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Boundary conditions of the HPA with regard to sediment management options [P\ &

Hamburg Port Authority

— Federal system / a lot of responsibilities and

New Liichtergrund Federal State Schleswig-Holstein stakeholders
Buoy E3 sasmEEEEEEEEEESEEEEEEEEEEEEN.,, — Sediment input from upstream and downstream
L 4
k Sankt Margarethen aaustt pun :“ — Slightly contaminated sediments from upstream
- BRUNSBUTTEL ke ‘ﬂ " - Relocation options within Hamburg at NeRsand (state
\‘ " W ‘ﬂ border of Hamburg) and in the North Sea at Buoy E3
*s CUXHAVEN . = Wiide —  From April 15t, 2021 also relocation at St. Margarethen
\‘ OTTERNDORF ® GLUCKSSTADT i possible (area of the federal agency)
‘.‘ - / .: —  From March 15th, 2022 also relocation at New
., T~ Lichtergrund possible (area of the federal agency)
. . . .
o b . » NeRsand / Relocation to border of Hamburg
. N WEQE
3 . HAMBURG
:
% A - GEESTHACHT
0“ =
*
0”

Federal State

o*
Lower Saxony ‘e, . .* Federal State
famn® Hamburg
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Boundary conditions of sediment management in the Elbe estuary HP2A G
Hamburg Port Authority

‘ﬂ »,Boundary conditions" for sediment management
: WSV.de options:
N e e - Slightly contaminated sediments from upstream
o S R - Hydrology and morphology

- Water quality / oxygen balance
- Nature conservation / Natura 2000 areas
- Politics (fishery, tourism,

environmental associations...)

In average 16 - 17 Mio. m*/a dredged material with TSHD
(costs: ~ 60 to 70 Mio. €/a) and

In average 1 - 2 Mio. m®/a relocated material with BLD or WID
(costs: ~ 5 — 7 Mio. €/a)

* Use of TSHD units with volumes of usually 6,500 -
8,000 m? (— more than 2000 dredging cycles/year)

« =7 Mio. m¥a of dredged sediment is silt or fine sand
Fine material is increasingly relocated depending on
discharge conditions
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Discharge of catchment area have influences on estuarine turbidity maximum (ETM) and I_B.\ iii
suspended matter (SPM) concentrations — Flood/Ebb—domination (left) & SPM conc. (right)  fooritor e

North sea Hamburg North sea Hamburg

mMSL A mIntSL

E

Q=180 m®/s Q=180 m®/s

Cuxhaven Brunsbiittel  Gluckstadt Hetiingen St. Pauil v = 790 m3te Cuxhaven Brunsbuttel  Gluckstadt Hetiingen St. Pauli

max. flood curr. : max. ebb curr. (mean) mean suspended load (mean,
- Summe aller Fraktionen kg/m™*.

R0 I S S — e g
' [ | [ I
TVISL 03 1 17
I ' ‘
Q 60 Q=1260 m3/s
Cuxhaven Brunsbhiitte! Glickstadt Hetlingen St. Pauii Cuxhaven Brunsbuttel Gluckstadt Hetlingen St. Pauli

(Figure from BAW / Weilbeer et al. (2011),
Numerical simulation 11.06.-25.6.2006; longitudal section in centre of fairway)
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Discharge of catchment area have influences on estuarine turbidity maximum (ETM) and Im i
suspended matter (SPM) concentrations — development over the years (1979 — 2003) g

Hamburg Port Authority

"The turbidity zone arises dues A \\
to accumulation of suspended =

matter, as over longer periods of
time the net transport of silt

towards the North Sea is smaller S
than the transport of upstream. SPMconc. i [Conaen |
in mg/l 600 \ : - A — -
. . N
During periods of low i | | oA L |
discharge, the suspended 500 | i 7 ‘.‘.v',:j B T Migration of ETM
sediment inventory increases | .“.' ". /« / / ‘. I,/’,".".. in direction Hamburg
upstream the ETM . 4 TN T4 in the last 10 years
I ']‘|',||,'I,\’. \ '.‘ ,I (Al ., ."./ A il T
vl ' 1\ e | [ | [\
On the other hand, a flood 300 AT }“\: ol it i =
event, drifts a large part of the ‘;/\/4% | ,
suspended matter into the 200 S g | y 4 o
North Sea, where the tidal flats S ; WA, || ,
are fed." 100 1— 72 S \\\_ —
0 ; e e -

