
D
el

ft
U

ni
ve

rs
it

y
of

Te
ch

no
lo

gy

Locking Strategies IJmuiden
Developing and validating a method to quantify the
effects of restrictive locking measures on both salt
intrusion and vessel waiting times
Supplementary appendix

J.W.E. de Ruiter



Locking Strategies
IJmuiden

Developing and validating a method to quantify
the effects of restrictive locking measures on
both salt intrusion and vessel waiting times

Supplementary appendix

by

J.W.E. de Ruiter

to obtain the degree of Master of Science

at the Delft University of Technology,

to be defended publicly on Friday August 29, 2025 at 13:00.

In collaboration with:

Student number: 4484568
Project duration: November 2023 – August 2025
Thesis committee: Prof. dr. ir. M. van Koningsveld, TU Delft, chair

Ir. A.J. van der Hout, TU Delft, Deltares, supervisor
Ir. F.P. Bakker, TU Delft
Dr. T.S.D. O’Mahoney, Deltares
Dr. ir. W.M. Kranenburg, TU Delft

Front cover image of the Sea lock IJmuiden by Rijkswaterstaat (2023)

An electronic version of this thesis is available at http://repository.tudelft.nl/.

http://repository.tudelft.nl/


Supplementary appendix

This document serves as a supplementary appendix to the main thesis and contains the complete set
of 118 validation cycle figures referenced in Appendix B.1 of the thesis.
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Figure 1: Full cycle 0
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Figure 2: Full cycle 1
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Figure 3: Full cycle 2
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Figure 4: Full cycle 3
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Figure 5: Full cycle 4
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Figure 6: Full cycle 5
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Figure 7: Full cycle 6
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Figure 8: Full cycle 7
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Figure 9: Full cycle 8
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Figure 10: Full cycle 9
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Figure 11: Full cycle 10
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Figure 12: Full cycle 11
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Figure 13: Full cycle 12
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Figure 15: Full cycle 14
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Figure 16: Full cycle 15
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Figure 17: Full cycle 16



18

T_S,close T_C,open T_C,close T_S,open T_S,close

Closed

Open
Do

or
 p

os
iti

on
Cycle 17, 02-24

Sea door
Canal door
Levelling to canal
Doors open canal
Levelling to sea
Doors open sea

17:29 17:45 18:02 18:31 18:50
0

10000

20000

30000

40000

Ve
ss

el
 v

ol
um

e 
in

 lo
ck

 [m
3]

ZSF ingoing vessels
ZSF outgoing vessels
True exiting time
True entering time

17:29 17:45 18:02 18:31 18:50
0.5

0.0

0.5

1.0

1.5

M
ea

su
re

d 
wa

te
rle

ve
l [

m
NA

P]

Sea
Lock chamber
Canal
ZSF Sea

17:29 17:45 18:02 18:31 18:50

8

10

12

14

16

Sa
lt 

co
nc

en
tra

tio
n 

 h
ar

bo
ur

 b
as

in
s [

kg
/m

3]

ZSF Sea
Meas Sea
ZSF Canal
Meas Canal

17:29 17:45 18:02 18:31 18:50
0.0
2.5
5.0
7.5

10.0
12.5
15.0

Sa
lt 

co
nn

ce
nt

ra
tio

n 
 lo

ck
 c

ha
m

be
r [

kg
/m

3] ZSF Sea
ZSF Canal
measured
ZSF
Entering vessel_ZSF
Entering vessel_true
Exiting vessel_ZSF
Exiting vessel_true

0

500

1000

1500

2000

Sa
lt 

m
as

s [
to

n] ZSF_phase total_lock to canal
ZSF_phase total_sea to lock
Meas_Lock to canal
Meas_Sea to lock
ZSF_lock to canal
ZSF_sea to lock

Figure 18: Full cycle 17



19

T_S,close T_C,open T_C,close T_S,open T_S,close

Closed

Open
Do

or
 p

os
iti

on
Cycle 18, 02-24

Sea door
Canal door
Levelling to canal
Doors open canal
Levelling to sea
Doors open sea

18:50 19:11 20:12 20:43 21:52
0

10000
20000
30000
40000
50000
60000

Ve
ss

el
 v

ol
um

e 
in

 lo
ck

 [m
3]

ZSF ingoing vessels
ZSF outgoing vessels
True exiting time
True entering time

18:50 19:11 20:12 20:43 21:52
0.5

0.0

0.5

1.0

1.5

M
ea

su
re

d 
wa

te
rle

ve
l [

m
NA

P]

Sea
Lock chamber
Canal
ZSF Sea

18:50 19:11 20:12 20:43 21:52

8

10

12

14

16

Sa
lt 

co
nc

en
tra

tio
n 

 h
ar

bo
ur

 b
as

in
s [

kg
/m

3]

ZSF Sea
Meas Sea
ZSF Canal
Meas Canal

18:50 19:11 20:12 20:43 21:52
0

5

10

15

Sa
lt 

co
nn

ce
nt

ra
tio

n 
 lo

ck
 c

ha
m

be
r [

kg
/m

3] ZSF Sea
ZSF Canal
measured
ZSF
Entering vessel_ZSF
Entering vessel_true
Exiting vessel_ZSF
Exiting vessel_true

