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Abstract

The area of floodplains in the Carpathian Basin wasmatically
reduced as a result of river regulation works & 18th century. There-
fore, the accumulation processes were limited & rthrrower flood-
plains. The aims of the presented study are torméte the rate of
accumulation caused by a single flood event onatiéve, narrow
floodplain of the Lower Tisza and to evaluate thlations between the
aggradation, flow velocity during the peak of theofl and the canopy.
The uncultivated lands in the study area causes@sed roughness
which decreased the velocity of the flood, influegcthe rate of
aggradation. The highest flow velocity was measunegoints where
the flood entered to the floodplain and at the fobthe levee. These
points were characterised by thick (over 50 mm) aondrse sandy
sediment. In the inner parts of the floodplain damnductivity zones
were formed, where the vegetational roughness wmadl.dn the inner
parts of the floodplain the rate of aggradation \dkienced by the
geomorphology and the vegetation density of tha.are

Key words: Lower Tisza, floodplain, accumulation, flow
velocity, roughness

INTRODUCTION

The rate of floodplain aggradation is importanifro
the point of view of increasing flood hazard ane th
dispersion of pollutants during flood events. T fere,

the rate of accumulation caused by single floodstus-
ied along several temperate zone rivers (Gomez Bl. e
1997, Asselmann N. E. M. — Middelkoop H. 1998, Nagy
B. 2002, Steiger J. — Gurnell A. M. 2002, Benedktti
M. 2003, Oroszi V. et al. 2006). The accumulatisn i
affected by several different factors which diffiertime
and space. The most widely cited and probably thetm
important factor is the geomorphology of the flotziip
(Cazanacli D. — Smith N. D. 1998, Baborowski Makt
2007), the roughness of the inundated area (Ratky |
Farkas P. 2003, Werner M. F. G. et al. 2005) anthitd
use (Knox J. C. 2006). Most studies analyse thepat
of the sediment deposited by a single flood evrall-
ing D. E. — He Q. 1998, Gabris Gy. et al. 2002) @sd
grain-size distribution (Hughes D. A. — Lewin J.829
Zhao Y. et al. 1999), or the connection betweerflthe
velocity and the deposited sediment (Wyzga B. 1999)
The flood in 2006 was the highest recorded flood
since 1842, when the gauge station network wad-esta
lished along the River Tisza (at the study area —
Mindszent — the former record, 1000 cm in 2000 was
replaced by 1062 cm on April 21 2006). In this area
recent accumulation processes were studied afeer th
1998-1999, 2000 and 2001 floods (Kiss T. — Fejes A.
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Fig. 1 The study area and the location of cross-sectanag them the depth of the fresh sediment, watkrcity and the
density of vegetation were measured



32 A. Sandor - T. Kiss JOEG I/1-2

2000, Kiss T. et al. 2002). The aims of the presamdy flow velocity meter (GR-21) was used from a motor
are (1) to determine the accumulation rate caugeanb  boat, which was anchored. The measurements were
extremely high flood and (2) to study the relatitips made just on the left bank, along 12 cross-sectr&y
between aggradation, flow velocity during peak flamd points. The exact location of each measurementtpoin
vegetation structure. was determined by Garmin GPS. Only at one point we
measured the flow velocity at different depths d¢geal
the role of bushes in reducing flow. However, athea
STUDY AREA AND THE 2006 ELOOD point we made only one measurement at the dep® of
cm, partly because we wanted to make as many meas-

The studied floodplain section is located in the urements as possible all over the floodplain, aadiy
Lower Tisza RegionHig. 1), 6.5 km along the river because we could not hold it vertically in greatepth.
(216.9-210.6 ftkm), west of Mindszent. Here the Rive The depth of the water column over the floodplamsw
Tisza has three well-developed meanders; the loastrm 4.7 m in average (max. 5.2 m, min. 2.9 m).
is the sharpest. The artificial levees were buil1890- At late summer the depth of the fresh sediment was
1895, creating a narrow floodplain with quite inoésy measured along the same cross-sections as ofdbe fl
width, as the distance of the levee from the rigéihk velocity measurements and along new cross-sectibns
varies between 35 and 560 m, while on the left gide both sides of the river (on ca. 500 points along&iks-
110-1100 m respectively. The floodplain is flate ttif- sections). The leaf-layer of last autumn and thiicial
ference in altitude slightly exceeds 2 m. The lawea- surfaces created a reference level, therefore ¢péhdbf
tures on the floodplain are swales and artificaidpits fresh sediment could be precisely measured. Thie-gra
and channels, and the higher ones are point bats ansize distribution was determined by pipetten metaod
natural levees. wet sieving.

