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ABSTRACT

Two evapora t ion measurement se r i e s were c a r r i e d o u t d u r i n g Apr i l 3 -
April 18, 1990 and May 27 - June 13, 1991 r e spec t ive ly in the Validation
Drift (Watanabe, 1991a and Watanabe and Osada, 1991b). The f i r s t and t he
second measurement series were performed about one month and 14
months after the excavation, respectively. The results obtained by
these measurement series are compared to each other with the aim to
know the evaporation rate change during the period between these
series.

The evaporation rate from the matrix part of the rock mass decreased
from the first measurement to the second. The average evaporation rate
obtained from the second measurement series was about 1/4 of the first
measurement. The frequency distribution of the evaporation rate
measured In the second measurement series was more concentrated com-
pared to the distribution of the first measurement series. The
frequency distribution obtained by the second measurement seems to be
approximated with a normal distribution curve. The evaporation rate
from some major fractures did not decrease so much compared to the
rate on the matrix part. The average rate obtained In the second
measurement series on some fractures was about 80% of that of the first
measurement series.

The reduction of the evaporation rate may be due to the creation of an
unsaturated zone around the drift. As the permeability decreases sig-
nificantly when the saturation of the rock mass decreases, the evapora-
tion rate or in the other word, the inflow rate must become smaller.

An attempt was made to estimate the ratio between the matrix flow and
the fracture flow. However, a detailed study is needed on unsaturated
flow in rock mass for precise estimation.
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SUMMARY

The evaporation rate was measured twice in the Validation Drift of the
Stripa Mine. The first and the second measurement series were performed
during April 3 - 18. 1990 and May 27 - June 13, 1991. respectively. The
Validation Drift was excavated In March, 1990 so the evaporation at
about 1 month and 14 months after the excavation were measured.

The ventilation conditions in both measurement series differed from
each other. An electric heater was used in the first measurement series
to rapidly decrease the relative humidity of air and to dry up the wall
so the average temperature In the drift was about 16°C. Because the
higher temperature air tends to move upward, the temperature of air
near the celling was about 6°C higher than at the floor. On the other
hand, the average temperature during the second measurement series was
about 12° C and almost constant over the whole area of the drift, be-
cause the temperature of air injected Into the drift was almost identi-
cal to that of the wall temperature.

The humidity conditions during these measurement series also differed
from each other. The average relative humidity In the first measurement
series was about 50 % and the humidity of air above the floor was more
than 10% larger than at the ceiling. The average humidity during the
second measurement was about 80 % and almost same over the whole
drift.

A large fracture zone (Zone H) exists at the center part of the drift
and a large amount of water was coming from this zone. Because the
drainage system was not complete, the water from the zone ponded at
several locations on the drift floor during the first measurement
series. The water was completely drained in the second measurement
series. No ponds were found during the second measurement series.

The air condition in the second measurement series was better than that
in the first measurement series. Groundwater flow in the vicinity of the
drift wall might be influenced by the spatial variability of the air
condition. The wall might be more rapidly dried under the higher tem-
perature condition. The capillary suction force acting in the un-
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saturated zone formed In the vicinity of the wall is a function of the
saturation of the rock. The suction force becomes larger when the
saturation decreases so that groundwater tends to move towards the
low saturation zone. For this reason, the spatial variability of the
temperature and the humidity of air night change the flow pattern in
the near-wall zone. The spatial change of the air condition must be
taken into consideration when the physical meaning of the obtained
results are Interpreted.

The evaporation rate distributions on the rock matrix part and along
some major fractures that were obtained by these two measurement
series were compared to each other.

