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Background: Use of the Nautical Depth Term according to PIANC* (1997) HPA &

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
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Background: Steps for introduction of a safe Nautical Depth in Hamburg HP2A &

Hamburg Port Authority

Important steps for the
implementation of the
Project Nautical Depth in
the Port of Hamburg Upgrade rules,
definitions and laws

Development of further
monitoring and echo-sounder
technics to detect safe a Nautic-
al Depth by changing boundaries

Time Investigations of the interaction of ships with
fluid mud layers inclusive the change of the fluid
mud and sediment characteristics and further
development of ship simulator techniques

Investigation of the bottom sediments and their behaviour with
existing monitoring techniques and due to soil, suspension and
water sampling and rheological analysis in the laboratory
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Goals: For a safe bt nautical bottom: Sailing vessel H2A

Hamburg Port Authority
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Goal: New safe nautical bottom (here exemplary ----)
-> Sediments remain in the sea/river bed
-> Less dredging activities required

- e -> Less calls of water depth restrictions
Sub-bottom profiler (24kHz) _ . -> Realize possible additional draughts
(Surface 1.1lmpedance) - " | WITHOUT endangering the safety and ease of handling
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Goals: For a safe nautical bottom: Moored Vessels HPA &

Hamburg Port Authority

» Determination of limit values for "safe" penetration of ships in fluid mud layers during low water situations
» Results of initial interviews with stakeholders (BG Transport, Shipowners, Insurance):
- Insurance status must be observed:
- Hamburg has the status of a "Safe Port"
- Hamburg should not become a “NAABSA* Pq

o

(Not Always Afloat, But Safe Aground) B

* For berths areas, this means: ”
»  Ships have to swim all the times
-> The Archimedes Principle
have to be observed!

« 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!

_ Consolidation’
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See also:

(R

HA

Hamburg Port Authority

http://www.mudnet.eu

&2 Port of
” Rotterdam
4 Delft
TU Delft &z

HA:

PROJECTS

NAUTI
Hamburg Port Authority MUD MUD
4D
MUD
SONI YES!
MUD MUD v
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Applied monitoring methods to describe the soil layers in Hamburg =AY

Monitoring devices of the Deepenschriewer ||
with systems for line detection of the sub-
bottom (sub-bottom profiler) and devices of in-
situ calibration (Rheotune):

Multibeam

Sub-bottom
profiler

~Acoustic signal

‘Rheotune

(e

Hamburg Port Authority

Measured and derived and Rheotune data
correlated to horizons from the sediment sonar:

Multibeam (200kHz)

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

1100kg/m?® Density level

X = 3568368
Y = 5834372
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Detection of the parameters of a suspension layer in 4D

tenkichen

(e

Hamburg Port Authority

Wedel ¥

Jork

Naturschutzgebiet

o LTS o
Burtenude tor f—

Density lines over time:
Changes in fluid mud layers in
Kohlfleet Harbour over the time
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Monitoring Campaigns 2018 / 2019 at the Hamburg port

HA

Hamburg Port Authority
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Investigation of the sediments with different devices HPA G

Hamburg Port Authority

Gravi- | BAW-Kernlot | Frahmlot 2018 @10cm with/without Rheotune | Frahmlot 2019 @15cm with/without Rheotune | Admodus

% -
B

Impressions of sampling sediments of the bottom and further development and
testing of in-situ monitoring instruments for the description of soil conditions
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What sediments can be found in the Port of Hamburg?

Suspended

Matter
Custard

Areas that, according to the investigations,
may still be safe to sail

Fluid Mud (FM)

P és

Areas that are certainly not easily navigable, ; .
but where - according to the investigations — . Pre-Consolidated (PS)

Baby porridge

a ship may still safely sink into fluid mud
layers at the berth

Pudding

Areas that will not be usable in the future for Pre-Consolidated (PS)
navigation purposes, but can be well bis Consolidated (CS)
maintained with hopper dredger

Bottom below the target depth, which is not

maintained by default Consolidated (CS)

SPM

FM

PS

PS-CS

CS

g
1ii
N

Hamburg Port Authority
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One challenge more ...

« Gas production within the sediment layers ...