In the year 2006 two floods were recorded between Simultaneously with sediment measurements the
April 10 and July 5Fig. 2). The first in April and May  arboreous vegetation of each point was described,
was 70-day-long, reaching a new record flood-level namely species distribution and vegetation density.
(1062 cm), and then a smaller and shorter floodewav (Vegetation density was defined in different watysir
proceeded in June. The first was caused by thel rapi description can be seen below). In 3.0 x 3.0 m rataed
snowmelt in the catchment and by the back-drairefge  all the bushes and trees were counted and thepheey
the Danube, while the second was due to high ptacip was measured at 1.0 m height. This mapping and the

tion. Altogether the floodplain was covered by wdte aerial photo, made in 2000, were used to createdhe
102 days. opy map of the area, using ArcView3.2. softwaresdzh
on the aerial photo the vegetation patches wenatiide

1ot \ fied, and based on the field measurements theiragee

vegetation density was calculated.

Trees and bushes cover the largest proportioneof th
area (74.1%), and they play the most important nole
increasing the roughness; therefore, these areas we
classified from the point of view of flood condugty.

0 ‘ ‘ ‘ At first the quadrates were classifiebaple ) based on

1125 TIL 10. 1L 25, IV. 5. IV.ZO.dm:".S. V.20. VL5 VLI135 VILI. VIL13. IndICES reﬂeCtmg the number a.nd SIZE Of treeE d—e.n_

Fig. 2 Recorded water level at the Mindszent fluvio-meter i .S'ty indexwas d('eflned as the r.1umb.er of trees and bushes
2006 (data: www.vizadat.hu). in the quadrate, thpenphery indexs tr_\e total sum of

The arrow indicates flow velocity measure date the periphery of the timber. In the final classition
(Table 2 the above-mentioned two indices were
summed ¢anopy indek but the density index was ac-
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METHODS centuated as accord_mg to our field observationsflia-
ences the flow velocity more.
Flow velocity measurements were carried out in or- In the quadrates belonging to the "sparse vegeta-

der to determine the relation between flood flowd an tion" class some old trees or in case of youngtptan
aggradation rate, and to reveal the role of vegetan forest no more than 10 trees grow, the underwood is
affecting flood flow. The number of flow velocityeas- sparse or missing. In the "dense vegetation" aagsast
urements were limited, as it had to be made witnia 15 trees grow in a quadrate. These forests aresundi
day (April 30, 2006 at 1018 cm, just after the pefthe turbed natural forests, planted poplar stands ejfidrse
flood), because of the rapid falling. A calibratedssian underwood. The "medium dense vegetation" category
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includes disturbed natural forests, poplar staatise@st

45 tree/bush per quadrate) and lands whemorpha
bushes appear. The "very dense vegetation" meéns al
those areas (forests, former orchards and plowgjtis)i
which are overgrown by dengenorphabushes. Most of
the study area (67%) belongs to the category ofiumed
and very dense vegetation classes.

Table 1Classes based on density and periphery indices

Number of timber
>45
41-45
36-40
31-35
26-30
21-25
16-20
11-15
6-10
1-5

Density index
10

RPIN W[l |N|0|©

Periphery index
5

Sum of periphery (cm)
>160
120-160
80-120
40-80
<40

RIN[W| >

Table 2Vegetation classes based on the canopy index

. . Total Number
Vegetation [?ensﬂy periphery C_anopy of quad-
class index : index
index rates
Sparse 1-2 1-2 2-4 13
Dense 3-4 1-3 4-6 6
Medium 3-7 1-4 6-9 22
dense
Very dense| 6-10 1-54 10-15 21

Vegetation classes were then converted into rough-
ness categoriesTéble 3 in order to determinate the
mean vegetational roughness of the floodplainpfaithg
the roughness categories of Manning (Chow V. T9)95
However, these categories might vary by the le¥¢he
flood: during smaller floods the trunk of trees dnhes
submerged increasing the roughness, but as the-wate
depth increases, free flood flow might occur ovee t
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Table 3Roughness categories (after Chow V. T. 1959)

