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ABSTRACT 

Soil water content, dielectric constant, electrical conductivity, thermal conductivity and heat capacity affect the perfonnance 
of many sensors (e.g. GPR, TIR) and therefore the detection of landmines. The most important of these is water content since 
it directly influences the other properties. We measure soil water distribution around an antitank and an antipersonnel mine 
buried in a sand soil under varying moisture levels. After a period of two days with 38 mm precipitation the water content 
below the AP-mine increased from 0.07 to 0.12 [m^/m'j. The water content above and below the AT-mine increased from 
0.09 to 0.17 [m^/m^] and 0.09 to 0.13 [m'/m^], respectively. Below the AT-mine it was 0.02 to 0.04 [mVm^] dryer than above 
die mine. The dielectric constant of the soil was estimated from the soil water content. After a dry period of two weeks the 
dielectric contrast between the AT-mine was approximately 2 [F/m]. After a period of 38 mm precipitation the conttast 
between AT-mine and backpound increased to 6 [F/m]. Differences in soil water distribution around the AT-mine caused a 
maximum dielectric contrast 4.5 [F/m] between background and mine. This effect was less apparent around the AP-mine (1.3 
[F/m]). Differences in measured and simulated soil water distribution around an AT-mine urge for fiirther investi^tion. 

Keywords: Mine detection, soil water distribution, modeling, antitank mine, antipersonnel mine, test facility, dielectric 
constant. 

1.   INTRODUCTION 

Soil water content, dielectric constant, elecOical conductivity, thermal conductivity and heat capacity affect the performance 
of many sensois such as ground penetrating radar (GPR) and thermal infrared imager (TIR). The most important of these is 
water content since it directly influences the other properties. Knowledge of water disfribution in soils and the effect of mines 
on this distribution can therefore help to predict performance of these sensore, or a combination of these sensors in a sensor 
fiised system. Moreover, the performance can be improved by optimizing the soil water distribution for a certam sensor or a 
combination of sensors by for example wetting' or diyingl Knowledge of the soil water distribution in soils and the effect of 
mines on this distribution can therefore improve the detection of landmines. 
The goal of this paper is to gain more inside into the soil water distribution in natural soil and the effect of buried mines on 
this distribution. 
For this reason an antipersonnel (AP) and antitank (AT) mine were buried in a test lane with a sand soil. In order to measure 
the soil water distribution in the soil water content reflectometers (WCR) were placed above and below the mines and at four 
reference depths. During a 6-week field trial (January 26* - March 9* 2001) the water content was recorded together with 
meteorological data such as precipit^on. The mines and WCRs had been installed 1-2 month prior to the field trial. The 
dielectric contrast between the buried landmines and the background soil was estimated using an empirical relation between 
soil water content and dielectric constant. Next the consequences for the detection of the landmines with a GPR-system wm 
considered. 
A model was used to predict the soil water distribution around an AT-mine in a soil with the same characteristics as the sand 
soil of the field trial. Precipitation and evaporation values of 1991 of a location at approximately 100-km distance from the 
field location were used for the model simulation. Next the results of the simulation and field trial were examined to give a 
firet impression of the validation of the model. 
The set up of the field experiments and model simulation are described in section 2. In sections 3 the results of the 
experiments and modeling effort are discussed. Finally in section 4 conclusions are drawn. 

2.   SOIL WATER DISTRIBUTION AROUND LANDMINES 

In this section both the field experiments and model simulation are described. Firet the test fecility for the field experiments is 
discussed briefly. The results of the field experiments are discussed in the next section. These results were based on 
measurements carried out in a test lane with sand soil. In this soil a surrogate AP- and AT-mine were buried together with 
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soil moisture sensors. In section 2.1.2 the setup for the field experiment is descnbed. Before the so.l moisture sensors were 
installed a calibration has been earned out in the laboratory for the different soils of the test facility. In sect,on^2.1.3 
calibration mattere are discussed. Finally in the section the model and simulation parameters are discussed bnefly (§ 2.2). 

