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Abstract

It is recognised that rainwater infiltrating into soil tends to move in a vertical direction, and reduce its velocity and decreases horizontally when it reaches an impermeable layer. It is necessary to determine exactly the location and depth of the groundwater vein-stream flowing above the impermeable layer for effective use of the groundwater in arid climate area.

In order to accomplish this purpose, an electric resistance survey and electric logging were carried out primarily for obtaining this information. Using these methods it is very difficult to obtain information on the location and depth of the groundwater vein-stream.

An underground temperature survey method has been developed to detect accurate information on the groundwater vein-stream in Japan. This method utilises the different temperatures of the groundwater vein-stream, as well as ground temperature of the shallow layer. It is composed of the ground temperature survey at a depth of one meter, multiple points temperature logging, usual temperature logging, and measurement of direction and the velocity of groundwater vein-stream.

The groundwater investigation method, using temperature is extensively used in Japan as a useful method for research carried out on groundwater vein-stream, underground flow, groundwater disaster, groundwater obstruction and groundwater resources.

However the principle of the method is generally based on the following assumption. Since more frequently a green rich oasis in barren deserts in arid climate area or areas having very poor vegetal cover are formed around springs, which are the outcrop of the groundwater vein-stream, it forms sites with different temperatures in comparison to others. In these areas, walking with bare feet during the summer and fall seasons, particularly during the day, is impossible. At the same time it is possible to walk barefoot around spring outlets and neighbouring sites. The most basic principle of the investigation method of the groundwater vein-stream by measuring underground temperature is the same as these phenomena.

Based on this fact, it is suggested that one detects the location of the groundwater vein-stream by measuring the ground temperature at shallow layers of the soil. Therefore, using this method it is possible to measure temperature distribution of the soil surface, in areas with harsh and abnormal conditions such as the deserts or the Sahara. This in mostly because if there is groundwater vein-stream, the ground temperature around it will be lower because of the effect of the existence of the vein, particularly in the summer and autumn. This is due to the lower temperature of the ground around the vein-stream in comparison to the ground temperature where there is no vein-stream. On the other hand, the ground temperature of the vein-stream is obviously higher than other sites in winter and spring.
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1. Introduction

It is recognized in many cases that underground
water does not form groundwater surface but form
groundwater vein-stream at the head sc after
occurrence of landslide. Generally, landslides are
caused by the influence of underground water (pore
pressure on the sliding surface) in the mass.
Therefore, it is mecessary for countermeasure of
iandslide to drain the groundwater.

When groundwater temperature is measured at
spring-water points and bore holes in landslide area,
it is find that the annual variation of temperature is
comparatively stable. On the other hand, it is find
that the annual variation of this is not stable near/on
ground surface. Based on thesc phenomena, Fig. 1 Location map of the
Sakeuchi {1980, 1981) huve developed the methed | Barikan landslide.
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of investigating groundwater vein-streams by
measuring one-meter depth temperature, This
method is employed the basic information of
countermeasure for drainage underground water at
landslide area in Japan (e.g., Takeuchi, 1981). The
purpose of this paper is to detect the plane
distribution of groundwater vein-stream at the
Barikan landslide in 1 R. Iran by means of the
underground temperature survey and to examine this

vein-gtream is to use of the water resource or not. " n
Photo 1 The Barikan Iandslide.

2. Brief view of Barikan landslide

The plate of L R. Iran is a part of Alpine-Himalayan system. Many landslides distribute at
Alborz Mountaing and Zagros Folded Belt (Shoaei et al., 1997). The Barikan landslide is
located in Alborz Mountains, west part of 150km Ffrom Tehran (Fig. 1). Photo. 1 and Fig. 2
show the area of Barikan landslide. There are accumulation terraces, many springs, irrigation
canal, Kanat (underground waterway) in this landslide. Furthermore there are many houses
and fruit farms, too. Slope is 10-20 degree; the length of the landslide is aepg)roximately 700m,;
and width is about 300m. It seems that bedrack is composed alternating beds of sandstone and
mudstone, landslide mass is composed gravel (colluvium). Sliding blocks (Blockl, 2, 3-1, 3-
2) are shown in Fig.2. From the result of site investigation enforced on 1908, Block 1 and 2
are active movement blocks. Fspecially, many houses are destroyed at west part of the Block
5 The Block3-1 and 3-2 are possibility re-active movement by river erosionglt is presumed
that the Barikan landslide is caused by 1) river erosion, 2) effect of groundwster, from the
result of site iuv::stig.-ﬁz_x) e
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Fig. 2 Plan of the Barikan
landslide. :

3. Investigation of groundwater vein-siream
by measuring one-mater-depth
temperature

Fig. 3 shows the example of anpual time series
change between  normal — one-meter depth
temperature ( & u) and underground vein-stream
temperature (  w) in Japan. In the area of temperate
climate such as Japan, one-meter depth temperature
around the groundwater vein-stream tends to be low
in summer and autumn. On the other hand, the
temperature around the vein stream tends to be high
in winter and spring. The method of detecting the
groundwater vein-stream utilizes this phenomenon
(Takeuchi, 1980, 1981). From the statistical result of
one-meter depth temperature at several landslides in
Tapan, this method can employ under condition of |
Hu- fwlis more than 2.5 C. Therefore, when laie
spring to early summer and late autumn to early
winter, this metbod can not employ.