Mean
| Category Type of vegetation/land use roughness
(n)
River channel 0.03
Short grass, dirty road 0.03
Cultivated plough-field 0.035
Cultivated orchard, uncultivateg
4 ; . 0.05
plough-field, clearings
Inundated shallow depressions|
5 : 0.05
(sand-pit, scour channel etc.)
Uncultivated orchard 0.07
Forest with sparse underwood| 0.12
Dense forest denggmorpha
8 0.2
bushes
RESULTS

Vegetation of the study area in 2006

The largest proportion of the study area (74.1%) is
covered by arbours: most of the forests (67.4%)ehav
natural underwood and only 5.7% has a cleared groun
without underwood. However, the land use of thedlo
plain differs at the two banks of the river: thghti side
is almost totally covered by forest (willow, popland
the invasiveAmorpha fruticosg)but the left side is close
to the town, therefore, cultivated areas (orchat@%o
and plough fields 10.8%) also appear. Howeverr #fie
great flood in 2006 many of the orchards and plough
fields remained uncultivated (4.7% and 8.8%, respec
tively). On fields, which remained fallow land féew
years (4.9%) invasive speciesnforpha fruticosa, Echi-
nocystis lobatacreate almost impenetrable stands.

The roughness (n) of the study area is between 0.03
and 0.2, the mean roughness is 0.13, which is deresi
bly high, falling into the category of "forest wigparse
underwood". Over half of the territory (60%) is eoed
by the two highest roughness categoriegy.(3), and
less than 10 % is under 0.035.

Flow velocity changes at the floodplain

Due to the limited number of velocity measure-
ments, no velocity distribution map of the floodplavas
made. The cross-sections will be presented, whieh a
grouped based on the velocity distribution alongnth
Some has the highest flow velocity in the middlethaf
cross-section, while others have higher flow velesiat

dense bushes (Chow V. T. 1959, Németh E. 1959). Be-their ends.

sides, the roughness changes within the same fae gt
is smaller on roads but greater on the boundaries.

The first group contains such cross-sections (MlI-2,
MI-5, M [-8 and M I-13), where high flow velocity as
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measured at the middle of the cross-section. Taegth
varies between 200 and 1080 Mable 4. The most
characteristic is the M |-13 cross-sectidtig( 4), which

is located in the inner bend of the lowermost meand
At the foot of the levee, covered by grass (n=0.68)h
flow velocity (0.6 m/s) was measured, but in thanpéd
poplar stand with dense underwood (n=0.2) the flow
velocity reduced remarkably (0.15 m/s). In the mpart

of the cross-section higher velocities were meabure
over a road (0.32 m/s) and on the boundary betulsen
bushes and the plough field (0.46 m/s). Over the im
merged dense bushes no movement was detectable und
the depth of 90 cm (at the level and below theabthe
bushes), therefore, we made more measurementssat th
point to find out the vertical velocity distributio(Fig.

5). Flow velocity was above 0 m/s only over the im-
merged bushes: the highest velocity was measurtzt at
surface (at 10 cm 0.13 m/s), then it decreasedndsCat
the depth of 70 cm. This information suggests that
very denseAmorphastands (n=0.2) the roughness is so
high that it prevents the waterflow and thus, itoidy
possible over the bushes. At the bank (on the guznt
0.21 m/s flow velocity was measured. The mean flow
velocity of the cross-section was 0.18 m/s. The-phe
nomenon, that relatively high flow velocity is tgpi in

the middle of the cross-section, is in connectioithw
flood conductivity routes. In these cases longitatli
patches with low vegetation roughness (road orsfore
clearings) or deeper swales between two formertpoin
bars enabled faster flowéble 5.

