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ABSTRACT

Water run-off — a natural part of water circulation in the natural environment — is a harmful and undesired phenom-
enon for humans. The most spectacular and most serious one is its erosive activity. In adverse conditions, such a run-
off has high energy, it causes serious reshaping of a terrain and it destroys the natural environment and infrastruc-
ture. In the forest environment, a run-off process occurs basically on roads, skidding trails and in log storage sites,
which are areas with soil cover properties changed by humans. The devices used for dehydrating a transport system
direct water collected in the form of concentrated streams to a slope, which frequently causes serious linear damage
or landslides. The objective of the tests carried out was to determine the spatial distribution of soil moisture on the
area behind the outlet of devices dehydrating forest roads within the context of changes in selected soil properties
affecting a risk of landslide formation.

The tests included four water drains dehydrating a forest slope road with a soil surface. In the area located be-
hind the outlet, according to the model accepted, soil samples were collected for testing a current moisture value,
determining grain composition and a hydraulic conductivity coefficient, calculated based on the simplified Hazen
formula.

There were significant differences in the soil moisture means in the three-measurement series conducted; nev-
ertheless, the highest moisture means were obtained after the lowest precipitation, and the lowest moisture means
were obtained after the highest precipitation. It applies to all water drains observed, separately and collectively.
Average moisture measures in all dehydrating facilities differed among one another, although in different sessions,
this dependence was observed in various facility pairs. The statistical analysis did not demonstrate any significant
differences in moisture in terms of the distance of moisture testing location from the road edge, or in locations with
different distances from the water run-off line behind the outlet of dehydrating devices. Significant differences could
be observed in the analysis of average moisture values in the soil layers.

Such an analysis result could be explained by a relatively low soil permeability and low slope gradient on the area
examined. Usually, a few percent fluctuation in soil moisture, despite precipitation diversity, in combination with
a high amount of granular soil structure, does not create conditions facilitating the formation of landslides.

© 2017 by the Committee on Forestry Sciences and Wood

anl e Forew Resoarch mathore i Sokodn Stary Received 9 January 2017 / Accepted 17 February 2017



100

Janusz Golqb, Krzysztof Urban, Elzbieta Badach

KEey worbps

area behind the outlet, dehydrating devices, landslide, mountain forests, slope roads, soil moisture

INTRODUCTION

Water run-off, as a constituent of water circulation
in the natural environment, affects a circulation rate,
which for humans, may evoke negative effects in the
environment. First of all, it limits the amount of wa-
ter available for widely understood consumption, since
a high amount of precipitation (depending on the tight-
ness of the catchment area cover) rapidly flows away
from the catchment area beyond the reach of consum-
ers (Wemple and Jones 2003; Gotab 2012). It also con-
tributes to the generation of high levels of streams and
a related flood risk and erosive damage in stream beds.
Erosive damage caused on the terrain surface before the
run-off reaches the watercourse is also crucial. Most
serious damage can be observed on agricultural areas
and urban areas but also in forests. In forests, water run-

off is mainly present on roads and in log storage sites,
which are areas with changed specification of a soil
surface (Gotab et al. 2006; Gotab 2011). It is connected
with compaction and an increase in the load-bearing
capacity of the plain, where heavy wheel traffic takes
place (Burzynski and Rajsman 2006). Such a situation
hinders or prevents water infiltration to the soil substra-
tum (Golab and Kormanek 2013). Roads and log stor-
age sites are built with longitudinal and cross gradients
for efficient dehydration of surfaces and the water col-
lected by dehydrating devices is discharged to the slope
located below. The outflow of water along the slope
behind the outlets of such devices is accumulated and
it flows along the surface in the form of concentrated
streams. After a shorter or longer distance, the run-off
falls to the stream dehydrating a valley or it infiltrates to
the soil in the localisation of a voluminous overburden

or lower gradient. As a result of concen-

trated and rapid water run-off along the
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slope, deep erosive tunnels are frequent-
ly formed in the soil. Whereas, a high
amount of water, after infiltration into the
soil profile on a relatively small area, may
form a landslide risk. Bardel (2012) notes
(in the context of construction usefulness
of soils in road building) that soils deter-
mined as poor in this category may be
subject to landslides after building a road.
In his opinion, it is particularly possible
on areas where the water outflow from
devices dehydrating roads is directed.
In such a situation, soils change their
moisture properties, which modifies their
physical properties and increases mass,
and which may lead to the loss of stability
even on slopes with a low gradient. Simi-
lar conclusions are presented in the work
of Zydrof and Cholewa (2014).