The average evaporation rate from the rock matrix part in the first
measurement series was about 0.38 mg/nfi/s. Because some part on the
drift floor was wetted with water during the first measurement series,
the evaporation rates measured only on the ceiling and the side wall
of the drif t were averaged. On the other hand, the average of the
evaporation rates from the matrix part was about 0.09 mg/m^/s in the
second measurement series. Hence, the average evaporation rate reduced
by a factor of 1/4 during the period between the first and the second
measurement s e r i e s . One posible reason for the evaporation ra t e
reduction may be the creation and the enlargement of the unsaturated
zone in the vicinity of the drift wall. Because the permeability of rock
decreases with the reduction of the saturation ratio, the groundwater
inflow should be decreased when the unsaturated zone is developed. The
frequency distribution of the evaporation rates obtained in the f i rs t
measurement series was more scattered than the second series. The dis-
tribution obtained in the second series seems to be approximated with a
normal distribution curve.

The evaporation ra te from the ceiling was larger than the side wall
during the first measurement series. One reason of the difference of
the evaporation rate might be the spatial variability of the tempera-
ture and the humidity of air. The temperature of air near the ceiling
was higher than that above the side wall. For this reason, the rock of
the ceiling was easily dried up and the groundwater might move towards
the ceiling. On the other hand, evaporation rate was almost same over
the whole wall during the second measurement.
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The evaporation rate along sone major fractures were more detaily
measured in the second measurement than the first measurement. The
evaporation rate from some traces of blast holes on the wall surface
was also measured In the second measurement series. It was clearly
found that some high evaporation spots were located along those frac-
tures and on some traces of blast holes selected. The high evaporation
spots along these fractures seems to be the exits of high permeable
channel Is existing on these fractures. The high evaporation spots on
the blast holes might be due to the new fractures created by the blast-
ing.

Evaporation rate from some parts of those fractures were also
measured in the first measurement. The change of the evaporation rate
between the first and the second measurement series could be compared
only for this part. The average evaporation rate from the part
measured in the first and the second measurement were 1.21 and 0.91
mg/m2/s. respectively. The reduction of the average rate was 20%. The
reduction of the evaporation rate on the fractures was small as com-
pared with the matrix part.
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1. INTRODUCTION

The Validation Drift was excavated In March, 1990. Pr ior to the excava-
tion, the plan was to map the evaporation rate distribution over the
wall surface of the drift to study in detail the groundwater flow near
the drift in the low permeable rock. Two measurements series were
carried out during April 3 - 18, 1990 and May 27 - June 13, respectively.
The evaporation distributions at approximately 1 month and 14 months
after the excavation were obtained (Watanabe, 1991a and Watanabe and
Osada, 1991b). The change of the evaporation distribution during the
period between these measurement series can be studied by comparing
these results to each other. The differences between these results of
two measurement series are shown in this report.

The evaporation rate distribution was thought to change with time.
There may be two reasons for the evaporation rate change. One reason
is the transient change of the hydraulic head distribution around the
drift after the excavation. When the permeability of rock is low except
for some large fractures, the transient time might be longer than 1
month. Another reason is the creation and the development of the un-
saturated zone around the drift wall. When air In the drift enters into
rock mass, the unsaturated zone Is formed. The permeability of the un-
saturated rock becomes lower when the saturation ratio decreases.
Moreover, air trapped in some fractures may change the seepage ways in
rock mass.

The major objective of the report is to compare the evaporation rate
distributions obtained by these two measurement series to each o-ther
and to describe the change of the distribution In detail. At first, the
change of the distributions over the matrix part Is discussed in the
report. Then, the change of the spatial distribution of the evaporation
rate along some major fractures is shown.

However, it should be noted here that the air condition in the drift
was not same in both measurement series. An electric heater was used in
the first measurement series to dry up rapidly the wall surface. The
electric heater also resulted in the considerable spatial variability of
the temperature and the humidity in air. In particular, the temperature
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in the vicinity of the heater and the ceiling of the drift was higher
than the other part.

Water cooing from a large fracture zone ponded at several places on
the drift floor because the drainage system was not complete in the
first measurement series. Vapor supplied from these ponds should result
in a complicated humidity condition In the drift.