Unemployment term in L R. Iran is not known,
because it has pot been carried out that measuring
one-meter depth temperature. Then, the authors
carried out measurement of 1#u - w lat Barikan
iandslide on 22 June 1998. This day is early summer
that is unemployment term in Jupan. However, the
rosult of #w was 11,1 C and &1 was 20.07C.
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Fig. 3 Example of annual time
series change between normal
one-meter depth temperature (&
u) and underground vein-stream
temperature [ § w} in Japan.

Fig. 4 Measurement points of
one-meter depth ternperature in
the Barikan landslide.
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The Measurement of one-meter depth temperature was enforced at Block! and 2 on 22 to
24 June 1998. The method of this measurcment is as follows:

1) 15m X 30 m mesh of measurement points are set up in measurement area (Fig.4).
Total points are 157 at Block] and 2 in the Barikan landslide.

2) One-meter depth hole at these points are dug by steel pick (4 = 2.5 cm, =150 cm)
and hammer (weight is 3-5 kg).

3) The thermometer (precision is £0.1T) is putted in these holes.

4) Omne-meter depih temperature is measured after 10 minutes insertion of the
thermormeier. :

Measurement value is effected by various factors. It is need to calibrate measurement
value for obtaining the accurate information on groundwater vein-stream. Then, Calibrated
measurement vahies at each measurement points are obtained by means of the coefficient of
factors about ground condition. The coefficient of factors is shown Table. 1. It seems that
difference of geological condition affect one-meter
depth temperature. However, effect of the difference of geclogical condition is not considered
because the landslide mass of Barikan is composed approximately homogeneous layer. It is
found that seepage water in the one-meter hole at four measurement points. These
measurement points are not found surface flow, Thus, the value is not revised about factor of
surface flow.

_4. Detection of groundwater Table. 1 Statistical management of measurcment value
vein-streams and coetficient of factors

These calibrated values are - e N

G.C. N.P. 4 b i
plotied on the map of measurement I I B e | Sler
site. The constant-temperanire -y O L rang. o -

¥oet 1 195 15.1 4.4 129 ' 171 0.7 ]

lines are drawn on this map. The o

variation of one-meter depth .

temperaturc are fl'()m 11 9 to Farm 10 208 151 57 1.68 16.9 0.5 6.4
200 C . To easily detect 222 §

underground  vein-stream,  the Grass | 28 | 230 | 173 ] 57 | 142 | 197 - 33 | 178
authors pick up the part under lapd U
16 T . Fig. 5 shows constant- Reed | 68 | 180 | 1017 | 73 ) 154 | 156 | +0.6 | 440
temperature lincs and distribution fand_ | _

of lower than 16°C, which indicate Fruk | 3% | 194 | 107 | 77 | 183 | 149 | +15 | 248
gray zones. From this figure, it is fRoms L
presumed that there are five {Total | 157 [ 230 Vs | s 164 { 3000 |
groundwatcr vein-streams  {"a” G. C.: Ground condition, N. P.: Number of measurement points,

to ))en) in upper slope of Barikan S.D.: Standard deviation, # : measured one-meter depth tempersturs ('C),
landslide, Details of these 47 coefficientof factors

underground vein-strecams are as

follows:

Vein-stream a): This vein-streamn forms along the northeast lateral boundary of the Block 1,
2, 3-1. There are two springs and kanat in the Block2.

Vein-stream b): This vein-stream exists from center of the Block 1 to west part of the
Block 3-1 through center of the Block2. There are two springs in the
Block 2 and Block3-1. )

Vein-stream ¢): This vein-stream exists from head of the Block 1 to east part of the Block
3-2 through west part of the Block2. There are two springs head of the
Block 1 and the Block 2. End of the irrigation channel locates upper part
of this vein-stream.

Vein-stream d): This vein-stream forms along southwest lateral boundary of the Block 1

5



[image: image4.png]through west part of the Block2 and the Block 3.2, The irrigation channel
is through upper part of this vein-stream.

Vein-stream e): This vein-stream exists out side of landslide blocks. A part of vein-stream
outlet the spring where locate D 18 point.
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Fig. 5 Result of measuring one-mefer
depth temperature.