2.1 Measurements of soil water distribution around landmines 

2.1.1 Test facility at TNO _,„3 ^.        r  -.^ •    -^ , A 
The field experiments were carried out at the test facility for landmine detection systems at TNO . This test facility is situated 
on the provtag ground 'Waalsdorp' near TNO Physics and Electronics Laboratoiy (TNO-FEL). It entails six test lanes filled 
with different soil types, surrogate mines and mine-like objects. All of the separate test lanes are covered by a moveable 

Stest toe^ach are 10 m long, 3 m wide and 1.5 m deep. Four lanes are filled wiA a native soil with original structtire and 
texture. These soils iBcIude sand, clay, peat and a fem,magnetic soil. A fifth lane is filled with a s^dy soil wiA forest 
remnants like roots and twip. A sixth lane is filled with a sandy soil but also has a vegetation cover. The soils of the other 

An important" parameter for the performance of the sensors is the soil water content, since it ^ects electromagnetic and 
thermal properties. Therefore this test facility has the opportunity to regulate soil water by controllmg the ^oundwater level 
for each test lane separately. This opens to the possibility of testing and interpreting the performance of detection systems 

under different soil water conditions. AA*„„ tu^ 
Two systems have been installed to measure temperature and soil water profiles of the different soils. In addition the 
temperature is recorded of several surrogate mines. These measurements are carried out m order to gam insight into the 
temperature and water distribution within the soils and around the buried mines, which is especially usefal m case ot 
modeling the thermal or electromagnetic soils and mmes. A weather station has been placed to record pwameters like 
precipitation, ambient temperature, short wave and long wave uradiance, relative humidity, wind speed and wmd tection. 
A set of test objects, representmg anti-persomiel mines, anti-tank mines, and false targets (stones, cans etc.) have been placed 
at various depths (0-30 cm) in the test lanes. The mines are made of various materials and have different shapes and sizes. 
Non-metal mines, mines with a casing made out of plastic, metal or another material are included. The test mmes have 
sipiatures close to those of real mines. To simulate the explosives, the devices have been filled with a sihcone rubber. 

2.1.2 Experimental set up ^ ^ ,, ,** i     „„<■♦»,» *„* 
The field experiments were carried out from January 26* - March 9*, 2001. For this purpose several fstlanes of flie te^ 
facility were equipped with WCR Water Content Reflectometers (WCR) of Campbell Scientific, toe • TTiese WCR were 
placed above and below AP- and AT-mines buried at different depth in different soils. Also reference WCRs were placed a 
some distance from the mines, but at same depths. The WCRs and mines were buried at the end of 2000. Ambient and soil 
temperatures at different depth were recorded simultaneously. u    i. 
The field experiments described in this paper focus on the test lane with sand and clay. In these two lanes a" ^ja has been 
reserved for the installation of an AT- and an AP-mine. The AT-mine is a surrogate Netherlands mme of type NR26 , which 
is a low-metal mine with cylindrical shape. The diameter is 30.0 cm and a hei^t of 11.5 cm. The surrogate mme consists of 
mainly silicon rubber (RTV 3110 produced by Dow Coming Europe, Brussels). The AP-mine is a surrogate US mine ot type 
M14, which is a low-metal mine with cylindrical shape. The diameter is 5.6 cm and a height of 4.2 cm. The surrogate mme 
consists ofmainly silicon rubber widi a plastic casing. „ ^     ,^      , .      -      TU%. 
Table 1 gives the properties of RTV3110 compared to other explosives (TNT, Composition B-3, Tetiyl) used in mmes. Th s 
table shows that RTV3110 is a good surro^te of TNT since both substances have the same dielectnc constant. The surrogate 

mines are depicted in Figure 1. 

Table I. Properties of RTV3110 and some high explosives. The dielectric constant Is measured at the frequency given in brackets. 

Properties 

Density (^cm) 
Dielectric constant 

RTV3110 

1,17' 

2.90' (1 MHz) 
2,89' (1 GHz) 

TNT 

1,56' 
2,88* (5 MHz) 

Comp B-3 

1,7' 

3,25* (3 GHz) 

Tetryl 

1,7' 

3,10'(35 GHz) 
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Figure 1. Surrogate M14 AP-mine (left) and NR26 AT-mine (right). 