1000

0

1000

2000

3000

4000

Sa
lt 

m
as

s [
to

n] ZSF_phase total_lock to canal
ZSF_phase total_sea to lock
Meas_Lock to canal
Meas_Sea to lock
ZSF_lock to canal
ZSF_sea to lock

Figure 19: Full cycle 18
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Figure 20: Full cycle 19
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Figure 21: Full cycle 20
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Figure 22: Full cycle 21
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Figure 23: Full cycle 22
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Figure 24: Full cycle 23
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Figure 25: Full cycle 24
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Figure 26: Full cycle 25
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Figure 27: Full cycle 26
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Figure 28: Full cycle 27
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Figure 29: Full cycle 28
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Figure 30: Full cycle 29
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Figure 31: Full cycle 30
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Figure 32: Full cycle 31
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Figure 33: Full cycle 32
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Figure 34: Full cycle 33
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Figure 35: Full cycle 34
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Figure 36: Full cycle 35
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Figure 37: Full cycle 36
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Figure 38: Full cycle 37
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Figure 39: Full cycle 38
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Figure 40: Full cycle 39
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Figure 41: Full cycle 40
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Figure 42: Full cycle 41
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Figure 43: Full cycle 42
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Figure 44: Full cycle 43
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Figure 45: Full cycle 44
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Figure 46: Full cycle 45
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Figure 47: Full cycle 46
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Figure 48: Full cycle 47
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Figure 49: Full cycle 48
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Figure 50: Full cycle 49
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Figure 51: Full cycle 50
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Figure 52: Full cycle 51
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Figure 53: Full cycle 52
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Figure 54: Full cycle 53
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Figure 57: Full cycle 56
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Figure 58: Full cycle 57
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Figure 59: Full cycle 58
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Figure 60: Full cycle 59
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Figure 61: Full cycle 60
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Figure 62: Full cycle 61
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Figure 63: Full cycle 62
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Figure 64: Full cycle 63
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Figure 65: Full cycle 64
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Figure 66: Full cycle 65
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Figure 67: Full cycle 66
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Figure 70: Full cycle 69
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Figure 72: Full cycle 71



73

T_S,close T_C,open T_C,close T_S,open T_S,close

Closed

Open
Do

or
 p

os
iti

on
Cycle 72, 03-09

Sea door
Canal door
Levelling to canal
Doors open canal
Levelling to sea
Doors open sea

18:06 19:16 20:09 20:27 21:50
0

20000

40000

60000

80000

100000

Ve
ss

el
 v

ol
um

e 
in

 lo
ck

 [m
3]

ZSF ingoing vessels
ZSF outgoing vessels
True exiting time
True entering time

18:06 19:16 20:09 20:27 21:50
0.50
0.25
0.00
0.25
0.50
0.75
1.00

M
ea

su
re

d 
wa

te
rle

ve
l [

m
NA

P]

Sea
Lock chamber
Canal
ZSF Sea

18:06 19:16 20:09 20:27 21:50

8

10

12

14

16

18

Sa
lt 

co
nc

en
tra

tio
n 

 h
ar

bo
ur

 b
as

in
s [

kg
/m

3]

ZSF Sea
Meas Sea
ZSF Canal
Meas Canal

18:06 19:16 20:09 20:27 21:50
0

5

10

15

Sa
lt 

co
nn

ce
nt

ra
tio

n 
 lo

ck
 c

ha
m

be
r [

kg
/m

3] ZSF Sea
ZSF Canal
measured
ZSF
Entering vessel_ZSF
Entering vessel_true
Exiting vessel_ZSF
Exiting vessel_true

2000

0

2000

4000

Sa
lt 

m
as

s [
to

n] ZSF_phase total_lock to canal
ZSF_phase total_sea to lock
Meas_Lock to canal
Meas_Sea to lock
ZSF_lock to canal
ZSF_sea to lock
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Figure 79: Full cycle 78
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Figure 80: Full cycle 79
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Figure 81: Full cycle 80
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Figure 84: Full cycle 83



85

T_S,close T_C,open T_C,close T_S,open T_S,close

Closed

Open
Do

or
 p

os
iti

on
Cycle 84, 03-11

Sea door
Canal door
Levelling to canal
Doors open canal
Levelling to sea
Doors open sea

13:10 14:55 15:16 15:28 15:44
0

5000

10000

15000

Ve
ss

el
 v

ol
um

e 
in

 lo
ck

 [m
3]

ZSF ingoing vessels
ZSF outgoing vessels
True exiting time
True entering time

13:10 14:55 15:16 15:28 15:44

0.8

0.7

0.6

0.5

M
ea

su
re

d 
wa

te
rle

ve
l [

m
NA

P]

Sea
Lock chamber
Canal
ZSF Sea

13:10 14:55 15:16 15:28 15:44
8

10

12

14

16

18

Sa
lt 

co
nc

en
tra

tio
n 

 h
ar

bo
ur

 b
as

in
s [

kg
/m

3]