Figure 1. Network of forest roads and streams in Tylicz forestry with
a marked slope road, with selected test facilities (based on Forest Numeric

Map of Experimental Forestry Unit Krynica-Zdroj)

The objective of the tests carried out
was to determine the spatial distribution
of soil moisture on the area behind the
outlet of devices dehydrating forest roads
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in the context of changes in the selected properties of
soil, affecting a risk of landslide formation.

Description of the area tested

The tests were performed on the southern-east part
of the Experimental Forestry Unit Krynica-Zdroj, in
Tylicz forestry, near a forest road connecting Tylicz-
Muszynka public road and Pusta stream valley (Fig. 1).

The selected facilities are located in the lower zone,
at a height of about 720+800 m a.s.l. In terms of geol-
ogy, it is a flysch area consisting of sandstone and re-
sidual soil of Magura Nappe. Prevailing soil types are
brown soils (over 95%) with soil structure fragments.
The most frequent type of settlement forest is fresh
mountain forest (approx. 91%). An average annual sum
of precipitation is approx. 1000 mm (the highest 24 h
sums are observed from June to August, the lowest ones
from November to March). An average annual tempera-
ture reaches +5.3°C (it ranges from +3.8°C to +6.8°C
(Kondracki 2011; Characteristics of ExpFU 2015). On
the measurement area, an afforestation rate is approx.
56%, the following species of trees are dominant here:
fir approx. 41%, beech approx. 22%, spruce approx.
18%, pine approx. 11%. A network of forest roads is
well developed. Roads and streams from Tylicz forest-

Table 1. Specification of test facilities

ry, including a road section where the tests are carried
out, are presented in the map (Fig. 1).

METHODOLOGY

In order to achieve the objective of tests in the antici-
pated scope, soil moisture and grain composition was
examined. These tests required collecting samples from
soils in particular localisations at selected dehydrating
facilities.

Four water drains were selected, dehydrating
a slope road with a soil surface, which directed the
water from surface to slope below the road. Based on
the experiences from same type of tests conducted in
Gorce National Park in the year 2014 (Gotab et al. 2016),
slopes with lower gradients were chosen. The facilities
are marked as follows: W1, W2, W3 and W4. Their lo-
calisation on the slope road is presented on the map at-
tached (Fig. 1).

Below (Tab. 1), there is a basic specification of the
terrain, road and facilities chosen for the tests.Behind
the outlet of each facility, there were places selected
from where the soil samples were taken. In order to
achieve the objective of the tests, which was to deter-

Facility

Parameter/property Wi w2 v wa
Length 440 m 5.95m 6.05 m 4.05m
Crossing angle of a facility axis with a roadway axis 60° 60° 58° 88°
Material wooden pole sawn wood sawn wood wooden pole
Inside diameter 0.07m 0.10 m 0.10 m 0.08 m
Outlet not reinforced not reinforced not reinforced not reinforced
Facility longitudinal gradient 4.5% 7.0% 8.5% 5.0%
Roadway longitudinal gradient 7.5% 5.5% 11.0% 9.5%
Roadway cross gradient 4.5% slope side | 5.0% slope side | 3.0% slope side | 4.0% slope side
Average terrain gradient behind the outlet 43.0% 30.0% 30.0% 24.0%
Roadway width 2.70 m 320 m 2.30 m 2.60 m
Sideway width 0.60 m 0.50 m 0.80 m 0.40 m
Surface of road profiled soil
By-slope ditch width - 1.20 m 1.10 m -
By-slope ditch depth - 0.35m 0.35m -