750 740 730 720 710 700 690 680 670 660 650 640 630 620 610 600 590

(Quelle: Bergemann, 2004) Alle Schwebstoff-Langsprofile der Tideelbe — 1979-2003 G
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Classification of the hydrological boundary conditions 2014 - 2020 l"B\g;

Hamburg Port Authority

. . A[m¥s
Is the trend towards decreasing runoff volumes climate-related ? _ 7]
—— WiMQso [m¥s]
- 900
- 850
----- WiMQzo-Trend
- 800
MQso [m¥s] r 750
- 700
MQso-Trend
Qso-Tren - 650
..... - 600
——S0MQsz0 [Mm¥s]
................................................................................................................ - 550
..... - 2500
Mean values of the past 30 years in each case
r T T T T T T T T T T T T T T T T T T T T T T T 450
8 8 8 & & &8 8 8 § ¥ B8 B 8 8 R R 8 8 &8 &8 8 8 = 48 8
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Climate Change Impacts on the Sediment Structure in the Hamburg Port - Challenges and Opportunities: Use of Fluid Mud for Navigational Aspects Nino Ohle et al.




Consequences of the "drought” for the hydromorphology of the Tidal Elbe mg/

Hamburg Port Authority

i i . Tidal Range
Worrying observations: na §g Pegel st. Pauli A[Am%

AQz00

« Spontaneous increase in tidal range in HH (+20 cm) ——MThb
380 -

(without temp. reference to anthropog. system changes) ] lin. Trend e

- Upstream shift of the turbid and brackish water zone 37 - - 600

* Reduction of the tidal Elbe habitat dominated by fresh- 360 - /\\ 15 012 \/ - 400
water due to prolonged residence time of the limnic 1 \/
water bOdy 350 | - 200
= Accumulation of organic substances that 20 | Y
increase the oxygen depletion potential ]
. = 330 1 - -200
= Can lead to pronounced oxygen deficiency 1
situations and associated fish mortality 1
320 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T '400
~ [e)] — o n ~ [¢))] — o wn ~ [e)] - o n ~ [e2] — [e0] n ~
~ ~ o] [ee] 0 o0} o] D D [e)] D D o o o o o — - — —
222 F 2 JTT LT ZAILILILI LSRR LR
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Consequences of the "drought” for the hydromorphology of the Tidal Elbe |..B;\,_,}

Hamburg Port Authority

Worrying observations:
rying [FNUl Turbidity at gauge Seemannshoft

125 - Mean values of a day

1

°

» Persistently high SPM concentration in the Lower Elbe
(turbidity doubled since the beginning of 2014)

o, 0 ® PoOO

—Mean values of a day

100
» Partial loss / depletion of sandy riffle / dune stretches | ==Longterm average after 2014
due to filling of valleys with fine grain fractions |

1

==|_ongterm average before 2014

]

B @® o O

= Reduction of bottom roughness =

- Energy dissipation + Tidal Range

Increase in 'tidal pumping’

Increase in maintenance dredging amounts in HH

un V "wi\ iMm-wm an \ ! ;

=
=

2005 -
2006 -
2007 -
2008 -
2009 -
2010 -
2011 -
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2014 -
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Climate Change influences the dredging quantities in Hamburg

HAG

Hamburg Port Authority

B Extremely low discharges (climate change) that have persisted for 10 years! This means
that more sediment enters the port and not enough material can be relocated sustainably to

buoy E3 for export.

B The result is increasing sediment accumulation in Hamburg!

[m¥s] 4 MQ [m?/s]

1.000

900
800 4

700

600 -
500 4
400
300 A

200

100 -

11.052 ——MQ_RM3zo [m¥s]

878 877 890 887
744+ 143+ 142+ 741 821 839
1 '724'716-718‘734'732'727'703-697-697*692-687-704'717'714'706'712'709'708-699-696-694-633-696-694-691-534
695 707 1666+ 654 649 - 647 - 652
478 m¥/s 582 611 484 m¥/s

548 365

o
509 4 d18

403 394 385

| I I | | 1 I I I 1 1 I I I I I I I I 1 I I I | I I I I 1 I I 1 1 I 1

1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

If the discharge
drops from
700m?3/s to
200m3/s, then the
amount of
sediments in HH is
five times higher !

