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1. Overview
1.1 Title

All-Risk: implementation of new risk standards in the Dutch flood protection program

1.2 Program leader

prof. dr. ir. M. Kok — Professor of Flood Risk, Delft University of Technology, Department of
Hydraulic Engineering

Representative from user group
ir. R. Jorissen — Director of National Flood Protection Program (HWBP)

Co-applicants:

prof. dr. H. Middelkoop — Utrecht University

prof. dr. S.J.M.H. Hulscher — University of Twente

ir. F. den Heijer - program manager Dikes, Levees and Dams, Deltares

1.3 Participating organisations

Applying research institutes:

- Delft University of Technology: Department of Hydraulic Structures and Flood Risk, section
of hydraulic structures and flood risk, , Department of Geosciences and Engineering,
Department of Urbanism (DUT)

- Wageningen University: Water Systems and Global Change Group (the former ESS Group),
Environmental Policy Group (WU)

- NIOZ & RU Groningen: Department of Estuarine & Delta Systems & Groningen Institute for
Evolutionary Life Sciences (NIOZ/RU)

- UNESCO-IHE Delft: Coastal Science & Engineering and Port Development Group (IHE)

- University of Twente: Department of Water Engineering and Management (UT)

- Utrecht University: Department of Physical Geography, Department of Law (UU)

- Radboud University Nijmegen: Department of Geography, Planning and Environment (RU)

Potential users:

Companies: Arcadis, RoyalHaskoningDHV, Tauw, Fugro, Witteveen en Bos, HKV, Element
Advocaten, Soppe Gundelach Witbreuk Advocaten, Field Factors, Defacto, HillBlocks.
Knowledge institutes and international academic partners: Deltares, Alterra, Helmholtz-
Zentrum, University of Tokyo, Institute of Technology Tokyo, SSPEED Center at Rice University
(Houston), Texas A&M Galveston,

Other organizations: STOWA, Rijkswaterstaat-WVL, Ministry of Infrastructure and Environment,
Program office HWBP, POV Wadden Sea Dikes, Waterboards: Noorderzijlvest, Hunze en Aa's,
Rivierenland, Hollands Noorderkwartier, Schieland & Krimpenerwaard, Drents Overijsselse Delta,
and Vechtstromen; Provincie Groningen, It Fryske Gea, Natuurmonumenten

14 Program costs
Requested budget STW: 3.335 M€ | Cash contribution: 0.665 M€ | In kind contribution: 1.469 M€
Program duration: 6 years Number of projects: 5 Total program budget: 5.469 M€
Position DUT Wu NIOZ /RU uT Uu RU Total
# PhDs 7 1 1 2 1 1 13
# postdocs | 1 1 2 4
# Casimir 1 1

15 Keyword(s)

Flood Risk, Reliability, Failure Mechanisms, Multifunctional Use, Flood Risk Management, Flood
Defences, Design, Eco-engineering, Water Law, Water Governance



2. Summary

2.1 Summary

In 2014 the Dutch Flood Protection program (HWBP) adopted a new probabilistic risk approach
for the management of the flood defences. Protection standards are expressed as flooding
probabilities of polder areas, implying that multiple failure mechanisms for all dike sections within
a dike ring must be considered, and then combined to assess the overall flooding probability.
Implementation of this new approach will start already in the coming years. The transition
therefore urgently calls for the cutting-edge scientific knowledge provided by our proposed
research in the fields of A) development of the Risk framework, B) characterizing Dynamics in
hydraulic loads, C) understanding Subsoil heterogeneity, D) quantifying Flood defence reliability,
and E) organizing Law, governance and implementation. The unifying scientific challenge in the
natural process oriented projects B, C and D is that it addresses (uncertainties in) temporal
dynamics, spatial heterogeneity, and spatial and temporal correlations, which are essential for
applying novel insights in the risk-based management of flood defences. Newly developed
knowledge and technology will be converted into a coherent and sound probabilistic risk
framework (project A); embedding the approach in an adequate legal, institutional and societal
context (project E) is a prerequisite to achieve a legitimate implementation of the transition in
practice. This program is expected to result in major savings in public expenditures, as future dike
reinforcements can be more cost-effective than in the traditional, often conservative, approach.
The impact of All-Risk will also be international through collaborations with universities in e.g.
Houston, Tokyo and Leipzig, and potential use by supporting companies as part of their
international activities, and thus strengthen the international position of the Dutch water sector.

2.2 Unique selling points

Guaranteed use and uptake by major involvement of HWBP

2. Scientific support for the transition towards implementation of risk-based flood protection
standards;

3. Integration of disciplines (engineering, natural sciences, law and governance);

4. Cutting-edge science in field of understanding of temporal variability and spatial

heterogeneity, correlations and uncertainties.

L

3. Program description

This program investigates flood risk and how measures such as flood defences can reduce this
risk. In the Netherlands flood defences are by far the most adequate and efficient measure to
reduce flood risks. In 2014 the Dutch government adopted a new approach, with standards for
the flood defences expressed by means of tolerable flooding probabilities in the range of 1/100 —
1/100.000 per year. These standards are part of the Water law, and will come into force per 1-1-
2017. Figure 1 shows the flood prone area of the Netherlands. Also, two key regions (Wadden
area and River area) are indicated. Based on end-user interest and knowledge needs, these two
areas will receive special attention in this program.

3.1 Scientific challenges

The transition to a risk approach poses various scientific challenges:

1) Uncertainty assessment:
There are considerable uncertainties in modelling failure mechanisms and assessing the
performance of flood defences. By considering the key-factors that determine failure (e.g., effects
of spatial heterogeneity, temporal dynamics, spatial properties of subsoil characteristics, seepage
and erosion, and foreshores), All-Risk will achieve a fundamental improvement of parameter
determination for failure models. In addition, the explicit quantification of uncertainties will allow
the inclusion of the insights from other disciplines in the probabilistic analysis of flood defences,
and offers the opportunity to take innovative reinforcement measures into consideration. This will
be demonstrated in the project by means of pilots. Uncertainties in hydraulic loads (water levels,
waves) are influenced by natural processes (e.g., morphological processes in rivers and along
coasts), future developments (e.g., climate change), and water management measures (e.g., in
the river basiar" ,mne asurislevll)addiess the dhallenge to fully take into
account and combine these uncertainties.
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Figure 1 Maximum water depth map of the Netherlands. The floodable area is protected by 3,500 km flood defences along
sea, river and lakes

2) Spatial scales:
State-of-the-art technology for dike reinforcements is connected to individual dike sections;
however, the flood risk dike ring area (or sometimes parts of it) is to be considered. Therefore,
spatial correlations in hydraulic loads and strengths of the flood defences become an important
issue to address in failure probability assessments. The scientific challenge of All-Risk is to
develop new Bayesian approaches to integrate the spatio-temporal variability and uncertainties in
the individual risk-components in such assessments.

3) Implementation:
Law and governance of the new risk approach poses a scientific challenge too. Shifting from the
current approach of designers and engineers to consider dike sections of 1-2 km towards
encompassing larger dike stretches offers more freedom for the designer and policy freedom for
competent authorities involved in the new approach. This may lead to a lack of clarity about
responsibilities, and complicates discussions with stakeholders. As flood protection can be
achieved in multiple ways, e.g. by reducing flood water levels as well as by strengthening flood
defences, the legal implementation and governance arrangements become more complex and
ask for strong and legitimate arrangements. Examples are eco-engineered foreshore measures to
reduce waves, geotextiles to reduce the flow of sand (piping), etc. Secondly, stakeholders are
aware of their legal rights to be protected to a certain level at a certain time, and may use these
rights to enforce but also postpone improvements of flood defences. It is a challenge to develop
arrangements that fulfil interests of both local stakeholders and HWBP.

As an overall challenge, All-Risk will support the Flood Protection Program (HWBP) in making

key improvements in the assessment of flooding probability and in the design of measures, by:

- Reducing statistical and model uncertainty by adding new process-based knowledge on
hydraulic loads, subsoil characteristics and the strength of flood defences;

- Evaluating measures to reduce hydraulic loads or to strengthen flood defences: eco-



engineered foreshore measures to reduce waves, geotextiles to reduce the flow of sand etc.
These measures can be applied over various spatial and temporal scales;

- Exploring the opportunities for other utilization of the flood defences in the new flood risk
approach;

- The All-Risk program will provide the scientific basis for the transition to the new flood risk
management policy, while fully enabling the development and implementation of promising
innovations (that otherwise would have remained unexplored due to limited knowledge).

3.2 Research lines

All-Risk has three main research lines: (I) development of a probabilistic framework, (II)
development of an implementation framework and (l11) development of innovative measures.
Across these lines, All-Risk comprises five work packages (projects), shown in Figure 2. Three
work packages focus on essential building blocks of the flood probability assessment: hydraulic
loads (B), subsoil heterogeneity (C) and the reliability of the flood defence system (D). These are
embedded by two work packages that focus on integration (A. Risk Framework and E. Law,
Governance and Implementation).

B. Dynamics in
Hydraulic Loads

C. Subsoil Heterogeneity

A. Risk Framework
uoyjejuawqduw)
'§ SOUBLIBAOD ‘Me] ]

D. Reliability of
Flood Defences

Figure 2. Five work packages in the program. Work packages A and E form the integrative bridge to the overall risk
framework, and implementation of the other work packages.

A. Risk Framework: This work package will develop an overall risk-based design method, in
which all relevant uncertainties of assessment and design of a dike stretch come together. This
includes life cycle optimization, life extending maintenance and innovative measures.

Al: Optimization of measures on various scales i 1 PhD + 1 PD. In a risk approach, multiple lines
of defence interact to provide flood risk reduction. The aim is to develop a risk-based optimization
framework. Within this framework, different (combinations of) interventions (e.g. wetlands, dams,
dikes, non-structural measures) are assessed to define an optimal portfolio. The risk framework
will be applied to HWBP projects, and international case studies (Houston, Tokyo). Cooperation
with other subprojects will be used to implement the risk approach in cases.

A2: Shared use of flood defences i 1 PhD. Large stretches of coastal and river dikes are used for
multiple co-functions (including nature and landscape values). Some of these functions (e.g.,
recreation or agricultural use) imply a shared use of the flood defence, and hardly affect the
functioning of the flood defence (under proper management and maintenance). This project
addresses the question of how to enable multiple uses in the new flood risk approach, while at
the same time meeting the reliability requirements.

A3: Landscaping of Flood Defences i 1 PhD. Flood defences must be designed for their specific
spatial setting, whether urban or rural, because they largely determine the cultural landscape
values of that setting. Designing the measures for their natural and social context is therefore




essential for receiving support of all stakeholders. This subproject will generate site-specific
(g,e ni u ysollitions and visualize them to enhance the public acceptance.

B. Dynamics in Hydraulic Loads: Failure probabilities of flood defences may be decreased by a
variety of off-site measures within the water system which reduce the hydraulic loads (e.g. Room
for the River measures, foreshore measures).

B.1. Uncertain foreshore ecosystem dynamics i 1 PhD. Adequate management of foreshores
along the Wadden Sea dikes may convert the safety status of > 100 km dikes from insufficient to
safe. The implementation of such foreshore management measures (including eco-engineering)
is hampered by uncertainties about i) impacts on natural values (protected species & habitats)
and ii) ecosystem-based safety during sequential storms. The aim is to reduce these
uncertainties by providing thorough understanding of management effects on the safety value,
ecological status and ecosystem behaviour (long-term dynamics), across connected habitat
types.

B2. Wave propagation over foreshores and effect on crest level design of dikes i 1 PhD. Storm
surges and waves constitute the main hydraulic loads on coastal flood defences. Foreshore
slopes cause a transition of wind waves to lower frequency waves, an aspect that has not yet
been taken into account in the current design of dikes. Models are available, but need thorough
validation by field measurements. The main objective is to reduce the uncertainty in crest level
design in the context of the new flooding probability approach.

B3 Large-scale uncertainty in flood water levels I 1 PhD. Flood water levels determine the load
on the 1430 km of river dikes. The recently implemented Room for the River (RftR) program
lowers the flood water levels; however, the effects of these interventions are studied only
deterministically, in spite of inherent uncertainty. The aim is to reduce the large-scale uncertainty
related to RfR interventions for a range of river discharges, including morphodynamics and
resulting consequences for the discharge distribution over the bifurcation points.

C. Heterogeneity in Subsoil: Various dike failure mechanisms (piping, dike slope instability near
deep channel scour, dike deformation due to soil subsidence) are related to the sub-surface,
which shows a great spatial heterogeneity. Current predictive models rely on over-simplified
average subsurface properties or assumptions about relative contributions, resulting in potentially
overly large designs, which need to be improved.

C1: Improvement of dike failure probability estimates using knowledge of the subsurface i 1 PhD
+ 1 PD. The high-resolution geological databases of Utrecht University and TNO- Geological
Survey of the Netherlands well document the subsurface heterogeneity, which shows systematic
patterns associated with the processes that formed the deposits in the past. The PhD project will
integrate this information and knowledge with high-resolution hydrologic modelling to obtain
guantitative parameter estimates and their spatial variability for failure modelling.

A Postdoc project will focus on developing tools for full-3D high-resolution (mm-dm scale)
hydrologic modelling in heterogeneous material, including structures, cables and pipes.
Stochastic simulations will be carried out for failure risk assessments in the PhD project. Project
C1 yields site-specific parameter estimates for assessing dike failure mechanisms in the Dutch
river area, which feed to the Risk framework in Project A.

C2. Geophysical measurements of subsurface i 1 PhD. This research project focuses on
geophysical measurement techniques that can detect the need to take engineering measures in
the subsoil. One of the promising measures developed by the TU Delft in a STW project is a bio-
based geo-engineering technology for in-situ permeability reduction that will be applied to reduce
the burden and hazard of seepage through permeable layers in the sub-surface.

