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As one of the tests arranged by the cooperative researvA between C'/KI' and JAERI, 
field tracing tests using 3H. *°Co, KSr and "*Cs were conducted in pits at the CIRP's field 
test site located on a loess tableland under natural rain condition. Precipitation amount and 
evaporation rate were measured to study complicated spatial—temporal behavior of soil water 
movement under that condition, The evaporation rate was obtained through an analysis on 
Ar meastroi dtat by a comttnai metnod of katt be&aatv •cmi «ddy GomntiatiaK- Sunrricci 
model, that is based on piston flow assumption of soil water movement, was developed and 
applied to determine the behavior of the soil water movement in tie pits. Using the 
determined water movement, 3H migration was evaluated by numerical simulation. Change 
of 3H distribution as a function of elapsed time was well explained by careful evaluation of 
the soil water movement that carried out before the analysis. 

Cooperative research between CIRP and 
JAERI had been underway since 1987 to 
establish a safety assessment methodology for 
shallow land disposal of low-level radioactive 
waste. In the cooperative research, field tests 
that measured the migration of radioactive tracer 
in aerated zone were carried out at a CIRP's 
field test site located on a loess tableland. 

Behavior of soil water movement is one 
of the most important element to understand for 
analyzing radionuclide migration because the soil 
water acts as the medium to transport various 
radionuclides in soil layer. In the case of the 
field tests, soil water movement near the ground 
ssrfisec TSTXJCT irafsrsj ran osnlitsitt k 
considerably complicate. Direction and velocity 
of infiltrating water under the condition changes 
widely as a function of both time and depth 
with transient changes of weather for a short 
period. Precipitation generates downward flow 
of infiltrating water, but evaporation induces 
upward flow of soil water. As climate at the 
site is classified into semi-arid and the wet 
season is. clearly distinguished from the dry 
season, annual periodicity of the soil water 
movement has also to be taken into analytical 
consideration. 

EXPERIMENTAL METHOD 
The field tests were conducted in pits at 

the test site under both the natural rain condition 
and artificial rainfall condition. The tests under 
the artificial rainfall condition used sprinkling 
apparatus in a building that covers the pits, and 
tested by sprinkling constant volume of water 
onto the pits for a fixed duration of time in each 
day. Comparing with the natural rain condition, 
infiltrating water under the artificial rainfall 
condition keeps nearly stationary direction and 
velocity for whole experimental period. 

Two kinds of pits having the bottom 
depth of 30 and 100 cm were tested for each 
orweWJOff. After Ikwss soil tigged with 3H, ' t o , 
BSr and ^Cs was placed on the bottom of each 
pit, the pits were refilled. Soil core samples 
were taken from the pits under the both 
conditions at three-months intervals and vertical 
distributions of the radionuclides concentration 
were measured for a two-years period. Soil 
water extracted from the samples was measured 
to detect 3H concentration by a liquid scintillation 
counter. 

Precipitation amount, evaporation rate and 
vertical distribution of soil temperature were 
measured to study spacial-tcmporal behavior of 
the soil water movement for the test' under the 
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natural rain condition. Precipitation amount was 
observed at every one hour in the wet season 
{May-November]) .and at 12-&nurs inlorval in imc 
dry season (December-April). 

The evaporation rate vras found through 
an analysis by a combined method of heat 
balance and eddy correlation. On the ground 
surface, heat balance is described as the 
following equation; 
R = G * Q„ * Qt (1) 

where, R, G, QH and QK represent net solar 
radiation, so\i heat ttox, sensiMe neat Vhrx and 
latent heat flux, respectively. R and G were 
measured by radiation meter and sofl heat flux 
meter situated in the site. QB was measured by 
an ultrasonic wind and temperature meter based 
on the eddy correlation method. From these 
measured data, Qe ran be obtained by 
subtracting G and Qa irom R. 

The evaporation rate and the soO 
temperature were collected six times every hour 
and were collected by a personal computer. 
From the measured results of precipitation 
amount and the evaporation rate, an annual 
change of water infiltration on the ground surface 
was evaluated. 

RESULTS and DISCUSSION 
1. Distribution of 3H concentration 

Change of 3H concentration distribution in 
the samples taken periodically from the pits 
under natural rain condition are shown in Fig.lA 
and IB. Fig.lA shows the distribution in the pit 
of 30 cm deep (Pit-A) and IB shows that of 
100 cm deep (Pit-B). In Pil-A of the shallow 
tracing layer, the peak position of its distribution 
looked like to move largely downward by 
elapsed time. However, in Pit-B of the deep 
tracing layer, the downward movement of the 
peak was small. 

Migration of 3H in the soil layer is 
presented as the following equation describing 
both dispersion and convection: 

*L = D— - V— (2\ 
dt dz2 & 

where, D and V represent dispersion coefficient 
and flow velocity of infiltrating soil water, 
respectively. Figure 2A and 2B show the 
calculated distributions that give the least 
deviation comparing with each distribution 
measured for Pit-A and B, respectively. From 
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these estimated distributions, 3H distribution in 
Pit-A *shows more fluctuated movement than that 
in Pit-B. Figure 3 shows the ratio of remaining 
activity at each sampling time to the initial 
activity in the soil layer. This shows that more 
tritiated water had escaped into the atmosphere 
from Pit-A than Pit-B. 