At discharges of
200 m3/s, the
sedimentation
rates are around
10,000 t/d!
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Increasing sediment inventory in the harbour: Dredging circles due to higher P\ i,
sediment import and limited export to buoy E3 Homburg Por Authorty

Mio. tTsy matter

4’0 = = =
W Discharge Neu Darcha Decrease in inventory due to higher 77T

35 - Inventory from survey /_\ discharge situation and further

= Inventory from model relocation options of sediment from -
3,0 Inventory forecast the inner to the outer estuary
— [

- = Discharge forecast (AWI) BN — ~ V\I AJ-A [
2,5 > ' I
2o % /\ 4%‘ 4 - *\ I S ~y, < /

X7 \/ ~

\ - - - - . -
1,5 v —
\V/ | /
kY

| |
bt s
e ‘
a
ru
S
T,
q
T

3
1,0 ~/ Increase in inventory due to low discharge situation \/ [m*/s]
. . = . aps . . ’ - 1.750
0,5 an(|j to<|) I|tt|le reilocatlon of sediment from the inner estuary Stabilisation of the inventory | ; -5,
hr h ive incr f 1.250
_____ Adapted designdepth ___| 4 | | | | o] ! oug ad.apt ping ?ase 9 . 1.000
3 *T the retocations of sediments i,
o5 from the inner estuary plus | _
S8 slightly increased discharge | 250
23 -0
-+ N e — c [o70] + N o) — c oo + N O — c [o7] -+ N o) — c oo -+ ~N O — c
Az & 2 2 53 2 8 &8 ¢ g 5 2 &8 & 2 2 5 3 & & ¢ g 53 2 8 & 2 2 5
1,62 Mio 2018 1,55 Mio 2019 1,84 Mio 2020 2,58 Mio 2021 211Mio | 2022
11,46 Mio -1,25 Mio -1,50 Mio -1,50 Mio ?
- BuoyE3 (not re-import to Elbe / Hamburg) Nefsand / Relocation area downstream border of Hamburg
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Change of Mud Charactarlstlcs dueto /

Climate Ghange A /]
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v Link between HPA investigations and HPA-Project P\
g- UU NET Nautical Depth and TU Delft research activities bA\"

https://www.tudelft.nI/mudnet

p
R TUDelft
HAG ELECTRO

MUD

Co-financing /
involvement

YES!
HBIO MUD

o .
BIO
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https://www.tudelft.nl/mudnet

Distribution of grain size and upstream origin of sediments (zinc BIO ]
9 P 9 (zinc) TUDelft

MUD
B Sediment origin (Zn in fraction < 20 ym) =100 77— T 125%75%
® most upstream locations (to RV): fluviatile -EI 1 “Rn:':‘:’ewL'_th'" 1.91GR
. b Ian Line
sediments 800 - T = Mean
+ Outliers

® other locations: downstream signature

*

"I TE L.
| 2EUgidop,

B Grain size becomes finer downstream

Zn in fraction < 20 pm (mg kgpy

Upstream -> Downstream Upstream -> Downstream
> >
60 65 .
554 e . . 50
50 . g. 55 : 200 - —
sl 8 e * o ]
e o ¢ 454 .
ot : ‘o o 404
$ 35 o 8 : §354 " T T T T T T T T T T T
\%30- * 5 2 20 * . - PO P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
S ] [
S ' . |93 RN n=3 25 35 11 11 18 13 18 37 16 8
] . 15 SRR Location
T ¢ 10 e % ¢ $
54 54§ ;g 8
"ol e s oo o8 s o "ol e o e as oo o Upstream -> Downstream
River km River km >
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Organic matter metamorphosis important for the consolidation glo %

