@n

7 TRAFIKVERKET

Slussar i Trollhatte kanal

PM Grumlingsmodellering

Anlaggande av sluss i Lilla Edets kommun, Vastra
Gotalands lan
2024-09-20




TMALL 0004 Rapport generell 4.0

Trafikverket
Postadress: Vikingsgatan 4, 411 01 Géteborg

E-post: trafikverket@trafikverket.se
Telefon: 0771-921 921, Texttelefon: 010-123 50 00

Konfidentialitetsniva: 1

Dokumenttitel: PM Grumlingsmodellering
Forfattare: Anders Jensen, WSP Danmark
Kontaktperson: Lars Johansson, Trafikverket
Dokumentdatum: 2024-09-20
Arendenummer: TRV 2022/121060

Version: 1

\\\I)


mailto:trafikverket@trafikverket.se

WSP A/S DANMARK

LILLA EDET NEW LOCK

MODELLING OF SEDIMENT DISPERSION FROM

CONSTRUCTION ACTIVITIES

24

6442000 -

6440000 4=

6436000 F-2==-

8436000 -+=- -

6434000

6432000

6430000 -

6428000 -~

6426000 3~

6424000

6422000

8420000

6418000

6415000 -~

6414000 ===

6412000 4

8410000 =222

6408000

8408000

6404000

8402000 1

6400000 ===

145000 150000 155000

m)

6443000

6447300 4 -

6447800

64477004 -

6447600 -=nemrmeeees

6447500

a0 S B e

6447300

BA4T200 =oemrrremrrnnneens

5447100

8447000  ===nmremrnnnnnens

6445200

6446800 -~

6446700

6448600 -

6446500

B446400 -~
6426300 11

6446200 -~

6445100
5445000
6445000
6445800

6425700 4 ===
6443500 -4 1
6425500 4 -~
6445400 |-
6425300 4 -~

6445200 1~

5445100

6445000

5444300

644450 § ---eoee

157000 157500 158000

158500 153000
[m]










QUALITY MANAGEMENT

ISSUE/REVISION  FIRST ISSUE REVISION 1 REVISION 2 REVISION 3
Remarks
Date 2024-09-24

Prepared by

Anders Jensen

Signature AJE

Checked by Martin Fredberg
Signature MFR
Authorised by Lea Schmidt
Signature LESC

Project number 22004557
Report number 1

File reference S14+TK.T.A00-

VFB.T.Ole







SIGNATURES

PREPARED BY
Anders Jensen
Principal Advisor Coastal Dynamics & Numerical Modelling

REVIEWED BY
Martin Fredberg
Associate Water Resources Engineer

This report was prepared by WSP A/S Danmark for the account of WSP AB Goéteborg, Sverige, in accordance with the
professional services agreement. The disclosure of any information contained in this report is the sole responsibility of
the intended recipient. The material in it reflects WSP Danmark’s best judgement in light of the information available to
it at the time of preparation. Any use which a third party makes of this report, or any reliance on or decisions to be
made based on it, are the responsibility of such third parties. WSP Danmark accepts no responsibility for damages, if
any, suffered by any third party as a result of decisions made or actions based on this report. This limitations statement
is considered part of this report.

The original of the technology-based document sent herewith has been authenticated and will be retained by WSP for a
minimum of ten years. Since the file transmitted is now out of WSP’s control and its integrity can no longer be ensured,
no guarantee may be given to by any modifications to be made to this document.