2. Aw?Jy«£? by JUS&KT few KSfflffhit 
In analysis of testing results under the 

natural rain condition, one of the important 
procedures is to evaluate actual amount of 
infiltrating water. The infiltrating water can be 
determined from precipitation, evaporation and 
run-off. 

Daily values of precipitation from June 1, 
1989, to May 31, 1990 is shown in Fig.4. 
Amount of run-off was so small as neglected. 
Observed results for daily evaporation showed 
some negative values of maximum -2.0 mm/day 
during a certain period including winter season. 
Actual evaporation was estimated by adding 1.5 
mm/day to the observed value during the period 

674 



2000 

"&1500 
CD 
e o 

1000 

c 
u 

s 
o 

500 • 
J//\ 

'-V 

S2 
1 

173 
294 
369 

470 

515 

50 100 150 
Depth ot sod layer (cm) 

200 

E 
•a-
m, 
c o 

2000 

1500 

1000 

500 

IB 
92 

J73 

294 

369 

470 

515 

0 50 100 :50 200 
Depth of soil layer (cm) 

FI&2 Concentration cfistribulions obtained 
from the most probable value of 
migration parameters. 

. . A A 

Pi^-A Pi^-B 

' " —-—-_^ A A 

% 0.8 
ca 
en 
• | 0.6 
"<o 
| 0.4 

B 
o 0.2 
rx 

° ' °0 100 200 300 400 500 600 
Elapsed time (day) 

Fig3 Elapsed change of remaining activity 
of hi in Pit-A and B. (Solid and 
broken line means linear correlation 
by least square method for Pit-A 
and B, respectively.) 

from November 1, 1989 to March 31, 1990, for 
eliminating an effect of vertical air flow to 
downward direction, induced by wall and other 

constructions placed at north and west sides apart 
about 10 meters from the test pits, when the 
wind from oor&-*rcst e&cciixa wxs ekoaiaftlad. 
The corrected values of daily evaporation are 
shown in Fig.4. 

In order to prepare a standard set of dally 
water infiltration through an analysis year, two 
kinds of correction procedures were applied to 
observed precipitation. Because the observed 
annual precipitation of 528.7 mm for the year 
was considerably larger than multi-year averaged 
value of around 470 mm, daily precipitation was 
estimated to be multiplied by a factor of 05*1 so 
as to be averaged with the annual precipitation 
for the next year. After corrections mentioned 
above, annual values of precipitation, evaporation 
and infiltration became 481.1, 469.8 and 112 
J32J2X. 

As the first step of the analysis, 
non-stationary analysis of water infiltration into 
the soil was not carried out and actual water 
infiltration is assumed to proceed gradually into 
soil accompanying change in water saturation. 
In calculation for the natural rain condition, 
water infiltration induced by a certain amount of 
daily precipitation was assumed to be simulated 
by piston flows of its 40, 30, 20 and 10 % 
value assigned to the day and successive three 
days, respectively. 

Results of simulation calculation of 3H 
migration are shown in Fig-5A and 5B. for 
Pit-A and B, respectively. Boundary condition 
at the ground surface in these calculation for 3H, 
was defined as 3H was released into open air 
during the direction of infiltration water was 
upward, but the rain water not including 3H was 
infiltrated during the direction was downward. 
The calculation showed that the peak position in 
the nuclide concentration distribution was 
prominently moved dcrwrrward in Pit-A, and that 
the peak position moved very slowly downward 
by repeating upward and downward transfers in 
Pit-B. Fractions of 3H remained in the soil part 
was estimated to be 45.7 and 99.8 % for Pit-A 
and B, respectively. These results correspond 
well with the testing results on the change in 3H 
integrated activity by elapsed time, especially in 
Pit-A, shown in Fig.3. 

The analysis suggests to conclude that an 
eminent movement of I I peak position in Pit-A 
is related to its release into open air from the 
surface and does not represent actual water 
movement, and that 3H transfer in Pit-B does 
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Fig.4 Daily precipitation and evaporation amount used for the simulation calculation. 
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well in contrast to that As testing results on 
migration behavior of 3H were well described by 
these simulation calculation, assumptions made 
for water infiltration parameters in these 
calculation are also considered to be suitable. 

CONCLUSION 
To evaluate soil water movement as the 

basis for analyzing radionuclide migration under 
the natural rain condition, precise measurement 
on precipitation and evaporation rate were 
conducted for the field test. Amount of 
infiltration water was found through the careful 
analysis op the mrssstd dau f<K evaporation. 
Change of 3H concentration as a water iracer 
showed fluctuate movement in soil layer, 
however, previous analysis on the soil water 
movement before the numerical simulation of 3H 
succeeded to describe Ihe 3H migration in the 
pits. 
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