M Aerobic or anaerobic decay depending on redox conditions TC

m Classification by organic matter pools with organic matter rates TOC  TIC

Residual Degradable

\

Organic matter metamorphosis in sediments Aerobic OR Anaerobic
. . Pre-consolidated Consolidated / \ / \
Suspension Fluid mud : : Fast | Slow Fast | Slow
sediment sediment
Medium Medium

I Residual

mc

Il Fast

[ ]Medium
I Slow

Labile SOM

Mineralisation ¢ Transformation e Stabilisation in organo-mineral complexes

Stabile SOM

58.9% 5.4%

4.1%

7%
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More boundary conditions due to dependencies on temperature
and seasonal effects (algae bloom and Chlorophyll)

@ Chlorophyll a as algal biomass indicator

® Clear temporal trends (summer winter)

B Temporal pattern explained by input of fresh, easily degradable OM

from upstream in spring and early summer (phytoplankton)

BIO
MUD

‘]
TUDelft

Climate Change has
an important impact!

® Light deficits in winter lead to lower net primary production (algal biomass)

250

N
o
o

Anaerobic pool 1 sizes (mg C g™

o
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Does and how does the size, density and composition of
particles (flocs) influence the rheology and consolidation?

. . ;
B TOC influences floc sizes L Shakeel et al., 2020a
]
1
. . . . . . " ] 1
B TOC and grain size distribution influences settling velocity ;
1
. . . . 2 i P — _— L :
B On-going research especialy important for numerical models "3 o =~ 52! 2 Platcau after
R R R N o b first decline
m ' > v - 1
1 1 & :K v :"'_, : %
10 & 10 - o : 3 ~ ,‘: ;
(a) S (b) g S A | |
: : ax o 10' lp ‘% i
-~ * R . ; - o 0, . = H &« * i
q TOC =5.1% - s’ el TOC=3.7% . ; v .
H . = . E . I e
E S A ; .
> 10° T - : > 10°4 5 LVE regime
'g 3 = 2 '.-bf. ' 'g * - \fter second
§ G 5 ..-‘-‘-.' E e 10’ G"\ decline
g, o x - : g I ¢ == 8 T T 1
3 - ¥ |3 & AT 1 10 100
104 . 10 Y . . Amplitude (Pa
Q¢ $ B e P1 Qe RO P2 E (Fa)
10' 1'u* 10° 10' 1;)z 10° s
et Mean diameter (um) Mean floc size: RV > KH > RT > SW
10" 46" s Shakeel et al., 2021a
X d i . - 80 T .
(c) Py (d) 3 s =RV
i : i YV oo vy Wi RT |]
= T0C=32% ., ﬁjgﬁa = TOC = 2.0%, e ™% JUN) . W
£ i o M Ladi ‘ ] £ % ﬁ;‘é;“‘;}:‘;;'- ” Settling column 4s] B
E ° i o A A‘ i T é ° 4 v "':J' ﬂh’:v s 5 A0 '
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3 % "’é ha S Pl sl rater g
° D s o v : . Water - ¥
A ¥ B 2L 1 & ; B ’_,4" o High resolution T s
£ At e T = R - ¥ "a" : 4] camera  Lens
g - R 3 & Fal b XA 8 LED
104 o A 10" Y S et v illumination
Qe R 2 p3 Q¢ N S v P4
10’ 10 10 10 10° 10°

Climate Change Impacts on the Sediment Structure in the Hamburg Port - Challenges and Opportunities: Use of Fluid Mud for Navigational Aspects

Mean diameter (um)

Location {-)

Nino Ohle et al.




Results end up in publications, reports and 2 phD‘s Bio . HP\ i

Rheological Analysis of Mud: Towards

an Implementation
of the Nautical Bottom Con-
ept in the Port of Hamburg

Author
Shakeel, Ahamad

Contributor

Pietrzak, J.D. (promotor)
Chassagne, C. (promotor)
Kirichek, Alex (copromotor)

Degree granting institution:
Delft University of Technology

Date: 2022-06-27

s
TUDelft

https://repository.tudelft.nl/islandora/object/uuid%

3A6b3693c8-0764-4b72-8091-
b082a7227d44?collection=research

&

Hamburg Port Authority

MUD "MUD

Turnover of Suspended and Settled
Organic Matter in Ports and

Waterways

Turnover of Suspended and Settled Organic Matter
in Ports and Waterways

Author
Zander, Florian

Contributor:

Gebert, J. (promotor)
Heimovaara, T.J.