D. Reliability of Flood Defences: The geotechnical strength of the flood defences determines its
reliability, together with the hydraulic loads. The assessment of the reliability is currently often
done in a conservative way: and the transition towards risk-based flood protection aims to change
this attitude.

D1. Performance-based design of sheet piles in leveesi 1 PhD + 1 Casimir. In HWBP

reinforcement projects, s heet piling (, damwandearédmoreifraquenttp mbi nat i o
used. The main challenges are: How to design an economic and robust structure for the
defence”“s |ifeti me,rialbapd by petformarceé-based design? Andriew te

express the reliability of this combined system taking into account soil structure interaction?
Model tests and full-scale tests in projects are used to validate models and to test innovations.



D2. Incorporating past performance and Service Limit States i 2 PhD. The first PhD project
focuses on the use of past performance data, such as on pore water pressure, to improve levee
stability assessments. Many dikes have been monitored and have provided large sample water
pressure datasets. However, it is not yet known how these (correlated) observations should be
used to assess the stability of flood defences during extreme situations. The second PhD project
focuses on the difference between Ultimate Limit State (ULS - failure) and Service Limit State
(SLS - normal use). For example, a road on top of a dike does not need to meet the same
requirements for failure as the flood defence. The new risk approach does make a clear
distinction between the ULS en SLS and thus allows a more efficient design. Methods will be
developed to assess SLS and ULS, which will be tested in HWBP projects.

D3. Modelling of erosion due to overtopping to support innovative measures i 1 PhD. Critical
erosion of the dike cover due to overtopping waves is currently defined using conservative
estimates. However, to assess failure probability, the actual erosion rate during overtopping is
required, but the effects of dike geometry, vegetation type or objects on a dike are largely
unknown. A numerical model will be developed to evaluate measures to minimize erosion, and
provide insight in the effectofnon-f | ood pr otwattervkeer(emdetobj ecten”) st
dikes. This project provides innovative solutions to increase dike strength and for improved
maintenance strategies.

E. Law, Governance and Implementation: The focus is on the legal framework and governance
issues, which are essential to achieve legitimate and societally accepted implementation of the
above described measures and innovations.

Project E1: Law and Governance i 1 PD. All-Risk investigates how and by whom the new risk
approach can be implemented into relevant legislative frameworks, how the right balance
between flexibility and legal certainty can be found, and how coordination between various
sectors and authorities will take place within the new Dutch Integrated Environmental Act.
Implementation will be improved by direct cooperation with end users, both at the local and
regional scale as well as the national legislative scale.

Project E2: Boundary arrangements - 1 PhD. As the implementation of innovations, such as
foreshore management and enhancing multi-functionality of flood defences, goes beyond the
scope of the flood protection domain, this project aims to develop governance approaches for
coordination between flood protection, nature conservation and urban planning.

Project E3: Joint knowledge production i 1 PD.

This project aims to improve productive science-policy interactions by developing new knowledge
arrangements for the implementation of the new risk-based standards in the flood protection
program.

3.3 Description and coherence of the projects

Connecting lines of research among researchers, practicioners and projects

The three main research lines of the program [(I) development of a probabilistic framework, (II)
development of an implementation framework and (Ill) development of innovative measures]
enhance the coherence within the research, and also allow close cooperation with practitioners
and end-users. For each of these research lines, a Postdoc (PD) is responsible for integration of
the input from various sub-projects; 25% of their time is reserved for these activities.
Institutionalized interaction: The program governance aims to ensure coherence by organizing
three lines of interaction: 1) through communities of research and practice, 2) towards joint end
products and 3) within pilot cases. Although the PDs will actively participate in the realization of
these interactions, the project leaders are the main responsible and will explicitly address monitor
and stimulate interaction in bi-annual team meetings (see section 6.2; Management structure).
Collaborative communities of researchers and practice: Integration of the program
achievements is ensured by establishing collaborative communities of 1) researchers, and 2)
practitioners in the flood risk management domain. The community of researchers will facilitate
active exchange of input and output between the projects and the researchers at different levels
and from different disciplines. This will allow new scientific questions to emerge and being
addressed within the interdisciplinary sessions, which did not come up in earlier mono-disciplinary
projects. The integration projects will obtain relevant input from projects B-D to ensure
scientifically sound and societally relevant output. To ensure a true science-policy interface this
project thus invests in understanding between researchers and disciplines and between
academics and practitioners. This will be done by: 1) organizing master classes with scientists



and stakeholders throughout the project; 2) organizing workshops combined with field visits to
pilot projects of end users; 3) organizing so-called ,hackatons" intensive problem-solving
sessions on cases of end users; 4) working on joint products (presentations, posters, papers,
dissemination to the public).

To build the community of practice, a user committee will be established and meet twice a year
for each of the five projects A-E. At least one out of these two yearly meetings will be organized
at the location of a pilot project and is a combined meeting with all projects to ensure the
integration throughout the program.

Science Practice

{Integrative pilots }

Figure 3. The role of the pilots in All-Risk.

Role of PDs: connecting research and practice: Under the responsibility of the daily
management and the steering committee, the PDs f orn
regular basis (4-6 times a year depending on the phase of the program) and are responsible for:
1) data collection in such a way that data becomes relevant and understandable for other
projects, 2) jointly organizing the workshops, 3) organizing and co-authoring multi-disciplinary
products (papers, reports, fact sheets, posters, policy briefs), 4) provide input for the practitioners
guide, and 5) continuous coordination of projects (including end users) and the cooperation
between researchers and end users.

Pilots as an integrative tool: The third line of interaction is organized by geographical location.
Two pilot projects are defined: the Wadden Sea area and the River Area, because most users are
connected to at least one of these two locations. Twice a year a workshop will be organized by
one of the sub-projects. During these workshops users and researchers will work together
towards solutions for HWBP knowledge gaps. Each workshop will be organized by the PDs, a
sub-project (rotating) at the location of a user (e.g. Water Board) and may involve an excursion to
the pilot project area.

3.4 Risk management and contingency plan

This program about flood risk may have a number of potential risks of itself. Here we address
risks with respect to not achieving the research objectives. The main risk of the program is related
to the quality of the PhDs and postdocs, and to the interaction with the users:

1) The quality of the researchers is the key to a successful program. In order to reduce the
risk of insufficient quality, we will undertake a critical selection regarding the quality of
applicants. This includes identifying and motivating excellent MSc students at the
involved universities for PhD positions, and asking colleagues at universities abroad to
bring positions under attention of excellent post-graduates. We are aware that the end-
user community is very much Dutch language oriented, and we therefore attempt to find
the best trade-off between language requirements and scientific excellence of
international candidates.

2) 2) Although we received great support of end users from the first start when setting up
this program, there might be a risk that day-to-day obligations of individual end users
hamper their active involvement in the course of the project. We made several
arrangements to reduce this risk. First, a number of users have requested that the
researcher will be part-time working at their office, and they make employees available
for supervision. Second, case studies are identified which ask for deep involvement of the
users. Third, the program management will be strongly involved in the programming of
activities, and will address the organization directors in case a user does not deliver.
Midterm reviews are foreseen to avoid that risks will be acknowledged too late.



Table 1. Overview of PhDs and PDs

Project I PhD ‘ PD ‘

Supervisor

University (Department)*

Users

A. Risk Framework

Al 1 1 Prof.dr. M. Kok TU Delit (HE) STOWA, RWS, Deltares, Tauw,

A2 1 Prof.dr. C. Kroeze / dr. J.M. Wageningen University Alterra, Defacto, Field Factors,
van Loon- Steensma (WGS) Schieland, Hunze en Aa’s, pr.

A3 1 Prof. F. Palmboom TU Delft (AR) Gron, Noorderzijlvest, RHDHV

B. Dynamics in Hydraulic Loads

B1 1 Prof.dr. T.J. Bouma / NIOZ / RU Groningen STOWA, RWS, Deltares, HKV,
Prof.dr. H. OIff Natuurmonumenten, it Fryske
B2 1 Prof.dr. J.W van der Meer / Unesco-IHE Gea, Waterboard
Prof.dr. S.N. Jonkman / TU Delft (HE) Noorderzijlvest
B3 1 Prof.dr. S.J.M.H. Hulscher / University of Twente

dr. J.J. Warmink

(WEM)

C. Heterogeneity in Subsail

C1 1 1 Prof.dr. H. Middelkoop / Utrecht University (DFG) | STOWA, RWS, Deltares, Fugro,
Prof.dr. M.F.P. Bierkens Waterboard DODelta,
(o7 1 Prof.dr. T. Heimovaraa / TU Delft (Geo&E) Nooderkwartier, Arcadis, TAUW

dr.ir. D.J.M.Ngan-Tillard

D. Reliability of Flood Defences

D1 1 ** Prof.dr. S.N. Jonkman TU Delft (HE) STOWA, RWS, Deltares, HKV,
1 Prof. Dr. M. Hicks TU Delft (Geo&E) RHDHYV, Arcadis, Witteveen en
D2 1 Prof.dr. S.N. Jonkman TU Delft (HE) Bos, Rivierenland, Aa en Maas,
1 Prof.dr. M. Kok Vechtstromen, Noorderkwartier,
D3 1 Prof.dr. S.J.M.H. Hulscher / | University of Twente Hillblocks

dr. J.J. Warmink

(WEM)

E. Law, Governance and

Implementation

E1l 1 Prof.dr. H.LF.M.W. van Utrecht University (Law) STOWA, Ministry of
Rijswick Infrastructure and Environment,
E2 1 Prof.dr. P.M. Ache / Radboud University POV Wadden, HH Schieland,
dr. S.V. Meijerink (GPE) Element Advocaten, Soppe
E3 1 Prof.dr. J.P.M. van Wageningen University | Gundelach Witbreuk, province
Tatenhove (ENP) Groningen, Hunze en
Total 14 4

* See 9.1 for abbreviations

3.5

**:Casimir position

Uniqueness of the proposed program

Already within the coming years, the HWBP will implement the new flood risk management

approach based on the EU Floods Directive and its translation into Dutch water law. The HWBP
program is a joint program of the national authorities and the regional authorities, in particular the
water boards, involving an implementation budgetof 400 M€ per year in t
(see support letter of program office HWBP). The program thus also means substantial work for
consultants and engineering companies. The ambition of the HWBP is to be faster and more
cost-effective than comparable projects in the past, which requires an innovative attitude to
design and engineering as well as to the
approaches are needed.

All-Risk is directly coupled with the HWBP, and addresses the urgent and fundamental questions
related to this program. All-Risk brings together the national research community on flood risk
management around the concrete and urgent implementation challenge of the HWBP-program
across all disciplines: the project integrates natural sciences, engineering, landscape architecture,

he co

program®s



risk analysis, and governance and law. In-depth natural sciences projects are embedded in a
broader framework of risk analysis, planning and design, and governance and law; this
integration is essential to achieve a legitimate and timely implementation of the technical and
landscape design of measures, risk analyses and, hence, the transition in practice of the new risk
approach. Thus, the program applies fundamental research to the current practice of HWBP. This
program provides a unique framework for cooperation of the researchers acting in this wide field.
HWBP has offered its implementation program as the real-world laboratory for All-risk.
All-Risk has a broader scope than merely the Dutch HWBP: there will be international

cooperation, within the EU, but also with Houston and Tokyo. Universities in these regions are

very eager to work together with Dutch universities (see the support letters), and All-Risk
strengthens the platform to do so.

4. Program consortium

4.1 Scientific community

As the scientific knowledge needed for the implementation of the new risk approach goes beyond
the scope of a single discipline, the proposed research team is truly multidisciplinary. The

hydraulic- and geo-engineering perspective (Delft University of Technology, Twente University

and UNESCO-IHE) is complemented with natural sciences (Utrecht University, NIOZ/ University
of Groningen, Wageningen University), and a law and governance perspective (Utrecht
University, Wageningen University and Radboud University). The group has established
international cooperation with the following leading institutes abroad: the University of Tokyo,
Tokyo Institute of Technology, the SSPEED Centre at Rice University, Houston, Texas A&M
Galveston and the Helmholtz Centre for Environmental Research in Germany.

The research groups involved excel in their respective disciplines, and have much experience
with interdisciplinary research and valorisation. The project leader combines his academic
position with advisor of a consultancy firm, and has much expertise on how to translate new

scientific knowledge into practical solutions. Table 2 presents the results of the latest research
assessment on a scale 1 (poor) to 5 (excellent). Table 3 presents the publication record of the

senior researchers involved as well as a selection of their positions in the scientific arena.

Table 2 Results of research assessment of research groups

2 | =
> |8 = 5
€18 |g92|8% go
Group* o|a |e3E|as Expertise - £
TUD, HE 4 |4 5 4 rivers and coasts, flood risk, design and engineering of structural A/D
and nature based interventions
TUD, Geo&E |4 |5 5 5 Characterisation of soft soil deposits and ground engineering in
deltaic environments
WUR, WGS 45 |4 4 4.5 Adaptive water management, Adaptation and flood protection,
(formerly ESS) Integrated assessment of water systems
WUR, ENP 5 |5 5 4.5 Transformations in environmental governance. Design of
environmental governance arrangements
RUG 4 |5 5 5 Community Ecology, Conservation Ecology B
NIOZ 5 |45 |5 4 Seas, coasts, estuaries and deltas, nature-based flood defence, B
biophysical interactions, ecosystem services, spatial ecology
UT, WEM 4 |4 5 4 Physics and management of rivers and coastal seas. Modelling and
uncertainties.
Uu, DFG 45 |45 |45 4.5 Deltas, geomorphology, hydrology, sedimentology, river C
management
Uy, Law 4 |4 4 4 Water and Environmental Law E
RU, GPE 4 4 4 3.5 Spatial governance and planning
UNESCO-IHE [4 |4 4 3.5 Water education. Coastal Engineering Systems.