\‘
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Fig. 3Vegetation patches classified by their roughneps (n
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Table 4Data of cross-sections with high flow velocity et

middle
Number off Flow velocity
Cross-|Lengthl measure- (m/s) Roughness
section| (m) ment _ (n)
points | Min.| mean max.
MI-2 | 200 6 0 | 0.170.37| n=0.03-0.2
MI-5 | 650 11 0| 0.150.62| n=0.03-0.2
MI-8 | 350 5 0 | 0.230.36| n=0.03-0.2
M [-13 | 1080 13 0| 0.18 0.6 | n=0.03-0.2

Table 5Characteristics of the points situated in the n@dufl
cross-sections and characterised by high flow ¥gloc

C Distance | Flow veloc-
ross- Description of the point from the ity
section .
river (m) (m/s)
M -2 Road parallel to the 55 0.37
river
MI-5 Low-lying surface 305 0.37
swale
M-8 In cl_earlngs parallel tp 103 0.36
the river
Road parallel to th 0.46 and
M13 | iver (2 points) 335 and 667 0.32
m/s
0.8
ln—fO.l’anO.lZ n=0.2 n=0.05 n=0.2 n=0.12
0.7 5
06 o
levee 1000 800 600 400 200 river
Distance from the channel (m) bank

Fig. 4 Flow velocity distribution of the cross-section M3
(the vegetation type and the roughness are alsceited|)

The second group of cross-sections is characterised
by low flow velocity at their middle zones (M |-31 I-6,
M I-7, M I-9, M |-10 and M I-11). Their length vas$
between 330 and 630 criigble §. The cross-section M
I-6 is very typical for this groupHig 6). Its length is 550
m, and the greatest flow velocity (0.56 m/s) wasasne
ured at the grass-covered levee (n=0.03). In ttadimi
of the cross-section the roughness is higher (15-0.2),
therefore, the flow velocity decreased to 0.12-Gv3.
Near the riverbank, in an old undisturbed gallesse$t
the flow velocity increased (0.53 m/s). The meawfl
velocity of the cross-section is 0.22 m/s. In thisss-
section group high flow velocity was typical at theer
bank, partly because the morphological situatiorihef
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point (at inflexion and at convex bank, where tlood
entered to the floodplain), and partly becausesthaller
roughness in forest with limited underwood or otle
road running at the riverbank.

Velocity (m/s)
Depth © 0.05 0.1 0.15
(cm) 01
30
0N /k / \ F
< | \/
1201 )
y
1501 L
o
1801 /
2104 | ]
v
2404 ] /J
270 ar
5
300+ >
3304— /

Fig. 5 Vertical velocity distribution over dense bushaatoint
225 m far from the channel

One longitudinal section (length: 680 m) was also
made in the lowest and sharpest meander, betwsen i
inflexion points Fig. 7). At the upper inflexion point,
where the flood entered to the floodplain (foresiac
ance), the greatest flow velocity (0.55 m/s) of ¢ketion
was measured. As the distance increased from thie ba
the flow velocity decreased. Along the section the
roughness was almost the same (n=0.03) as it wes us
as ploughland. However, on the edge of the ploughla
and a forest (n=0.12-0.2) smaller flow velocity was
measured. At the end of the section, at the rivécba
flow velocity was again higher (0.37 m/s), thougit as
great as at the upper inflexion point. The meanvflo
velocity of this longitudinal section is 0.34 mfsuch
higher than any of the cross-sections, showingettis-
tence of a flood conductivity zone.
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Table 6Data of cross-sections with low flow velocity ireth

middle
Flow velocity
Cross- |Lenght Numbgro (m/s) Roughness
; sampling
section | m) b (n)
points .
min.| meanmax
M I-3 630 9 0| 0.22 0.2:=0.03-0.2
M I-6 550 7 0.12 0.22 | 0.56 n=0.03-0.2
M -7 415 6 0.1 0.17 0.8n=0.03-0.2
M I-9 360 5 0| 0.15 0.2h=0.03-0.2
M I-10 320 6 0.07 0.27| 0.4|/n=0.03-0.2
M I-11 560 8 0.5 0.3| 0.681=0.03-0.2
m/s
0.8
0.7 n=0.3 n=0.2 n=0.07 n=0.05 n=0.12
0.6
0.5 ‘. B
0.4
0.3+
0.2+ = -
0.1+ — e
0.0 . l
levee 500 400 300 200 100 nver
Distance from the channel (m) bank