WSP

Page iii









TABLES

TABLE 3-1 MODEL SCENARIOS WITH FLOW THROUGH THE
HYDRO POWER PLANT 12

FIGURES

FIGURE 3-1 GOTA ALV BATHYMETRI. BASED ON DATA
PROVIDED BY WSP SWEDEN. ALL
COORDINATES ARE IN SWEREF99_12_00........... 10

FIGURE 3-2 MODEL MESH WITH CLOSED DAM AND LOCK
AND FULL FLOW THROUGH THE POWER
PLANT oo eeeeeeseeessssessssssesssssssssseessssssssssssesssssssseesessssssn 1

FIGURE 4-1 MEAN SEDIMENT CONCENTRATION DURING
DREDGING OPERATIONS UP STREAM AND
DOWN STREAM OF THE LOCK. FLOW IS 1200
M3/S. ALL FLOW THROUGH THE HYDRO
=@ VIV =1 23 =T IN N E SN 14

FIGURE 4-2 PERCENT OF TIME DURING DREDGING WHERE
THE SEDIMENT CONCENTRATION EXCEEDS
10 MG/L. FLOW 1S 1200 M3/S. ALL FLOW
THROUGH THE HYDRO POWER PLANT. ....cccoon... 15

FIGURE 4-3 PERCENT OF TIME DURING DREDGING WHERE
THE SEDIMENT CONCENTRATION EXCEEDS
25 MG/L. FLOW IS 1200 M3¥/S. ALL FLOW
THROUGH THE HYDRO POWER PLANT. .....cccoon... 16

FIGURE 4-4 MEAN SEDIMENT CONCENTRATION DURING
DREDGING OPERATIONS UP STREAM AND
DOWN STREAM OF THE LOCK. FLOW IS 300
M3/S. ALL FLOW THROUGH THE HYDRO
=@ YVIVI=1 23 =TI N i o 17

FIGURE 4-5 PERCENT OF TIME DURING DREDGING WHERE
THE SEDIMENT CONCENTRATION EXCEEDS
10 MG/L. FLOW IS 300 M3/S. ALL FLOW
THROUGH THE HYDRO POWER PLANT. ....cccoon... 18

FIGURE 4-6 PERCENT OF TIME DURING DREDGING WHERE
THE SEDIMENT CONCENTRATION EXCEEDS
25 MG/L. FLOW IS 300 M3/S. ALL FLOW
THROUGH THE HYDRO POWER PLANT. .....cccoon.. 19

FIGURE 4-7 MEAN SEDIMENT CONCENTRATION DURING
DREDGING OPERATIONS UP STREAM AND
DOWN STREAM OF THE LOCK. FLOW IS 170
M3/S. ALL FLOW THROUGH THE HYDRO
=@ YVIVI=1 23 =TI N i 21

FIGURE 4-8 PERCENT OF TIME DURING DREDGING WHERE
THE SEDIMENT CONCENTRATION EXCEEDS
10 MG/L. FLOW IS 170 M3/S. ALL FLOW
THROUGH THE HYDRO POWER PLANT. .....ccooonn. 21

FIGURE 4-9 PERCENT OF TIME DURING DREDGING WHERE
THE SEDIMENT CONCENTRATION EXCEEDS
25 MG/L. FLOW IS 170 M3¥/S. ALL FLOW
THROUGH THE HYDRO POWER PLANT. ... 22

FIGURE 4-10 MEAN SEDIMENT CONCENTRATION DURING
DREDGING OPERATIONS UP STREAM AND
DOWN STREAM OF THE LOCK. FLOW IS 140
M3/S. ALL FLOW THROUGH THE HYDRO
=T@ VY1 2 =T IN N[ N 23