On the other hand, the temperature and the humidity were almost con-
stant over the whole drift in the second measurement series. No ponds
were found on the floor In the second measurement because a complete
drainage system was Installed. The difference of the air condition
should be taken into consideration when the evaporation distributions
are compared to each other. The ventilation conditions in these two
measurement series are briefly described before mentioning the com-
parison of the obtained evaporation rate distributions.
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2. VENTILATION CONDITION DURING THE MEASUREMENT SERIES

Figure 2.1 shows the grid system on the wall surface t o Identify t he
location on the surface. The drif t Is subdivided Into 50 sections along
the tunnel axis. Length of each section is about 1m. The per iphery of
the d r i f t was a l so subdivided into 9 sections. The whole surface thus
divided into 450 sections by the grid system. Figure 2.1(b) presents the
development surface and the hatched area in this figure is designated
as 443. The results obtained are mainly presented on the development
surface in this report .

A la rge f rac tu re zone (Zone H) e x i s t s a t t he cen te r of the dr i f t as
shown in Figure 2.2(a). The width of the fracture zone is about 7m and a
large amount of water was flowing Into the drift from this zone. Figure
2.2(b) and 2.2(c) show the ven t i l a t i on condi t ions In the f i r s t and t h e
second measurement series. The f i rs t measurement series was performed
under two different ventilation conditions. However, the main p a r t of
the f irst measurement series was carried out under the condition shown
in Figure 2.2(b) so that the resu l t s under this condition is considered
in this report. An a i r - t ight wall was constructed near the entrance of
the drift . Air was injected into the drif t through the ventilation pipe
and the air was flowing towards the a i r - t ight wall then was exhaused.
The air flow rate was about 0.4m<tys during both measurement series.

As shown in Figure 2.2(b), an e lec t r i c heater was installed at the exit
of the ventilation pipe during the f i r s t measurement s e r i e s . The a i r
temperature and the r e l a t i v e humidity in the v ic in i ty of the heater
were about 25°C and 30%, respectively. The temperature and the re la t ive
humidity of air near the a i r - t ight wall was 14-18° C and 50-60%, respec-
tively. As the higher temperature a i r tends to move upward, t h e tem-
p e r a t u r e near the ce i l ing was about 6°C higher than the floor. There
were some ponds on the floor during the f i r s t measurement s e r i e s and
vapor was supplied from these ponds and wet zone developing near the
ponds. The re la t ive humidity of a i r near the f loor was about 10-15%
larger than that in the vicinity of the ceiling.

Figure 2.2(c) shows the ventilation system used in the second measure-
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ment series. No electric heater was used and the temperature of air in-
jected into the drift was about 12°C and this temperature was alaost
same as that of the rock wall. The relative hut-idity was about 80% and
constant over the whole area of the drift. As the drainage system was
complete in the second measurement series, no ponds were found on the
floor.

The ceiling and the upper part of the side wall was covered with plas-
tic sheets before the second measurement. Before the first measurement
series, some parts on the ceiling were also covered with the plastic
sheets. The evaporation measurement was carried out after the removal
of the sheets. The wall surface was wetted before the removal with
water seeping and/or the dewdrops. The relative humidity In the narrow
space between the sheet and the wall surface was saturated with vapor.
The evaporation started after the removal of the sheets. The transient
time of the evaporation rate change after the removal was 5-60 hours
and in usual less than 2 days (Watanabe and Osada, 1991b). Most
measurements were performed 2 days after removal of the sheets.
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3. EVAPORATION RATE CHANGES ON ROCK MATRIX

Figure 3.1(a) and 3.1(b) show the a rea se lec ted for the evaporat ion
measurement on the rock matrix In t he f i r s t and the second measure-
ments , r e s p e c t i v e l y . The measurements in both se r i e s were mainly
carried out on the wall sur face between t h e Innermost p a r t and the
l a r g e f r a c t u r e zone (Zone H). The evaporat ion ra te distributions ob-
tained on this area by both measurement se r i e s a r e compared to each
o t h e r in t h i s r e p o r t . Figure 3.2 (a) and 3.2(b) present the measurement
points selected in the f i r s t and the second measurement series, respec-
tively. Every measurement point was arranged on lines A-A\ B-B' and so
on. The evaporation ra te d is t r ibut ion as well as t he temperature and
the humidity d i s t r i b u t i o n s along these lines could be drawn. The tem-
perature and the relat ive humidity values a t about 3mm and 9mm away
from the wall surface were measured to calculate the evaporation ra te
(Watanabe, 1991a). In this report , the average temperature and relat ive
humidity between these two hights are shown.