Figure 2 shows the instrumental set up for this experiment. The sand test lane has 8 WCRs. In each lane a WCR is placed just 
above (1 cm) and just below (1 cm) an AP- and an AT-mine. In the same area for each depth a reference WCR is installed 
The AP-mmes were buried at a depth of 10 cm (top) and the WCR above and below the mine and the references at depths 9 
cm and 16 cm, respectively. The AT-mmes were buried at a depth of 30 cm (top) and the WCR above and below the mine 
and the references at depths 29 cm and 44 cm, respectively. 
The WCRs around the AP-mine are fiather referred to as 'AP low' for the one placed at a depth of 16 cm and 'AP high' for 
the one placed at a depth of 9 cm. The references WCR for the AP mines respectively, 'AP ref-low' and 'AP ref-high' The 
same forniat is used for the WCRs placed left of the AT-mine (in Figure 1). When the WCRs are placed in for example sand 
the word 'sand' is added to the abbreviation (e.g. 'Sand AT ref-low' for the reference WCR at a depth of 44 cm). 
The sets of high and low WCR are placed with a spatial separation of 40 cm. A Campbell AM-416 multiplexer and a CRIOX 
datalogger were used to measure the soil water content and store it every 10 minutes. The measurements were carried out 
sequentially in order to prevent interference of the probes. 
For the benefit of interpreting the measured data, ambient temperattire and soil temperature profiles were measured and 
recorded. These recordinp were done every 5 minutes. 

Figure 2. AP and AT-mine configuration with CS615 water content reflectometer (WCR) in test lane, viewed from the top (above) and 
aside (below). The dimensions are in millimetre and the drawing is not to scale 
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2.1.2 Calibration of WCR 
The WCR water content reflectometer provides a measure of the volumetric water content (6v) of a porous media. The water 
content information is derived from the effect of changing dielectric constant on the electromagnetic waves propagating 
along a wave-guide. The propagation is also affected by the electrical conductivity. The amount of organic matter and clay in 
a soil can also alter the response of the dielectric-dependent methods to changes in water content. It is therefore suggested to 
calibrate the WCR for soils with a high electrical conductivity, high organic matter, hi^ clay or high quartz content*. 
In Table 2 the calibration curves are provided used in this study. For sand the calibration values reported by Campbell* were 
used. For clay situated in the 'clay' test lane the calibration values acquired were quite different as expected. The calibration 
was done at lO^C with soil water contents varying from 0.16-0.46 (volume fraction, Qy) for clay. Table 2 show that the 
volumetric water content is largely overestimated for the clay soil when the calibration for sand is used. 

Table 2. WCR calibration values at aO^'C 

Soil type Calibration 
Sand" Sv = -0.187 + 0.037 * T + 0.335 * t* 
Clay , = -1.018 + 1.729 * T - 0.505 * T* 

With: 
6v = volumetric water content [m^/m']; 
X = WCR output period [msec]; 

2.3 Simulation of soil water distribution around landmines 
Soil water distributions around landmines have been modeled with the HYDRUS-2D simulation package* of the U.S. Salinity 
Laboratory at Riverside, California. HYDRUS-2D is a Microsoft Windows based modeling environment for simulating two- 
dimensional water, heat, and solute movement and root water uptake in variably saturated soil. The flow equations are solved 
numerically using a Galerkin-type linear finite element scheme. The software includes a mesh generator and graphical user 
interface. 

Dally Precipitation 

3 - 

2.5 - 

*? - 

51     101    151    201    251    301 

Day 

351 

Figure 3. Daily values of precipitation in De Bilt, The Netherlands, during 1991. 

