiment

0.0153
0.00510
0.00424

Coef. of variation
c /m (%)

4.0
3.8
3.8

Fig.2 A 3-D illustration of the dose rates for the Shonai River drainage basin.
The bottom right-hand side shows a 10 km square.

The time change of the soil mass M and the natural radioactivity p in each region may
be related to the soil production rates S from rock and the rock radioactivity q in the
following manner, where subscripts 1 and 2 refer to each region.

Soil mass:

at

= - X 2 A/j + KMX,
dt
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Radioactivity:

at

Here,
X: the removal rate from land directly to ocean through rivers,
K: the transport rate from region 1 to region 2, and
E: the leaching rate of radioactivity.

The Models

It is assumed here for simplicity that the density p and the depth H of the soil are the
same over all the basin. Moreover, a steady-state condition is also assumed.

We want to know in this study the values of the following five parameters, i.e., X\, X2,
K, EI , and £2- However, there are only four equations as shown in the preceding section.
We, therefore, introduce the following two models.

Model I

In this model, we use the same k for both the regions. Thus, the equations are:

(X + K)pHAx = sAx,

XpHA2 = KpHA{,

(ex+ X + K)pHAxpx = sAxq,

(£2 +X)pHA2p2 = KpHAlp1,

where s is the soil production rate per unit area and A the surface area of the region.

The solutions for the equations are:

s,

= l—s,
A A

s.
Pi



Model n
In this model, we use the same e for both the regions. Thus, the equations are:

(A,

= tcpHAx,

x + K)pHAxpx = sAxq,

{£+A2 )pHA2p2 = KpHAxpx.

The solutions for the equations are:

Pi - Pi

Pi "ft
q-p.

P\-Pl A\

q-p. A,
KpH -— £! -S,

A

Results and Discussion

Table 2 gives the areas of regions 1 and 2 and the mean values of dose rates observed on
the soil and rock surfaces.

Table 2 Observed data for the Shonai River drainage basin

Region Area Soil Rock
(km?) (nGy/h)

1 533 63.6 86.6
2 477 52.0

As the dose rate measured on the soil surface D§ and that on the rock surface D R are
approximately proportional to the radioactivity of the nearby soil p and that of rock q,
respectively, the dose rate values for p and q are used instead. However, there is an
inverse relationship between the soil dose rate and the soil moisture content^) at the
time of measurement. Thus, the relation takes the form

D R
 = a£l' D s =

where a is the proportionality constant. The term p o is the density of dried soil, and p is
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related to the mass wetness w of soil, i.e., the mass of water relative to the mass of dry
soil particle, as

Substituting these relations into the solutions for the two models mentioned above, we
can obtain the soil parameters. Table 3 shows the calculated results for Model I. The
term e \ pH/s in the table is the only parameter that depends on soil moisture content in
Model I. It is exactly the same form as epH/s given in Table 4 as seen from the solutions
of the model equations described in the preceding section.

Table 3 Parameters derived from Model I

XpH/s 0.528
KpH/s 0.472

eipH/s *
0.118

* See epH/s in Table 4

Table 4 gives the calculated results for Model II. Although the table shows the
parameters for five values of mass wetness, the most probable mass wetness in the
period of the in-situ measurements is inferred to be 20 % from Ref.5.

Table 4 Parameters derived from Model II

mass wetness (%)
10 15 20 25 30

XjpH/s
^2pH/s

KPH/S

epH/s

-0.
1.
1

167
.304
.167

0.238

0.097
1.009
0.903
0.184

0.
0.
0
0.

339
.739
.661
135

0.
0.
0.
0.

562
490
.438
089

0.
0,
0
0.

767
.260
.233
,047

The soil parameters obtained in this study are specific to the Shonai River drainage
basin only. The author believes that the measurements of terrestrial gamma-rays would
be useful for characterizing the soil mass and terrestrial radioactivity balances in the
region of interest. Let us consider here the world-mean value for reference purpose.

According to the work of Wollenberg and Smith**), the overall mean rock and soil dose
rates amount to 70 and 50 nGy/h, respectively. One compartment model leads to Table 5.



The values in the table are somewhat different from the values obtained for the Shonai
River drainage basin given in Tables 3 and 4.

Table 5 World-mean parameters derived from one compartment model

mass wetness (%)
10 15 20 25 30

XpH/s 1.0 1.0 1.0 1.0 1.0
epH/s 0.273 0.217 0.167 0.120 0.077

The author has published a report on the global soil mass balance equations focused on
geology?). By taking into account the various geological and topological factors and
combining them with the detailed terrestrial gamma-ray data, we would be able to
establish a more realistic model for the natural radiation environment.
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