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Abstract: Variability of suspended sediment
grain size distribution in winter floods. The work
presents the results of research concern vari-
ability of suspended sediment grain size, trans-
ported during the winter floods in agricultural
catchment, in the period of hydrological years
2012-2015. The information about grain size
distribution from nine winter flood events were
collected over the study period, which allowed
to analyze the variability of suspended sediment
particle size during the various events. Grain
size of sediment was determined using a laser
particle size analyzer Mastersizer Microplus
from Malvern Instruments Ltd. Variability of
individual particle size classes were observed in
each flood. Sand fraction dominated in seven of
nine measured events. There was no significant
increase of suspended sediment size in relation
to the maximum of discharge. It can be explain
by a relatively low discharge of recorded events.
The percentage of material classified as clay
(<4 pm) ranged from 0.08 to 1.01%, silt-sized
material (>4 and <63 pum) ranged between 9.31
and 67.17% and sand-size material (>63 pm)
ranged from 32.01 to 90.61%. The relationship
between the particle size and the discharge re-
quires further studies. The diameter d(, d5¢ and
dgo and a standard deviation were calculated for
each flood. Mean values of dsq for individual
flood ranged between 41.05 and 191.32 um with
average value of 99.01 um and average standard
deviation of 32.57.

Key words: winter floods, suspended sediment
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INTRODUCTION

Erodibility of rains and surface runoff
is lower in Poland in the winter time,
than in the summer (Banasik and Gor-
ski 1994, Banasik et al. 1995), however
less intensive vegetation cover or total
lack of plants may increase the ero-
sion in winter. Vegetation protects the
soil particles against detachment and
splashing, reducing erosion losses. Ma-
zur (2005) noted based on five years of
field observation in Bystrzanka catch-
ment, that erosion damage caused by
meltwater runoff were higher than the
one caused by rainfall, especially in the
fields sown with cereals (both winter
crops and spring cereals). The erosion
processes are the main driving force
which cause sediment transport within
catchments and into recipient. The in-
crease of erosion processes during as
well as snowmelt and rainfall events,
cause increasing of sediment transport
in rives. Modeling of the erosion proc-
esses and sediment transport in river
can be describe by the for example DR-
-USLE equation (Banasiak et al. 2012).
One of the six factors considered in
this equation is a K — erodibility factor
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which contains the sizes of eroded par-
ticles. Those particles when reach the
river become partially an suspended
sediment. Chanel response to sediment
supply depends inter alia on flood mag-
nitude (Ferreira et al. 2015). The mode
of sediment transport to a certain extent
is depended on the particle size, which is
mentioned as one of the most important
parameters of sediment transport (Dey
2014). The winter condition, when the
vegetation land cover have less protec-
tive impact (Bogen 1992), could have
stronger influence on particle size dis-
tribution during snowmelt floods.

The comparison of long-term inves-
tigation of grain size distribution per-
formed by time integrated sampler (Ba-
nasik and Hejduk 2005) indicates that
during winter—spring periods the grains
sizes were smaller in comparison to
summer—autumn periods. This observa-
tions were explained by the differences
between average flows in both periods.
However, those investigation do not fo-
cused on floods itself. The first attempt
of recognition of grain size distribution
during floods in Zagozdzonka River
were performed based on six events
rainfall or snowmelt events (Hejduk
et. al 2006). The research shows strong
variation of grain sizes during a flood
propagation and the highest variation
can be seen in values of dgy, what can
suggest that the biggest particles varied
the most during the flood.

Those evidences indicated to a more
precise recognition of suspended sedi-
ment grain size distribution behavior
within floods events during snowmelt
periods. In this paper the results of three-
-year investigation of grain size distri-

bution for winter events are presented.
The main purpose of this research was
arecognition of grain sizes patterns dur-
ing snowmelt floods in a small agricul-
tural catchment with mainly sandy soils
and the relation between characteristic
diameter as well as sediment classis

types.