For the landmine problem, we have followed earlier work by Das et al.' and Hendrickx et al.'" and used a quasi three- 
dimensional region exhibitmg radial symmetry about the vertical axis. Richards equation was solved to simulate unsaturated 
water flow in a soil cylinder with a radius of 2 m and depth of 2 m. The antitank mine was placed in the center of the cylinder 
with its top rt a depth of 0.30 m. The antipersonnel mine was placed at the center of the cylinder with its top at a depth of 10 
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cm. A finite element mesh was generated by the mesh generator provided with the HYDRUS-2D program. Observation 
points were located approximately one centimeter above and one centimeter below the mine about 1 cm away fit>m its center. 
The top boundary condition of the soil cylinder was determined by the atmospheric conditions. A constant ground water level 
at 150 cm below the soil surface was assigned to the bottom boundary. A no-flux boundary condition was imposed on two 
sides of the flow domain. The atmospheric data used in this study were the daily values of precipitation and potential 
evapotranspiration measured during the year 1991 in De Bilt, The Netherlands (Figure 3). Bare soil condition was assumed 
for each simulation and therefore, the potential evapotranspiration values were used as potential evaporation from soil 
Simulations were conducted for a sand soil. Since no hydraulic properties have been measured we used the hydraulic 
properties of the Brooks & Corey model provided by tiie HYDRUS-2D model. 

3.   RESULTS AND DISCUSSION 

In this section the results of the field experiments and model simulations are presented and discussed. First the soil water 
content distribution around an AP- and an AT-mine buried in a sand soil is plotted for a period of 6 weeks (January-March 
2001). In the same plots also the daily-accumulated precipitation is given. In this way tiie effect of precipitation and periods 
of drought on the soil water distribution is seen (§ 3.1.1, § 3.1.2). Next the effect of the mmes on the soil water disfribution 
compared to the reference background is given (§ 3.1.3). With an empirical relation between soil water distribution and 
dielectric constant this effect is translated into a dielectric contrast between mine and soil background (§ 3.1.4). In section 
3.1.5 and 3.1:6 eflfects of soil temperature and WCR on the results is considered. Finally, the simulation results are presented 
and compared with the field experiments (§ 3.2). 

3.1 Measurement of Soil Water Distribution around landmines 

3,1.1. Soil water distribution around an AP-mlne. * A 
Figure 4 shows the soil water content recordings near an AP-mine in the 'sand' test lane from January 26 - March 9 ,2001. 
The water content was measured at two depths, 9 cm and 14 cm below surfece, just above and just below the AP-mine 
(respectively sensor 'Sand AP h 46' and 'Sand AP 145'). Also two reference sensors were installed at the same depths, at 40 
cm horizontal distance, respectively sensor 'Sand AP h ref 44' and 'Sand AP 1 ref 43' (See also Figure 2). 
From sensor 'Sand AP h 46' only a small set of useful data was available. In the figure also the daily-accumulated 
>recipitation is depicted. ____^ ^ — —i 

Soil Moisture dlstrlbutton n«ar 
»n ^^nln« In SAND 

0,15 T 

1/19 1/24 

Sand AP h ref 44 ——Sand AP I ref 43 ——Sand M'hm Sand flP 145 Pteeipitalion 

Figure 4. Soil water distribution around an AP-mine in sand. 
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From Figure 4 it is seen that the soil water content generally increased during a period of precipitation and decreased after a 
period of drought. The reaction time was generally short (1-2.5 hrs). The water content increased most at shallow depth, and 
less below tiie AP-mine. After a period of cumulative 38 mm precipitation (on Febraary 3"* and 4*) water content below the 
AP-mine increased from 0.07 to 0.12 [rn^im?]. The maximum water content of 0.15 [m^/m^] was measured in the reference 
background area at a depth of 9 cm. 

3.1.2, Soil water distribution around an AT-mine. 
Figure 5 shows the soil water content recordings near an AT-mine in the 'sand' test lane from January 26* - March 9*, 2001. 
The water content was measured at 29 cm and 44 cm depth, just above and just below the AT-mine (respectively sensor 
'Sand AT h 54' and 'Sand AT 1 53'). Also two reference sensore were installed at the same depths, at 40 cm horizontal 
distance, respectively sensor 'Sand AT h ref 52' and 'Sand AT 1 ref 51*. In the figure also the daily-accumulated precipitation 
is depicted. 
From Figure 5 the same general features are noted. The soil water content increased during a period of precipitation and 
decre^ed after a period of drought. The reaction time is generally short (3-5 hre), but twice as long as for the shallower AP 
sensors. The peaks in the curves are also smoother. After precipitation the water content increased less below tiian above the 
AT-mine. 
After a period of cumulative 38 mm precipitation (on February 3"* and 4*) water content above the AT-mine increased from 
0.09 to 0.17 [m^/m^] and below the mine from 0.09 to 0.13 [m'/m']. The maxunum water content of 0.20 [m'/m'] was 
measured in the reference background area at a depth of 44 cm. 
Around February 23*^ the damping effect with depth is clearly visible. The deeper sensors reacted (much) slower on 
precipitation than the shallow ones. The water content below the AT-mine only increased slowly and only 0.6 %, while the 
reference area increased faster and more (+1.5%). 
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Figure 5. Soil water distribution around an AT-mine In sand. 
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Figure 6. Effect of an AT and AP-mine on the soil water distribution in sand. 