Source: author’s measurement.
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mine the spatial distribution of soil moisture behind
the outlets of dehydrating devices, it was decided to ar-
range the selected locations in the grid of 5x5 m, that is,
measuring from the edge of the road sideway, along the
slope, 5 m below there will be an agreed line ‘A’ and 5 m
below the line ‘A’ there will be line ‘B’; near the water
run-off line behind the outlet, there will be two lines
on each side, roughly perpendicular to lines ‘A’ and ‘B’
and distant from themapproximately 5 m, on the out-
side, two more lines (these lines are called ‘positions’;
symbols: ‘1°, ‘2°, 3, ‘4’); in such a grid, samples were
collected from two depth levels: ‘g’ and ‘d’, where ‘g’
= approximately 20cm and ‘d’ = approximately 60cm
(without an organic overburden).

The model presented above, including the corre-
sponding numbering, is demonstrated in Figure 2. The
model of localisations for soil sampling in Gorce tests
for the year 2014 was also applied in this case (Gotab et
al. 2016); nevertheless, one must note that the reversed
numbering of ‘positions’ (in the tested area — view to-
wards the road) applied in Experimental Forestry Unit
compared to the tests performed in Gorce National Park
in the year 2014. It results from attempting to preserve
the same marking of ‘positions’ as in Gorce National

facility: W1

position 4 /
position 3

/7
position 2 /

position 1

Figure 2. Model of localisations of soil sampling and numbering

Park, namely: ‘position 1’ lies on the side of the highest
vertical alignment ordinates, and ‘item 4’ on the side of
the lowest vertical alignment ordinates.

Samples were taken by means of a stapedial soil
drill with the diameter of approximately 6¢cm, which
enables taking out a loosened soil mass from the outlet.
Such a sample has a broken structure but it does not
hinder the performance of complex analyses. Soil from
respective depths was immediately placed in tight jars
with the capacity of 0.5 dm3. A bore hole was temporar-
ily marked as a changed area and not suitable for subse-
quent appointment for sampling.

The following soil properties were determined
based on the samples taken: gravimetric moisture (w—
192 tests in three measurement sessions with different
weather conditions), grain composition (8 tests), reliable
diameter (d,, — determined for 8 samples), soil hydraulic
conductivity coefficient (k — determined for 8 samples).

A current moisture value was determined by
means of a model drying and weighing method, in
accordance with the methodology described in norm
(PN-ISO 11465:1999).

Grain composition was determined by the combi-
nation of following methods: sieve and laser method on

