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Generic approach
e Scoping

» Analysisof existing data
e Collection of new data

e Application of predictive method(
(calibration, validation, sensitivity
and scenario testing)

Short (and
long) term

o Synthesis and development of _
modelling

conceptual model
o ‘What-if’ testing

e Presentation of results
<" HR Wallingford



The aims of short term modelling

? To help develop a conceptua model
for the system

? To estimate the initial impacts of a
scheme

? Asaguideto the effectiveness of
predictions of long term evolution

o
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Confidence and Credibility

o Quality (and quantity) of data

v

* A robust conceptual model

v

* Confidence In the results (certainty)

s
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Development of the conceptual model

e The conceptual model:

— must explain the system adegquately (and where
relevant, its history)

— must be consistent with observations/modelling
— should synthesise available data and model results

— should normally contain the components of the
sediment budget and how those components
Interact

— should allow for uncertainty in model results/field
data

— must convince the regulator

e Thisisanecessary and time consuming
Process
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Choice of modeller

 Models are only as good as the people who
use them

o Lotsof people can use amodel - not many
people know how to use them to answer
your problem

 Most estuary studies are non-trivial

e Get someone you can trust to do your
modelling

e Consider use of an independent review team
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Choice of models

o |sthe system well-mixed or stratified?
— Isthere high fluvial flow?

e Are secondary currents important?

e How much resolution do | need?
— Isthere complex bathymetry in the system?
— Will al the important features be resolved?
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Choice of models

The application of theright wave model isa
technical subject

Different wave models represent different processes
Make sure yours has the right processes for your

study:
— refraction
— shoaling
— diffraction
— reflection
— Irregular waves
— variable energy spectrum, ... etc...

Z HR Walling



Choice of models

 The same considerations as for flow models
apply, but,
e Sediment tends to hang about near the bed so

the 3D structure can be important evenin a
“well-mixed’ system

Z HR Walling



Boundary conditions

* Put your boundary along way away from the
estuary mouth

— allows modelling of interaction of estuary
with the offshore system

— avoids effects from boundary condition
In impact results

The right choice of boundary conditions
greatly add to the accuracy of the model

Z HR Walling



Calibration of short (and long term) models

e EXpect site specific calibration

o Understand differences between model and
measurement (both contain uncertainty)

 The standard of calibration required depends
on the the nature of the problem
— Arelong term trends important?

— Are we choosing between a number of
management options or establishing a magnitude
of impact which may make or break a scheme?
 Where dataislacking then sensitivity and
scenario testing can overcome some of the
problems and reduce uncertainty Z HR Walingford



Calibration of flow models

e Inmost casesthiswill be the main basis for
assessing impact

* Flow resultswill “drive’” most of the other
models that could be used for prediction

e The other model results (in most cases) can
only be as good as the flow model

e Youdon't have to believe the modeller when
he says, “the model reproduces the results
well”
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Calibration of wave models

e Thisisnot often undertaken on a site
specific basis

 Most wave models are calibrated generally
on avariety of test data sets
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Calibration of sediment transport models

o |f thereis“enough” “good’ concentration
data the concentration patterns can be
matched accordingly

— THISISNOT BY ITSELF SUFFICIENT

e The parameters relating to
erosion/deposition also have to be calibrated
— OTHERWISE THE UNCERTAINTY IN THE
PREDICTED DEPOSITION WILL BE LARGE
e QObervations of accretion/erosion are
required - dredging records or changes in
morphology
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Calibration of sediment transport models

e Sand transport models, given an appropriate d.,,
will probably predict the right sort of potential
transport

e However, in practice sand transport is limited by the
sediment availability and the presence of mud

e Sand transport and erosion/deposition have to be

calibrated

— OTHERWISE THE UNCERTAINTY IN THE RESULTS
WILL BE LARGE

» QObervations of accretion/erosion are required -
dredging records or changes in morphol ogy

e Sand transport algorithms are only reliable to within
afactor of three! Z HR Wallingford