From this figure, directions of these vein-streams are
approximately coincided with the direction of
surface inclination. Low temperature zone is widely
distributed at the G line to I line in the Block 2. This
area coincides with the area of many houses
destroyed.

The authors altempt to calculate thc depth of
vein-stream top at H line. Generally, magnitude of
two-dimensional vein-strcam under condition of Fig.
6 is presumed by Equation (1) (Takeuchi, 1983).

tw3.0m
bueSm

. 8 (+a)i+y?
#z=n X lo; 1
1 ]og%‘-ﬂz—— (17a)2+y2 ( )

Z{(m)

where # ',,: distance between normal one-
meter depth temperature and ) '
measured one-meter depth Fig. 6 Model of two-dimensional
temperature at the point of vein-stream. :
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#, - distance between normal vne-meter depth temperature and temperature of
underéround vein-stream (| Fu - Fw ).

a (B - )2 (m)
b : depth of ground surlace 1o center of vein-steam (m)
r : radius of vein-stream (m)

Takeuchi and Kasai (1994) explain about Equation (1) that is as follows:

1) One-meter depth temperature is not effected by the difference of magnitude of vein-stream,
but strong effected by the depth of vein-stream top.

2) &, is the larger, curve inclination of Fumation (1) is the bigger, consequently capable of
investigation depth is the deeper. ’

3} The difference of 4, is more effect than the variation of vcin-stream magnitude for the
limit of presuming depth.

Then, the suthors calculate theoretical temperalure curve of & ., under conditions of &, =
80T and r = 6m by means of Equation (1), which is shown Fig. 7. In this figure, when b-r is
deeper than about 10 m, the vein-stream top can not be presumed becausc inclination of
temperatire i§ smaller than 0.1T/m.
Fig. 8 shows distribution of detected vein-strearn top

from G to 1 line. From this figure, high level of vein-strcam top are presumncd at No. 3 to 4
and No. 11 to 12 each lines. The levels of these vein-stream tops are about 2m from ground
surface.

5. A role of groundwater for disaster prevention
and water resource

From TFig. 5 and Fig.8, presumed
underground vein-streams distribute wide and r
shallow at west part of the Block 2. It suggests .
that the vein-streams ¢ and d cause landslide \
aclivity at the Block 1 and 2. The reason of
this suggestion is wide distributions and .
shallow of vein-streams cause high pore water
pressure, subsequently, decrease of effective

a,0¢

normal stress on slip surface. However, there 2
is no investigation borehole in the Barikan S
landslide. Hence, It 1is necessary that ' ————
investigation horehole is dug to make clear the o P S e
detail of profile and to oblain the detail oot
information of the vertical distribution of ’
groundwater. The authors propose the Fig. 7 Relationship hetween #, and
countermeasure for controlling of the Barikan b-r. #g Distance between normal
landslide activity, which is as follows: one-meter depth temperature and
temperature of underground vein-
1) Emergency counter measure by means . streamn (T): & , Depth of ground |
of drainage well is needed nearby surface to center of vein-steam (m}
measurement point number 12 to 13 on r , radius of vein-stream (m).
the H line after investigation borehole
set,

2) Another drainage well is needed to construct at nearby measurement points number 7
to 8 on the same line. .

3) The irrigation channet is improved for the groundwater does not infiltrate into the

landslide mass.

4) The river control is needed to prevent erosion of foot part of the Block3-1 and 3-2.

S



[image: image6.png]1t is very important for residents and agriculture
to use groundwater. The level of underground vein-
stream top is shallow in the Barikan landslide from
Fig. 8. It suggests that not so hard problem to obtain
the groundwater for drinking and agriculturc. Then,
the authors proposed that the groundwater in
drainage well utilize for drinking and agriculture at . fropet ' ¢
the downstrearn area of the river. As the way of e e 78 510 niz 1214 15151718
realizing this proposal, the groundwater in drainage Wumker of Measuring Paint
well is flowed out by means of impermcable type
kanat which dug from drainage well to out side of
landslide arca. The reason of this proposal is 1)
many kanals have been constructing for long time,
2) construcling cost of kanat is very cheep, in L R.
Iran.
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6. Conclusion

The measurement of  one-meter depth
temperature is carried out in the Barikan landslide, 1 .
R, fran. From the result of this measurement, the CR Rl
Barikan landslide is detected five groundwater vein- :
streams. In these vein-strearms, (we vein-streams are
presumed the cause of landslide activity. For the
viewpoint of disaster prevention, Construction of
drainage well, improvements of irrigation channel, R ; !
and river control are proposed to control the e e NS EFUTEPRTITRTEE
landslide activity. Furthermore, for the viewpoint of Number of Measuring Joint.
water resource, underground water in the Barikan
landslide is seemed to use for drinking and  pg 8 Distribution of detected vein-
agriculture at the down. stream area of the river by  giream top from G to I line.
combination of drainage well and kanat.
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