* see 9.1 for abbreviations




Table 3 Scientific performance (from Scopus or ISI Web of Science) of researchers involved

%2}
c - €
Group [Researcher '% @ '% = |Position in scientific arena
L |22|3
S |E35)S
a |(Oalzx
TUD  [Kok 42 19.6 |10 |PI of several national research projects, among STW perspectief. Member of Expertise
Network on Flood Risk (ENW). Co-author Foundations of Flood Risk (0,4 fte, also private) .
Jonkman 59 [14.3 |14 |PI of H2020 program BRIGAID and several national programs: NWO BE SAFE, STW
SAFElevee. Member of Advisory Committee on Water (AcW) and ENW
Heimovaraa |23 |44.7 |13 [Pl in several STW projects, Program Director of the STW Perspectief program BioGeoCivil.
Have been member of the Dutch technical committee for soils from 2012 to 2016. Board
member of SKB.
Hicks 60 |3.1 (8 |PIof several UK/Dutch research projects, including STW Reliable Dikes. Board of Directors
of European Union Network "ALERT Geomaterials", Editor of Geotechnique Symposium in
Print "Risk and Variability in Geotechnical Engineering”, Georisk 2014 Best Paper Award
WUR |Kroeze 122 [21.2 |24 |Prof. environmental outlook studies, Open University NL, Visiting professor CAS (China). PI
of several research projects in Integrated water modelling
Van 49 |7 13 |PI of several ongoing (inter)national programs (FP7 GAP2; Horizon2020 MERCES; NWO-
Tatenhove ZKO (Wadden Sea); NWO-NNPP (Arctic)); Co-director Centre for Maritime Research;
Honorary Professor at Queen“s University §H
NIOZ, |Bouma 157 (24.7 |39 |PI of several STW/ALW-projects and participants in EU-funded projects. Honorary professor
RUG at RUG and lecturer at HZ university of applied sciences Vlissingen
Olff 144 |39.9 |42 |PI of several projects. Board of Directors of WWF Netherlands, NERN, Dutch National
Council for Environment and Infrastructure
uT Hulscher 106 [11.7 |21 |Vici laureate, Chair STW-perspective program RiverCare, Pl of many STW/ALW-projects,
committee restoration Afsluitdijk en Hedwigepolder, alumnus DJA-KNAW
uu Middelkoop |69 |[19.8 |21 |PI of several (inter)national programs (IRMA-SPONGE, LOICZ, NWO, STW), Member of the
Netherlands Expertise Network Flood Risk, steering committee Ned. Centre for River studies.
Bierkens 132 [26.7 |31 |PI of several (inter)national programs (EU-FP7, NWO, STW-Perspectief), Steering committee
Boussinesq Centre, chair Netherlands Hydrology Society
Van Rijswick [* * * |Plin various EU-FP7, NWO projects. Member of various national advisory committees,
Visiting professor Panthéon/Paris, Malta, Wuhan/China. Honoured with Schilthuispenning for
practical relevance and multidisciplinary approach.
RUN  |Meijerink 28 |14.6 |9 |PI Knowledge for Climate Governance of Adaptation, Climate Changes Spatial Planning
IHE Van der 52 |1.6 |6 |Professor Coastal Structures and Ports. World leading expert in Coastal Structures. Co-
Meer author EurOtop Wave Overtopping Manual (0,2 fte, also private).
* H-index not relevant for this discipline
4.2 User community

Research program All-Risk has attracted involvement of all relevant HWBP stakeholders: the
Ministry of Infrastructure & Environment, 7 Water boards, 2 knowledge institutes (Deltares and
Alterra), 3 SMEs (Small and Medium Enterprises) and 4 large international consultancy
companies (see also Table 1). These parties reflect the wide range of potential users, as they are
all involved in the HWBP. All stakeholders are actively involved in HWBP projects, the
programming activities or the governance and implementation of this program.

Also, the ENW (Expertise Netwerk Waterveiligheid), an advisory board for flood risk of the
Ministry of Infrastructure & Environment, supports All-Risk.

On November 11 and 19, 2015, two match-making meetings were organized, respectively with
the representatives of the Dutch Topsector Water, TaskForce Delta Technology (representing the
private sector), and the Dutch Program Committee for flood defences (representing the public
sector, Rijkswaterstaat and the Water boards). Based on their recommendations All-Risk will
invite stakeholders to participate in user committees, and to apply the program to pilots and
design practice in order to test the applicability of the results. To enhance knowledge exchange,

parts of the research will be carried out in-house at the stakeholders and using stakeho | der s

projects as field lab, which will enlarge the community and practical applicability as well.
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o5. Impact

51 Application perspective at the program level

Economic and societal impact of the program

In view of climate change and increasing vulnerability of societies to flooding, worldwide
investments in flood protection are likely to be high, and will further increase into the future. The
Netherlands anticipates these changes, to which end the Dutch government has proposed new
flood protection standards. Implementing these standards is the key challenge for the HWBP,
which is expected to require additional expenditures of hundreds of millions to 1 billion euros per
year. However, government budgets for infrastructure management are under constant pressure.
Through a better understanding of the reliability of flood defences more cost-effective designs of
dike reinforcements can be made, whereas better insight in the negative and potentially positive
effects of interventions (the aim of All-Risk) can support the design of more societally acceptable
flood defence measures. It is estimated that changes in the design may save up to 50% of the
costs of dike reinforcements, which commonly range from 3-20 million euros per kilometre. Thus,
at the same time costs can be saved and public support can be enhanced. This reflects the
obvious economic and societal impact. With this new knowledge and experience the large Dutch
consultancy sector involved in the project may have increased opportunities at the international
market, whereas the close cooperation between universities, research institutions and
consultants is again strengthened further and sustainable communities of researchers and
practice will be build.

Utilisation perspective of the results

By having the HWBP and the concrete projects of the involved water boards as real-life
laboratory for trying innovative means of reducing hydraulic loads, strengthening dikes and
reducing the seepage intensity through the subsoil, the project may achieve that innovations are
not only proposed, but are also taken up in the real world. Thus, pilots become well-monitored
and may become proof-of-concept pilots, as well as examples for other users. Through the
involvement of the umbrella organisations of the water boards (STOWA) and existing joint
activities (e.g. POV Wadden Sea dikes) the utilisation perspective is exemplary. Because
reinforcing dikes will be an on-going activity for centuries to come, investment in better knowledge
and insights in the key processes will always pay off and be of use in the very long term.

Public-private collaboration

All-Risk will be executed as a public-private project, with the following responsibilities:

The governmental organizations (Rijkswaterstaat, STOWA and Water Boards) are fully
responsible for the implementation of the new risk standards, with HWBP program office as the
execution office. These organizations are in this project responsible for the user-demands; The
universities are fully responsible for the quality of the research, where quality means primarily
the scientific quality, but also the fitness for use in the HWBP, on medium and long term (multiple
decades); Private companies and research institutes deliver expertise and data on specific
areas, enhancing the quality of the research. They are all fully committed to this program. In total,
2 research institutes and 10 widely respected companies are involved, ranging from SME to
internationals.

52 Utilisation plan

Involvement of end users is the key factor to success in All-Risk. All main HWBP stakeholders
support the research program All-Risk. The following steps will be taken in the program to
increase the success factor of implementation:

1) Integral approach: there are many obstacles for the implementation of innovations. These are
not only technical, but are also related to the governance and legal obstacles. These challenges
are specifically addressed in this program;

2) Involvement: about 30 user organisations are part of the program; the director of HWBP, R.
Jorissen, is one of the applicants of the proposal,

3) Pilots for Practice: HWBP offered its projects as the laboratory of the program-knowledge
transfer: the generated knowledge and techniques will be developed together with users of
HWBP, Water Boards and Rijkswaterstaat;

4) Each PhD student will be coupled to at least 1 program case (Wadden Sea, river area, test
flume experiments at Deltares and TU Delft, Houston). O
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5.3 Sense of urgency

The Dutch Delta Program has shown that flood risk reduction is necessary in order to live safely
in the Netherlands. Flooding probabilities have to be decreased by a factor 10 to 100. The
problem is urgent and required investments in flood defences are substantial (around 1 billion
euro per year in the Netherlands), while government budgets are under pressure. All-Risk will
contribute to more efficient implementation based on state-of-the-art knowledge and integration of
disciplinary knowledge. HWBP has to achieve ambitious goals in terms of strengthening more
than 50% of 3,500 kilometres of flood defences over the next decade. Social resistance against
large-scale infrastructure interventions in the urban and rural environment is growing. The
development and utilization of innovative measures and legal and governance arrangements will
facilitate timely implementation. All-Risk will make an essential contribution by generating new
knowledge and best practices for implementation of the new flood risk approach and speed up

i nnovations by buil di ng b tweeth gnevdedge and implementatian.l | ey of

6. Programmatic approach

6.1 Added programmatic value

All projects in All-Risk focus on the transition towards the new risk approach as described above.
This transition cannot be implemented with individual research projects; integration of disciplines
is essential. For example: process-based knowledge of the subsoil from the geoscience
department in Utrecht will be combined with knowledge about probabilistic design in Delft; eco-
engineering solutions in foreshores might be hampered by environmental legislation, so
implementation perspectives have to be formulated using knowledge from both natural and social
sciences and law. Therefore, the All-Risk structure is needed to enhance cooperation between
the individual disciplines and research groups.

6.2 Management structure

In order to achieve the formulated goals in the program, All-Risk has the following structure:

1) There is daily management team of the program which has to agree with the approach in the
projects. This team is formed by the main applicant (prof. M. Kok) and the director of HWBP (mr.
R. Jorissen), thus representing academics and end users.

The main applicant will spend at least 1 day per week to the program to support the projects in
the program;

2) There is a management team consisting of the members of the daily management team and
all five project leaders (i.e., A to E). They will meet at least twice a year and monitor and guard
the progress of the program and the coordination and exchange between the projects;

3) The management team will be supported by the postdocs, who will spend about 25% of their
time on integration by organizing joint activities of PhD students and on involvement of users (see
under 3.3. Integration for details);

4) Projects A-E all have a project leader responsible for safeguarding the progress and the
coordination and exchange between the subprojects;

5) The 5 project teams will meet at least twice a year (see under 3.3. Integration);

6) A meeting with all program participants will be organized once a year to facilitate the
exchange of knowledge and results at program level and ensure community building;

7) Users will be represented in an advisory board which advices the management team on the
cross-fertilization between the research projects on the one hand and the pilot projects, and other
projects that run in practice and reflects on the use and implementation of the program results;
8) Midterm evaluations will take place in year 2 and 4 to be able to direct or re-direct ways of
working. An end-evaluation will take place in year 6.

9) Organising dissemination activities as field visits, workshops, hackatons, conferences take
place in cooperation with end users and pilot projects

6.3 Programmatic activities

The programmatic activities mentioned in section 3.3 are crucial for obtaining the integration of
the disciplines in this program. To support these activities a budget is explicitly reserved. We do
emphasise that the daily management team is fully aware of the importance of integration, and
takes the responsibility to focus researchers in the program on the HWBP demands, and to guide
them in integration activities among disciplines and with end users.
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7. Financial planning

project

Costs

Co-funding (cask

Program activities

integration activities

e Tpdnnn

A Risk Framework 3 PhD's € pcmMDIRWS € HQ(
1 postdoc € HpnPSTOWA: € pJi
Consumables € ¢ ®nbeftares: € CJ
Travel abroad € Hy®nnn
Equipment € Hcdnnn
total project A € yTH®AAN € MO
B. Dynamics in Hydraulic 3 PhD's € pcMPIRWS € HQ(
Loads 0,25 NWP € nc dSYy@WA: € p
Consumables € C ©neftares: € 0/
Travel abroad € HNn®nnn
Field work Consumables € MpdPnnn
Field work Equipment € nTtTdnnan
Total project B € TNAd®nnn € Mn
C. Heterogeneity in Subsoil 2 PhD's € 0T n PRWSI € pJ
1 postdoc € My Cc DHFTOWA: € 0]
0,4 NWP € T n & Dditares: € 0/
Consumables € COPHMY
Travel abroad € HH®nAN
Field work consumables € Mpdnnn
Equipment € pndnnn
Total Project C € THMPAAN € MM
D. Reliability of Flood 4 PhD's € TNy PRVESY € MmN
Defences 0,9 Casimir € My Cc PHFTOWA: € HJ
Consumables € y OT Deltares: € 0/
Travel abroad € HO ®MHWNBP: € pI
Equipment € n ®aHHNK € HQ(
Total project D € Pprmdnnan € HH
E. Law, Governance and 1PhD € MY T OITOWA: € pJ
Implementation 1 postdoc € My c OWBR: € NJ
1 postdoc (4 yr) € HpndT AN
Consumables € cdonn
Travel abroad € HH®nAN
Total project E € cpodnnn € (hn
Total €E ndannndnnn € CC

! HWBP: contribution by Flood Protection Program, given by water boards; RWS=Rijkswaterstaat; STOWA
= Stichting Toegepast Onderzoek Waterbeheer (special for Water Boards)
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8. Description of the projects in the program

There are 5 projects in the program:

A. Risk Framework

B. Dynamics in Hydraulic loads

C. Heterogeneity in Subsoil

D. Reliability of Flood Defences

E. Governance, Law and Implementation

Project number: A

Project title: Risk Framework

Project leader: Prof. Dr. M. Kok, Delft University of Technology

Co-applicant(s): dr.ir. J.M. van Loon-Steensma, Wageningen University, prof. F.
Palmboom, Delft University of Technology

Requested research positions: 3 PhDs, 1 Postdoc,

Budget: Requested from STW: k€ 737
Contribution by users: k €35( i n c asbB2)(inkdnd)k €
Duration of project: 6 years

[ Scientific description of the project

Core of this project is defining and setting up the framework of the transition to a risk —based
approach of flood defences. Three subprojects have been defined: Al: Optimization of measures
on various scales, A2: Shared use of flood defences, and A3: Landscaping of Flood Defences.
These subprojects are closely linked, and the postdoc has an important role in the integration of
the three subprojects (and together with the postdocs in Project E also regarding the integration
of all projects within the program). Main innovation of the new risk-based approach is that both
inherent uncertainties (such as natural variability) as well as knowledge uncertainties are
incorporated in the flooding probability: the higher the natural variability and/or the knowledge
uncertainty, the higher the flooding probability. As the influence of uncertainty on the
effectiveness of different types of measures will differ, it is expected that the new risk-based
approach will influence the choice of flood risk reduction measures, and result in more optimal
strategies for flood risk reduction. With the framework developed in this project this will be tested
on various spatial and temporal scales.