STUDY CATCHMENT

Location, topography and area

The investigation was based on the data
collected by the Department of Hydrau-
lic Engineering of Warsaw University of
Life Sciences—SGGW from the 23.4 km?
lowland watershed of Zagozdzonka river
at the Czarna gauging station. Located
in central Poland (Fig. 1) Zagozdzonka
river is a left tributary of Vistula river.
The catchment area, which contributes
to direct runoff and sediment delivery
(without local depressions) to river sys-
tem, is 19.6 km“, upstream of Czarna
gauge. Absolute relief is 26.5 m in the
upper subcatchment (shown as B in
Fig. 1), and 34 m in the entire watershed
(A — Fig. 1). The mean slopes of main
streams are from 2.5 to 3.5 m per 1,000 m
(Hejduk L. and Banasik 2010).

Soils and land use

Sandy soils (from almost pure to loamy
sands), which covered 90% of watershed
to Czarna gauging station are the main
type of soils. In local depressions and
river flood plains peaty soils may be
found. Land use in the watershed up-
stream of Czarna is dominated by arable
land — 70% of total area; 20% of area is
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FIGURE 1. Locality map of the watershed

covered by forest, 9.4% is pastures and
0.6% is paved areas.

Precipitation and runoff

According to Banasik et al. (2013) the
mean annual precipitation and runoff
for Zagozdzonka catchment from the
period of time 1963-2011 are estimated
at 612 mm (range from 941 mm in 1974
to 414 mm in 1991) and 107 mm re-
spectively (range from 209 mm in 1980
to 52 mm in 1992). The month with
the highest rainfall (average 81.8 mm)
is July, while the precipitation in Janu-
ary is the lowest in the year (31.7 mm).
The month which is the most abundant
in water is March, while the most dry
is July (Banasik et al. 2013). The snow
cover usually appears between 25 and
30 of November and disappears be-
tween 20 and 25 of March, with the
total number of days with snow cover
equal to 70 (Chrzanowski 1988). The
snowmelt period is usually 1-4 days
long (Hejduk and Hejduk 2014).

Winter floods

According to Kaznowska et al. (2015),
most days with flood flows in Zagoz-
dzonka catchment between 1963-2012
were noted in February, March and
April, while droughts occur mostly in
summer, half of the hydrological year.
Most of the floods are short, but the long-
est one were noted in winter time. The
average discharge of the years 1991—
—2012 for Zagozdzonka river at Czarna
gauging station is 0.074 m’-s™' (Ka-
znowska et al. 2015). Two-year flood
discharge (WQsgo;) has been estimated
for 1.04 m>-s™! (Hejduk A. and Banasik
2010). The mean annual suspended sedi-
ment concentration (SSC) is low and has
been estimated for 14 mg-1"" (Hejduk et
al. 2006), however for snowmelt floods
it has been estimated for 19.5 mg-I™!
(Hejduk A. and Banasik 2010). Yearly
total sediment yield from Czarna station
is about 60 Mg (Banasik 1983). Winter
floods in Zagozdzonka River are in most
cases snowmelt—rainfall or rainfall one.
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TABLE 1. General information of analyzed winter events recorded at Czarna gauge station

Category Average Range
Runoff coeficient, a (-) 0.15 0.03-0.70
Peak discharge, Opnax (m>-s7) 0.462 0.115-2.034
Average discharge, Q,, (m*-s™") 0.292 0.089-1.360
Omax WOs00,* 0.444 0.111-1.956
Total supply, MP (mm) 15.79 6.40-55.50
Effective supply, MP,s (mm) 1.67 0.25-5.11
Event mean diameter of suspended sediment ds (Lm) 99.01 41.05-191.32
Flood average suspended sediment concentration 21.63 6.21-79.5
Mass of transported sediment (Mg) 2.70 0.20-17.71

*Two-year flood discharge WQsg, = 1.04 ms .

They can provide the biggest amount of
suspended sediment during hydrologi-
cal year.