ZSF Sea
Meas Sea
ZSF Canal
Meas Canal

13:10 14:55 15:16 15:28 15:44
0.0
2.5
5.0
7.5

10.0
12.5
15.0

Sa
lt 

co
nn

ce
nt

ra
tio

n 
 lo

ck
 c

ha
m

be
r [

kg
/m

3] ZSF Sea
ZSF Canal
measured
ZSF
Entering vessel_ZSF
Entering vessel_true
Exiting vessel_ZSF
Exiting vessel_true

1000

500

0

500

1000

1500

2000

Sa
lt 

m
as

s [
to

n] ZSF_phase total_lock to canal
ZSF_phase total_sea to lock
Meas_Lock to canal
Meas_Sea to lock
ZSF_lock to canal
ZSF_sea to lock
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Figure 88: Full cycle 87



89

T_S,close T_C,open T_C,close T_S,open T_S,close

Closed

Open
Do

or
 p

os
iti

on
Cycle 88, 03-12

Sea door
Canal door
Levelling to canal
Doors open canal
Levelling to sea
Doors open sea

03:24 03:37 04:25 04:36 04:50
0

20000

40000

60000

80000

Ve
ss

el
 v

ol
um

e 
in

 lo
ck

 [m
3]

ZSF ingoing vessels
ZSF outgoing vessels
True exiting time
True entering time

03:24 03:37 04:25 04:36 04:50

0.6

0.5

0.4

0.3

0.2

0.1

M
ea

su
re

d 
wa

te
rle

ve
l [

m
NA

P]

Sea
Lock chamber
Canal
ZSF Sea

03:24 03:37 04:25 04:36 04:50

8

10

12

14

16

Sa
lt 

co
nc

en
tra

tio
n 

 h
ar

bo
ur

 b
as

in
s [

kg
/m

3]

ZSF Sea
Meas Sea
ZSF Canal
Meas Canal

03:24 03:37 04:25 04:36 04:50
0

5

10

15

Sa
lt 

co
nn

ce
nt

ra
tio

n 
 lo

ck
 c

ha
m

be
r [

kg
/m

3] ZSF Sea
ZSF Canal
measured
ZSF
Entering vessel_ZSF
Entering vessel_true
Exiting vessel_ZSF
Exiting vessel_true

0

1000

2000

3000

4000

Sa
lt 

m
as

s [
to

n] ZSF_phase total_lock to canal
ZSF_phase total_sea to lock
Meas_Lock to canal
Meas_Sea to lock
ZSF_lock to canal
ZSF_sea to lock
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Figure 94: Full cycle 93
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Figure 96: Full cycle 95
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Figure 99: Full cycle 98
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Figure 100: Full cycle 99
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Figure 101: Full cycle 100
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Figure 102: Full cycle 101
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Figure 103: Full cycle 102
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Figure 104: Full cycle 103
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Figure 105: Full cycle 104
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Figure 106: Full cycle 105
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Figure 107: Full cycle 106
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Figure 108: Full cycle 107
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Figure 109: Full cycle 108
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Figure 110: Full cycle 109
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Figure 114: Full cycle 113



115

T_S,closeT_C,open T_C,close T_S,open T_S,close

Closed

Open
Do

or
 p

os
iti

on
Cycle 114, 03-18

Sea door
Canal door
Levelling to canal
Doors open canal
Levelling to sea
Doors open sea

19:12 19:24 21:04 21:19 23:25
0

20000

40000

60000

Ve
ss

el
 v

ol
um

e 
in

 lo
ck

 [m
3]

ZSF ingoing vessels
ZSF outgoing vessels
True exiting time
True entering time

19:12 19:24 21:04 21:19 23:25

0.7

0.6

0.5

0.4

0.3

M
ea

su
re

d 
wa

te
rle

ve
l [

m
NA

P]

Sea
Lock chamber
Canal
ZSF Sea

19:12 19:24 21:04 21:19 23:25

8

10

12

14

16

Sa
lt 

co
nc

en
tra

tio
n 

 h
ar

bo
ur

 b
as

in
s [

kg
/m

3]

ZSF Sea
Meas Sea
ZSF Canal
Meas Canal

19:12 19:24 21:04 21:19 23:25
0.0
2.5
5.0
7.5

10.0
12.5
15.0

Sa
lt 

co
nn

ce
nt

ra
tio

n 
 lo

ck
 c

ha
m

be
r [

kg
/m

3] ZSF Sea
ZSF Canal
measured
ZSF
Entering vessel_ZSF
Entering vessel_true
Exiting vessel_ZSF
Exiting vessel_true

1000

0

1000

2000

3000

4000

Sa
lt 

m
as

s [
to

n] ZSF_phase total_lock to canal
ZSF_phase total_sea to lock
Meas_Lock to canal
Meas_Sea to lock
ZSF_lock to canal
ZSF_sea to lock
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Figure 117: Full cycle 116
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Figure 118: Full cycle 117
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Figure 119: Full cycle 118