As these l ines A-A', B-B' and so on were not s t r a i g h t lines, the dis-
tributions on those line are projected on the nearest vertical grid
line drawn vertically to the tunnel axis shown in Figure 2.1. Then the
temperature, the relative humidity and the evaporation rate at the
every intersection point between grid lines was estimated.

Figure 3.3(a) and 3.3(b) show the temperature distribution on the
development surface of the wall surface between the innermost part and
the fracture zone. The short vertical line implies the temperature es-
timated at every Intersection point between the vertical and the
horizontal grid lines. The broken line c-c' In this figure implies the
center line of the celling. As mentioned in section 2, an electric heater
was used during the first measurement series. It is found in Figure
3.3(a) that the temperature was high at the innermost part and the tem-
perature Is also higher on the celling than the floor. On the other
hand, the temperature was almost constant of 12°C during the second
measurement.

Figure 3.4(a) and 3.4(b) show the relative humidity distribution on the
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sarae area as Figure 3.2 during the first and the second measurement
series. The short vertical lines represent the relative humidities at
the intersection points. As shown in Figure 3.4(a), the relative humidity
in the first measurement series was extremely low at the innermost
part. The relative humidity gradually Increased towards the entrance of
the drift. The relative humidity was low on the ceiling as compared with
the floor. It can be concluded that large spatial differences of the
relative humidity were presented during the first measurement series.
On the other hand, as shown in Figure 3.4(b), the relative humidity was
almost constant of about 80% during the second measurement series.

Figure 3.5(a) and 3.5(b) present the evaporation rate distribution ob-
tained by the first and the second measurement series. The short verti-
cal lines represent the evaporation rates estimated for the intersec-
tion points. Some large evaporation parts are found In these figures.
The measurement points were located on the matrix part. However, loca-
tions of a few points were near some fractures and large rates were ob-
tained at those points. From these figures it Is clear that the evapora-
tion rates measured In the first measurement series is In general larger
than those of the second measurement series.

Figure 3.6(a) and 3.6(b) are the evaporation rate distribution over the
whole area measured (Watanabe, 1991a and Watanabe and Osada, 1991b).
Here, it is also obvious that the evaporation rates measured in the
first measurement series are larger than those of the second measure-
ment series. High evaporation rate areas on the floor shown in Figure
3.6(a) imply ponds or wet areas near the ponds. As the groundwater was
seeping from the fracture zone, the evaporation rate was also large on
the fracture zone. As shown in Figure 3.6(a), the evaporation rates on
the ceiling were in general larger than those on the side wall and the
floor except for the ponds.

Figure 3.7(a) and 3.7(b) are the frequency distributions of the evapora-
tion rates measured on the matrix part in the first and the second
measurement series, respectively. As some ponds existed on the floor
during the first measurement series and some high evaporation rates
were observed on these ponds, the rates measured on the ceiling and
the sidewall were used in Figure 3.7(a). The evaporation rates measured
on the fracture zone were also neglected. The average evaporation
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rates were 0.38rag/m2/s and 0.09mg/n>2/s for the first and the second
measurement series. As an average, the evaporation rate obtained in the
second measurement was about 1/4 of the rate of the first measurement.
It Is concluded that the evaporation rate on the matrix part reduced
considerably during the period between the first and the second
measurements series.

It is also found that the frequency distribution obtained in the first
measurement series is more scattered than the second measurement
series. Although the large evaporation rates observed on the ponds and
fracture zone were neglected, there were some large evaporation rates.
The distribution of the second measurement series seems to be ap-
proximated by a normal distribution curve.