Scientific challenge, time plan and tasks

Al. Optimization of measures on various scales

1 PhD and 1 postdoc, Delft University of Technology, Department of Civil Engineering and
Geosciences, Prof. dr. M. Kok

A challenge in a risk-based optimization approach for flood defences is that there are many ways
to reduce the risk, and thus many variables for optimization. Flood hazard can be reduced by for
instance river widening or foreshores, vulnerability can be reduced by reducing the failure
probability of the flood defence, and exposure can be reduced by adaptive design of for example
new buildings in the hinterland. A second challenge is combining measures with different time
horizons, such as maintenance and reinforcements, in a dynamic context. To properly compare
these measures the risk also has to be optimized over time. The overall scientific challenge is to
develop an (optimization) method where all these measures can be considered together and
where the most attractive (combinations of) measures are identified. Figure 4 gives an overview
of a combination of measures that can be optimized with the framework developed in this
research project.

Research method: The research method involves a combination of risk modeling techniques
(such as fault trees, Bayesian networks, dependence modeling) and case studies. Specific
attention will be given to how to account for spatial dependencies of for instance water levels
(strong spatial dependence) and subsoil properties (little or none spatial dependence) in dike
systems, and how to implement this in probabilistic methods and optimization procedures such as
integer programming or genetic algorithms.
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Figure 4. Overview of measures to reduce flood risk

It will be investigated how different types of measures in a risk approach can be optimized. The
main question is: how to combine interventions that reduce loads or consequences, or improve
the strength of the dike, at different time scales. For this purpose, a risk framework that considers
performance, risk and costs of measures in time, will be developed. Measures to be studied will
be selected in cooperation with other research projects in this program. Examples are Shared use
of Flood Defences (A2), use of foreshores (B1) and stability walls (project D1). The method will
be applied for three types of cases:

- Asingle dike section: optimizing local measures for a single dike section: foreshores (B), local
reinforcement measures (D)

- A system consisting of several dike sections: here the knowledge on local measures will be
scaled up, and combined with measures at larger spatial scales. Examples are river widening
projects or changing the discharge distribution at bifurcations (B).

- A combination of part of a dike ring with a storm surge barrier in front: here the system has
second line of defence, as the storm surge barrier reduces loads.

An important part of this project is to work with universities in Houston and Tokyo, who are also

working on comparable approaches for similar problems that will also be used as case studies in

this project.

Research planning

TASKS TIME PLAN RESULTS/DELIVERABLES
per year
Subproject Al (PhD) 112]3]|4
Development of risk framework and Report about the framework and optimization method
optimization framework
Case study from HWBP-project for dike ring Paper on framework and application on dike section level
section
Upscaling case study to (parts of) a dike ring Paper on upscaling of framework to larger scale
Case studies Houston and Japan Paper on the framework with a transnational comparison
between cases
Wrap up conclusions from case studies, Dissertation
generalization of findings, recommendations
for users

The postdoc will be responsible for the wider application of the risk framework in the other parts
of the program, specifically on how to incorporate different functions in the same risk framework.
Next to that the postdoc will cooperate with the PhD student to develop the methodology and
defining the case studies. The postdoc will publish each year a scientific paper.

A2: Shared use of flood defences

1 PhD Wageningen University - Water Systems and Global Change Group, Prof. dr. C.Kroeze
and dr. J.M. van Loon-Steensma

Along large stretches of coastal and river dike landscapes there is a mosaic of layered functions
(including nature and landscape values) in addition to the flood protection function of the dike.
Some of these functions (e.g., recreation and agricultural use) imply a shared use of the flood
defence, and may hardly affect the functioning of the flood defence (under proper management
and maintenance). Concerns about the effects of climate change have set in motion a search for
innovative flood defence concepts and measures (e.g., in the Dutch Delta program). In practice,
innovative measures frequently imply the widening of the flood defence zone by including a
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foreshore zone into the flood defence design with the objective to reduce wave attack (Van Loon-
Steensma & Vellinga, 2014), by strengthening the dike, or by combining multiple lines of
defences; and subsequently deliberately aim to integrate different (already present or additional)
functions in the flood defence zone. These additional functions may compensate for the additional
land use claim of the wider dike zone, or offer new opportunities to strengthen other local
ambitions. Such additional functions, however, also impose conditions to the dike design and
management. E.g. the value of a salt-marsh foreshore for nature and biodiversity requires some
extra strength to allow to some extent natural dynamic geomorphological and biological
processes (Van Loon-Steensma & Vellinga, 2013). This project addresses the question how to
enable multiple uses in the new flood risk approach, while at the same time maintaining the
required safety level and keeping the design cost-effective. The Wadden Sea Dikes project (a
joint effort of three Dutch Water Boards to apply pilots of innovative flood defence concepts along
sections of the Dutch Wadden Sea coast (e.g., Van Loon-Steensma et al., 2014)) is an
opportunity to explore the possibilities and constraints of integrating functions in the new overall
risk-based approach.

Research method: This project will focus on different representative cases (e.g. the Dutch
Wadden Sea coast, and in particular on the innovative Parallel defence concept in Delfzijl and on
the Wide green dike along the Dollard — eastern Wadden Sea). Attention will be paid to all
different functions in the foreshore, the dike zone, as well as at the landward side of the dike
zone. Research activities are:

i) Assessment of flood risk in the present, planned and potential functions pattern along the
different section of different types of flood defences in the new flood risk approach, with
special attention of the Dutch Wadden Sea coast (in collaboration with Al);

i) Tuning management and maintenance of the range in additional functions in the foreshore
(including clay mining), dike zone and landward side in order to contribute to flood risk
reduction in the new flood risk approach (in collaboration with A1 and B1).

iii) Assessing impact of additional functions in the inter-dike zone of the Parallel dike concept to
risk reduction. This is elaborated for the case Delfzijl (in collaboration with E).

Research planning

TASKS TIME PLAN RESULTS/DELIVERABLES
per year
Subproject A2 (PhD) 11234
Collecting information about present (stacked) Report about the functions and flood risk
functions (Wadden Sea coast); assessment of the
flood risk
Case study Parallel defence concept in Delfzijl and 2 papers on parallel concept and wide green dike
Wide green dike along Dollard
Assessment of flood risk, given planned and Paper on the flood risk of multi-functional dikes
potential functions along different dike sections;
Wrap up and dissemination of findings and Dissertation
conclusions for both users and scientific audience.

A3: Landscaping of Flood Defence
1 PhD, Delft University of Technology 1 Department of Urbanism, prof. F. Palmboom and
Department of Civil Engineering and Geosciences, Prof. dr. M. Kok

Living in Deltas creates a Delta paradox: there is a tension between safe living in Deltas and
living in natural areas without human interventions. TU Delft explores ways to overcome this
paradox, by exploring options for careful integrated designs. Flood defences have to be
integrated within a spatial context, both in urban and rural areas. Landscaping the flood risk
reduction measures in the spatial and social (future!) context is essential, or the other way round:
assessing flood risk reduction of landscape measures is even more essential. In the HWBP
project this is a struggle, because the funds are available for flood risk reduction, but not yet for
other societal objectives, such as ecology and recreation. Landscape measures can be optimized
across a variety of spatial scales (Figure 5); neglecting one of these scales will generate sub-
optimal solutions.
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section E current situation historical dike intervention 1: quay wall + 48 cm (-) intervention 2: dike elevation + 48 cm (-) threshold elevation gradient +30 cm (0)

Current situation dike along the Lek Dike elevation negative on the local scale Interesting sequence in the wider contact: view to the river in the bend

Figure 5. Detailed example used in the assessment of the impact of flood-risk strategies on the local-scale
spatial quality (source: Nillesen, 2014) Improving the allocation of flood-risk interventions from a spatial
quality perspective, Journal of Landscape Architecture, 1-2014).

There are two main topics that will be investigated in this part of the project:

1. Animportant new element in the HWBP projects is the so-called ,Vision on the environment".
This Vision is important for integration of all disciplines, but the question is: what will this
vision encompass? The current available provincial area visions are often too broad, in spite
of recent attempts to develop a more specific regional dike vision. Research questions are
therefore: What should be the scope of such a vision to adequately and effectively support
spatial integration of measures and functions? What is the legal status of such a vision? How
can it be used in practice?

2. Research by design: especially in built-up areas, design of dike reinforcement is complex; this
approach supports finding good solutions by design workshops where designers and
hydraulic engineers interact. Often, design sessions are deployed to understand each other
and to develop smart solutions. In some cases this is very successful, but the full potential
benefits of such sessions need to be further explored. The research objective is to identify the
success factors and lessons for this type of approach.

Research planning

TASKS TIME PLAN RESULTS/DELIVERABLES
per year
Subproject A3 (PhD) 1(2|3]4
Inventory of approaches followed to include landscape Report about landscape approaches

elements in the reduction of Flood Risk (for example room
for the river and use of environment visions);

First case study: Landscaping along the coast Paper case coastal landscaping

Second case study: Landscaping along the rivers 2 Papers: case river landscaping and general
publication about Delta Urbanism

Wrap up and dissemination of findings and conclusions for Dissertation

both users and scientific audience.

Research method: The research method is to make an inventory and comparison of different
approaches that have been employed in the past ten years with respect to spatial quality.
Interviews will be performed on HWBP implementation pathways, to identify the role of spatial
quality in different approaches. Key projects include recent HWBP project in the River area
(polder Alblasserwaard and river Hollandsche IJssel). Also, new landscaping contributions will be
developed in HWBP projects about generating new alternatives by including spatial quality.

Il Utilisation

II-a The problem and proposed solution

Flood risk reduction is one of the major challenges of mankind due to economic attraction of Delta
areas and influence of climate change. The new risk approach adopted in the Netherlands had
the potential to reduce flood risk in a more efficient way. This project will develop new risk
optimization methods and integrated solutions to mitigate the expected growth of flood risk. Also,
multiple functions around the flood defences will increase social acceptance of HWBP project.

17



The national and international market for these solutions is expected to increase. Within 5 to 10
years the major cities in the world will develop plans for flood resilience of their cities, for which
the developed methods can be used.

II-b In-kind contributions of users

The risk framework in A1 will be used by the program office of the HWBP. This will ensure that
the results of this project will be used in the program HWBP.

The following users will deliver an in kind contribution for this project:

Rijkswaterstaat and Deltares: provide tools and will help to develop the optimization methods
for Risk Framework. In the coming years much work will be carried out to develop the Design
Tools based on the new flood risk approach. Rijkswaterstaat is responsible for the development
of these tools. Deltares will utilize research output in national and international projects.
International cooperation by contribution of universities in USA and Japan (University of Tokyo,
Tokyo Institute of Technology, SSPEED Center, Houston and Texas A&M). These institutes work
on similar research problems and there will be exchange of PhD students

HWBP - POV Wadden Sea Dikes (Northern Water Boards NoorderzijlvestandHunze & Aa" s,
province Groningen):provide relevant information and data, and assist the researcher with
fieldwork.

Alterra: sharing relevant methods and making relevant data of the land use and ecological values
in the Wadden Sea coastal zone available.

Defacto and Field Factors: supply data and tools for support of the landscaping the flood
defences. Both are involved in landscape designs in national and international projects.

The international companies Tauw and RoyalHaskoningDHV will provide data and expertise for
the international case studies;

The Water Boards Schieland and Krimpenerwaard, and Aa en Maas have particular
implemention issues that will be addressed in the project.

Il Intellectual property

Ill-a Contracts
There are no contracts that will or can infringe with intellectual property rights.

Ill-b Patents

In the area of Flood Risk Management and Hydraulic Engineering there is no tradition of
development of patents. The reason is that the clients are governmental organizations (like for
example Water Boards) and generally these organizations are not working with patents.
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Project number: B

Project title: Dynamics in Hydraulic loads
Project leader: Prof. dr. T.J. Bouma, NIOZ & University of Groningen
Co-applicant(s): Prof. dr. H. OIff, RU Groningen; Dr. D. van der Wal, NIOZ; Prof. Dr. J.W.

van der Meer, Unesco-IHE, Delft; Prof. dr. S.N. Jonkman, Delft
University of Technology; Prof. Dr. S.J.M.H. Hulscher, University of
Twente; Dr. J.J. Warmink, University of Twente
Requested research positions: 3 PhDs, 0.25 Non-scientific personnel
Budget: Requested from STW: k €695
Contribution by users: k €05( i n c aslBd)(inkdnd)k €
Duration of project: 6 years

I Scientific description of the project

The project HyRlyrmanmiics liomds” focuses on how failure
may be affected by a variety of measures taken and processes occurring and in the area fronting
a dike: the foreshore. Flood risk reduction by measures in the foreshore typically involves
ecosystem management. Foreshore ecosystems are however dynamic at different time scales:
daily, seasonally and decadal. Hence, the assessment and management of failure probabilities by
foreshore ecosystems requires in depth understanding of ecological dynamics and the
consequences thereof for physical processes. Including such dynamics as a factor that affects
hydraulic loads as part of the safety analyses forms a marked deviation from the approach used
over the past decades, where foreshores were only accounted for in a static way, as bathymetry.
Butalsoint he “asata&ti ¢ice., wdakedhuneitanteyasetnat mvolved) all
dynamics in hydraulic loads have not yet been accounted for with respect to crest level design of
water defences. Along coasts, long waves generated by breaking over a (static/dynamic)
ecological foreshore are not yet been taken into account in design procedures. And these waves
appear to be more important than we thought over the past years, certainly if foreshores at high
level are present.

