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Ship induced bed load - classification of impact m

»

ship going upstream downstream
impact components return propeller jet | wake sucking in| wake
current of stones
intensity increased |strong strong | high strong
duration long short average | very short| average
_ ship’s propeller beam vortex beam
width length diameter diameter
influence | gravel bed| large average average | small average
on bed
load coarse average |large average large
gravel
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Ship induced bed load - return current field of ships going upstream

large motor vessel, VS"G =5,5km/h
u

A\/St = 0,25 m/s
r

large motor vessel, Vsue = 8,1 km/h

AV = 0,50 m/s
Str

60 40 20 ] =20 40 60 -80 =100 =120 =140 - 160 - 180 =200 =220

large motor vessel with a barge-r, coubled side by side, VSUG = 5,6 km/h

A\/St = 0,75 m/s
r

60 40 20 1] =20 =40 =60 -80 =100 =120 =140 - 160 - 180 =200 =220

results of model tests performed in the Institute for Inland Waterways Ship
Construction ( Duisburg, Germany ) Cross section 95x2.8, flow velocity 1.2 m/s, BAW
vessel going upstream : 104 x 11.4 x 1.8
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Ship induced bed load - average draughts and sh

cross section of the Lower Rhine river ( Westhofen ) near Cologne

46 r
B draught ship speed vs
water level as HSW
E Myriam Container (MC)
44 -
[ Me— Myriam Masse (MM)
B _ _Myriam Masse
water depth, I -
- \
draught s
E L
E 42 Neuburg Container
£ 1 b m
clearance = “r I
o B ; E average MS
S r . N
l ‘g a0 | | |“average GMS _\ - 3\ | MW65
. B i\;:‘ Neuburg Masse \\\ ; \‘ |
possible squat b /K (NM) o
pOWGF USEd B / average 2er /\ GLW
l 38 F
- - 3771|1111|1111|1111|1111|1111|1111|1111|1111|1111|111
F 1 2 3 4 5 6 7 8 9 10
possible ship i deaughtm]
Speed 36 Lo b b b a b b b b bnn b b a bna by g b i |
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vs [km/h] BAW
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Ship induced bed load - bed load during ship

46
ship speed . Hsw
l without shipping
44 average MS
return current ‘
Neuburg Masse\

Neuburg Container

!

shear stress

!

average 2er Myriam Container

~ Myriam Masse

average 4er

water level [m+NN]
o
N

N
w

T T 7T | T T 7T | T T 7T | 1T T T | 1T T T | 1T T T |
z

41
|mpactl width 40 MWES
39 -
bed |Oad E . ~ average GMS GLW
transport 38 e e e e e e
0 10 20 30 40 50 60 70

bed-load transport during one passage by the ship [kg/s]
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Ship induced bed load - summary for Westhofe

bed load transport
during one ship
pass

Increase in bed load capacity

due to the whole fleet in 2010

| (69 x10 ° t/a cargo going
upstream ) ~ 10 %

Impact time
number OiShiPS increase due to modern and
Joing tpstream highly powered ships in 2010
! (5x10 ° t/a = 8 % of 69 x10°
probability of t/a) ~1%
water level
total bed load Increase nearly proportional to
transport In one year the rate Of fre|ght

comparison with those of the
natural flow (~160000 t/a)
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Calculations

Further investigated characteristic
cross sections, Rhine river

— Stiitzstelle 412-13
Emmericher Ward Rhein-km 853,800

O\

1@
Stitzstefle 411-03 | Bereich Niederkassel’ KOLNd
Rhain-k 669.305 Ve angel

15 BONNOVN %

110
e Stst 513-04: Hf Bg/Kemptener Stromarm
Rh-km 526,900-528,000

100
95
90
85
80
75
70
65

Eevgich Halen Bingen/ Shitzstelte 513-04

Kemptener Stromarm Rhein-km 527,500

Stst 411-03: Niederkassel/Wesseling/Langel
Rh-km 668,000-673,000

WIESBADEN

Z Main
Z 60
E 35
2 s0
=]
T 45
40
35
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25
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15 Talw eg 1990 :
10 — mittlere Sohlenlage 1990 Stst 412-13: Emmericher Ward
2 —— GW 1990 Rh-km 853,900-854,000
5
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Kemptener Stromarm/ |Wesseling Emmericher Ward
Annual Rheingau
bed load Stst 513-04 Stst 411-03 Stst 412-13
transport Rh-km 527,500 Rh-km 669,300 Rh-km 853,800
volume 1993 2010 1993 2010 1993 2010
[%0] [%0] [%0] [%0] [%0] [%6]
total 100 100 100 100 100 100
flow field 96,5 94,7 88,3 80,8 95,6 89,9
shipping 3,5 5,3 11,7 19,2 4,6 11,2
dso [mm] 0,8 6,0 2,0
250 160
Annual + 140
200 bed load- total \
volume + 4 \ 1120
natiirlich o~
Giiter-
mengen
g -+ 100

=
a
o

[
o
o

/

T 80

Jahresgeschiebevolumen [10’ msla]

a1
o

T 60

+ 40

T 20

total
natiirlich } -
total __ _
natiirlich
1993 2010 1993| | 2010 1993 2010
0 Stst 513-04 Stst411-03 Stst412-13 4
Kemptener Stromarm Wesseling Emmericher Ward

Rh-km 527-500

Rh-km 669-500

Rh-km 853-800

Giitermenge pro Jahr [106/a]

Calculations

Results

Percentage of ship induced bed
load of total bed load
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Sensitivity tests Calculations

Percentage of ship induced bed load of total bed load -
cross section Wesseling (Rh-km 669,300)

25

N
o

Variation of dg,

’ ‘\\\\\\:::0
d o\

AN

1993

(3]

schiffsinduzierter Anteil am
Gesamtvolumen [%)]

2 4 6 8 10 12 14

Variation of the fleet mittlerer Geschiebedurchmesser dso [mm]

Grundfall Variante V1: V2;: V3:
Einzelfahrer E 2000 40% E 1500 90% | E 1500 90%
E 2000 + 50% | SV 2000 5% | SV 1500 _10%
Schubverbande SV 2000 5% SV 2000+ 5% 100%
SV 2000+ _ 5% 100%
100%
19,2 % 19,3 % 17,9 % 17,8 %
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Gauging methods Site investigations

WDK-km 46,500

Sohle - T;
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D
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Bed load transport volume

Site investigations

Mesurements with samplers and traps, averaged over 5 drives
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Calculated bed load transport capacity

»

Calculated versus measured (abszissa)
bed load transport volume V,
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Conclusions for the Rhine river

The ship induced bed load is approximately one
order of magnitude smaller than the total bed load

The ship induced bed load is nearly linear
proportional to the annual tonnage

The percentage of the ship induced bed load of the total
load is very much dependent on the bed grain size

The 1D-appoach used fits the measurements
satisfactory
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