The average evaporation rate and the total evaporation rate on every
2m2 sub-area was calculated for the area between the Innermost part
and the fracture zone (Watanabe, 1991a and Watanabe and Osada, 1991b).
Figure 3.8(a) and 3.8(b) show the distributions of these average and to-
tal values for the first and the second measurement series. The average
evaporation rate and/or the total evaporation rate on every 2vfi sub-
area is presented by a vertical line. Total evaporation rate are 299.6
cm3/nour and 47.5 cmfyhour. Taking Into consideration that the area
treated in the second measurement series is about 70 % of the area of
the first series, It can be concluded the total evaporation rate from
this area measured in the second series was about 1/4.4 of the value
obtained in the first measurement series. Figure 3.9 shows the frequency
distribution of these average evaporation rates for those sub-areas.



Figure 3.1 Areas selected for the evaporation measurement on the
matrix part, (a) first measurement, (b) second measurement.
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Figure 3.3 Temperature distributions on the wall surface between the
innermost part and the fracture zone (Zone II). (a) first
measurement, (b) second measurement.
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(3)

Figure 3.4 Relative humidity distributions on the wall surface between
the innermost part and the fracture zone (Zone H). (a) first
measurement, (b) second measurement
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Figure 3.5 Evaporation rate distributions on the wall surface between
the innermost part and the fracture zone (Zone H). (a) first
measurement, (b) second measurement
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4. EVAPORATION RATE CHANGES ON SOME MAJOR FRACTURES

Figure 4.l(a) and 4.1(b) show t h e area s e l e c t e d for the evaporat ion
measurement on some major f r a c t u r e s in the f i r s t and the second
measurement series, respectively. F^ and Fg areas in Figure 4.1 (a) were
selected for the f irst measurement and F c and FQ areas in Figure 4.1(b)
were selected for the second measurement series. As the areas se lected
for these measurement s e r i e s differed t o each other, the evapoartion
rates only on the black colored part in Figure 4.Kb) can be compared.
The evaporation measurements on the fractures were studied in more
detail in the second measurement series, so that the evaporation rate
dis tr ibut ions on ¥Q and Fp areas in Figure 4.Kb) are shown in this
report. Then the distributions on the black colored part obtained by
these measurement series are compared to each other.

Figure 4.2 and 4.3 show the fracture map and the locat ions of the
measurement points on area Fr> Figure 4.4 and 4.5 show the fracture map
and the locations of the measurement points in area Fp. The traces of
blast holes and boreholes (D holes) are also shown In these Figures.

Figure 4.6 shows the evaporation rate distribution on FQ area. Evapora-
t ion rate on each point i s presented by an oblique l ine. Figure 4.7
shows the contour plot of the evaporation rate distribution. Many high
evaporation spots are found in Figure 4.7. These high evaporation spots
are located on some major fractures and some traces of blast holes.

Figure 4.8 schematically shows a poss ib le interpretat ion of the Tiigh
evaporation spots along a major fracture. Figure 4.8(a) shows a major
fracture In Figure 4.7. This fracture gently dipping towards the inner-
most part of the drift. Figure 4.8 shematically showns the relation be-
tween this major fracture and the large fracture zone (Zone H) located
at the center of the dr i f t . As above mentioned in section 2. a large
amount of water was coming through this large fracture zone. The total
inflow to the Validation dr i f t was measured with col lect ing water by
many plastic sheets and sumps. It was found that the total water inflow
to the Validation Drift was about lOOml/rnin as an average and about 97%
of this total inflow was coming through the zone (Olle Olsson, personal
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communlcation). This fact Implies chat the large fracture zone acts as
a main seepage way. The major fracture shown in Figure 4.8(a) may con-
nect with this large fracture zone and some amount of groundwater
diverts into the fracture. Some high permeable channel Is may exist on
the surface of the fracture. It seems that the high evaporation spots
found on the fracture represent the locations of the exits of those
high permeable channels.