example: @ —> W1/B/2/d
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indicated samples (bottom level from samples in the Table 2. Soil samples moisture
line B, in positions 2 and 3, near the drain line). The
prepared samples were sieved through the set of sieves Sample | O VIT[27TIX] 18X | gample |9 VIT]271X] 18X
0.01 m, 0.005 mm, 0.002 mm, 0.001 mm, then small number [%] number [%]
fractions (<0.001 mm) underwent a laser composition W1/A/l/g | 37.72 | 25.47 | 33.43 | W3/A/1/g | 17.56 | 12.74 | 22.67
analySiS. /A/1/d | 16.27 | 22.00 | 26.53 3/A/1/d | 18.29 | 8.60 |21.71
. . . . Wi 27 22. 53 | W3/A/1/d | 18. . 7
A hydraulic conductivity coefficient, which de-
scribes the ease with which a fluid (usually water) can W1/A/2/g | 31.46 | 27.55 | 47.86 | W3/A/2/g | 35.49 | 21.02 | 46.68
move through pore spaces or fractures, was determined W1/A/2/d | 16.10 [ 21.06 | 32.55 | W3/A/2/d | 28.01 [ 17.82 | 22.50
based on the simplified Hazen formula (eqn. 1) (Twar- WA | 2043 13631 12725 | Warara |23.96 | 2028 | 13.27
dowski and Drozdzak 2006), which makes use of a re- il i i B i i
liable diameter lea read from the Samp]e particle size WI1/A/3/d | 20.51 | 24.36 | 35.13 | W3/A/3/d | 17.51 [ 15.03 | 17.12
curve. A reliable diameter d,, determines the size of soil W1/A/4g | 29.04 | 28.21 | 34.98 | W3/A/d/g | 17.67 | 15.12 | 18.70
particles at 10 percent smaller particles than the diam-
. W1/A/4/d | 19.67 | 17.11 | 21.61 | W3/A/4/d | 12.68 | 14.35 | 17.06
eter in the sample.
W1/B/1/g | 30.51 | 24.63 | 28.09 | W3/B/1/g | 28.59 | 26.06 | 26.88
_ 2 -1
klo _0‘0116'd10 I:m’s ] (1) W1/B/1/d | 19.06 | 15.03 [ 20.21 | W3/B/1/d |25.53 | 15.77 | 29.52
W1/B/2/g | 29.83 | 33.44 | 37.07 | W3/B/2/g |21.77|20.24 | 25.40
where:
ko — hydraulic conductivity coefficient at water tem- W1/B/2/d | 20.85 | 16.88 | 18.70 | W3/B/2/d | 18.60 | 21.96 | 19.28
perature of 10°C, W1/B/3/g | 26.03 | 19.76 | 34.31 | W3/B/3/g | 33.33|23.53 |31.86
— reliable diameter [m].
dlo eliable d cter [m] WI1/B/3/d | 15.27 | 13.09 | 22.80 | W3/B/3/d | 16.52 | 17.90 | 22.65
On this basis, making use of Styputa classification W1/B/4/g |26.21 | 17.00 | 29.15 | W3/B/4/g | 21.14 | 19.12 20.72
(1977), a permeability degree of the soil tested was de- W1/B/4/d | 12.17 | 14.36 | 22.06 | W3/B/4/d | 13.78 | 12.62 | 16.25
termined. S W2/A//g |27.72 [ 18.37 | 32.50 | W4/A/1/g | 18.35 | 14.35 | 14.78
A sum of 24 H precipitation from one (%,), two (Z,)
and three days (23) preceding measurement sessions W2/A/1/d | 21.53 | 19.39 | 28.42 | W4/A/1/d | 15.67 | 10.95 | 12.82
(Py, Py, Pyp)was provided as an additional description of W2/A/2/g | 39.35 | 39.99 | 47.49 | W4/A/2/g | 13.67 | 18.06 | 26.06
conditions for the formation of run-off: W2/A/2/d | 28.16 [ 19.99 | 23.76 | W4/A/2/d | 11.64 | 12.99 | 17.74
Session I Session II Session I1I W2/A3/g | 34.61 | 35.65 | 27.12 | W4/A/3/g | 30.16 | 26.70 | 35.68
(9 VII 2015) (27 IX 2015) (18 X 2015)
W2/A/3/d |26.97 | 17.03 [ 20.30 | W4/A/3/d | 15.01 | 15.67 | 14.65
2 P;=25.6 mm 2Py =25.8 mm 2Py = 0.6 mm
¥,P, =26.0 mm %,P; = 49.9 mm %,Py = 8.9 mm W2/A/4/g | 39.61 | 37.84 | 37.16 | W4/A/4/g | 25.46 | 28.55 | 26.81
%P =260mm | Z,P;=679mm | Z;Py;=10.1 mm W2/A/4/d | 21.80 | 16.65 | 20.61 | W4/A/4/d | 11.25 | 15.36 | 19.23
Source: measurement data collected by SBF Mochnaczka Wyzna, W2/B/1/g | 34.01 | 34.15|30.57 | W4/B/1/g | 18.86 | 24.51 | 21.78
provided by the Department of Forest Protection, Entomology and
Forest Climatology of the University of Agriculture in Krakow. W2/B/1/d | 20.68 | 18.80 [ 19.94 | W4/B/1/d | 14.30 | 14.42 | 14.90
W2/B/2/g | 32.59 | 36.78 | 35.82 | W4/B/2/g |23.04 | 21.58 | 25.92
MEASUREMENT RESULTS W2/B/2/d | 18.08 | 19.73 | 19.61 | W4/B/2/d | 14.39|12.16 | 17.72
W2/B/3/g | 28.92129.38 | 32.32 | W4/B/3/g |26.08 | 17.11 | 29.69
The complete set of results and their analysis was pre- WaBad 12553 2322 | 22,92 | wamad | 17631 968 | 20.98
sented in the test report (Gotab and Urban 2016) — only i i i i i i
the most important results are cited here. The Table 2 W2/B/4/g | 3431 |27.14 | 26.63 | W4/B/4/g | 18.94 | 13.92]23.63
presents soil moisture samples in respective measure- W2/B/4/d | 20.68 | 19.55 | 17.25 | W4/B/4/d | 14.95 | 9.97 | 16.45