3.1.3 Effect AT-and AP-mines of water distribution 

S h^?' ^„J'£„H A?    fr^^"^, ^^""^^^ ™'n« w'th the reference locations is depicted, respectively 'Sand AT ref 
? ferif islL^f'saldtp "^r f °n*^^^^^ ""'^ '''' '^'*'^""*=^ '" ^«" "«- «^«-* below th'e mine and the reference ,s shown ( Sand AP ref low-low'). TTie set of recorfinp above the AP-mine was too limited and therefore not 

S reSincelnlnl ^^^ Wgh-high' shows that the difference in soil water content between the soil above the AT-mine and 
Ae reference location remained almost constant and thus independent of the amount of precipitation during the trial period 
IJe so, above the AT-mme always was a little (-0.01) wetter than the reference location ^ 

dff?e«nci w^v,*?h ^'^; ""^ T"'"^ """' ^'^^^y' ^^' *^ *"^ '^f«'-«"«=« »°*=»«0"«- After a period of precipitation the 
ff^^T ?* '^^^'■^"''^ *°'**'*'"' ^"^^^^^ <'Sand AT ref low-low' and 'Sand AP ref low-low') In the dry oeriod 
these Afeences decreased. TTie effect of the AT-mine was larger than the effect of the AP-mine -^Serrncfm soil w^^^^ 
content for the AT-mine varied from 0.02 to 0.09 [m^/m'] and for the AP-mine from 0.00 to oS [m^/J] 

3.1.4. Effect AT-and AP-mines on soil dielectric constant 

^simZ'^lMTSA^a^rf^'fT^"'' ™ *' "f'^'''' ^^' *=""*«"* <^^> «f *« ««"• I" addition the dielectric 
?^n!^i t     ri    f r !?1 ^* °^'°'' ^'^^''^y- ^^''^"^ ^^ **"» *=°°t«nt «t frequency between 20 MHz and 1 GHz" 
to order to estmiate the dielecfric constant of the soil around the landmines we will L the calibration curve reported by Topp 

s = 3.03 + 9.3 X e, + 146 x (Q;f - 76.7 x (0,)' 

In Figure 7 the results of this calculation are presented for a few situation 
SelrfX'A? '^^*^«fl-™T' shows the difeence in dielectric constant (dielectric contrast) of the reference area at the 
reloLtilL Z;^ wlfHM ' T ^^ ^^ *"^- .'^' ^""^"-^ ^^ *" ""^^ AT-mine consist of mainly RTV3110 and TNT, 
md S IS Z'i^t^nTTT ^ro^tely 2.9 [F/m] (Table 1). The dielectric confrast for the reference area 
Md the AT-mme vaned from 2.1 [F/m] at the end of a dry period of two weeks (9-23 February) to 6.3 [F/m] after a wet 
penodofcumulative 38 mm precipitation (3-4 Febniaiy). ^f ir,iiij ^ucr a wci 
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Two curves show the dielectric contrast between the soil below the AT- and AP-mine and their reference locations 
(respectively, and 'Sand AP ref low-low'). The dielectric contrast for the AT-mine ('Sand AT ref low-low') varied from 0.6 
[F/m] at the end of the dry period to 4.5 [F/m] after the wet period. The dielectric contrast for the AP-mine ('Sand AP ref 
low-low') varied from no-contrast at the end of the dry period to 1.3 [F/m] after the wet period. 
Two curves show the dielectric contrast between the soil just above and below the AT-mine and the mine. The dielectric 
contrast between the AT-mine and the sand just above the muie ('Sand AT high-TNT') varied from 2.2 [F/m] at the end of 
the dry period to 5.4 [F/m] after the wet period. The contrast with the sand just below the AT-mine ('Sand AT low-TNT') 
varied from 1.8 to 3.6 [F/m], respectively. 