Predictive “‘What-if?’” testing

e The “conceptual model” can be tested to
examine how the system responds to
Imposed change

e Thisrequires rerunning some of the models
used in establishing the conceptual model

— Relative merits of different options can be
Investigated

— Quantification of impact can be sought

* Further assumptions may need to be made to
provide answers for decision making
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Demonstration Projects

Choice of projects

» Funders decided that best practice
snould be disseminated through
demonstration projects

e These demonstration projects were to
be chosen through consultation with
end-users

o Consultation with Blackwater
stakeholders resulted in the choice of
Managed realignment in Salcott Creek
as a demonstration project 8% v



Blackwater Demonstration Project
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Blackwater Demonstration Project

Introduction

e Real case (ongoing project) of astudy
of the impacts of five breaches on the
nearfield and farfield morphology of

Salcott Creek

e Aim to take audience through the
Process

 Highlight importance of good quality
data

o
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Blackwater Demonstration Project

Development of the conceptual model

The task:

— To build an understanding of the present
estuary regime

— To reproduce the main processes with
numerical models

Thetools available:
— Analysis of field data
— Short-term process modelling
— Long-term modelling (to follow)
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Blackwater Demonstration Project

Development of the conceptual model

Understanding of the present estuary
regime

— Experience from other projects

— Processing and analysis of field data

— Running numerical models for existing
conditions

<" HR Wallingford



Blackwater Demonstration Project

Development of the conceptual model

Experience from other projects

— Orplands Managed Retreat
— Tollesbury Managed Retreat
— Trimley Marsh Managed realignment

o
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Blackwater Demonstration Project

Development of the conceptual model

* Processing and analysis of field data
— ADCP
— Tidal levels
— Bathymetric surveys
— SSC measurements
— Waves
— Sediment type

e Quality check thedata. Don't realy
know how good it isuntil you useit.

<" HR Wallingford



Blackwater Demonstration Project

Development of the conceptual model

S0, prior to running a model, what are we
expecting to happen?

— Tidal prism to go up

— Velocities to increase

— Change to tidal propagation?

— Local impacts at each breach

— Dispersion of eroded material

<" HR Wallingford



Blackwater Demonstration Project

Development of the conceptual model

Numerical modelling

— 2D flow modelling. Thisisthe main tool
In this case. Changes to morphology
Inferred from changes to the flow regime.

— 2D suspended sediment transport
modelling. To determine the effect of the
breaches on SSC levels.

<" HR Wallingford



Blackwater Demonstration Project

Baseline flow modelling

Model domain
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Blackwater Demonstration Project

Baseline flow modelling

Model bathymetry
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Blackwater Demonstration Project

Baseline flow modelling

LIDAR data
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Blackwater Demonstration Project

Baseline flow modelling
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Blackwater Demonstration Project

Baseline flow modelling

Cdlibration of
tidal currents
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Blackwater Demonstration Project

Baseline flow modelling
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Blackwater Demonstration Project

Baseline flow modelling

Validation of
tidal currents

Speed [kl

Diirection [degrees)

Eey
Fredicted speeds
Obsersed speeds
Predicted, dizections XXX EER]
Obserwed dizections XXX EER]
Site 2 Site 4 Site 5
0 ¥ 0
LER [FE LER
wE - g o wE -
05 - 05 - 05 -
0 04 0
LR
FE
wd -
s b
L] T T T T T T " T T T T T T L] T T T T T T
o0 0000 0ddd 0500 AEA0 A€D0 z040 040 a0A0 0400 030 1EA0 4600 200 00 0000 0dd0 0500 AEA0 A600 2000
360 EL ]
* . 4 g - . »
. g g, e
& 5 - 2 . ¥ *
o0 - z7n - . zro
-
- +
190 - 130 - 130 - +*