In riverine systems, dynamics loads are also hard to quantify and manage. The complexity of the
issue at hand, makes that this project is divided in three subprojects focusing on two specific
important Dutch (eco)systems with extended dike lengths: the Wadden coast (sub-project B1 &
B2) and the river systems (sub-project B3). In the individual sub-projects B1, B2 & B3 we
elaborate the main uncertainties in failure probabilities to be addressed.

I Scientific challenge, time plan and tasks

Subproject B1: Uncertain safety from foreshores: ecosystem dynamics & grazing
management

1 PhD & 0.25 NWP (NIOZ), Prof. Dr. T.J. Bouma (NIOZ & RUG) & Prof. Dr. H OIff (RUG), Dr. D.
van der Wal (NIOZ)

Within the HWBP-program it has been recognized that if i) appropriate foreshores would be
present along all of the Wadden Sea dikes, and ii) if they could be properly accounted for in the
safety analyses, the safety status from over 100 km dikes is likely to shift from insufficient to safe.
Within this context, salt marshes have been recognized as the foreshore type with the highest
safety value (Bouma et al. 2014), even providing significant wave-attenuating under extreme
conditions (Mdller et al. 2014). Accounting salt marshes in a safety analyses remains however
hampered by uncertainties and lack of knowledge on the following 3 aspects concerning
ecosystem dynamics & management:

Q 1) How does a sequence of storm events affect the short-term (i.e., within a season) wave
attenuating value of salt marshes 1a) over time, and 1b) between contrasting vegetation types? It
is known that during storms vegetation may break and be dislodged (Mdller et al. 2014). Itis
unclear how this depends on vegetation type & seasons, and how this is affected by sequential
storms. Moreover it is unclear to which extent broken stems still contribute to wave attenuation.
Q 2) How does nature-oriented management by grazing affect the safety value of salt marshes,
by altering 2a) vegetation patterns and 2b) sediment stability? Due to the decadal tradition of only
using engineered constructions for flood defence, we only studied how grazing management of
Wadden-coast salt-marshes affect (plant)biodiversity, but not the effect on flood-safety. Reducing
vegetation length by grazing (Elschot et al. 2013) will have a negative effect on wave attenuation.
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Trampling by large herbivores compact the soil (Elschot et al. 2015), which may enhance erosion
resistance. The trade-off between both aspects needs to be quantified across vegetation and
sediment types

Q 3)_Can we reduce uncertainty on long-term (i.e., decadal) marsh width by 3a) developing
predictive rules relating marsh width to foreshore characteristics and 3b) applying management
measures in the un vegetated foreshore that enhance marsh width? Recent studies have shown
that both foreshore shape (convex vs. concave; Hu et al. 2015) and the presence of physically
connected ecosystems (van de Koppel et al. 2015) control the marsh width and the wave
attenuating by the foreshore. We will make these insights applicable by 3a) developing predictive
descriptors of how foreshore shape & ecology affects the long-term marsh development, and by
3b) experimentally testing how we can use eco-engineering solutions on the un-vegetated
intertidal to warrant a minimal marsh width (i.e., using an unique large-scale restoration project).

Research method: The research questions 1 & 2 will be studied using a novel field flume,
developed at NIOZ. This flume has a wave paddle of 1.5 m tall and can be deployed in different
vegetation types at different moments in the season. The use of this flume will allow us to mimic
sequence of storm events in un-grazed and grazed vegetation, and to test erosion resistance of
the soil. Predictors for the long-term width of salt marshes (Q 3a) will be derived by linking time-
series of remote sensing images to SIBES (i.e., long-term benthos database collected by NIOZ)
and LIDAR data. The effects of management measures to shape the foreshores (Q3b), to
ultimately reduce uncertainty in marsh width, will be studied experimentally in a unique large
scale-experimental restoration project of Natuurmonumenten. We will combine measures of
morphology (DGPS), sediment dynamics (SED-sensors; Hu et al 2015), wave data (wave
loggers), and ecological communities (i.e., data obtained via Natuurmonumenten).

Research planning

TASKS TIME PLAN per year | RESULTS/DELIVERABLES
Subproject B1 1 2 3 |4

Study literature and setup experiments Experimental plan (6 months)
Carry out field experiments with field flume Paper 1 (Qla) & paper 2 (Q1b)
Carry out field experiments for grazing Paper 3 (Q2a & 2b)
Experiments for Q3b — foreshore engineering

Analyse data for Q3a & Q3b. Paper 4 (Q3a) & paper 5 (Q3b)
Finalize thesis Thesis

Subproject B2: Wave models over foreshores and effect on crest level design of dikes

1 PhD Prof.dr. J.W van der Meer (Unesco-IHE), Prof. dr. S.N. Jonkman, Delft University of
Technology

Waves and storm surges cause the main hydraulic loads on sea defences with respect to crest
level design (wave overtopping) and stability. Foreshore slopes cause a transition of wind wave
energy to lower frequency waves, an aspect that has not yet been taken into account in the
current design of dikes. Such a foreshore may be a sandy foreshore, like along the North Sea
coast of the Netherlands; a more silty of even stable foreshore along the Wadden Sea; or an eco-
system as described in project B1. The insight in long wave phenomena has changed in the past
few years. One example is the location of Wenduine in Belgium (Suzuki et al., 2012), where a
relatively steep beach slope runs up to a sloping structure and a boulevard, where the water
depth at the sloping structure is extremely small. The wave period, which is often used in wave
overtopping equations, changes here from say 7 s to more than 40 s. This shift from short waves
to only long waves is a very drastic one in sense of wave overtopping and stability. Owing to the
tests of Van Gent (1999) on very gentle foreshore slopes, we have data and formulae for these
kinds of situations, but we do not understand the physics in depth. Similar conditions may occur
along the Wadden Sea coast, where foreshores are present at a high level, introducing wave
breaking and generation of long waves. Hence our research questions are:

Q1) When do long wave phenomena play a role in description of wave conditions at the toe of a
coastal structure? What is the role of foreshore slope in this and what is the role of water depth?
When do long waves completely take over from the short wave energy (like in Wenduine)?

Q 2) Given wave conditions at the toe of the dike with some long wave energy or with only long
wave energy, what will be the effect on for instance wave overtopping? Wave set-up may play a
role here, including the influence of wave period.

Various (numerical) models on wave attenuation are available, but need thorough validation by
field measurements. Moreover, the new system of safety defence against flooding (probability of
flooding) requires a full probabilistic approach on wave modelling (the loads) and strength
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modelling of the water defence (stability or overtopping). A first study has been made (Oosterlo,
2015) and recommendations were that i) only a few models are able to replicate long wave
phenomena correctly, but are mostly not well validated; ii) the effect of long waves on wave
overtopping and stability is not well known or understood; iii) validation by field measurements is
extremely difficult due to reflections from the water defence for both short and long waves; and iv)
probabilistic parameters should be assessed more in depth.

The overall main objective of subproject B2 is to reduce uncertainty in crest level design
coupled with the new flooding probability approach, by validating and improving the existing
models and to enhance the understanding of the effect of long waves over static, dynamic or eco-
system foreshores.

Research method: We will start using existing models as applied by Oosterlo (2015). Validation
will be performed by using existing data from Wenduine and Petten (NL; 25 yr of measurements)
and the new measurements collected in subproject B1. The salt marshes at the Wadden Sea
cause different bathymetries as at the North Sea coast; therefore specific locations will be studied
in conjunction with subproject B1. Understanding of long wave dynamics over foreshores will lead
to improvement of predictive erosion models and validity assessment of existing models.
Furthermore, we will develop a full probabilistic system to calculate flooding probabilities caused
by the mechanism of wave overtopping.

Research planning

TASKS TIME PLAN RESULTS/DELIVERABLES
per year
Subproject B2 1 |2 |3 |4
Analyzing existing models and apply to Wadden Paper
Sea coast
Development and improvement of these models Paper
and translation to probabilistic models. Paper toghether with B1
Finalize conclusions and papers Scientific (1) and professional (1) papers;Pr act i t i (
guide (integrative product)

Subproject B3: Large-scale uncertainty in river water levels

1 PhD (UT), Prof. Dr. S.J.M.H. Hulscher & Dr. J.J. Warmink (UT)

Water levels determine the main dynamic load on the 1430 km river dikes. The recently executed
Room for the River (RfR) project consisted of 34 large-scale river interventions, but their hydraulic
effects were studied only locally and deterministically, in spite of inherent uncertainty (Van Vuren
et al. 2015). This uncertainty is dominated by the discharge distribution over the river branches at
bifurcation points (Warmink et al. 2011) and by channel bed morphology (Van Vuren et al. 2015).
We aim to quantify and reduce the water level uncertainty for the large-scale cumulative effects of
RfR interventions for a range of water levels to support more accurate and robust dike designs
and improved management strategies for the river system.

Q1: What are the water level probabilities for the combined large-scale river interventions on a)
river bed morphology and b) discharge distribution over bifurcations? Probabilities are now
assessed for peak water levels only; however, the new probability framework requires
determination of the effects for lower water levels as well, and also requires evaluation of the
dynamics effects channel bed morphology, bifurcation points, and their interaction on the water
level probabilities on a system-scale.

Q2: To which extent can uncertainties in water level probability distributions be reduced by
including knowledge of the discharge distribution over bifurcations and of channel bed
morphology, both separately and combined? New knowledge about e.g. discharge distribution
can reduce the uncertainty but also implementation of new measures, such as structures to
control the discharge distribution and maintenance dredging to reduce the uncertainty of river
beds.

Q3: What is the effect of long-term system changes on the probabilities of the water levels?
Climate change affects the seasonal flow, channel morphology and water level probabilities,
which in turn affects dike safety. However, catchment characteristics, such as upstream storage
due to e.g. flooding need to be considered in estimates of water level probability distributions.
Subproject B3 provides input for projects Al, A2 and C1, C2, D1, D2 that address failure
mechanisms initiated by the dynamic load due to river water levels.
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Research method: We will use state-of-the-art Monte Carlo-based calibration and uncertainty
guantification methods (Di Baldassare et al. 2010), such as Bayesian total error analysis (Renard
et.al. 2010), or global sensitivity analysis (Hall et.al. 2009) to quantify the probability of water
levels using the 2D numerical river model Delft3D (RQ1). This provides insight in the effects of
both technical and maintenance measures to reduce the uncertainty (RQ2). The key challenge in
uncertainty analysis is estimating the prior distributions (input uncertainty). Strong links exist with
previous STW projects to quantify prior distributions: (roughness: VICI-RoughWater, calibration
STW-Perspectief RiverCare). Uncertainty analysis of morphological models is a key new
challenge, requiring advanced sampling strategies. An on-going STW project (,Floods of the

P a 9 andl expert knowledge (User group) will identify such possible long-term system changes.
In this project their effects are quantified probabilistically (RQ3).

Research planning

TASKS TIME PLAN per year | RESULTS/DELIVERABLES

Subproject B3 1 2 3 |4

Literature study, Setup modelling framework Research plan after 6 months

Quantify unc. of river bed morphology (Q1a) Effect uncertain morphology on water levels (paper 1)

and water levels (Q1b) by Monte Carlo analysis and large scale water level probability (paper 2).

Test measures for reducing unc. (Q2) and Paper 3 on effect of measures to reduce water level

assess scenar itarmdafect (Q3) uncertainty and paper 4 on long-term effects

Finalize conclusions and thesis Professional or scientific paper together with project A;
PhD thesis.

Il Utilisation

Utilization will be achieved by active reciprocal end-user participation throughout the whole
research, going from assessing the problem to coming up with the proposed solution. With
reciprocal end-user participation we mean that end-users will give active input into the research
approaches applied, and vice versa, subprojects will actively participate in pilot projects of the
end-users.

Il-a The problem and proposed solution

Water Boards are at this moment not able to fully account for foreshores and dynamic loads in
guantitative terms in flood safety assessments, both in Wadden Sea like coastline as well as in
Riverine systems.

The uncertainties causing this problem in Wadden Sea like coastline are: (1) the available
models lack suitable ecological parameterisation (scope B1) as well as understanding the

influence of | ong waves on f or es hoboadsladksufficiemte B2) an
integrated knowledge to come up with mutual beneficial management schemes (scope B1 & B2
combined).

Ad 1) At this moment Deltares has a suite of models available that can account for the foreshore
in wave loading on dikes. The application of these models is physically sound for abiotic
structures, but long wave phenomena and ecology are not included in the models currently used
to define Hydraulic Boundary Conditions for present safety assessment. The application of
current models for analysing uncertainty in safety for realistic dike stretches, under different storm
scenarios and foreshore configurations, is hampered by lack of knowledge on i) uncertainty in
ecological processes involved in the bio-physical wave attenuation, ii) uncertainty in the effect of
management on wave attenuation and long-term stability, and iii) the influence of long waves over
foreshores on flood probability. This project will deliver quantitative relationships that can be
directly incorporated in the existing suite of models and will deliver improved/other models,
thereby allowing Deltares and consultants to provide Water Boards with improved safety
assessment of both actual flood defences and new dike designs.

Ad2)When using foreshores f or WaeaBoardshrejpimtlpt ecti on, N
responsible for developing a suitable management strategy. Lack of knowledge on the safety
effects of nature oriented (grazing) management causes uncertainties about best management
practices. The current project will provide the quantitative insights needed to make informed
decisions on management strategies. We will address this issue at different scales, by looking at
i) the grazing management on top of the marsh, and ii) including the whole of the non-vegetated
tidal-flat as integral part of the foreshore. We will specifically study how long waves over these
foreshores affect flood probability
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The effects of large-scale river interventions are currently unknown for 1) water level
probabilities and 2) morphological effects. Inaccurate probabilities cause expensive over-
dimensioned dikes or too small dikes, which need to be reinforced before their design life.
Uncertain large-scale morphological effects may cause channel bed degradation or excessive
maintenance dredging, but in turn also affects the water levels. Subproject B3 will deliver i)
probabilistic distributions for a range of water levels for the Dutch river system, including the
effects of morphological and discharge uncertainty due to long-term system changes, ii) insight in
the stochastic nature (time and space) of river bed dynamics and corresponding dredging
volumes, which is essential for developing efficient maintenance strategies and iii) in depth insight
in the effects of large-scale river interventions. This knowledge is highly valuable in the design
phase of future interventions, both in the Netherlands and abroad.