Based on these values it can be concluded that during dry periods the contrast between the area with the AT-mine and the 
background (without mine) is caused by a difference in dielectric constant between the back^ound and the mine. After a dry 
period of two weeks the contrast with the AT-mine of 2,9 [F/m] was approximately 2 [F/m] higher. After a period of 38 mm 
precipitation the contrast between AT-mine and background increased to 6.3 [F/m], The effect of the AT-mine on soil water 
disfribution caused a confrast 4,5 [F/m] between the soil below the mine and the reference area. This effect of the AP-mine 
was less apparent (1.3 [F/m]), 
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Figure 7, Effect of an AT-and AP-mine on the dielectric constant of sand. 

3.1,5. Effect temperature on r^ults. 
Figure 8 shows ambient and soil temperature recordings from January 26* - March 9*, 2001. The ambient temperatures were 
me^ured at a central location of the test facility at a height of 2 m. The soil temperatures were measured in the 'sand' test 
lane at a depfli of 10 cm and 30 cm. 
The average ambient temperature was 4.0=C with a standaixi deviation of 3.8''C, a maximum of 14.2°C and a minimum of 
-6.0 "C. The average soil temperature at a depth of 10 cm was 3.6°C with a standard deviation of 2,2°C, a maximum of S.S^C 
and a minimum of 0,2°C. The average soil temperature at a depth of 30 cm was 4. PC with a standard deviation of 1.5°C, a 
maximum of 7.8°C and a minimum of 1.5°C.  Note that the amplitude of the temperature fluctuation decreases with soil 
depth. Also a phase shift can be noted between ambient temperature and the temperatures at depths of 10 cm and 30 cm. 
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Figure 8. Ambient and soil temperatures in sand test lane (PIO, P30 at depth 10 and 30 cm respectively). 

^I^J"^^^- T'**^^ *° temperature, and compensation can be applied to enhance accuracy. The magnitude of the 
temperature coefficient vanes with water content. Equation 2 can be used to interpolate the temperature coSficient for a 
range of volumetnc water content (Bv) values*: 

Coef^pentore = -3.46 * lO"* + 0.019 * ev - 0.045 * 8^^ ["C'^] 

To apply this correction the following equation can be used (Eq. 3): 

"v collected ~ Vy uncomstcd "" (T-20) * Cocf,, temperature 

(Eq.2) 

(Eq.3) 

T is flie soil tem,»rata-e in "C. The uncorrected water content values can be computed from the calibration values mentioned 
in table 2. Equation 2 and 3 were determined in the laboratoiy over a temperature range from 10=C to 30'C. 

S*LA1W°" *' »??>«*• for example on the water content measured by the sensor just above the AT-mine ('Sand AT h 
vfeld^f a^«?n1S H ""^^."^f « « depA of 30 cm (Figure 5), the difference between corrected and uncorJected would 
M ^^h I ? n^^ TT""^' °-°^ ^^**'"'"' ^'=***'">- ^""^ *^ 'Sand AP 1 45' this correction would yield on average 
M with maxunum 0 02. Usmg Equation 1 an average of 0.02 increase in water content for area just above the AT-mIe 
wal^^nnfT *^,f>^'^*=t"'= *=fsjnj ^y approximately 0.8 [F/m]. For the area just below the AP-mine 0.01 increase in soil 
nmtiS f r^ ?■ ""^""^ *^ *^*''*"'' '**"'**"* ^y <*-3 IP^""!- ^ ^^ *=^^ the contrast with the mine and therefor* the proDability oi detection mcreases. 

Not using the tanperatare correction seems acceptable when considering the feet that the possible spatial variation along the 
Im^ S*   -tf '^^ °'"**^''- Mo'^ov^"- equations for the corrections were determined for the temperature range 10 to 
JU c. Fossjbly another correction equation is needed for the lower temperatures. 