* *

[
i

" 0
T T T T T T T T T T T T T T T T T T
L 0 LEE T e 16 00 kT 2040 0000 0400 0200 iza0 1600 2040 2000 o0 g0 Q400 LR 100 16400 2040

Time 5§ Oct zo00) Time (5§ Oct zo00) Tirne (5 Ock zoon)

" HR Wallingford



Blackwater Demonstration Project

Baseline flow modelling

Suppose no LI DAR data?
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Blackwater Demonstration Project

Baseline flow modelling

? A robust conceptual model
has been established

o
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Blackwater Demonstration Project

Impact of the proposed scheme

Now we can start investigating
the impact of the proposed
scheme

o
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Blackwater Demonstration Project

The scheme
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Blackwater Demonstration Project

Impact of the proposed scheme
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Blackwater Demonstration Project

Imbpact of the nronosed scheme
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Blackwater Demonstration Project

Impact on farfield flows
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Blackwater Demonstration Project

Impact on farfield flows
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Blackwater Demonstration Project

Impact on estuary morphology
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Blackwater Demonstration Project

Impact on suspended sediment concentrations

HR Wallingford



Blackwater Demonstration Project

Impact on suspended sediment concentrations
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Blackwater Demonstration Project

What of the effect of lack of LIDAR?
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Blackwater Demonstration Project

What of the effect of lack of LIDAR?
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Blackwater Demonstration Project
What of the effect of lack of LIDAR?

Without Lidar
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Blackwater Demonstration Project

Conclusions drawn

 Useof LIDAR data important

e Locally, there will be an impact on flows,
and conseguential scour

e Dueto theincreased tidal prism, there will
be increased currents, and in some areas this
Increases the peak tidal current

e Small scale erosion of the channel, and
Increased turbidity is expected until a new
regime Is established

e Consultation with stakeholdersled to the

redesign of one of the breaches (helps buy-
i n) <" HR Wallingford



Mersey Demonstration Project

Introduction

o Aspreviously stated, consultation with
Mersey end-users resulted in the choice of
“removal of the training wall” as a project

e Some comments are necessary about this
choice:

The training walls are now embedded in shoals and
removing them would constitute significant and extensive
dredging

It is extremely unlikely that this would occur

Removal of “just” the training walls (e.g. from decay)
might not cause a huge effect

For this reason amore limited (part) training wall removal
has been considered

<" HR Wallingford



Mersey Demonstration Project

Introduction
e Scenario smulated:

— Removal of part of training wall on west side of
approach channel, close to Mersey entrance

— Seabed levels also reduced as a means of
representing some initial evolution after the
training wall removal (when the impact becomes
large enough to make a difference)

* Though thistype of scheme is not relevant
for most estuaries the demonstration project
should be viewed as typical of major works
near the mouth of an estuary

<" HR Wallingford



Mersey Demonstration Project

The Mersey Estuary

Northing

410000
«f
DEPTH
FORMBY POINT -
TAYLOR'S BANK FORMBY COAST
405000+ TAYLOR'S SPIT. - ‘000
ME QUEEN
N ) 5.00m
5 " — C.DDm
NORTH
——35 CCm
LIVERPOOL
395000 BAY I oo
ROCK CHANNE —15.00m
THE
NARROWS
390000 I —2D CCm
—25.00m
- ~.GARSTON
HANNEL
385000 N
\ MERSEY ESTUARY
EASTHAM
CHANNEL MIDDLE
£ DEiP
380000 b
5 ! 29 ' ' I ] T |
215000 320000 325000 330000 335000 240000 345000 350000 355000

Easting

£ HR Wallingford



Mersey Demonstration Project

Introduction
e Thisdemonstration project will
consider the:
— Development of conceptual model

— Short term impact of the demonstration
scheme

— Other studies that would be required if
the project were carried out “for real”

<" HR Wallingford



Mersey Demonstration Project

Development of the conceptual model

The task:

— To be able to explain the historical
changes in the Mersey/Liverpool Bay

— To reproduce these effects with
numerical models

Thetools available:
— Analysis of existing data
— Analysis of field data
— Short term modelling

<" HR Wallingford



Mersey Demonstration Project

Development of the conceptual model
Analysis of existing data
— Historical surveys
— Dredging data
— Previous studies
e Cashin (1949)
* Price and Kendrick (1963)
o Liverpool University studies
 Mersey Barrage Studies

 Mersey Conservator Reports
 OBU/HRW Research (Chris Thomas PhD)

(For the real study there would of course
be alot more studies to consider) (. HR Wallingford




Mersey Demonstration Project

Development of the conceptual model

Anaysis of field data

— used to calibrate any flow or sediment
transport models used

— Sometimes this data itself reveals
Information which is important to the
understanding of the system

<" HR Wallingford



Mersey Demonstration Project

Development of the conceptual model

Short term modelling
— 3D flow modelling
— 3D sand transport modelling
— Particle tracking (not illustrated here)

Mud transport modelling not required AT THIS
STAGE since the vast mgjority of the important
historical changes have been due to sand transport

<" HR Wallingford



Mersey Demonstration Project

Development of the conceptual model

Hlstory of changes to the Mersey Estuary

19T

1000

......

n i } E | | ‘
L e | I I 1
i - P ) il b I: - | - - i l P it - e BdT {%"irl‘gfﬂrd




Mersey Demonstration Project

Development of the conceptual model

Mersey Sediment Budget

Period Total Volume | Volume Change Material Dredged ' Disposal Of | Net Annual

Change (Mm?3) due to Reclamation from Mersey Dredged Material. Sediment

(Mm3) (Mm3) in Mersey (Mm3) = Flux (Mm?3)
1871-1906 23.3 -6.8 9.3 n/a -0.59
1906-1936 -30.2 -4.5 39.8 n/a 2.18
1936-1956 -24.4 -6.4 19.9 n/a 1.75
1956-1977 -14.5 -2.3 29.3 0.2 1.97
1977-1997 11.2 0 8.8 1.5 -0.2

" HR Wallingford



Mersey Demonstration Project

Development of the conceptual model

Effect of tidal range
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Mersey Demonstration Project

Development of the conceptual model

Effect of waves
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Mersey Demonstration Project

Development of the conceptual model

Sand transport 1906
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Mersey Demonstration Project

Development of the conceptual model

Sand transport 1936
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Mersey Demonstration Project

Development of the conceptual model

Sand transport 1977
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Mersey Demonstration Project

Development of the conceptual model
Changes in Sediment
flux 1906-1977
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Year Net sediment flux across transects
A B C D E C+E
1906 2.69 3.22 0.09 0.53 0.04 0.13
1936 1.6 1.98 2.22 0.24 0.37 2.60
1977 2 4.28 -2.43 -0.15 -0.17 -2.60
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Mersey Demonstration Project
Development of the conceptual model - summary
e The sedimentation in the Mersey in the

20th century Is aresponse to:

— the influx of sediment into Liverpool Bay
from offshore

— the construction of the training walls
e Thisisbroadly confirmed by:

— Sediment budget analysis

— Short-term modelling

? A robust conceptual model has been
established

<" HR Wallingford



Mersey Demonstration Project

Impact of the proposed scheme

Now we can start investigating
the impact of the
demonstration scheme

o
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Mersey Demonstration Project

Impact of the proposed scheme - change in bathymetry
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Mersey Demonstration Project

Impact of the proposed scheme on tidal flows

Change in near bed current speed on flood tide
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Mersey Demonstration Project

Impact of the proposed scheme on tidal flows

Change in near bed current speed on ebb tide
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Mersey Demonstration Project