Fig. 6 Flow velocity distribution of the cross-section A8 |
(vegetation type and roughness are also indicated)

m/s
0.8

0.7
0.6
0.5
0.4
0.3
0.2
0.14

0.0
upper inflexion 100

n=0.2 n=0.03 n=0.12 n=0.03 n=0.2

200 300 400 500 600 lower infl.

point Distance from the channel (m) point

Fig. 7 Flow velocity distribution of the longitudinal sémt
(vegetation type and roughness are also indicated)

Based on the results above, it can be statedtbat t
greatest flow velocity on the floodplain is typicah
patches running parallel to the river with low vege
tional roughness, i.e. at the grassy levee, atsraad in
poplar plantations with limited underwood. However,
areas invaded byAmorpha bushes the flow velocity
drastically decreases, only over the bushes cdudd t
flood waterflow. Geomorphology of the riverbed dete
mines where the flood can enter the floodplain, ibut
this case again the vegetation influences its ieffizy.
Morphology of the floodplain is also important asthe
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deeper swales, as well depending on vegetationicond
tions, greater flow velocity is typical.

Aggradation caused by the 2006 flood

The depth of deposited sediment was the greates
(50-500 mm) within 10-50 m from the channel. On the
left side of the river, where the floodplain is rwav, the

amount of aggraded sediment exponentially decreased

with distance from the channdfig. 8), in accordance
with earlier research (Walling D. E. — He Q. 1998).
However, the left part of the floodplain is widéngere-
fore, the pattern of deposition was different, hsea
other factors (geomorphology and vegetation) atflo-
enced the aggradation. For example, we found patche
with low aggradation rate. These areas were covieyed
very denséAmorphabushes which acted as a barrier for
the flowing water. Therefore, the water slowed damd
even stopped among the bushes; thus, sedimentatio
took place on the boundary of the patch. The effdct
floodplain geomorphology on aggradation was obvious
where the floodplain was wide. In these cases émnick
sediment was deposited in the deeper areas asih sa
pits, swallows and along a scour channel. At thatpo
where the flood entered into the floodplain theradg-
tion was also greater.

/\/ Cross-section

[ ] 05-09mm
I:l 1-4.9 mm
|:| 5-9.9 mm
- 10-49.9 mm
B 50999 mm
- > 100 mm

Mr 1

0

Fig. 8 Pattern of aggradation in the study area
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The 31 cross-sections were grouped based on their
length (Table 3. Group No. | contains those shorter than
150 m, while wider sections belong to the group No.

Table 7Major characteristics of the studied cross-sections

_ Thickness_ofthe l\f/llg\?vn
Cross-section Cross- |Lengh] fresh sediment .
- velocity
group section| (m) (mm) (mis)
min| Mean| max.
- MI-1 | 105 | 0.5/34.21| 125 -
8 Mr-3 | 45 |05/ 1.45| 6 -
;:gg Mr4 | 60 |0.522.43] 135 -
z59 Mr-5 | 60 | 0.510.76/ 70 -
0 Mr-6 | 35 | 0.549.91] 130 -
Mr-7 | 143 | 0.530.81] 230 -
° MI-4 | 710 | 0.5 9.3 | 260 -
©c | MI-11 | 555 | 0.545.93| 150 | 0.3
v | SS[ M |560]08714] 48| -
S E[Mr2[400]05 298] 15| -
SEE| Mr9 | 220 0.513.59| 500 -
Z 0o
So|Mr10| 300 05599 186 -
S | Mr11| 230 0.919.25/ 500 -
£ w Mr-12 | 353 | 0.565.15| 250 -
= f% MI-3 | 625 | 0.5/ 8.11| 200| 0.22
~ 15 MI-5 | 675 | 0.5 5.45| 120| 0.15
8|5 MI-8 | 310 | 0.5 8.77 | 144| 0.15
5| 8| §| M9 | 370|0513.82) 280 | 0.15
©| g|=|MI10]| 330 ] 051804 170 | 0.27
S| £ MI-12 | 1085[0.5] 4.41] 35| -
=1 3 MI-16 | 395 | 0.5 15.59| 300 -
2|5 Mr-8 | 200 | 0.547.91| 255 -
% MI-6 | 550 | 0.5 6.16 | 140| 0.22
8| &§[MH-4]750]05775| 80| 0.09
o | =|Mr13| 250| 0.5 4.71| 90 -
2 Mr-14 | 347 | 0.534.44| 280 -
o MI-2 | 200 | 0.5/27.94| 203 | 0.17
= | & | M7 | 410]05516] 162] 017
Z | =|MI-13|1080|0.5(12.61| 150 | 0.18
MI-15 | 585 | 0.5 8.33| 20 -