Degree granting institution:

Delft University of Technology

Date: 2022-07-06
https://repository.tudelft.nl/islandora/object/
uuid%3Af4d57842-9603-41aa-950b-
1009ab3c3fe3?collection=research
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1 - |

Influence on Nautical Aspects and adaptation of HEAY

Nautical Depth ,

»
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Goal: Use of the Nautical Depth Term according to PIANC* (1997)

Hamburg Port Authority

“The nautical depth is the level where physical characteristics of the bottom
reach a critical limit beyond which contact with a ship’s keel causes either

damage or unacceptable effects on controllability and maneuverability.”

*PIANC: Permanent International Association of Navigation Congresses

Climate Change Impacts on the Sediment Structure in the Hamburg Port - Challenges and Opportunities: Use of Fluid Mud for Navigational Aspects

Nino Ohle et al.



Recording the parameters of a suspension layer in 2D l'B\\%

Hamburg Port Authority

Measured, derived and correlated
horizons with rheotune data

from the sediment echosounder:
Multibeam (200kHz)
Sub-bottom Profiler (24kHz)
(Oberflache 1. Impedanz)

11009/l Density horizon

e.g. Deepenschriewer lI:

sounding

0012_07290946
= = FRREZ1a Y

95104 S0P
¥ o= 5934593

DIST=1m

0011 _0729
- IBEE] 4

- Fluidic or Bingham
_yield stress
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Recording the parameters of a suspension layer in 2D over the time

Hamburg Port Authority
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Objective: For a safe nautical bottom: Sailing vessel =~ N@ggl HPA &

A Hamburg Port Authorit
[ ot 9 Y

QL0 o O 1 0 B T YR

water surface

III[IUE_USZZUBEE*Z? SOF DIST=1m
= 3562261 = 5933383

14m

water columi

I—i

Goal: New safe nautical bottom (here exemplary
-> Sediments remain in the sea/river bed

-> Less dredging activities required

Multibeam (200kHz)

Sub-bottom profiler (24kHz)
(Surface 1. Impedance)

-> Less calls of water depth restrictions -
-> Realize possible additional draughts '
19 WITHOUT endangering the safety and ease of handling .
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Navigational Aspects (manoeuvrability of sailing vessel) & CFD-Simul. nauT |.B\\,§/
as basic update of ship handling simulators with fluid mud conditions  ™"P

Hamburg Port Authority

Investigations by the TUHH, Institute for Fluid Dynamics and NAUT) | TUHH ‘ Determination of maneuver coefficients and behavior and NAUTI BAW
mup’ 1 IUTETE plosishe : : ) Lini e
) verification in hydraulic-model test basin of BAW e

Ship Theory on the force effect of fluid mud on ship hulls

+ Extension of CFD models (Star CFD and OpenFoam) and consideration of the fluid mud parameters ‘
(implementation of the Shakeel / Chassagne model)
+ Validation with "simplified" CUX-Sampler model within flumes and in-situ

Validation and sensitive analysis of the CFD numerical model HASY  TUHH Investigations by Federal Waterways Engineering and Research NaUTL P\ &
Here: Elevation of mud regarding different rudder angles and types e Institute (BAW) and Marine Training Center (MTC) Mup | =

AP3: Ergebnisse / Interface 8 « Execution of maneuver runs as hydraulic-model test within the wave basin of BAW . BAW

— + Extension and adaption of the ship handling simulator at Marine Training Centre - MTC
7- -
-
rmem == — ==
(

TUHH
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Objective: For a safe nautical bottom: Moored Vessels Nﬁl%n m\ \,-:,}

® Determination of limit values for "safe" penetration of ships in fluid mud layers during low water situations

B Results of initial interviews with stakeholders (BG Transport, Shipowners, Insurance):

® Insurance status must be observed:

® Hamburg should not become a “NAABSA" Port
(Not Always Afloat, But Safe Aground)

® Hamburg has the status of a "Safe Port"

* For berths areas, this means:
Ships have to swim all the times . st

-> The Archimedes Principle el
have to be observed! s

« The water cooling of ship machines =
have to be done via upper sea boxes! | = |

» No other regulations known, which
stand against the sinking of the ships
in ground suspensions!