FIGURE 4-11 PERCENT OF TIME DURING DREDGING WHERE
THE SEDIMENT CONCENTRATION EXCEEDS




10 MG/L. FLOW IS 140 M3/S. ALL FLOW

THROUGH THE HYDRO POWER PLANT. .....cooon... 24
FIGURE 4-12 PERCENT OF TIME DURING DREDGING WHERE

THE SEDIMENT CONCENTRATION EXCEEDS

25 MG/L. FLOW IS 140 M3/S. ALL FLOW

THROUGH THE HYDRO POWER PLANT................ 25
FIGURE 4-13 SEDIMENT CONCENTRATIONS DOWN STREAM

FROM LILLA EDET. FLOW 300 M3/S ... 26
FIGURE 4-14 SEDIMENT ACCUMULATION AFTER 24 DAYS OF

DREDGING. FLOW 300 M?%/S. 27
FIGURE 5-1 CONCENTRATION OF ANTRACEN. WATER

QUALITY CRITERIA VALUE IS 0.024 pG/L........... 28
FIGURE 5-2 CONCENTRATION OF FLUORANTEN. WATER

QUALITY CRITERIA VALUE IS 2000 PG/L.ccooveveeeee 29

FIGURE 5-3 CONCENTRATION OF BENSO(A)PYREN. WATER
QUALITY CRITERIA VALUE IS NOT DEFINED,
BUT THE CONCENTRATION SHOULD NOT
EXCEED 0.27 UG/L. woovevveeeerimmmmmmmmmsmmmsssmmsmmsssssssssssssssssssssssssssnnns 30
FIGURE 5-4 CONCENTRATION OF TOTAL 16 EPA-PAH EX.
LOQ. WATER QUALITY CRITERIA VALUE IS
NOT DEFINED. ...t 3]
FIGURE 5-5 CONCENTRATION OF TOTAL 16 EPA-PAH INCL..
LOQ. WATER QUALITY CRITERIA VALUE IS

NOT DEFINED. ...ooieieeierireeieeiecieniesisesesesasenaesesensenes 32
FIGURE 5-6 CONCENTRATION OF TBT. WATER QUALITY
CRITERIA VALUE IS 1.6 uG/L. 33

FIGURE 5-7 CONCENTRATION OF TBT. WATER QUALITY
CRITERIAVALUE IS NOT DEFINED. .....covvvivvrecrnnes 34



1 BACKGROUND AND PURPOSE

1.1 BACKGROUND

WSP Sverige AB Sverige has requested WSP A/S Danmark to model sediment dispersion caused by dredging and other
construction activities related to construction of a new lock for ships in Gota Alv at Lilla Edet located 34 km downstream from
Vanern.

Water intake and a hydroelectric powerplant located downstream of the construction site as well as general environmental
concerns, requires specific knowledge of the transport and dispersion of sediment spilled into the river from the construction
activities.

The purpose of this study is to provide information in time and space on the expected concentrations of sediment and
sedimentation resulting from sediment spilling activities such as dredging of new entrance channels.



CONCLUSIONS

Sediment spilled from the construction site and dredgers do not exceed critical levels at water intakes.

The plumes from the dredging operation up stream from the hydro power plant does not reach the eastern bank up
stream the hydro power plant.

The sediment concentration in the river drops to below 4 mg/l 1 km down stream from the hydro power plant and
drops to around 1 mg/| at Goteborg and where the river flows into the sea.

Spilled sediment accumulates near the dredging sites where it is sheltered from the stronger current.

Levels of contaminants does not exceed water quality criteria except very close to the dredging sites.



3 MODEL SETUP AND ASSUMPTIONS

WSP is using the MIKE model tools from DHI. Based on experience we are using a horizontal 2-dimensional model with a flexible
net which allows a very high resolution near the working sites and the sources of sediment spill from dredging and other
operations.

MIKE 21FM is the leading software package for 2D modelling of hydrodynamics, waves, sediment dynamics, water quality and
ecology. It is professional software of high reliability, quality and versatility. MIKE 21 is a modular product and includes
simulation engines that are aimed at a very wide range of applications. We will use a horizontal 2-dimensional model which
provide depth integrated values of sediment concentrations current velocities etc. in a 2 D grid as we assume that the water
column in Géta Alv downstream the construction site is well mixed due to the current induced turbulence. Intrusion of salt
water from Kattegat will not reach north of Géteborg and will therefore not be a factor in this part of the model study.

MIKE 21 FM and its three-dimensional variant MIKE 3 FM is based on a flexible mesh approach and has been developed for
applications within oceanographic, coastal, estuarine - river environments. In the present case we use the 2D model which
means that all values are depth integrated values. This also means that the simulation of the transport of fine-grained sediment
from the construction and dredging sites are depth averaged values, causing the spill to be released in the entire water column.
In a very well mixed fluvial environment, the 2D approach will be well suited to give a realistic picture of the spreading and
transport of the spilled sediment.