The No. I. cross-section group includes the shortes
ones (6). A typical example of this group is the-Mr
cross-section which is only 58 m in lengffig. 9). The
greatest amount of sediment (135 mm) was deposited
the margin of the channel in a forest with very sten
underwood. As far as 20 m from the channel the amou
of accumulation was only 15 mm (decreased by 89%),
and 50 m far it reduced to 3 mm. Here the aggradati
from the channel towards the levee decreased erpone
tially (R?=0.9182).

Group No. Il. consists of cross-sections wider than
150 m (24). It was also divided based on the théskn
changes of the sediment, namely whether it changed
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exponentially (No.ll/1) or it had more peaks (N&)I
Typical example for the first group is the MI-11oss-
section starting from the upper inflexion point thie
lowest meanderHig. 10). Here the greatest amount (150
mm) of sediment was deposited within 180 m zonenfro
the channel, in a poplar forest with den&eorpha
bushes. At 190 m from the channel the accumulation
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cross-section, where at the bank 200 mm thick seim
was deposited, but already at 40 m from the baek th
sedimentation decreased to 38 mm, and at 150 mtonly
6 mm, respectivelyRig. 11). In the middle part of the
cross-section only very thin (less than 1 mm) sedim
was deposited on a plough field. Near the leve® @#9
far from the river) again thicker, 3-10 mm sediment

suddenly decreased (30 mm) at the border between accumulated in the deeper lying sand-pits.

plough field and a dense scrub. Grain size didiobu

also changed, as on the banks the sediment cahsiste

95% sand, but at 190 m from the channel it was only
67%. Towards the levee thickness of the fresh depos
decreased and became finer.

mm
160
140 n=0.2 n=0.2 n=0.2 n=0.03
120 y = 198 gae “0-9459%
s R*=0.9182
80
60
40 3 =
[ R~ S
river 10 20 30 40 50 levee
bank Distance from the channel (m)

Fig. 9 Aggradation along the cross-section Mr-4

In some cross sections (No. 1l/2b) the maximum

aggradation was measured at the channel and somewhe| -

in the mid-zone of the cross-section. An examplthés

n=0.03 n=0.2 n=0.7 n=0.7 n=0.2

L [
il ]

\ -

\ .
) ] 1

i

river bank

7
7

levee 600 500 400 300 200

Distance from the channel (m)

Fig. 11 Aggradation along the cross-section MI-3

100

n=0.2 n=0.03

T
|

125

25

levee

50 75
Distance from the channel (m)

Mr-7 cross-section where 230 mm sediment was depos
ited on the bankHig. 12), but in 10 m it decreased to
180 mm, and in 25 m far it decreased further tar2g.
From this point, increasing amount of sediment was
measured (max. 60 mm) towards the levee.

m/s
0.8
mm = =0.12 =0.2 =0.2 =0.2.
240210 0.03 n=0.12 n=0.2 n=0.2 S 0._ 07
210 4
180
150
120 =
90
60 T
50 | =
0
levee 500 400 300 200 100 river bank
Distance from the channel (m)
100%
80%
60%
40%
20%
Oclay |+
| silt 300 160 65
W sand Distance from the channel (m)

Fig. 10Aggradation along the cross-section MI-11 and the
grain size distribution of sediment

Fig. 12Aggradation along the cross-section Mr-7

m/s
mm - 0.8
240 n=0.03n=0.12 n=0.2 = n=0.05 n=0.2 n=0.12"| 4
210 ]3(;:‘;’ 0.6
180 — 0.5
150 0.4
120 = 03
% 7 & A o2
60+ - - - H = 1 [
S0 I I B P
0
levee 1000 800 600 400 200 river bank
Distance from the channel (m)

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

=N

msand

Fig. 13Aggradation along the cross-section Ml -13 and the
grain size distribution of sediment

830 630 385 190 110 33
Distance from the channel (m)