[I-b In-kind contributions of users

Space limitations do not enable us to describe all in kind contributions in detail. Hence we choose
to only highlight the ones that are most critical for this project; for all others we refer to the support
letters. Natuurmonumenten will provide access to a large scale 2.5 million restoration project, to
support subproject B1 in developing foreshore management measures. For this
Natuurmonumenten will provide in kind 18 boat days, with an estimated value of 18.000- EURO,
on top of the hours they put into the project (details in support letter). The Fyske Gea will provide
access to marsh areas where experiments have been carried out by imposing different grazing
managements, to support the research of subproject B1 on management effects on safety. In
addition to the hours put in the project, they facilitate this research by providing 30 overnight stays
for fieldwork, with a value of 1500- EURO (details in support letter). Deltares will provide
subprojects B2 & B3 with expert knowledge and assistance in the use of software for derivation of
hydraulic loads. Water Board Noorderzijlvest will support the research of subproject B2 & B3 by
facilitating field observations, data gathering and interacting of the results as will be reached
during implementation. Water Board Vechtstromen will provide subproject B3 with unique and
extensive field data and expertise about the tributary river Vecht, to assess long-term upstream
influences on hydraulic loads. Moreover, they will provide active support for related MSc research
projects.

Il Intellectual property

Ill-a Contracts
There are no contracts that will hamper the rights of intellectual properties.

Ill-b Patents
In our research area there is no tradition of development of patents. Our clients are typically
governmental organizations and NGOs, stimulating knowledge dissemination by publications.
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Project number: C

Project title: Heterogeneity in Subsoil

Project leader: Prof. Dr. H. Middelkoop, Utrecht University

Co-applicant(s); Prof. Dr. M.F.P. Bierkens, Utrecht University, Dr. E. Stouthamer, Utrecht
University, Prof. dr. T.J. Heimovaara, Delft University of Technology

Requested research positions: 2 PhD, 1 Postdoc, 3 yr 0.4 NWP

Budget: Requested from STW: k €619
Contribution by users: k € Xididash) &17k(ig kind)
Duration of project: 6 years

I Scientific description of the project

Several failure mechanisms of primary and secondary embankments and dikes are related to the
sub-surface underlying the dike. Three major mechanisms are: 1) piping underneath a dike, 2)
sliding of a dike slope along channels with deep scour holes, 3) overtopping and deformation due
to subsidence of the soil underlying a dike. In spite of considerable research progress at
laboratory and field test scale, reliable assessment of failure probabilities for these mechanisms
remains problematic due to the great spatial heterogeneity of the subsurface over a range of
scales (Kanning, 2012). Current predictive models rely on overly-simplified average subsurface
properties and ignore this spatial heterogeneity, resulting in large uncertainties and potentially
overly large design standards. The general objective of projecti Het er ogenei t istoi n Subso
improve current estimates of dike-failure probabilities for mechanisms that are related to
subsurface characteristics by using genetic information on natural heterogeneity (C1-PhD), high-
resolution groundwater flow simulation near and underneath structures (C1-PD), novel
techniques for monitoring natural and artificial subsurface heterogeneity and bio-based
techniques to reduce hydrologic conductivity of the subsoil (C2-PhD). Project C will be supported
in the first 3 yr by a technician/analyst for field surveys and sample analysis.

Scientific challenge, time plan and tasks

C1l. Improvement of dike failure probability estimates using knowledge of the subsurface
1 PhD and 1 Postdoc; Utrecht University, Prof dr. H. Middelkoop, Dr. E. Stouthamer, Prof. dr.
M.F.P. Bierkens,

The objective of this project is to improve current estimates of dike-failure probabilities for
mechanisms that are related to the subsurface by using information from existing databases, as
well as generic knowledge on the forming processes that caused the heterogeneity in the
subsurface material and related numerical process-based simulations. The high-resolution
geological databases of Utrecht University (Berendsen & Stouthamer, 2001), and TNO-
Geological Survey of the Netherlands (Geotop: 100x100x0.5 m? resolution) well document the
subsurface heterogeneity of the river area on the Netherlands. Moreover, there are systematic
patterns in this heterogeneity, associated with the processes that formed these deposits in the
past. A PhD project will integrate existing information and knowledge on subsurface
characteristics of the Rhine-Meuse delta from the UU and TNO-GSN databases, and its relation
to 1) hydrologic characteristics and piping, 2) soil subsidence, and 3) scour erosion in the Rhine
river branches. A Postdoc project will focus on developing tools for full-3D high-resolution (mm—
dm scale) hydrologic modelling in heterogeneous material, such as fluvial deposits (Bierkens,
1996), artificial substrate for roads and built-up areas, constructions, and cable/tube crossings
underneath dikes. The postdoc will also contribute to integration of the program.

Research method: Piping: In a recently granted STW-Water project UU investigates the
hydrogeological schematization and parameterization for seepage and piping underneath the
primary dikes of the river area in the Netherlands. For selected sites, detailed lithological,
sedimentological and hydrological data will be collected and seepage and piping flows will be
quantified for different scenarios of subsurface and hydraulic conditions using full-3D hi-res (10
10" m scale) hydrologic modelling. The current project will extend these assessments to cover the
range of subsurface variation between the shallow-depth sand reaches near the apex of the delta
and the distal part with thick clay layers near Rotterdam. Using the high-resolution databases
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relevant characteristics of the subsurface heterogeneity and associated characteristics of sand
bodies will be documented. Subsurface characteristics will be mapped, and sediment samples
will be collected from cores for validation and grain size analysis. Relevant sedimentary
characteristics will be determined in the lab (grain size, permeability, porosity), and a-priori
assessment of piping hazard will be determined along the entire river reaches.

Bank instability due to channel scour. In the western Rhine-

Meuse delta numerous deep scour holes occur in the channel
bed, which my lead to instability of the adjacent primary
embankment. The location of these scour holes is to a large
extent determined by the occurrence of readily erodible
material in the subsurface (Stouthamer et al., 2011): sandy

material of fossil rivers, aeolian dunes along former river

channels. Scour locations can be predicted from our database
of former river courses, in combination with analysis of water
flow dynamics. First inventories of scours exist already at

bodemligging (m+NAP)
P max 00

Deltares. In this project an assessment covering the entire Rhine-Meuse branches will be
undertaken. Furthermore, parameter estimates will be determined for the bank failure models
used to assess channel stability, which include channel depth, sand body thickness, grain size,

and bank slope and height.

Dike crest lowering due to soil subsidence. Using the high-resolution 3D database of the Rhine-
Meuse delta of UU and TNO-Geological Survey of the Netherlands in combination with existing
models for soil subsidence, scenarios for future subsidence due to regional ground water
lowering and local compaction underneath dikes will be established and evaluated. This part will
build upon a near completed PhD project at UU with TNO on predicting sol subsidence in the
Rhine delta, and will result in 2D spatially explicit estimates of future dike crest lowering due to

subsidence of the subsoil.

Subsurface water flow paths (Postdoc). Both heterogeneities and structural elements may serve
as initial flow paths for pipe formation. Using hi-res hydrologic modelling tools simulations will be
carried out in which (preferential) groundwater flow and flow concentrations that might lead to
piping will be explored. These simulations will be done in collaboration with the ongoing STW-
Water project on piping at UU, and will focus on selected typical situations where piping hazard is
expected high: dike sections on heterogeneous subsoil in both the apex-central and lower regions
of the delta, engineering constructions, and cable/service pipe crossings. Subsurface
characteristics will be determined from field sampling and construction layouts.

Research planning

Tasks, time plan and results/activities of subproject C1.:

TASKS

TIME PLAN per yr

RESULTS/DELIVERABLES

Subproject C1

1

2

3

4

5

6

Piping: site selection, collection of cores,
determination of subsoil characteristics

Data Base with cross sections of substrate of selected sites.

Piping: assessment and quantification of
subsoil heterogeneity at field sites,
characterization of larger-scale subsoil setting;

Data Base with hydrological model set-up and assessment
report of piping hazard
GIS data base with a-priori piping hazard

Model analyses: sensitivity analysis of
groundwater flow for various types of
subsurface artefacts

Paper on preferential groundwater flow for different types of
subsurface artefacts/constructions

Scour: cores and substrate collection, grain
size analyses;

Data base with scour holes and grain size characteristics of
channel substrate

Subsidence: preparation of overlying GeoTop
data with dikes in GIS;

GIS with GeoTop data and dikes

Piping: assessment of piping hazard and
uncertainty using traditional method and
groundwater flow model

Paper on piping formation and hazard estimation using
different approaches;
Paper on piping risk due to constructions

Scour holes: identification of key lithological
characteristics

Paper on the a-priori prediction of scour hole development
from subsurface characteristics

Subsidence: applying subsidence model at
delta scale, overlay with dike GIS

GIS and Paper on subsidence projections and impacts on
dike levels

Synthesis: delta-scale assessment of failure
hazard based on subsurface characteristics,
writing thesis

Paper and Thesis on delta-scale role of subsurface

heterogeneity on flooding hazard; GIS data base of flood
hazard (Rhine delta); Professional paper and practit i o n ¢
guide on the role of subsurface in flood risk management

A larger-scale model will be established first using the GeoTop database in Modflow to determine
the regional groundwater flow conditions (order 5 km x 5 km, embedded within national
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hydrological model (NHI)). This model will provide the boundary conditions for a high-res Modflow
model that will be nested within this model to simulate local groundwater flow pathways
underneath dikes, constructions or along cables and pipes. By carrying out a series of simulations
for varying lithological characteristics, a stochastic assessment of failure hazard is obtained for
different situations. Site selection will be determined together with end-users of the project
(Fugro, Water Boards) and contribute to specific dike projects; field surveys will be carried out
jointly with C2.

C2. Geophysical measurements of subsurface

1 PhD; Promotor: Prof dr.T. Heimovaara, co-promotors dr.ir. D.J.M. Ngan-Tillard & dr. R. Ghose: ,
Department of Geoscience and Engineering, Delft University of Technology

This research project focuses on geophysical measurements techniques that can detect the need
for engineering measures in the subsoil. One of the promising measures developed at the TU
Delft in a STW project (So-seal, nr 138333) and in which TAUW participates actively is a bio-
based geo-engineering technology for in-situ permeability reduction that will be applied to reduce
the infiltration loss or the seepage burden due the unwanted flow of water through highly
permeable layers in the sub-surface.

Research method: A protocol will be developed to map substrate heterogeneities to the required
level of detail that are known to have a high impact on risk of dike failure. The protocol will rely on
geophysics surveys and address the different modes of dike failure. It will focus on the
geotechnical characterisation of both the dikes and their subsurface at locations where results of
probabilistic dike safety calculations (sub-project C1) are affected by a high degree of uncertainty
due to lack of a priori ground information and /or complex ground configurations. Subproject C2
will build on TUDelft expertise at deriving soil properties from various geophysics measurements
(Ponziani, 2012, Korteland, Zhubayev, 2014). The challenge of subproject C2 will consist at
downscaling the geotechnical ground models to the 0.5 m scale that is relevant for the
geotechnical evaluation of risks of piping and scouring. The protocol will be used to identify
stretches of dikes that need engineering measures in the subsoil to reach the required level of
safety. It will consist of a stepwise use of simple to more complex geophysics techniques:

- The project will demonstrate the added value of systematically mobilizing robust low costs
techniques electromagnetic techniques during dike inspections and extending the surveys to
adjacent polders. Forgotten man-made objects buried in the subsurface and shallow buried sand
channels that are possible short cuts for water flow will be detected.

- The project will show the potential of combining Electric Resistivity Tomography (ERT) to
Induced Polarisation (IP) and Self Potential (SP) tomography where weakness zones are
suspected. The combination of data will help to differentiate clays and sand bodies, especially
sand bodies saturated with brackish waters and presenting the same electric conductivity as
clays.

- The project will take advantage of state-of-the-art seismic techniques (high frequency, and
therefore resolution, vibrator based shear wave surveys and seismic interferometry) that have
been successfully developed at the TU Delft in STW funded projects (project nrs 11035 and
DAR.5761) to map the architecture of the dikes and their foundation layers and characterize
ground parameters (stiffness).

- The project will prove the benefit of including on-water geophysics as well as cross-borehole
geophysics in the shadow zone of the rivers where a priori ground information is scarce. Medusa
will carry out the on-water geophysics for the project.

Configurations of dikes and subsurface for which the techniques mentioned above are likely to
provide the required depth of investigation together with sufficient lateral and vertical resolution
for a given mode of failure will be highlighted on a map. The traditional (labour intensive)
qualitative comparison of the images of the subsurface produced using the different geophysical
techniques will not be feasible for this approach due to the large bulk of geophysics data that will
be collected for safety calculations along kilometres long stretches of dikes. A novel approach will
be developed to reveal critical ground anomalies in an objective way. It will be based on the
probabilistic inversion of the combined, possibly time lapse, high-resolution geophysics data
series. Vertical boreholes and Cone Penetrating Tests (CPTs) will be used to constrain the
probabilistic analysis. The protocol and its associated probability based data processing will allow
for combining prior known information delivered by subproject C1 with the high resolution
geophysics to assess probability of different types of geotechnical risks. They will be developed
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using synthetic data generated for conceptual models of the subsurface associated to dike failure.
They will be validated at several test sites. Pilot site selection will be done together with
subproject C1 and discussed with end-users. One promising site is the test site of the So-Seal
STW project developed at the TU Delft.