ment sessions.
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The soil samples were also used for determining
a particle size, according to norm (PN-86/B-02480).
Table 3 presents the data obtained.

With the use of particle size curves of the above-
mentioned soils (not presented herein) reliable diam-
eters d;, were determined for the selected soil samples

Table 3. Particle size of selected soil samples

(Tab. 4) and hydraulic conductivity coefficients k were
calculated. Then, according to the average values of the
said coefficients (for a facility), soils were classified ac-
cording to water permeability based on the classifica-
tion proposed by Styputa (1977).

R ¢ Sample number
ange o
Fraction substitution | W1/B/2/d | W1/B/3/d | W2/B/2/d | W2/B/3/d | W3/B/2/d | W3/B/3/d | W4/B/2/d | W4/B/3/d
diameter
[mm] Mass fraction of substitution diameter range [g]
Percentage of fraction
5 28.996 72.404 71.980 5.104 32.400 55.248 75.752 42.110
9.14 21.68 35.30 1.95 11.19 18.26 20.46 10.69
Gravel
59 45.104 59.140 23.508 32.886 19.928 17.408 19.318 27.226
) 14.22 17.71 11.53 12.59 6.88 5.75 5.22 6.91
-1 31.748 30.186 23.576 42.722 27.092 26.816 27.628 33.700
' 10.01 9.04 11.56 16.35 9.35 8.86 7.46 8.55
105 0.914 1.072 0.989 0.566 2.862 1.253 1.448 1.861
e 0.29 0.32 0.49 0.22 0.99 0.41 0.39 0.47
. 0.471 0.552 0.510 0.566 1.555 1.211 42.698 19.823
Sand 0.5:0.25 0.15 0.17 0.25 0.22 0.54 0.40 11.53 5.03
0.25-0 1 3.885 2.559 0.499 0.425 43.858 35.512 67.185 85.081
R 1.23 0.77 0.24 0.16 15.14 11.74 18.15 21.59
0.120.05 68.676 54.668 15.357 8.054 37.533 36.218 20.057 26.335
o 21.65 16.37 7.53 3.08 12.96 11.97 542 6.68
0.05-0.02 29.718 24477 9.239 10.650 16.797 15.335 10.828 15.338
Rt 9.37 7.33 453 4.08 5.80 5.07 2.92 3.89
Dust
0.02-0.002 96.188 78.121 52.147 140.685 93.626 100.282 90.441 119.808
e 30.33 23.39 25.58 53.85 32.32 33.14 24.43 30.41
Cla <0.002 11.446 10.746 6.076 19.599 13.997 13.317 14.889 22.717
Y ’ 3.61 3.22 2.98 7.50 4.83 4.40 4.02 5.77
- 333.924 317.146 333.924 203.882 261.258 289.648 302.600 370.244
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Fractions sand = 43.49 43.99 37.75 23.44 47.57 43.93 57.79 51.38
reduced dust= 51.80 50.69 56.58 67.78 46.53 50.28 36.80 41.63
[%] clay = 4.71 5.32 5.67 8.78 5.90 5.79 5.41 6.99
Grain composition
group sandy sandy sandy sandy sandy sandy sandy
?gnigéii/i_omgo dust dust dust dust dust dust dust dust
of reduced fractions)