MATERIAL AND METHODS

Water sampling

Suspended sediment transport in small
lowland rivers such as Zagozdzonka
even during floods is not large compared
to the mountain rivers or large lowland
rivers. Relatively low suspended sedi-
ment concentration cost difficulties in
the studies of grain size distributions.
Automatic  refrigerated  sampler
AmericanSigma 800XL, installed at the
Czarna station was used for point water
sampling during snowmelt floods. The
sampler is able to take maximum 24
samples with two-hour time step. The
sample is taken after exceeding a cer-
tain water level, which is the limit above
which water levels are considered to be
flood for Czarna station: more than twice
the mean annual discharge (Hejduk L.
and Banasik 2010). In the case of 48-
hour-long floods, the maximum number

of samples can be taken. During shorter
events, the equipment automatically
ceased to collect water samples, after the
limit of water level was reached. Collect-
ed samples were then transported to the
laboratory of Warsaw University of Life
Sciences — SGGW where the grain size
of transported suspended sediment and
it’s concentration were determined.

Determination of suspended sediment
grain size distribution

Analysis of suspended sediment grain
size were carried out using Low Angle
Laser Light Scattering method (laser dif-
fraction method), based on the phenom-
enon of light scattering (Rawle 1997).
Suspended sediment grain size and its
distribution ware determined using a laser
particle size analyzer Mastersizer Micro-
plus from Malvern Instruments Ltd. Ac-
cording to the specifications provided by
the producer (Malvern Ltd. 1997), Mas-
tersizer Microplus allows to measure the
particle’s diameter in the range of 0.05—
—550 pum, with an accuracy of £2% of the
particle diameter. The main part of the
equipment is the He—Ne laser with power
of 2 MW. It gives a beam of laser light
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having a wave length of 633 nm. Particle
size measurement is made at 10 us. The
average value of a specified number of
measurements is taken as a conclusive
value. The number of measurements tak-
en into account for the calculation of the
average value depends on the user. The
minimum recommended number of indi-
vidual measurements should not be less
than 2,000. In case of described research
the final result was assumed as average
value of 5,000 individual measurements.
The measurement of suspended sediment
grain size is carried out in a closed por-
tion of the equipment.

The sample is repeatedly pumped
through the measuring chamber, illu-
minated with laser light. The sample is
continuously mixed for a stirrer with ad-
justable speed, prevents sedimentation
of heavier particles (Fig. 2). In fact, the
sample sucked into the sample chamber
is homogeneous.

Software calculates and reports the
result of measurement for example as
the percentage of the particles having
specific sizes. Sediment particles’ shapes
are irregular, and it is difficult to describe
its size as one diameter. Laser diffraction
method define the diameter of sphere
equivalent to particle in terms of volume
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(nominal diameter). This means that the
resulting value of the diameter is the dia-
meter of a sphere, which have the same
volume as the analyzed particle.

RESULTS AND DISCUSSION

Variability of suspended sediment
grain size during floods

In the period of winter season of hy-
drological years 2012-2015, the in-
formation about grain size distribution
from nine flood events were collected.
Sampling during the flood allowed to
analyze the variability of suspended
sediment particle’s size. Most of the
observed events were relatively small,
so the maximum number of automatic-
ally collected samples never reached 24.
The equipment stopped collect samples
right after the water level dropped be-
low the accepted threshold. In one case,
because of the equipment’s breakdown,
samples were collected manually, at ir-
regular time step.

The method used for determining the
particle size of suspended sediment gives
the ability to determine grain size distri-
butions as well as calculate the charac-
teristic diameters of sediment. Suspend-

The holes where a
sample is taken

FIGURE 2. The view of Mastersizer Microplus (Malvern Ltd. 1997)
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ed sediment particles were classified by
size using a scale proposed by Lan (Yang
1996, Morris and Fan 1998). Accord-
ing to Lan, classification grain size of
0.004 mm is the threshold between clay
and silt; grain size equal to 0.062 mm is
a threshold between silt and sand, and
grain size equal to 2 mm is a threshold
between sand and gravel. This classifica-
tion allows to determine the variability
of particles during each flood. Similar
grade scale of sediment size is given by
Dey (2014). The average results for each
flood are given in Table 2. Dates speci-
fied in this table refer to the point, when
the first sample was collected and they
are different from the dates shown as the
beginning of flood.