Tasks, time plan and results/activities of subproject C2:

TASKS TIME PLAN per year RESULTS/DELIVERABLES

Subproject C2 112]3|4|5]|6

Literature review, detailed research plan state of the art paper

Synthetic case, protocol development paper on protocol development using synthetic data
Selection of pilot test sites, a-priori ground paper on lessons learned from case studies
model, site tests

Methodology for constrained probabilistic paper on methodology and its application to pilot
inversion of combined geophysics data sets site data

Validation of protocol with pilot tests data paper on protocol validation using real site data
Concluding research PhD thesis

Il Utilisation

II-a The problem and proposed solution

Assessment of piping hazard is currently hampered by the limited knowledge of the
heterogeneous subsoil. This renders current estimates highly uncertain, with a risk of over- or
underestimating the true hazard. This project for the first time focuses on subsoil heterogeneity,
by applying novel survey methods, site-specific surveys, and using high-resolution databases of
the subsoil, as well as fundamental knowledge on the processes that determined this
heterogeneity. Three most important subsoil-related potential failure mechanisms are addressed;
piping, channel bank collapse due to scour, and subsidence. This knowledge will highly contribute
to the new failure-mechanism based risk assessments in flood protection, which is an issue of
world-wide concern in river deltas.

II-b In-kind contributions of users

The methods and results will primarily contribute to the new risk assessments based on failure
mechanisms in the HWBP. The following users will deliver an in kind contribution for this project:
Fugro: (Postdoc C1) joint analysis of groundwater flow around structures, data provisioning, and
contribution of senior researcher in analysis and interpretation of results. Water Board DODelta:
selection and facilitating field sites, field expertise, surveys on piping for model validation.
Deltares: on-going collaboration on identification of channel scour holes, data analysis,
correlation with subsoil characteristics. TAUW: active participation in the So-Seal project, on bio-
based reduction of piping hazard.

Il Intellectual property

Ill-a Contracts
There are no contracts that will hamper the rights of intellectual properties.

lll-b Patents

In the area of Flood Risk Management and Hydraulic Engineering there is no tradition of
development of patents. The reason is that the clients are governmental organizations and
generally these organizations are not working with patents.
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k € 25Zin cash) & k €319 (in kind)

The geotechnical strength of a flood defence determines, together with the hydraulic loads, the

reliability of a flood defence. A robust assessment of this reliability is a scientific as well as

utilization challenge. Current practice is that the strength is assessed conservatively, and often
not in a scientifically supported way. The transition to probabilistic methods aims to improve these

assessments. In this project we develop the scientific foundations to base dike design and

management practice on methods that are scientifically sound. Also, hew innovations to support
the HWBP program are developed. We have defined 5 PhD research projects and one of these

positions is a Casimir position, working currently in the water sector.

D1. Performance based design of stability walls in dikes
1 Casimir position and 1 PhD, Delft University of Technology, prof. dr. S.N. Jonkman, prof. dr..

Hicks

In addition to the new probabilistic approach, a different verification method for geotechnical

failure mechanisms has been adopted based onaso-c al | e d

sundr ai

ned

to Shansep & Critical State Model theory. Implementation of this new approach is projected in the
coming years. Reinforcement measures often concern the construction an inland berm (stepped

profile) to improve global stability, to mitigate piping and to reduce uplift effects due to high

aquifer pressures. However, at many locations this is not possible due to presence of buildings,
mainly houses. Strengthening at those locations is becoming increasingly complex: the area to
implement measures is restricted and the dikes need to be strengthened internally by embedded

sheetpiles( i n Dut ch:
anchors and drainage systems. There is much innovation and development ongoing and

,damwanden") ,

somet i

me s

combi

foreseen in the POV — Macrostability program, part of the HWBP program, and All-risk provides a
unique chance to further develop relevant expertise.

The internal dike strengthening by embedded stabilisation walls is a typical Soil-Structure-

Interaction (SSI) subject. The following differences regarding current practice for retaining walls

need further investigation:

1. Current methods to design walls are based on the Eurocode (or CUR166) following the
,Building code act". Implementing this in the framework the ,Water act" for dike design causes

inefficiency and requires further alignment between both codes.

2. The loads and resistances are less clearly defined as the walls could be placed in the dike at
various potential positions. The current approach with limit state verification on related failure
modes is often conservative, and can be improved.

3. The stability walls act as strengthening wall and need not take over the strength of the dike
body. This is a more economical solution and will minimize the structural costs. Consequently
the structures need to be flexible and the dike and structural design will be allowed for large

deformations.

4. Deformations are becoming more important and are best evaluated by a Performance Based
Design (PBD). This can be accomplished by defining appropriate levels of Probability of
Failure for corresponding acceptable levels of damage / deformation. On the other hand there
are also similarities to construction of walls in populated areas. The effect of construction
works on existing buildings is becoming more and more important.

The identified SSI aspects require further investigation and validation with advanced numerical

tools like finite-element-methods such as implemented in the program Plaxis, and reliability

anal yses

ned
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methods like Monte Carlo simulation. Within the HWBP program (POV-Macrostability) a full-scale
test is being developed in which a dike with a wall is brought to failure. The planning is to perform
the actual test in 2017. This test, together with other on-going designs and construction works
within the HWBP and POVM program, will be the key source of information and provides a
unique chance to support the two PhDs. One PhD position will more focus on the geotechnical
part of the problem and the other PhD more on the reliability modelling.

The Casimir candidate is ir. A. Lengkeek, civil engineer, employee at Witteveen en Bos. Mr.
Lengkeek has more than 20 years experience in geotechnical modeling, and is at this moment
deeply involved in the HWBP project and the stability walls experiments.

D2. Incorporating past performance and Service Limit States

2 PhDs, Delft University of Technology, prof. dr. S.N. Jonkman and prof. dr. M. Kok

The goal of the first PhD subproject (PhD1, past performance) is to develop and apply methods to
incorporate past performance data in reliability analyses for safety assessments of existing dikes
as well as in dike reinforcement designs. Dike reliability is often dominated by geotechnical failure
modes such as geotechnical instability or internal erosion. The uncertainties in the relevant
subsoil-related uncertainties are typically very large when compared to concrete and steel
structures. Uncertainties in soil properties can be reduced by site investigation and laboratory
testing only to a limited degree, as the material is very heterogeneous. Performance observations
can fill this gap and further reduce uncertainties, leading to better safety assessments and more
economic designs.

The scientific challenge of the first PhD project (past performance) is to incorporate different
performance data into reliability estimates quantitatively. An example is given in Figure 6.

A survived updated

load resistance

load

probability density

resistance

load, resistance

Figure 6 lllustration of resistance updating based on past performance of the flood defence. Central idea is that probability
density function changes if we have seen a survived load (for example a water level)

Examples of such performance observations are pore pressure responses or deformations under
loading as well as the (non)-occurrence of failure mechanisms (i.e. survival). Schweckendiek
(2014) investigated how to reduce uncertainties related to internal erosion of river dikes in safety
assessments. Yet improving geo-mechanical stability is also a major share of the HWBP for the
next decades, for which the framework would need to be extended to this failure mode and the
methods and tools need to be adapted to cope with design situations. The challenge is to still
make the performance information useable in design, while accommodating the changes
appropriately.

The research project consists of three activities:

1. Assessment of dike stability: The objective of this activity is to develop and demonstrate
methods for using survived loads and pore pressure monitoring information in the reliability
assessment of dike stability, using case studies.

2. Design of dike stability: In this activity the approach developed for assessment is extended to
design situations where the structure changes through the reinforcement design. The
demonstration can be based on the case studies of the assessment block for the sake of
efficiency and comparability.

3. Observational method in dike reinforcements: The work in this activity builds upon the results
of the previous one by extending the theory and approach to using from the construction
stage. The objectives of this block are (a) to show how the information can be used to update
the reliability of the design or the as-built structure and (b) to demonstrate how we can
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anticipate the effects of including the a-priori unknown information using pre-posterior

decision analysis in the framework of the observational method.
The core concept to be applied in this (sub)project is Bayesian analysis, i.e. probabilistic
inversion. More specifically, with Bayesian reliability updating, prior estimates of the probability of
failure can be updated by incorporating additional evidence, which can be related to the failure
mode in question. This project will apply reliability updating approaches using broadly established
(structural) reliability analysis methods such as Crude Monte Carlo Simulation and other more
computationally efficient variants of it such as Importance Sampling, Directional Sampling or
Subset Simulation. The application of widely used techniques should also facilitate an easier
uptake in practice. Besides probabilistic analyses methods, structural reliability analysis requires
appropriate failure mechanism models, as the analysis is a combination of modelling the relevant
physical failure processes and the propagation of uncertainties through the failure models. For
geo-mechanical stability analysis there are essentially two options in terms of model classes: (a)
analytical limit equilibrium models (LEM) such as Bishop or Spencer and (b) numerical modelling
such as Finite Element Models (FEM).

The basic methods and tools are already available, both for the failure modes as well as for the
probabilistic methods. The need for development in terms of methods and tools lies in (a)
coupling the tools and (b) investigating combinations of methods and tools, including their
settings, to allow robust and computationally efficient reliability updating analyses.

The goal of the second PhD project (PhD2, Serviceability Limit States) is to develop and apply
new methods to distinguish between the Ultimate Limit States (ULS) and the Serviceability Limit
States (SLS) of flood defences, to investigate inter-dependencies of failure mechanisms, and to
investigate the relation between the demands in de Water Act and the Building Code. A building
code is a set of rules that specify the minimum standards for constructed objects such as
buildings and structures with other functions. The last topic is interesting from a scientific point of
view, because both demands have the purpose to protect safety and general welfare as they
relate to the construction and occupancy of buildings and structures.

The scientific challenge of the second PhD project lies in the adequate application of both Limited
States in the design of defences. For example, with current design of flood defences no
distinction is made between ULS and SLS. In the HWBP this is considered as a main problem,
because the safety standards of 10*-10° per year are not meant for SLS conditions. The reason
is that for less extreme conditions the consequences of these conditions are not catastrophically,
and can be accepted with less stringent standards. It is a challenge to make a clear distinction
between the several types of states, in such a way that is supported by theory and
understandable in practice.

The research project consists of four activities with each a clear objective and the aim or

producing a journal publication:

1. Assessment of Ultimate limit States versus Serviceability Limit States: The objective of this
block is to develop and demonstrate methods to distinguish in the design of flood defences
between the two limit states, using case studies from HWBP;

2. Dependencies between failure mechanisms: this activity involves exploration of the
dependencies between the failure mechanisms;

3. Conflicting demands in Water Law and Building Codes: the work in this block builds upon the
results of the previous two blocks. The differences in approaches by the two demands are
explored, and directions are given to the HWBP how to proceed with these two demands.;

4. Subsidence rates during implementation. Experience from Water Boards shows that
subsidence rates are often assessed very conservatively. A detailed analysis of data can
reveal what assumptions are more realistic.

The method in this research project is the probabilistic risk framework in combination with models
for failure mechanisms. A variety of methods will be used and further developed to answer the
guestions above. The starting point will be current assessment methods HWBP projects, and
performance improvements will be shown by more advanced (probabilistic) techniques.
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D3. Modelling overtopping erosion for innovative measures

1 PhD, University of Twente, Prof. dr. S.J.M.H. Hulscher, dr. J.J. Warmink

Failure of a dike cover due to wave overtopping erosion may initiate dike breach. Surface
transitions in the grass cover, such as cure points, height difference, roughness difference and
objects are often weak spots (Meer et al., 2014, Dean et al. 2010, Van Steen & Van Hoven,
2013), but the effects on the location and evolution of dike cover erosion is highly uncertain. Dike
cover erosion is dominated by the turbulence-dominated shear stress at the jet front. Therefore, a
detailed FEM model is required with a sufficiently accurate turbulence model. In this project the
model of Bomers et al. (2016) will be further developed, tested and applied to evaluate protection
measures to provide insight in the effect of hard constructions on dikes. The objective is to
develop tools for probabilistic safety assessment due to dike cover erosion for a range of grass
types and transitions and develop innovative protection measures.

RQ1: How well can a detailed numerical model predict dike cover erosion for a range of grass
cover states and transition configurations?

RQ2: How do vegetation and transitions affect the probability of failure of the dike cover?

RQ3: To what extend can innovative technical measures (3a) and maintenance strategies (3b)
reduce the probability of failure of dike cover: locally around transitions, and for the dike as a
whole?

The FEM model will be applied to evaluate measures to minimize erosion, provide maintenance
guidelines and provide a tool for probabilistic dike safety assessment. Currently, the failure
probability of transitions cannot be assessed, because the required tools do not exist.

Research Methods: (Q1). Novel Monte-Carlo based methods, combined with smart sampling
yield the probability of failure of a dike cover for a range of conditions (Q2). In the third part of the
study, the model is extended to be able to include the effect of (Q3a) technical measures, such as
Grass Blocks or Geotextiles, by adapting the erosion equation. Furthermore, the effect of different
maintenance strategies, such as mowing, mixing vegetation types, grazing (cattle trampling) that
all affect the grass cover quality and soil compaction is assessed (Q3b). Knowledge about these
innovative measures from the users is essential input. This project provides innovative solutions
to increase dike strength and insights for improved maintenance strategies and provides input for
projects Al, and needs information from projects B1 and B2 that provides input for overtopping
wave statistics and with project E that addresses the implementation of measures.

Il Utilisation

Il-a The problem and proposed solution

The four PhD researchers will contribute to the implementation of flooding probabilities in the
HWBP program. The results also contribute to the All-Risk objectives. It is estimated that the
(demand and) market for the results of the research is large, because the HWBP program wiill
strengthen 75% of all primary flood defences in the Netherlands in the period from 2016 to 2040.
Also, it is expected that the multinational companies in this project can use the results in their
international projects. The market of international projects that aim to reduce flood risk is
expected to grow significantly and it is anticipated that other countries (E.g. US, UK and
Singapore) will also implement risk-based approaches.