Figure 4.9 shows the evaporation rate for every measurement point on
area Fp. Figure 4.10 presents the contour plot of the evaporation rate
distribution on this area. High evaporation spots are also found on
some fractures and on some traces of blast holes.

The drift was excavated by using the smooth blasting technique. The
reason fihy the smooth blasting technique was used is to avoid the
creation of many new fractures in the outside rock of the drift.
However, the high evaporation spots on these traces of blast holes
imply that some new fractures were created and groundwater is seeping
into the drift through these new fractures.

Figure 4.11 shews the frequency distribution of evaporation rates
measured on some fractures. Figure 4.11(a) and 4.11(b) show the results
obtained by the first and the second measurement series, respectively.
The average evaporations are 1.27 and 0.58 mg/m^/s, respectively. The
difference of the average values implies that the average evaporation
rate was about 50% decreased between the first and the second
measurement series. However, It should be noted here that the area
selected in these measurement series differ to each other. The evapora-
tion rate change must be compared on same area. Figure 4.12 shows the
evaporation rates on the black colored area in Figure 4.1(b). Figure
4.12(a) and 4.12(b) show the results obtained by the first and the second
measurement series. Small circles in these Figures show the locations of
the measurement points. The patterns of the evaporation rate distribu-
tions differ a little bit to each other. The location of every point
where the evaporation rate was measured in the first and the second
series were not same. However, the general tendencies of these dis-
tribdtions can be compared to each other. Figure 4.13(a) and 4.13(b)
s''ow the frequency distribution of the evaporation rates obtained in
tt.-^se measurement series. It can be seen from Figure 4.13 that the each
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average evaporation rate is 1.21mg/m2/s and 0.91mg/m2/s. These average
values Imply tha t the reduction of the evaporation ra te during the
period between these series was about 20% as an average. This reduction
is small as compared with that of the evaporation rate on the matrix
part.
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5. DISCUSSION

The evaporation rate decreased in the period between the first and the
second measurement series. The average evaporation rate measured on
the matrix part of rock In the second measurement series was about 1/4
of that measured in the f i rs t measurement series. On the other hand,
the average evaporation rate from the same par t of some major frac-
tures decreased only about 20% during the period. There was large spa-
tial difference of the evaporation ra te reduction between the matrix
part and the fractures. It can be concluded that the reduction of the
evaporation rate on the matrix part was larger than on the fracture.

One possible reason of the reduction of the evaporation rate may be
due to the c r e a t i o n and the development of the unsaturated zone
around the drift. As well known, the permeability of the unsaturated
rock is much smaller than the saturated rock because many seepage
ways in rock mass are blocked by air Invading into the rock mass. When
the permeability of rock just outside of the drift becomes small, the
inflow rate of groundwater decreases.

The permeability reduction of the unsaturated rock must be the func-
tion of the saturat ion of rock. The permeability becomes smaller when
the saturation ratio decreases. The relation between the permeability
and the saturation ratio depends on the geological nature of rock such
as the geometry of microfractures, gap width of fractures and fil l ing
material in f ractures . The saturation of the rock mass close to the
drift wall also depends on the geological features even under the same
air temperature and humidity conditions. Although a few studies have
been carried out on unsaturated rock (Finstele and Vomvoris, 1991), the
hydraulic propert ies such as the relation between the saturation and
the permeability and/or between the saturation and the capillary suc-
tion force has not been clarified yet. Studies on the unsaturated flow
in rock mass is needed to evaluate quanti tat ively the inflow ra te of
groundwater coming into the drift.

The results that the evaporation rate reduction was more severe on the
matrix part than the fractures selected may imply that the decrease of
the permeability was more intense for the matrix part as compared with
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the fracture part.

Some changes were also found on the frequency distr ibution of the
evaporation rate measured on the matrix part. The frequency distribu-
tion obtained in the f i rs t measurement series was more scat tered as
compared with that of the second measurement series. The number of
large evaporation rates decreased and the number of the smaller rates
increased. It seemed that the frequency distribution obtained by the
second measurement can be approximated by a normal distribution curve.