Clustered locations: High, medium, low
TN and gas production

P Influence of gas production
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Partner: Fraunhofer Gesellschaft Institute for Biomedical Technics H2A

Hamburg Port Authority

https://www.ibmt.fraunhofer.de/de/ibmt-

v ety Lelsaeisy e kernkompetenzen/ibmt-ultraschall/ibmt-sonar.html
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Partner: Stema Systems from the Netherlands (https://stema-systems.nl/) I-B\E,

Hamburg Port Authority

Theo. FlieBgrenze nach Bingham in Pa

« Comparison of data at the Sandauhafen area: 145 et e e
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Comparison in-situ / laboratory measurements
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Rheotune Calibration: Worldwide Sediment Database HPA G

Hamburg Port Authority

Worldwide Sediment Database
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Rheotune Calibration with data from the Hamburg port H2A

Hamburg Port Authority

STEMA DensCal V 5.2.2.0 - overview07082018.Cal

File Display Test Help

4.EndRange | SLmt | 6. vied | 7. Conments | W /F Chart | F/ Densiy Chart | Dens # Visc Chart | Yield / Ampliude RheOtune responses Of
1Fies | 2 TuningFok | 3 Fegession | dlﬁ:erent mud SampleS In the
Fies[7 2] Temn. [ 2] € .

Amplitude / Frequency plane

8.0

Ni. Dernsity Visoosity Filename Color

1 00000 [Kohiles!_fiahmlot_DB01}
2 FA0000 | [Kohfleet_fiahmior 0608 [
3 Kohleet_frabmiot_0031¢ [
4 Kahiest_frahmior_06087 [
isc: 8 3

Nr of pts Dens vs Visc: 3 =
5 B30000_] [Konfleet_oreier 060818 [l | 400 oo X SRRV ]
~ 1077 22330
6 Kahilest_pumpe_0s081e, [ N,

\ B 58 STEMA RheoCal V1.0 - HybridDensityTableDp320_rea2_08022008.Cal 18 x|

i Fe Display Help Test

H 1. RheoTune Parameters | 2 Density | Fébmp-Chatt | Dens / Visc Chart |
R L 3Vl 4.DensvsViee | 5. Comments

1108 23100
1128 24160
7 A01.0000 | [Kohlest_fiahniol_OBOS1E
” ~ 1150 56,400
2.0 ... S SRR, L 1154 80.000
-~ 1195 200000
4 - 197 300.000
t -

e 2 1300 1000 —

t t t
70000 72000 74000

_ Mes | Feawng[ 71713 A m

+ 7 ; ; i
70000 72000 74000 760.00 78000
‘ _<Back | New> | Frequency[ 74403 | (Hz)  Ampl. )

Hstart[ | 1) @ MW @ 5 [ & || Q2. [[Tr B | R | o | SR | Gm..| €30 | Se.. | (S| .. | Spt. | [BEA 160

EGU General Assembly 2020, Session HS9.3: Measurements, monitoring and modelling of hydro-morphological processes in open-water environments 06.05.2020 17



Implementation of Material characteristics within Stema Software in 2020 I-B\E"-,

Hamburg Port Authority
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Conclusions mev

Hamburg Port Authority

» Density and Yield surfaces in the Frequency and Amplitude space for acquired
datasets plot to surfaces which are generally not biased:
- This indicates that for each parameter (density, yield) the RheoTune RheoCal software can be adapted to
generate a standardized database.
- This database subsequently can be exchanged and filled with information from specific areas

* In general tests executed in 2018 and 2019 lead to following conclusions:
- There is a correlation of Rheotune yield stress and yield stress of Brookfield viscosimeter. Later finetuning
with database will be required.
- There is a correspondence of results of Brookfield results with results of Thermo Haake Mars rheometer
- Database for Hamburg should be provided and is now developed and filled with results of Thermo Haake
Mars and Rheotune measurements.

Therefore acoustic measurements of density and viscosity respectively yield point will be available on a
cross-section line by using a sub-bottom profiler, calibrated with point measurements with a Rheotune
device as in-situ depth monitoring instrument and finally processed with SILAS post-processing software!
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