Folia Forestalia Polonica, series A - Forestry, 2017, Vol. 59 (2), 99-109
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Table 4. The values of a hydraulic conductivity coefficient determined based on the simplified Hazen formula

Sample Grain composition Hydraulic conductivity coefficient Classification
number group dyo b = 0.0116. & [m ! ] Ko ave of soﬂ water permeability
(PN-86/B-02480) [mm)] 10 =Y 10 m-s] according to Styputa (1977)
W1/B/2/d sandy dust 0.00110 1.40-108
1.54-10° practically non-permeable
W1/B/3/d sandy dust 0.00120 1.67-10%
W2/B/2/d sandy dust 0.00120 1.67-1078
1.47-10°8 practically non-permeable
W2/B/3/d dust 0.00105 1.28-10
W3/B/2/d sandy dust 0.00111 1.43-1078
1.42-10°8 practically non-permeable
W3/B/3/d sandy dust 0.00110 1.40- 107
W4/B/2/d sandy dust 0.00110 1.40-1078
1.34-10°8 practically non-permeable
W4/B/3/d sandy dust 0.00105 1.28-10

Symbols: d,,- reliable diameter; &, — soil hydraulic conductivity coefficient (water temperature 10°C).

ANALYSIS

The graphic analysis of the spatial distribution of soil
moisture was performed in vertical plains intersecting
the terrain in the lines A and B, in position 1, 2, 3 and 4
and in the slope gradient plains (based on the accepted
depths of soil sampling). Exemplary figures containing

isometric lines, according to the calculated soil mois-
ture values, are presented in Figure 3 and Figure 4.
Graph axes are dimensioned in metres and the system
of soil sample localisation, based on which an isoline
course was interpolated, is adjusted to the rectangular
system for simplification reasons.
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Figure 3. Soil moisture distribution in vertical plains in the lines A and B and in the positions 4+1. Facility W4, measurement

session III
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All the graphs were prepared according to the
same scale of soil moisture. Surfer 9.2.397 by Golden
Software Inc. was used for drawing isolines as well as
‘Kriging’ internal interpolation function.

In the example presented above (Fig. 3 and 4), there
is a few percent difference in soil moisture in the posi-
tions close to the water run-off line along the slope at
the same levels and several percent difference between
levels. The height of these differences, at a low slope
gradient, observed soil conditions and soil ‘reinforce-
ment’ with root systems of local plants, is not a factor
which is likely to activate the downflow of soil mass on
the slope.

The objective of the statistical analysis of the mate-
rial collected (Tadeusiewicz et al. 1993; Stanisz 2007)
was to test a hypothesis that the spatial distribution of
soil moisture behind the outlet of devices dehydrating
forest slope roads depends on the localisation of a par-

ticular place of moisture measurement in relation to the

device outlet, including but not limited to:

— line of water run-off from a dehydrating device (po-
sition),

— roadway edge (sideway) (line),

— depth in the profile (level).

SUMMARY AND CONCLUSIONS

To summarize, the tests and analyses carried out, de-
spite selecting the test facilities in the terrain of com-
parable properties (at the same slope road, at similar al-
titudes, with similar grain composition of soils), it was
not possible to obtain a clear image and a full explana-
tion of the observed spatial distribution of soil moisture
in the area located behind the outlet of devices dehy-
drating forest roads. The scope of the works and tests
carried out comprised only the most important proper-
ties of terrains, soils and facilities, which are relatively
easy to be measured.

The analyses carried out, at a considerably high di-
versity in precipitation amounts, before measurement
sessions, demonstrated that soil moisture values in ses-
sions without dividing into respective facilities differ
significantly (Tab. 5). It is a situation not corresponding
to the measured precipitation sums: the highest mois-
ture values were obtained in session III — with the low-
est precipitation sums, and the lowest moisture values
were obtained in session II, with the highest precipita-
tion sums. It can be observed for 24 h precipitation sums
from one, two and three days preceding the moisture
measurement. Probably, there were differences in the
local precipitation distribution (the station is located
about 10km from the test areas). Considering the sys-
tem of average moisture values in the facilities, in rela-
tion to each measurement session (different sum of pre-
cipitation preceding sessions), a similar situation can be
observed, with the exception of facility W2, where the
highest moisture value was determined in session I, and
the lowest one in session I1.