3.1.6. Effect WCR on faults. 
The length of the two rods of the WCR is 30 cm. This is equal to the diameter of the AT-mine. However, tiie diameter of the 
AP-mme is much smaller: 5.6 cm. The WCR output after calibration gives a water content average for the at«a close to the 
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rods. It is therefore possible (and likely) tliat the soil water values just above and below the AP-mine are differing from the 
actual values. 
The WCR rods were installed at a distance of 1 cm from the top and the bottom of the mines. In free space and diy sand we 
did not notice any effect of the mine on the recordings. During wet conditions there might be an effect of the mine on the 
readings. Campbell (oral comm. 2001) reports a penetration depth determined in the laboratory of maximum 2.5 cm from the 
rod surfece. This means that possibly the water content values are underestimated. Due to differences in shape of the top and 
bottom of the mines, fliere is also a possibility that this 'blocking' effect is different for both sides of the mines. 
We did not compensate for these effects. 

3.2 Simulation ofSoil Water Distribution Around Landmines . j     i 
Our simulations of soil water content distributions around an anti tank land mine for Dutch weather conditions m a sand soil 
are very similar to those reported for Sarajevo*. Shortly after a precipitation event the soil water content above the mine is 
larger Uian below the mine while during dry spells the soil water content above the mine becomes smaller than below the 
mine (Figure 9), 

50 100 150 200 250 300 350 400 

Time [days] 

Figure 9. Soil water contents simulated d)ove (thin line) and below (thick line) an AT mine in a sand soil during 1991 at De Bill, The 
Netherlands. 

4.   CONCLUSIONS 

The results from the field trial showed a relation between soil water content in a sand soil and precipitotion. During a period 
of precipitotion the soil water content near the buried AP- and AT-mines increased. Ehiring a period of drought the soil water 
content decreased. After a period of two days with 38 mm precipitation the water content below the AP-mtae increased from 
0,07 to 0.12 [m'/m']. The water content above and below the AT-mine increased from 0.09 to 0.17 [m /m ] and 0.09 to 0.13 
[m'/m'], respectively. Below the AT-mine it was 0.02 to 0,04 [m^/m'] dryer than above the mine. 
The differences in water content between the soil just below the AP-mine and the reference background soil (at the same 
depfli) varied during the field trial from 0.00 to 0.03 [m^lm% The differences in water content between the soil just above 
and below the AT-mine and their respective reference backp-ounds varied from 0.01 to 0.02 [m /m ] and 0.02 to 0.09 
[m^/m'], respectively. Below flie both mmes it was always dryer than the reference background. Above the AT-mine it wm 
always dryer than the b«:kground. The low control values occurred during dry periods. The high contr^t values occurred 
during periods of precipitotion. . ,   ,    ,  . 
The dielecfric control between the buried landmines and the background soil was estimated using an empirical relation 
between soil water content and dielecfric constont. During dry periods the confrast between the area with the AT-mme and 
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the reference background is caused by a difference in dielectric constant between the background and the mine. After a dry 
period of two weeks the contrast with the AT-mine (with dielectric constant of 2.9 [F/m]) was approximately 2 [F/m]. After a 
period of 38 mm precipitation the contrast between AT-mine mid background increased to 6 [F/m]. 
The effect of the AT-mine on soil water distribution caused a maximum contrast 4.5 [F/m] between the soil below the mine 
and the reference area. This effect of the AP-mine was less apparent, 1,3 [F/m]. 
In the presence of a buried landmine in the sand soil caused a dielectric contrast with the background soil. This contrast 
increased when the soil water content incre^ed as a result of precipitation, and decreased as a result of A'ought. It is therefore 
likely that also the probability of detection of the landmines with a GPR increases with an increase of soil water content, and 
decreases with a decrease of soil water content. 
The model simulations of soil water content distributions around the AT-mine for Dutch weather conditions (of 1991) in a 
sand soil showed an increase in soil water content above and below the mine shortly after a precipitation event. The soil 
water content ^ove the mine was larger than below the mine while during dry spells the soil water content above the mine 
became smaller than below the mine. During the field trial below the AT-mine it was always 0.02 to 0.04 [m^/m^] dryer than 
above the mine. Further investigation is needed to explain this difference. 
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