The number of automatically col-
lected samples in particular flood ranged
from 4 to 19. In one case samples were
collected manually by an observer, at ir-
regular time step (30 samples). Variabili-
ty of individual particle size classes were
observed in each flood. There was no
significant increase of suspended sedi-
ment size in relation to the maximum

of discharge. It can be explained by low
values of observed flow in general. The
percentage of material classified as clay
(<4 um) ranged from 0.08 to 1.01%, silt-
-sized material (>4 and <63 um) ranged
between 9.31 and 67.17% and sand-size
material (>63 pm) ranged from 32.01%
to 90.61%. The dynamics of particular
size classes during floods are shown in
Figure 3. Sand fraction dominated in
seven of nine measured events. In the
other two, sand fraction was significant-
ly lower than the other factions (clay and
silt). The average variability of the frac-
tion is shown on Figure 4.

The diameter dy¢, dsy and dgy were
calculated for each flood. The values
given in Table 3 represent the average of
all samples in each flood. Standard de-
viation (SD) describes the variability of
individual characteristic diameters dur-
ing a specific flood. The diameter dg
ranged from 11.99 to 47.02 pum, with
the average standard deviation 7.39. The
low value of the deviation in the case of
diameter d;( suggests a slight variation
of tiny particles during floods.

TABLE 2. The mean percentages of suspended sediment corresponding to the various classes of size

in recorded floods

Class of size
Date Number of collected samples clay (%) Silt (%) sand (%)
05.11.2012-06.11.2012 8 0.23 31.39 68.38
20.01.2012 5 0.28 17.23 82.49
22.01.2012-23.01.2012 12 0.35 16.91 82.74
30.01.2013-02.02.2013 10 0.46 44.19 55.35
08.03.2013 7 1.01 60.27 38.71
10.03.2013-11.03.2013 16 0.82 67.17 32.01
07.04.2013-12.04.2013 30" 0.34 39.71 59.95
08.11.2014 4 0.08 9.31 90.61
22.12.2014-24.12.2014 19 0.33 44.53 55.14
y Average values
0.43 36.75 62.82

*Samples collected manually at irregular time step.
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FIGURE 3. The dynamics of classes variation during the winter floods
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FIGURE 5. The average variability of character-
istic diameters

TABLE 3. The average values (AVG) of the characteristic diameters d, dso, dgg (um) during the re-

spective floods, and the standard deviation (SD)

Date o ds0 doo
AVG SD AVG SD AVG SD
05.11.2012-06.11.2012 31.47 9.06 111.78 | 5495 | 293.13 | 71.03
20.01.2012 47.02 1454 | 177.63 | 3570 | 40887 | 52.11
22.01.2012-23.01.2012 45.42 1472 | 19132 | 5314 | 40252 | 5329
30.01.2013-02.02.2013 20.76 5.68 7161 1389 | 19233 [ 40.08
08.03.2013 11.99 1.68 47.51 7.11 213.08 | 8887
10.03.2013-11.03.2013 12.09 1.95 41.05 5.69 157.85 | 6259
07.04.2013-12.04.2013 24.68 7.74 84.66 | 3202 | 23322 | 8172
8.11.2014 19.22 5.18 9348 | 7170 | 261.06 | 149.69
22.12.2014-24.12.2014 21.55 5.98 72.05 18.67 | 20355 | 46.59
Average values
) 2602 | 739 | 9901 | 3254 | 26285 | 71.77

The greatest variation deviations oc-
curred in case of the diameter dgy. The
value of the diameter dgy ranged from
157.85 to 408.87 um, with the average
standard deviation 71.77. This suggests
a high variability of the amount of the
biggest particles during floods.