Moisture diversity in the test facilities in each ses-
sion, individually, is similar (Golab and Urban 2016);
the highest moisture values were determined in facility
W2 in sessions I and II, and in session III in facility
W1; the lowest ones were determined in facility W4 in
all measurement sessions (Tab. 2). The statistical tests
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Table 5. Results of testing zero hypotheses

i Effect (E
Tested varlabl-e Series (ED SS df MS F Inference
null hypothesis Error (Err) P
1 2 3 4 5 6 7 8
Session Ef 0.073590 2 0.036795 6.289427 .
o =11 « reject to Hy
Hy: m;=m;=m; Err 1.105707 189 0.005850 0.002263
Ef 0.087340 3 0.029113 6.762997 )
I « reject to Hy
Err 0.258287 60 0.004305 0.000527
Facility Ef 0.087983 3 0.029328 6.803061 )
o 11 % reject to Hy
Hy:m; =m,=m;=my Err 0.258657 60 0.004311 0.000505
Ef 0.070378 3 0.023459 4.102952 .
I " reject to Hy
Err 0.343063 60 0.005718 0.010269
I Ef 0.000699 1 0.000699 0.125673 | there is no reason
Err 0.344927 62 0.005563 0.724164 | to reject H,
Line I Ef 0.001508 1 0.001508 0.270880 | there is no reason
Hy:m; =m, Err 0.345132 62 0.005567 0.604596 | to reject H,
1 Ef 0.006300 1 0.006300 0.959328 | there is no reason
Err 0.407141 62 0.006567 0.331163 | to reject Hy
I Ef 0.007221 3 0.002407 0.426762 | there is no reason
Err 0.338406 60 0.005640 0.734534 | to reject Hy
Position I Ef 0.014618 3 0.004873 0.880553 | there is no reason
Hy:m; =m,=m;=m, Err 0.332022 60 0.005534 0.456355 | to reject H,
1 Ef 0.032861 3 0.010954 1.726875 | there is no reason
Err 0.380580 60 0.006343 0.171074 | to reject Hy
Ef 0.129013 1 0.129013 36.92651 .
1 « reject to Hy
Err 0.216614 62 0.003494 0.000000
Level Ef 0.114814 1 0.114814 3070611 )
_ II * reject to Hy
Hy:m;=m, Err 0.231826 62 0.003739 0.000001
Ef 0.122219 1 0.122219 26.01986 .
I " reject to Hy
Err 0.291222 62 0.004697 0.000003

Statistical significance p < 0.05; * — statistically significant differences.

carried out demonstrated the significance of differences
in moisture values in facility W1 and moisture values
in facility W3 and W4, a similar significance of differ-
ences was obtained in session I but with the absence of
variance homogeneity; in session III, the significance
of differences was determined for facility W1 and W4
(Gotab and Urban 2016).

The statistical analysis does not demonstrate any
significant difference in moisture between soil samples
arranged in lines A and B in any measurement session
(Tab. 5), although the numbers (Gotab and Urban 2016)

are varied. In general, the soil in line A has higher mois-
ture values but with distribution into respective ses-
sions, this rule is not proved (Gotab and Urban 2016).

It is similar for the marked positions (1, 2, 3 and
4), although moisture values differ among one another
(Gotab and Urban 2016) and the following rule may be
observed: soils with highest moisture values in the posi-
tion 2 and 3, soils with the lowest moisture values in the
position 1 and 4, the statistical analysis does not dem-
onstrate any significance in differences in any measure-
ment session (Tab. 5).
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Significant differences in moisture of the samples
tested was demonstrated in the analysis of the indicated
top and bottom layer (Tab. 5). Higher moisture was dis-
covered in top layers in all measurement sessions, with
similar dynamics of changes in such layers (Gotab and
Urban 2016).