_ Consolidatior
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Investigations of safe nautical bottom of moored vessels in Hamburg

Proof of change of fluid mud under load:
Investigations at TUHH, Institute of Geotechnics

+ Execution of single-axial oedometer tests in the laboratory and

+ Adaptation and development of numerical model methods regarding
the consolidation of fluid mud under load for the transfer of the
punctual examination of the odometer into the area of a berth!

Nhat yield stress values can be
used for the nautical bottom?

B Results of the scientific
works for the moored ship!

FYS (Pa)

%
a
2

°

160 182 104 108 108 190

NAUTI
MUD

HAG

Hamburg Port Authority

" K

FYS =50 Pa
Density = 1.15 kg/l

FYS (Pa)

w] . w
b
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0 sity = .12 kg
#| Density =112 kgl

Proof of the change of fluid mud under load:
Large-scale test with TSHD Pedro Alvares Cabral

) "

NHNW U1 [9ASFJ210M

UTC time (June 255 2021)
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Start of a pilot phase at Kohlifleet KH: Combination 1150g/l + 70Pa 4D H2A ‘Ev

as a new nautical depth at berths

Designation of the fluid mud layer with a density
of 1.15 kg/l and a yield point of 50 Pa resp. 70 Pa.

»  Further optimization in measurement technology
and maintenance issues over the time.

Jors 11500 )

Nino Ohle et al.
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Investigation of fluid mud for hydraulic model test NAUTI HP2A G

Hamburg Port Authority

® February 2023

® Investigation of the change and conditions
over the time!

® Sampling of mud on January 30th 2023

® BoxA: Fluid Mud without water
undisturbed
Box B: Fluid Mud with water overlay
undisturbed

® BoxC: Fluid Mud without water
disturbed after 7 days and mix-up

® BoxC#  Fluid Mud without water
disturbed after 7 days and mix-up
data start after mix-up
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Investigation of fluid mud for hydraulic model test 3 il |-be\\-_%,

=
m  April 2023 ;
® BoxD:
Fluid Mud with

water overlay

and

with sediment
conditioning
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8,

Hamburg Port Authority

Work in the moment: Density results of all boxes NAUTI H2A

Fluid Mud Kohlflet LP Suid / Consolidation Test at Hereon
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Work in the moment: Yield stress results of all boxes Nﬁ\ggl m ili

Hamburg Port Authority

Fluid Mud Kohlflet LP Siid / Consolidation Test at Hereon

70

Legend
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. : . .. : . naut HPA &
Yield point & density in comparision and as use in the hydraulic model ' Mub bA\'-‘/
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Work in the moment: Tests of propeller efficiency with model vessels Nﬁggl ) BAW
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Limited use of hydro-acoustics due to gas in sediments and therefore NAUTI H2A \,_ﬂ-;/
further investigations of the “best” maintenance method (WID, BLD, RC) ™ Hombury Prt Authoky

Further investigations
on gas formation and
transfer to other
berths in the harbour
with silty/soft
bottom structure

Gas inclusions in the subsoil No gas and similar material
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Summary l‘BA\-?v

Hamburg Port Authority

B Seasonal changes in the last 10 years have a close link to climate change over the last
30 years especially in summer discharge periods and tidal range changes

B ETM zone of Elbe estuary migrated upstream closer to Hamburg and SPM concentrations and
dredging amounts increased as dissolved oxygen concentrations in summer decreased

B Organic matter and clay concentrations in suspended and non suspended sediment plays an
important rule in the changed sediment characteristics

B Investigations for a safe nautical bottom of a sailing vessel through fluid mud are ongoing:

® Comparison of hydraulic model tests and CFD-simulation are planed end 2023
® Simulations with ship handling simulators and fluid mud conditions are planed end 2024

B Investigations for a safe nautical bottom of moored vessels are successful and a new
nautical bottom approach is introduced in selected berths areas:

® Further investigations on gas formation and optimization of maintenance strategies
® Transfer of approach to other berths in the harbour with silty/soft bottom structure
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Thank you for your attention!
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