Impact of the proposed scheme on tidal flows

Scheme influences flows over much of
Liverpool Bay

Impact of scheme extends into the Mersey

Near bed ebb tide flows increased in Mersey
and reduced on flood tide

? enhanced ebb-dominance
Erosion suggested on Great Burbo Bank

Accretion suggested along coasts either side
of entrance

<" HR Wallingford



Mersey Demonstration Project

Impact of the proposed scheme on sediment transport
Annual spring tide transport

410000

T L N I0
e RO MR N N Yy A,
\Eé\w”“”‘wé i 20
\\1\‘ \q;\.w\-\\.g\‘-& h
-\\\\"‘ IR i
‘:::}‘%k\\:&\&\‘g% : 0o ———=—=
L j
205000 4= W u \N\N\&EX L L & 2000 6000 2000 10000
L e
[ E%awmf_— = ‘g‘ﬁ% . ﬂ:_;[&m
e e e,
e T T S
s, - E55
ERAEEE R : a0
R R R = b e . . . . .
400000 * """ “? il g zu'nnan 4000 000 2000 4
T S S g = S 4
- e e . e e r C 3
wwwwwww T 20 2.5
T e S o £ " 4 ]
B T T et ok ] g /".' f/ '-__I 1.5
11111111 i % 0 | - ! 1
It - AV
5000 1g = v = 2 = ow % 0.1
[l T A T £ -z0 0
AT S i e St o
Fa = = - i i-—.‘#:— E = T T T T
L . - R . . L E 10 1] Dzﬂﬂlin 4000 -
::\‘:::* ::-, TN B 0= 0 -
Mgt 4Tt T Tk ¥ B Eisting+ past- scheme spring tide ¥-2 10 B
390000 % + 3d Suspended Sand Transport 0 1000 0 1000 2000
p
I S Under Frequent Wave Conditions Distance across section (m)
' 320000 325000 ' 220000 ' 235000 ' 340000 '

HR Wallingford



Mersey Demonstration Project

Impact on sediment exchange with Mersey Estuary

Year Net sediment flux across transects
A B C D E C+E
Existing 2 4.28 -2.43 -0.15 -0.17 -2.60
Scheme 2.47 1.28 2.70 -0.68 -0.18 2.52
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Mersey Demonstration Project

Impact on water levels in the Mersey Estuary
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Mersey Demonstration Project

Further studies needed for the “real” impact assessment

If Impact is identified then:

e 3D Mud transport in the Mersey
Estuary will be required including:

— Changes to mai ntenance requirement
within the estuary

— Evaluation of changesin
deposition/erosion on intertidal areas

— Will the enhanced ebb dominance in the
lower estuary reduce concentrations over
the longer term?

<" HR Wallingford



Mersey Demonstration Project

Further studies needed for the “real” impact assessment

e \Wave modelling including:

— An assessment of the importance of wave
driven currents in the sediment transport
In Liverpool Bay

— Area wave modelling throughout
Liverpool Bay and Mersey Estuary

— Changes in wave action along coast and
littoral drift study

— (If wave changes are large) An extreme
water level study

<" HR Wallingford



Mersey Demonstration Project

Further studies needed for the “real” impact assessment

e Longer term morphological evolution
of Liverpool Bay and the Mersey
Estuary

— 3D system so use of top-down and hybrid
by themselves may be open to criticism

— May need to use a 3D process-based
approach

— Thisisdifficult, costly and time
consuming

— No one has yet done this successfully

<" HR Wallingford



Mersey Demonstration Project

Conclusion

e Studies of thistype are clearly complex
and costly and may include elements of
research

e Consider undertaking a“pilot” study to
Identify the possible scope of impact
and aid the design of the programme of
work

e Consider use of an independent review

team to appraise progress and results of
studies -
a
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Short-term modelling

Overall conclusions

Don’t underestimate the magnitude of the
task

Apply the systematic approach identified in
the Guide

Estuary modelling studies are technically
complex - use experienced organisations

Build arobust conceptual model first before
you undertake impact modelling

The two demonstration projects show that

each project is different and the scope of

work/data reguirements/accuracy reguired

may be on different levels 4", HR Wallingford