More documentation of MIKE 21 can be found at: MIKE 21 & MIKE 3 Flow Model FM - Mud Transport Module
(mikepoweredbydhi.help).

The model includes sedimentation and resuspension of the spilled sediment and there are no constrains regarding minimum or
maximum concentrations.

WSP has establish a flexible mesh model covering the distance between the construction site at Lilla Edet to Norra
Marieholmsbron in Géteborg and in Nordre Alv where it runs out in Kattegat, see Figure 3-1.

The grid size in the model varies from approximately 1 m around the workplaces and the lock to 10 m further away, see Figure
3-2.
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Figure 3-1 Gota Alv bathymetri. based on data provided by WSP Sweden. All coordinates are in Sweref99_12_00
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Figure 3-2 Model mesh with closed dam and lock and full flow through the power plant.

Likely scenario for flow in Géta Alv during the construction period will be used as hydrodynamic boundary condition and the spill
rates is estimated based on information of dredging method, transport and disposal of the dredged material, description of the
material to be dredged as well as description of any other activities which may generate spill of sediment during the
construction period.

The spill rate (3kg/s) is estimated based on comprehensive measurements of spill rates conducted 300 m down stream of
backhoe dredgers dredging in glacial till and loading onto barges at water depths ranging from 3 m to 6 m and in current
velocities up to 1.5 m/s. The data set includes 3 years of almost constant measurements during the construction of the fixed link
between Denmark and Sweden. The data is reported in (Oresundskonsortiet, 2000) and was validated and approved by
Miljodomstolen (Vattendomstolen) at the end of the project.

The grain size of the spilled sediment is also estimated based on measurements of in situ fall velocities 300 m down stream the
dredgers during the @resund project. At this distance all sediment larger than 63 um has settled out and only particles smaller
than 63 um (silt and clay) will stay in suspension and be carried down stream. The silt and clay fraction which also includes
organic particles, are also the sediment types which carries the contaminants due to the surface-active nature of the minerals
and the organic particles. For this project medium silt with a fall velocity of 0.5 mm/s (fresh water 10°C) is used. Due to the
relatively strong currents in the main river flow, the resulting transport and dispersion of the particulate matter is relatively
unsensible to the fall velocity of particles smaller than 63 um.

The total dredged volume is 700 m> per day distributed with 350 m3 down stream of the existing ship lock and 350 m? located
upstream of the existing ship lock.

The levels of contaminants in the sediment to be dredged is shown in Table 3-1 together with criteria for water quality.

Table 3-1 Mean concentrations of contaminants found in the sediment to be dredged

Stof Unit Concentration Criteria
Antracen mg/kg Ts 0.1127 0.024
Fluoranten mg/kg Ts 0.4300 2
Benso(a)pyren mg/kg Ts 0.1760 -

Total 16 EPA-PAH ex. LOQ mg/kg Ts 2.343 -

Total 16 EPA-PAH incl. LOQ mg/kg Ts 2.0092 -




Tributyltenn (TBT) mg/kg Ts 0.009989 1.6
TOC analyserat % Ts 1.186842 -
Glodforlust % Ts 3.66875 -

Model scenarios with flow through the hydro power plant are shown in Table 3-2

Table 3-2 Model scenarios with flow through the hydro power plant

Flow in the river Dredging spill down Dredging Dredging time / | Lock
stream lock spill up day operation
stream lock

1200m3/s 3 kg/s 3 kg/s 9 hrs 15 hrs
(maximum)

300 m3/s (mean) 3 kg/s 3 kg/s 9 hrs 15 hrs
171 m3/s (low) 3 kg/s 3 kg/s 9 hrs 15 hrs
140 m3/s (low) 3 kg/s 3 kg/s 9 hrs 15 hrs




4 RESULTS

Concentration of sediment spilled from two dredging operations, one up stream and another downstream of the lock during
high, medium and low flow in Géta Alv are presented in sections 4.1, 0 and O whereas the sediment concentration of spilled
sediment during medium flow for the entire river down stream of Lilla Edet is presented in section.

