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Introduction - research project

Project name:

“The valuation of balance of the mountain rivers and
streams on the basis of their morphological conditions”
Ne: N N305 186537

Investigated objects (2009-2011):
Biaty Dunajec, Czarny Dunajec, Biatka, Porebianka, Mszanka

The research team:

- Institute of Meteorology and Water Management (IMGW),
- Agriculture University in Krakéw (UR),

- Jagiellonian University (U)).
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The Biatka River - introduction

Biatka - mountain river.

sources - Tatra Mountains, altitude - 1420 m o.s.l.
outlet - Czorstynski lake, altitude - 529 m o.s.l.
basin area 229.9 km2, (in Poland 224.4 km?2)
River length - 41 km

average flow - 5 m3/s, during spring and summer floods
below 300 m3/s

The river is named Biatka below the connection of
the streams: Biela Voda and Rybi Potok.

Investigated river reach starts from the Biatka month
and runs 2350 meters upstream with the average
slope of 1.04%.

Biatka River on this reach is a braided river
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The Biatka River - introduction

The river channel is well developed with 1-3 braids
The main very steep branches are inaccessible since the
flow depth reaches about 60-70 centimeters.




The water level in branches from the same cross-section can
differ in the range of ten-odd centimeters.
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The Biatka River - introduction
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The goal of the investigations

to perform the 2D simulation

to verify the results of measurements and the CCHE2D
modeling

to check validity of the modeled bed change




The Biatka River - field work

| investigation 'ﬂdat'es: | |
| 281Vil2-14V 2010
Il 1-2 VIl 2010

nuber of points:
| -1019
Il - 470

| number of cross-sections - 25

El

cross-sections width
from 75 to 255 meters
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The Biatka River - field work

.

———

number of measured grains: 2422
number of localizations: 8

grain classes:
from sands to boulders and stones

smaller grains - elongated discs,
discs, sticks
bigger fractions -

ellipsoids, semi-spheres

Shape factor from 0.4 do 0.7
(average value - 0.6)
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By : Uojciech Kopka
Uerszion 6.80 — (C> Copuyright 1988

Meyer-Peter, Muller f—— =

modified formula
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- The Biatka River - TRANS program

T. = 1. gApa ngr/fm:(dx'/dm)_r

fml fmz

0.947
di
.

-

n.314
P

f_,=0.039 2%  ford/d, <0.6
[Bartnik, 1992]

f,=0.028 P2  ford/d_>0.6

f =00]23 e 1.6 SF Bartnil [1997]




Continuity Equation:
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Momentum Equations:
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Bedload transport formula
Wu, Wang, Ja (2000)

O U il S Dy 9b
(m’/s) (m/s) (m) (107 (mm) (107 m*/s)
Samaga (1986a) | 0.006-0.015 | 0.49-0.78 | 0.06-0.11 | 4.49-6.93 | 0.073-2.366 | 0.04-0.22
Kuhnle (1993) 0.01-0.03 | 0.28-0.81 | 0.101-0.107 | 0.47-2.22 0.2-10 1.5e-6-0.064
| Wilcock (1993) | 0.017-0.057 | 0.26-1.08 | 0.088-0.12 | 0.59-16.2 0.21-64 8.7e-7-0.22

Data Source

Liu (1986) 0.0035-0.023 | 0.14-0.67 | 0.03-0.083 1.5-4 03130 4.9e-5-6.4e-4
Susitna River 799-2800 1.8-2.1 2.4-44 1.4-2.4 0.062-1258 0.028-0.11
Chulitna River 261-348 1.5-1.8 1.7-1.9 0.64-0.74 (R0.062-128 0.11-0.23

Black River 20-256 0.44-1.0 0.55-1.9 0.11-0.29 ). 002" 0.0048-0.016
Toutle River 9.3-248 1.3-2.8 0.39-1.5 1.9-5.5 0.062-32 0.11-0.95

Yampa River 26.3-447 0.59-1.3 0.65-3.9 0.40-0.87 0.062-32 0.003-0.054




Localization probe dm d16 dga

faes

number [[cm] |[[cm] |[[cm]

right riverbank 1 4,3 16

10m upstream the river step 5,3 15,8
|shallow flow 5,6 20,5
flow current downstream 11,6 |42,1
gravel bar 3,1 12,7
flow current upstream 7,1 22,6
fine material on the bank 1,7 10,7

rough material on the bank 6,5 26,7

.
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The Biatka River - flow data, CCHE2D input data

Trybsz - Przeptywy

modeled period: 13-15 May 2010 r.
b max flow: 17 May 2010 - 147 m3/s
’ by Punzet eq. - wzér karpacki - Q 30%
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34.210
32398
30.58%
28773
26.960
25148
23.335%
21523
19.710
17.898
16.085
14.273
12.460
10.648
8835

Initial Bed Elevation

The Biatka River - CCHE2D input data

| lines - 50
j lines - 801
cells - 40 050




The Biatka River - CCHE2D input data

a4 210 Initizl Bed Elevation

initial flow
inlet - wave, outlet - water level

initial sieve curve
3 layers - 1,2 same, 3 finer
min layer thickness - 0.3 meters

Manning roughness calculated by



The Biatka River - CCHE2D first runs

34 710 Bed Elevation

32389
30527
25.686
26.844
25003
23161
21.320
19478
17637
15,795
13954
12112
10.271
8429

initial flow 40 m3/s

Time = 0{dy: 3ch); 10(m}; 20 4658(5)




The Biatka River - results

Bed Load Transpart Rate (Ko/s)

Time = 1{d): 2(h): 18(m); 28 4658(s)
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Bed Load Transport Rate (kg/s)
6326
5874
5422
4970
4518
4.067

265 The Biatka River - results

271

JEVPEEEEE T O

Y T AR

N Bl B E B

Time = 1(d); 2(h); 18(m); 28.4658(s)
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- Biatka River dynamics is very high even during smaller floods. New
branches appeared after the first flood in summer 2010.

- - Wu, Jia and Wang formula produced realible output for rough bed and
1 was veryfied succesfully in Biatka River in most cross-sections.

- Modeled erosion of bed in few cross-sections differs from the
measured one. Transition of the river channels in nature was more

“ dynamic then in the model.

' - Modeled channels were often more cut then natural ones. This can be
caused by the rocky and non erodible substratum below the movable
layers of the transported material. This data could be put into the model
as maximum erosion thickness parameter however collecting this data
for Biatka River is not an easy task.
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