Mean values of ds for individual flood
ranged between 41.05 and 191.32 um
with average value of 99.01 pm and av-
erage standard deviation 32.57. The av-

erage value of dso for snowmelt floods
recorded between 2004-2009 at Czarna
gauging station were 71.61, with stand-
ard deviation 19.42 (Hejduk 2009). Ac-
cording to the previous research in this
same catchment, the average value of
dso for 2012-2015 is closer to the value
reported by Banasik and Hejduk (2005)
for summer—autumn period of time. The
reason for this might be meteorologi-
cal conditions in the catchment. Based
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on thermal and snowiness classification
(Hejduk and Hejduk 2014) in the ana-
lyzed period of time, winters in general
were mild and less snowy, sometimes
preceded by dry summers and autumns.
The reaction of the catchment on win-
ter supply was smaller than in previous
years, as same as maximum discharge of
the recorded floods. Although there was
no significant relation between particle
size and the discharge, there is a trend
of increase of transport of larger parti-
cles within decreasing discharge. Bogen
(1992) reported that the fine sediment is
carried in transport with the increasing
discharge.

The individual characteristic dia-
meters (Fig. 5) did not show high vari-
ability between floods, but in the case of
January 2012 floods (20 and 22 of January
2012), diameters dsy and doy were much
greater than the corresponding diameters
in other flood events. Both these floods
followed one another and were the first
one after a very long dry autumn, which
may explain why the grain size distribu-
tion curves were moved towards larger
particles.

CONCLUSIONS

The results of investigations on sus-
pended sediment grain size distributions
during floods recorded in winter period
of hydrological years in Zagozdzonka
river show high variability of charac-
teristic diameters and fractions. The
characteristic diameter dso, which is an
indicator of average grains size, varied
from 41.05 till 191.2 pm, depend on
flood. Calculated standard deviation of
particular characteristic dimeters during
flood shows, that the highest variability
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was recorded for diameter do; and the
lowest for dimeter d;y. That suggests
relatively stable transport of small parti-
cles in a sense of size during floods. Ac-
cording to the Lane scale, which can be
used for determination of sediment frac-
tion based on grains sizes, the dominant
fraction during seven out of nine inves-
tigated floods was sand. In two cases silt
was the dominant fraction. Based on the
results, there was no significant relation
between sediment size and peak flow
during particular flood. In case of two
floods, the characteristic diameters ds
and dyg were significantly different from
other floods. The reason for that might
be a long, dry autumn, after which the
floods occurred.
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Streszczenie: Zmiennos¢ uziarnienia rumowi-
ska unoszonego podczas wezbran zimowych.
Praca dotyczy wynikow badan zmiennosci
uziarnienia rumowiska unoszonego, transpor-
towanego podczas wezbran zimowych w nizin-
nej zlewni rolniczej w latach hydrologicznych
2012-2015. W okresie badawczym zebrano
informacje o rozktadach granulometrycznych
z dziewigciu wezbran, co pozwolito na analize
zmienno$ci wielko$ci czastek rumowiska uno-
szonego podczas poszczegolnych zdarzen. Ana-
lizy granulometryczne rumowiska unoszonego
przeprowadzono przy zastosowaniu laserowego
analizatora wielko$ci ziaren firmy Malvern In-
struments Ltd. o nazwie Mastersizer Microplus.
Podczas wezbran zaobserwowano zmienno$é
poszczegdlnych klas wielkoSci czastek rumo-
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wiska. W siedmiu przypadkach dominowat ma-
terial wielkoscia czastek odpowiadajacy frakcji
piaskow. Nie stwierdzono znaczacego zwigksza-
nia si¢ rozmiardw czastek rumowiska w poblizu
przeptywu kulminacyjnego, co moze by¢ thu-
maczone niewielkimi warto$ciami przeptywow
analizowanych wezbran. Procentowa zawarto$¢
materiatu wielko$ci itéw (<4 um) zmieniala si¢
od 0,08 do 1,01%, materiatu wielkosci pylow
(>4 and <63 um) od 9,31 do 67,17% i materia-
hu wielkosci piaskéw (>63 um) w zakresie od
32,01 do 90,61%. Zalezno$¢ miedzy wielkoScia
czastek a przeptywem wymaga dalszych badan.
Dla kazdego wezbrania okreslono warto$ci $red-
nic charakterystycznych djo, dsg, doy. Warto$ci
dso dla poszczegoélnych wezbran zmienialy si¢
od 41,05 do 191,32 pm, przy wartosci $redniej
99,01 um i odchyleniu standardowym 32,57.
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