The modelled sediment concentrations do not include the natural background sediment concentration in the river, nor does it
include sediment spilled from other construction or dredging operations in the river.

The results shows that the sediment from the dredging operations at Lilla Edet does not reach the eastern bank of the river up
stream of the hydro power plant. The results also shows that higher flow rate in the river, dilutes the sediment plumes coming
from the dredging operations.

4.1 SEDIMENT CONCENTRATIONS. FLOW 1200 M3/S

Sediment concentration and exceedance frequency of 10 mg/l and 25 mg/I during dredging. Flow in the river is 1200 m3/s and all
the flow goes through the power plant are shown on Figure 4-1, Figure 4-2 and Figure 4-3.
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Figure 4-1 Mean sediment concentration during dredging operations up stream and down stream of the lock.
Flow is 1200 m3/s. All flow through the hydro power plant.
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Figure 4-2 Percent of time during dredging where the sediment concentration exceeds 10 mg/I. Flow is 1200

m3/s. All flow through the hydro power plant.
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Figure 4-3 Percent of time during dredging where the sediment concentration exceeds 25 mg/I.

m3/s. All flow through the hydro power plant.



4.2 SEDIMENT CONCENTRATIONS. FLOW 300 M3/S

Sediment concentration and exceedance frequency of 10 mg/l and 25 mg/I during dredging. Flow in the river is 300 m3/s and all
the flow goes through the power plant are shown on Figure 4-4, Figure 4-5, Figure 4-6.

[m]

6447400

6447200

6445000 -
6444800
Mean: SSC fraction 1
. [mg/l]
6444600 [ Above 100
1 [ 1 75-100
] s0- 75
] ] 25- s0
6444400 B 20- 25
B 15- 20
] 10- 15
] ] s5- 10
6444200-_ O 2. 5
B 1- 2
i Bl seow 1
6444000 1 undefined Value
157000 157500 158000 158500 159000
[m]

01-01-2024 00:00:00 Time Step 0 of 0.

Figure 4-4 Mean sediment concentration during dredging operations up stream and down stream of the lock.
Flow is 300 m3/s. All flow through the hydro power plant.
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Figure 4-5 Percent of time during dredging where the sediment concentration exceeds 10 mg/I.

m3/s. All flow through the hydro power plant.



[m]

Percent of time

30 - 90
70-80
80-70

(=1
w
'

=
'§)

o
[¥H]
'

30 - 40
20-30

=
-+

RRRRRRNT

10-20

1-10

- Below 1

[ undefined value

Eoocc=oooo

A

P

==dle

o

R

[

B447200 § -~ oo

B447000 --n-smooeeeoe

6446800 -~ -t

6446600 -~ T

6446400 7~~~

6446200 {1

6446000 7~~~

6445800 -~~~

6445600 1----

6445400 7~~~}

6445200 -~~~

6445000 - et

6444500

HVET:;] S

6444400

444200 |-

BA444000 oo oo

159000

158500

158000

157500

157000

[m]

01-01-2024 00:00:00 Time Step 0 of 0.

iment concentration exceeds 25 mg/l. Flow is 300

Figure 4-6 Percent of time during dredging where the sed

m3/s. All flow through the hydro power plant.



4.3 SEDIMENT CONCENTRATIONS. FLOW 170 M3/S

Sediment concentration and exceedance frequency of 10 mg/l and 25 mg/| during dredging. Flow in the river is 170 m3/s and all
the flow goes through the power plant are shown on Figure 4-7, Figure 4-8 and Figure 4-9
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Figure 4-7 Mean sediment concentration during dredging operations up stream and down stream of the lock.