Altogether four such cross-sections exist (No.d)/2

where three aggradation peaks were detected. Bon-ex
In case of some cross-sections (i.e. No. 11/2) more ple, in the MI-13 cross-section the accumulatiote ra
peaks appeared on the aggradation graphs. In sbme aecreased exponentially (from 150 mm to 8 mm) il 20

them (No. 11/2a) the greatest accumulation was oneas
at the bank and near the levee. One of them ik

m from the bank Kig. 13), and the sediment became
finer. In the middle of the section (ca. 580-68(from
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the channel) the amount of sediment increased (9-15study area is covered by forest with dense undedwoo

mm) and became coarser. The third sediment pedk (3-

mm) was measured in the sand-pit, near the leva®, 9
1010 m far from the river. It suggests the existeota
flood conductivity zone; this fact, nevertheless,aiso
supported by the geomorphology (swale).

Based on the results listed above, it could beedtat
that the primary factor influencing the aggradaionthe
floodplain is the distance from the chanrfg( 14). The
greatest depth of sediment is deposited in formpaoirt-
bars and levees. From the banks the accumulatipo-ex
nentially decreases towards the levees. The netdrfés
the pattern of the channel, as (1) where the wexigers
to the floodplain the aggradation is much highemeo

uncultivated orchards and ploughlands. Increasadho
ness highly influences the waterflow: the denser th
vegetation is the slower the waterflow on the fiplagh
becomes. The highest flow velocity is typical absé
points where the flood enters the floodplain andhat
foot of the levee. On the floodplain, where thegimess
is small and therefore flow velocity is high, flo@dn-
ductivity zones are formed running parallel withe th
river.

The rate of aggradation is primarily determined by
the distance from the channel. The thickest (0Gem#n)
and coarsest (95% of sand) sediment is depositddnwi
10-50 m from the channel, in the zone of point-tzard

pared to the neighbourhood, and (2) in case of thenatural levees, independent of vegetation. Thensemi

sharper bend the floodplain plays important rolfiand
conductivity, and therefore, in the flood conduityiv
zone more sediment was deposited.
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200 $—
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Fig. 14Distance from the channel is plotted against the o&
accumulation in case of different roughness

0 200 1200

Geomorphology belongs to the local factors influ-
encing the rate of aggradation, as in deeper degs
swale, scour-channel and sand-pit) the accumulasion
always greater. Far from the channel vegetatiopspiae
most important role in the process of sedimentation
Here the very thick bushes prohibit the waterflaluys
the aggradation is smaller (less than 1 mm) thaaréas
at similar location (similar distance from the chahand
similar geomorphological situation). Due to the \ado
mentioned local factors the exponential function ba
applied only where the floodplain is narrow (ma%01
m).

The grain-size distribution of the sediment changes
as the sediment becomes finer departing from tla@-ch
nel. However, in flood conductivity zones coarseaten
rial was found in accordance with the flow velocitihe
coarsest material is deposited in the area of abtev-
ees and point bars.

CONCLUSION

became finer and the rate of aggradation decreaghd
the distance from the channel. In the flood congitgt
zones, which run parallel with the channel and whbe
vegetation is sparse, thicker and coarser sediwast
deposited.

In the narrow floodplain sections the rate of aggra
dation fits the exponential curve ¥®.8-0.9) as it was
described in previous studies. However, where the
floodplain is wider than 150 m, the aggradatiomftu-
enced by not only the distance from the channélatso
by the geomorphology of the area and the density of
vegetation.

The pattern of fresh sediment follows the channel;
however, in the southern sharp bend the flood makes
"short-cut", as it was reflected not only by higlflemw
velocity but also by greater aggradation. Patclhesac-
terised by small aggradation develops under vensele
vegetation, where the flow velocity decreased to zk
means that the very dense vegetation acts as grbarr
against waterflow, therefore, sedimentary processes
more pronounced on their edges and much less setlime
is deposited within.

Comparing these results with earlier measurements
made in the same study site along the same cross-
sections (Kiss T. — Fejes A. 2000, Kiss T. et &02),
we can state that the pattern of aggradation wag ve
similar in each year. The rate of aggradation #gh
differed, as in 2000 the mean accumulation on lthedf
plain was 20.5 mm (Kiss T. et al. 2002) and nowats
18.9 mm.
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