Generally, moisture changes in the observed area,
usually few and several percent, are significant enough
to plastify or fluidise the soil on the slope and lead to
instability. Soil fluidisation takes place when a plastic-
ity rate, which is a difference between the fluidity limit
and plasticity limit, has a value ranging 1+10% (for
sandy dust and dust — soils classified as low-compact-
ed) (Wilun 2013). A factor hindering slope activation
is the high content of soil structure, presence of tree
roots, as well as low gradient of the slopes observed.
A crucial factor reducing an erosion risk is the layer
of an organic overburden, which buffers absorption
through water soil profile flowing from dehydrating
devices.

Comparing the results of the tests presented
(Beskid Sadecki) with the tests of the same type, con-
ducted as per the same methodology in the year 2014 in
Gorce (Gotab et al. 2016), it may be noted that the aver-
age soil moisture values in measurement sessions are
slightly higher in Gorce than in Beskid Sadecki. It may
be caused by the soil grain composition (Gorce — clay,
B. Sadecki — dusty forms), it is observed despite higher
terrain gradients and considerably lower precipitation
sums before measurement sessions in Gorcee.

There is the majority of average soil moisture val-
ues for the facilities in Gorce compared to the facili-
ties in Beskid Sadecki, although moisture dynamics is
higher in the soils near the facilities in Beskid Sadecki.
This is also supported by differences in the soil parti-
cle size.

Soil moisture content in lines is comparable in both
terrains, with slight dominance of moisture dynamics
near Krynica facilities. There is a similar dependence
for moisture and its dynamics in the positions for both
terrains. Higher diversity of these systems (particularly
in the division into lines 2 and 3 in relation to line 1 and
4) is more noticeable in Krynica tests, which may be ex-
plained by slightly better hydraulic conductivity prop-
erties in Krynica and higher terrain gradients in Gorce.
In Krynica, better water absorption is possible through
a soil profile and in Gorce, behind the outlet of devices,

there is a run-off process observed. It can also explain

the differences in moisture dynamics in layers — higher

diversity is noticeable near Gorce facilities.

To conclude, it must be stated that the existing in-
terpretation difficulties are connected with the multi-
plicity of factors and terrain conditions that affect the
observed moisture distribution. Therefore, these tests
must be regarded as an initiative for further works
describing this issue. It is necessary to differentiate
terrains where subsequent tests will be carried out
(terrains with various gradients, with more perme-
able soils, in varied climatic conditions). The analysis
ought to include more detailed soil tests, in particu-
lar, defining the limits of texture and shear strength
in such soils. It is also recommended to measure the
amount of water flowing from devices onto the slope.
Extending the testing scope will be possible after ob-
taining funds at an appropriate level.

The following was discovered in the research:

— In the observed terrain conditions, at relatively low
slope gradients and considerably limited soil hy-
draulic conductivity, water flows from dehydrating
devices inside the soil, without significant differen-
tiation in humidity in ‘positions’;

— The observed statistical significance in moisture
difference at determined depths in all measurement
sessions, at higher moisture values in the top layer,
indicates a stronger tendency of precipitation water
run-off in sub-surface layers, which results from
poor hydraulic conductivity properties in local soils
and a slope gradient,

— Relatively low moisture fluctuations on the slope
(Tab. 5 in: Gotab et al. 2016); maximally observed
differences in the means for the facilities; from
2.56% to 7.22%, maximally observed differences in
the means for the position 3; from 3.44% to 9.31%,
insignificant terrain gradients and estimated very
high share of coarse gravel and stone, which fulfils
the role of a mechanical stabiliser for earth parts of
the soil profile that do not create good conditions for
landslides;

— Moisture differences in the lines and in the posi-
tions (Tab. 5 in: Gotab et al. 2016) exist and indi-
cate certain regularities but of no statistical signifi-
cance;

— There is also no tendency for erosive damage of
a linear type in the area examined.
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