The frequency distributions of the evaporation rates on some fractures,
that were measured on the same part In both series, were also compared
to each other. Both distributions were much scattered as compared with
the distribution for the matrix part and no essential change was found
except for the small reduction of the average evaporation rate.

The total inflow into the drift can be divided into two components, the
matrix flow and the fracture flow. When the wall surface is dried and
the whole inflow is evaporated, these flows can be approximated by the
following equations;

R(Qm) = Eym Am/Qt (1)
R(Qf) = Evf Af/Qt (2)
Rfm = R(Qf)/R(Qm) = (Evf/Evm) (Af/Am) (3)

where, Qt is the total inflow, Evm and Evf are the average evaporation
rate from the rock matrix and the fractures respectively, Am and Af are
the areas of the matrix and the fractures, R(Qm) and R(Qf) are the com-
ponents of the matrix flow and the fracture flow sharing in the to ta l
inflow respectively and Rfm Is the ratio between the fracture flow and
the matrix flow. It should be noted here that these equations are valid
for the condition that all Inflow Is evaporated at the just place where
groundwater comes out. When the inflow rate from a ce r t a in place
exceeds the evaporation rate, groundwater coming out from that place
then flows on the wall surface and/or wets the wall surface then
evaporates. Even if all Inflow evaporates, there are some difficulties,
In part icular , on estimating the area Af. The groundwater flowing
through a fracture may be sucked into the matrix part in the near-wall
area and may then evaporate from the matrix part. In this case, a high
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evaporation zone may be formed along the fracture and the precise es-
timation of the fracture flow component becomes very difficult, because
the area Af includes not only the fracture area but also the area of
the high evaporation zone must be considered.

Although some problems remain, the ratio Rfm Is estimated. From Figure
3.7 and 4.11, the average evaporation ra tes Evm and EVf for each
measurement series are identified as:

First measurement series:
Evm = 0.38 mg/m2/s
Ev f = 1.27 mg/m2/s
Eyf/Eym = 3.34

Second measurement series:
Evm = 0.09 mg/m2/s
EVf = 0.58 mg/m2/s
Evf/Evm = 6-44

It is very difficult to estimate Af/Am. If a fracture of lm long exists
in an area of lm«lm and the width of the high evaporation zone is 5 cm
as an average, this Af/Am value becomes 0.052. If the width is 10cm, this
ratio becomes 0.11. Now, there Is no data on the width of the high
evaporation zone. However, it seems reasonable to assume several cm
for this width. When 0.1 is assumed as the area ratio Af/Am, the Rfm
value becomes 0.33 and 0.64 for the f i rs t and the second measurement
series. These Rfm values Imply that the matrix flow is more dominant
than the fracture flow under this condition. However, a large uncer-
tainty remain on the estimation of the area ratio. Many studies on the
interaction of water between fracture and rock matrix and on the high
evaporation rate zone along fracture are needed.
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6. CONCLUSION

The evaporation ra te distributions measured In the f irst and the second
measurement series were compared to each o ther . Although t h e r e were
some differences on the ven t i l a t ion system and the a i r condition, a
change of the evaporation distribution was found. The obtained resul t s
are as follows;

(1) The average evaporation ra te measured on the matrix par t in the
second measurement series decreased to about 1/4 of the first
measurement.

(2) The frequency distribution of the evaporation ra tes measured on the
matrix part In the second measurement series was more concentrated
than the f irst measurement. The frequency distribution obtained by
the second measurement may be approximated with a normal
distribution curve.

(3) Many high evaporation spots were clearly found on some major
fractures and on some traces of blast hole by the second
measurement series.

(4) The high evaporation spots on the fractures may be the exits of the
channels existing on the fracture surface.

(5) The average evaporation ra te measured in the second measurement
series on the fracture was about 80% of the f i r s t measurement
series.

(6) More study on the unsaturated flow in rock mass are needed to
precisely estimate the inflow into the drift .
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