Flow is 170 m3/s. All flow through the hydro power plant.
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Figure 4-8 Percent of time during dredging where the sediment concentration exceeds 10 mg/I. Flow is 170

m3/s. All flow through the hydro power plant.
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Figure 4-9 Percent of time during dredging where the sediment concentration exceeds 25 mg/I. Flow is 170

m3/s. All flow through the hydro power plant.



4.4 SEDIMENT CONCENTRATIONS. FLOW 140 M3/S

Sediment concentration and exceedance frequency of 10 mg/l and 25 mg/I during dredging. Flow in the river is 140m3/s and all
the flow goes through the power plant are shown on Figure 4-10, Figure 4-11 and Figure 4-12.
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Figure 4-10 Mean sediment concentration during dredging operations up stream and down stream of the lock.
Flow is 140 m3/s. All flow through the hydro power plant.
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Figure 4-11 Percent of time during dredging where the sediment concentration exceeds 10 mg/l. Flow is 140
m3/s. All flow through the hydro power plant.
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Figure 4-12 Percent of time during dredging where the sediment concentration exceeds 25 mg/I. Flow is 140
m3/s. All flow through the hydro power plant.



4.5 SEDIMENT CONCENTRATIONS DOWN STREAM FROM LILLA

EDET

Sediment concentrations from dredging at Lilla Edet are shown on Figure 4-13 and Error! Reference source not found.. The

concentration of spilled sediment drops to 3-4 mg/l 1 km down stream from the work sites and drops further down to 2-3 mg/|
for the following 6 km after which the concentration is below 2 mg/I rest of the way down to the sea where the concentration is
around 1 mg/I.
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Figure 4-13 Sediment concentrations down stream from Lilla Edet. Flow 300 m3/s




4.6 SEDIMENT ACCUMULATION

Sediment accumulation after 24 days of dredging is shown on Figure 4-14 Sediment can only accumulate around the dredging
positions where the current is weak. A larger pool of accumulated sediment is seen around the down stream work site where

the lock prevents stronger currents from reaching the sediment.
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Figure 4-14 Sediment accumulation after 24 days of dredging. Flow 300 m?3/s.



5 CONCENTRATIONS OF
CONTAMINANTS

Concentrations of contaminants found in the material which will be dredged is shown in Table 3-1. Based on the 300 m3 flow
scenario, the resulting concentration of these substances in the river has been calculated by multiplying the modelled sediment
concentration with the concentrations of contaminants found in the sediment.
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Figure 5-1 Concentration of Antracen. Water quality criteria value is 0.024 pg/I.
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Figure 5-2 Concentration of Fluoranten. Water quality criteria value is 2000 ug/I.
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Figure 5-4 Concentration of total 16 EPA-PAH ex. LOQ. Water quality criteria value is not defined.
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Figure 5-5 Concentration of total 16 EPA-PAH incl.. LOQ. Water quality criteria value is not defined.
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Figure 5-6 Concentration of TBT. Water quality criteria value is 1.6 pg/I.

157000
08-01-2024 00:00:00 Time Step 0 of 0.



[m]

Bl -cove 0.030

[ ] 0.020-0.030

I 0.010 - 0.020

B c=0w 0.001

|:| Undefined Value

Goocoocoooooooooqg

L

fooooooo

-

+

+ -

-

Soooooo

IIIIIIIII‘I"""""I""""'I'
158500

157500

BAATADD J -~

6447200 F------------

6447000 1~

6446800 ===~

TP e——

6446400 §----- -2

6446200 1 ----

6445800 1 ---

445600 1---

6445400 -

£445200 7=~~~

6445000 - -----------

444800 - ----n--

444600 - --nno-

6444400 - -------

6444200 - --m-n--

6444000 ~Srersmrerersmforerss

159000

152000

157000

]

[m

08-01-2024 00:00:00 Time Step 0 of 0.

Figure 5-7 Concentration of TOC. Water quality criteria value is not defined.
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