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A A X EH Development of evaporation measurement techniques and its application to
the analysis of unsaturated flow
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Groundwater flow in unsaturated soft rock is relating to many problems such as the fractured unsaturated zone (UZ2)
around a tunnel due to the drying process, the salt crystallization on rock surface, etc. Consequently, the evaluation
of those phenomena became vital for the absolute safety of hazardous waste disposal tunnels constructed in soft rock
in many countries. One of the most important points for evaluating those phenomena is the estimation of saturated-
unsaturated hydraulic properties of soft rock.

The first part of this research is to develop the practical estimation technique for the unsaturated hydraulic
properties of soft rock on the basis of the evaporation measurement techniques, the Campbell model and Genetic
Algorithm (GA). The major objectives of the first part of this present study are; to investigate whether or not the
Campbell model can be applied to soft rock and to study the performance of GA technique for estimating the
Campbell model parameters. Two transient evaporation tests under different atmospheric conditions were proposed
and carried out in this research by using 13 disk shaped Tertiary soft sedimentary rock specimens (5 sandstone and 8
tuff breccia specimens), sampled from the Rokkasho Low-Level Radioactive Waste (LLW) disposal site in Japan. As
the results it was clearly found that the transient change of evaporation rate can be well fitted by the Campbell model
except for the region of low saturation. This fact implies that the Campbell model can be applied to the soft rock. And
also it was found that GA is a promising technique for the parameters estimation in the inverse solution technique. It
can be concluded that the estimation technique is practical for estimating the unsaturated hydraulic properties of soft
rock.

The accurate evaporation measurements can be used to evaluate the saturated-unsaturated groundwater flow in
the rock mass around the waste disposal facility and to predict the long term weathering process from the ground
and wall surfaces and so forth. Accordingly, the second part of the present research is to study on the improvement
and the development of the direct evaporation measurement equipments (i.e. evaporation logging equipment and

newly design portable evaporation meter) on the basis of the evaporation measurement techniques (Watanabe, K. et
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al 1989 and 1996). The objectives of second part of the present research are the following; 1) to study the accuracy
of the evaporation logging equipment to improve the evaporation logging measurement system, 2) to investigate
the accuracy of the measurements of the newly designed evaporation meter under the no-wind condition and the
wind condition in the laboratory and field tests and 3) to study the applicability of the new evaporation meter in the
actual field measurement. From the measurements of the evaporation logging equipment, it can be concluded that
the measurement values are good under different average air flow conditions. Although the evaporation distribution
could not well be measured in the high average air flow rate due to the turbulent motion of air in the model of
borehole. This feature implies that the improvement of the control of small average air flow rate is very important
for the accurate evaporation measurements of the evaporation logging system. According to the measurements of
new type evaporation meter, it is observed that the accuracy is good under no-wind condition and also it is found
that when the average wind velocity is less than 0.2 m/s, the maximum error is lower than 20%. The applicability of
the new type evaporation meter was conducted for the preservation works of historical Buddhist monastery, Ajina
Tepa, Tajikistan. From the field measurements, it can be concluded that the newly designed evaporation meter can
successfully be applied in the actual field. And also it can be found that the measured evaporation rate is large at
the foot part of the historical wall and it decreases with the height. This fact implies that the height of the protection
cover wall is at least larger than 1.0 m is needed to reduce the decay of historical walls due to the salt crystallization

for preservation works.
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