Currently, dike safety due to overtopping is assessed by using highly conservative estimates and
innovative designs are difficult to assess, because of the lack of a scientific basis.

Project D1 will deliver methods to design and assess levees with stability walls. Project D2 will
provide guidance to incorporate past performance, and SLS and ULS requirements to come to
more efficient designs. Project D3 will deliver a tool to be able to assess the reliability of flood
defences and to assess the effectiveness of innovative technical measures and maintenance
strategies for wave overtopping erosion.

II-b In-kind contributions of users

The following users will deliver an in kind contribution for this project:

HWBP i POV Macro stability: deliver data and knowledge about full-scale stability walls
experiments to All-Risk (D1)

Rijkswaterstaat i WVL and Deltares: case studies, data of experiments and knowledge about
proven strength will be delivered (D2). HKV will contribute to D3 by providing one of the case
studies and support with modelling (D2). The four water boards will provide data and knowledge
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(for example of practical methods of settlement data of their projects). Hillblocks will provide data
of the big flume experiments of the patented hillblocks (D3). Water Board Vechtstromen will
provided data and expertise for dike cover maintenance strategies.The international companies
Arcadis, RoyalHaskoningDHV and Witteveen en Bos will provide data and expertise.

[l Intellectual property

lll-a Contracts
There are no contracts that will hamper the rights of intellectual properties.

lll-b Patents

In the area of Flood Risk Management and Hydraulic Engineering there is no tradition of

development of patents. The cause is the clients are governmental organisations (like for
example Water boards) and these organisations are not working in general with patents.
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Project title: Law, Governance and Implementation
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Duration of project: 6 years

I Scientific description of the project

The Project . aw, Governance and Implementationdstudies the institutional, legal and
governance challenges related to the implementation of the new risk approach, and aims to
develop new institutional and legal arrangements facilitating such implementation. Project E,
moreover, aims at integrating the results of the other projects (A-D and especially A2, A3, B1, D1,
D2, see above). The project firstly aims at the development of the science/policy interface, and
secondly studies the institutional conditions and legal requirements and opportunities, which may
hinder or promote the implementation of these innovative measures. Subproject E1 focuses on
the legal issues related to the implementation of the new risk approach. Subproject E2 focuses on
boundary spanning arrangements facilitating the coordination across policy sectors. Subproject
E3 focuses on arrangements for joint knowledge production. The postdocs in project E will have a
shared responsibility with post docs in other projects for the integrated approach and results of
the overall project. Project E runs for the full six years of the project as, apart from three
substantive subprojects, it aims at the integration of projects A to D in order to substantiate the
science-policy interface (see Table below).
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TASKS

TIME PLAN per year

RESULTS/DELIVERABLES

Project E

1

2

3

6

Integrative activities

X

X

X

X

X

X

Diverse (see 3.3.): workshops, hackatons, field
visits, integrative pilots, expert and stakeholder
meetings, master classes, papers

Practical track: respond to emerging questions
from users when implementing projects and
measures based on the HWBP

Practical legal and governance advice on
demand, discussion, co-sharing of knowledge
and experiences

I-a Scientific challenge, methods, time plan and tasks

El: Implementation of A Risk-based Approach in the HWBP

1 postdoc, Utrecht University, prof. dr. H.F.M.W. van Rijswick, dr. H.K. Gilissen

The introduction of a risk-based approach in Dutch flood risk management (FRM), including its
inherent uncertainties and innovations, gives rise to legal questions, such as issues about the
scope and division of responsibilities, the interrelations between relevant actors, the coordination
of relevant legal regimes, enforcement, monitoring and inter-administrative supervision, and
liability and compensation (see www.starflood.eu; Kaufman et al., 2016). The central question is

how the risk-based approach and its related innovative solutions can effectively be implemented
within the current/future FRM framework, respecting its specific institutional and instrumental

features.

Scientific challenge: The main scientific challenge is to implement the risk-based approach and
related innovations within the broader flood risk governance arrangement (FRGA) due to its
specific legal challenges and tensions. Innovative solutions ask for a degree of flexibility, whilst at
the same time legal certainty should be provided. Finding a balance between flexibility and
certainty ask for legitimate, transparent and proportionate implementation; it should comply with
the rule of law and international legal requirements; and should guarantee an high and equal level
of safety to all. To meet these comprehensive requirements, a structured interdisciplinary
evaluation framework must be developed, applied and tested. This framework will build upon the
assessment method developed by part of the consortium members (Van Rijswick and Kok, 2014),
the design principles for FRGA (www.starflood.eu), and water governance principles (OECD

2015). The evaluation framework will subsequently be applied in a number of thematic cases
(based on projects A-D). Thus, E1 also aims at integrating the project. The results of these
applications will be at the basis of conclusions and recommendations for the implementation of
the risk-based approach within the Dutch FRGA in a practically feasible manner.

Research method: Subproject E1 applies a combination of research methods. The traditional
legal research method, which comprises qualitative thematic analysis of primary and secondary
sources (legislation, explanatory memoranda, policy documents, case law, literature) will be
combined with action research (through internships at end users, explorative and evaluative
expert and stakeholder meetings and/or focus group sessions) in order to specify (practically)
relevant issues and test the feasibility of research findings and recommendations. In order to
foster the integration between the four work packages (projects A to D), an interdisciplinary
assessment method will be developed and applied in a number of thematic cases derived from

these work packages.

Tasks, time plan and results/activities of subproject E1

TASKS

TIME PLAN per year

RESULTS/DELIVERABLES

Subproject E1

1

2

3

4

5

6

Analysing existing legal framework

Report with a systematic review of literature,
legislation, and case law

Development of the assessment framework
for innovative legal framework based on A-D

Assessment framework
Assessment report institutional issues POVs
Foreshore and Wadden (together with E2 and E3)

Testing the assessment framework and
developing innovative uses of the legal
framework based on A-D

Paper on the developed assessment framework
with first results of selected pilots

Formulating multidisciplinary guidelines to
implement innovations and the risk approach
in the existing regulatory framework

Final report (combined with results from other work
packages); paper with results from the research
project (together with other work packages).

Finalize conclusions and papers

Scientific (1) and professional (1) papers;
Practi ti on(mtegsafive graduct) e

33


http://www.starflood.eu/
http://www.starflood.eu/

E2: Boundary spanning arrangements

1 PhD, RU Nijmegen, prof. dr. P. Ache, dr. S. Meijerink

The implementation of technical or substantive innovations, such as foreshore management, and
multi-functional flood defences, goes beyond the scope of the water safety domain, and requires
coordination with adjacent policy domains, such as nature policies and urban planning. Such
coordination may be necessary to enhance efficiency, legitimacy, and/or to create spatial quality.
Policy domains are characterized by different discourses, actors/coalitions, rules of the game,
and resources. Such differences usually lead to financial, legal and other institutional barriers to
effective coordination. To be able to cope with differences between policy domains and related
barriers to coordination, we aim to develop new boundary spanning arrangements, institutional
arrangements that regulate the interaction between stakeholders from different policy domains
(Williams, 2002; Jochim and May, 2010).

Scientific challenge: In this subproject we want to learn more about the factors, which either
promote or hinder cross-sector coordination in the water safety domain. Although there is a long
tradition of combining flood protection infrastructure with other functions, such as recreation, there
are many institutional bottlenecks inhibiting such coordination. Representatives of different policy
sectors usually have different frames of the issues at stake and different preferences, which need
to be tuned. The involvement of different policy sectors, such as water and nature policy, also
raises financial issues. Which actors should contribute financially to policy innovations, such as
multi-functional flood defences or new forms of foreshore management, and who should bear the
responsibility for management and maintenance? The scientific challenge is to develop and test
new boundary spanning arrangements, which may solve such cross-sectorial issues.

Research Method: Subproject E2 consists of a retrospective and prospective part. In the
retrospective part we will make in depth case studies of the functioning of boundary spanning
arrangements in the water safety domain, such as the arrangements for combining water safety
and spatial quality in the Room for the River program, and arrangements for multi-functional flood
defences. In the prospective part we will use a methodology of action research to develop and
test new boundary spanning arrangements for pilots projects of the POV Wadden in cooperation
with the relevant stakeholders.

Tasks, time plan and results/activities of subproject E2

TASKS TIME PLAN per RESULTS/DELIVERABLES

year
Subproject E2 112|3]4|5]6
Review of literature on boundary spanning Paper with systematic literature review boundary
arrangements spanning arrangements
Orientation on boundary spanning
arrangements in the water safety domain
In-depth study of boundary spanning Paper with results of in depth analysis of boundary
arrangements in the water safety domain arrangements in the water safety domain
Orientation on pilot projects in the POV Assessment report institutional issues POV
Foreshores and Wadden Foreshores and Wadden (together with E1 and E3)
In-depth analysis of cross-sectoral issues Paper on cross-sectoral issues related to pilot project
related to pilot projects in the POV Foreshores in POV Wadden
and Wadden;
Co-development of boundary spanning Paper on co-design of boundary spanning
arrangements; arrangements
Cross-case comparison & Writing of PhD thesis PhD-thesis

E3. Joint Knowledge production in the implementation of new risk standards in the HWBP
1 Postdoc, Wageningen University, dr. F. van der Molen, prof. dr. J.P.M. van Tatenhove

The governance of the transition towards the new risk approach in flood defence design and
management requires a focused attention on joint knowledge production and knowledge
exchange. The central aim of this subproject is to facilitate the implementation of the new risk
approach in the Flood Protection program and to contribute to the implementation of innovative
dike concepts in the Wadden Sea area by producing scientifically, socially and politically robust
knowledge in cooperation with involved actors and to develop and design innovative knowledge
arrangements
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Scientific challenge: There are several knowledge-related challenges regarding the
implementation of the new risk approach. These concern, inter alia, ecological and safety aspects
of innovative coastal engineering approaches, interactions between spatial and engineering
measures, and the integration of functions around flood defences. Both scientific knowledge and
the experiential knowledge of practitioners who implement the new norms in dike designs or who
experiment with innovative forms of management or engineering is in constant flux. This
uncertain and dynamic situation requires well-organized processes of knowledge production,
dissemination and learning, while the implementation of the risk approach may require new or
intensified efforts of knowledge integration, both between scientific disciplines and policy sectors.
The created knowledge should meet the concerns and demands of experts, practitioners, policy-
makers, and societal stakeholders. This process of knowledge production should combine
societal and political relevance (salience), scientific and technical quality (credibility), and the
respectful treatment of the divergent values and concerns of stakeholders (legitimacy) (Runhaar
et al., 2016). The implementation of new risk standards and of innovative dike concepts requires
the application of joint knowledge production methodologies and the development of institutional
knowledge arrangements that are able to: (1) translate new scientific and technical insights to
practical contexts; (2) disseminate experiential knowledge in practical design and engineering
contexts; (3) address knowledge questions of involved research, policy, management, and
stakeholder organizations; 4) foster a flexible, adaptive approach that allows involved actors to
deal with uncertainties and utilize new practical and scientific insights when these present
themselves.

Research Method: Subproject E3 will develop innovative methodologies by combining a
gualitative case-study design with a reflexive Monitoring in Action (RMA) approach (Van der
Molen et al., 2015). RMA is an action research methodology that aims at facilitating system
transitions by enabling social learning processes, by organizing focus groups that combine
participative methods with monitoring and reflection. RMA makes it possible to deal with diverging
perspectives and knowledge bases of safety, spatial planning, and ecology, to implement new
knowledge in design and engineering practices, and to design, test and to implement new or
improved knowledge arrangements Cases will be selected from the pilot projects of POV
Wadden, the sandy seaward solution in the Texel dike reinforcement project and the sand
nourishment project Ameland.

Tasks, time plan and results/activities of subproject E3

TASKS TIME PLAN RESULTS/DELIVERABLES
per year
Subproject E3 112]3]|4

Literature review on science — policy interfaces,
forms of engaged knowledge production

Case selection (pilot projects POV Wadden; Texel
dike reinforcement; sand nourishment Ameland).

Focus group design.
Scientific paper on methodologies for enabling joint
knowledge production.

Organizing focus groups for 3-4 POV pilot projects
and an additional case, using the RMA approach.

Scientific paper .on empirical results of joint knowledge
production and learning processes in innovative dike
projects.

Organizing focus groups for 3-4 POV pilot projects
and an additional case; development of design
principles for knowledge arrangements.

Scientific paper on the design principles for knowledge
arrangements

Comparative analysis of the cases and
implementation of innovative knowledge
arrangements

Paper on the comparative analysis of the implementation
of innovative knowledge arrangements; Paper on the
lessons learnt based on the comparative analysis.

Il Utilisation

Il-a The problem and proposed solution

This project will analyse current constraints and develop possible improvements for legal and
governance arrangements when implementing the new risk approach and the National Flood
Protection Program. By using pilot projects the projects is of practical importance, not only for
other national pilots but also for other countries that face the same challenges. The developed
science-policy knowledge will be valuable to all stakeholders, disciplines and cases around the

world.




[I-b In-kind contributions of users

Province of Groningen: providing data, information and advices for the researchers.

POV Waddenzeedijken: providing information and data; facilitating fieldwork

HH Schieland en de Krimpenerwaard: providing case studies, information and data

Element advocaten; Soppe Gundelach en Witbroek advocaten and the Ministry of
Infrastructure and Environment: providing data of innovative HWBP projects; participate in
workshops, expert meetings and conferences; assessing preliminary (concept) results; providing
the opportunity (and a workplace) to join daily work at the office (stimulating action research) as
well as assessing the results on their value for practice, enhancing their quality..

Helmholtz Centre for Environmental Research i UFZ: participating in comparative
assessments of the institutional settings in The Netherlands, Germany and other countries;
providing information on arrangements and scientific and professional debate in Germany ; expert
exchange in workshops, expert meetings and conferences including delivery of presentations,
talks and reviews; contributing to concerted publications; helping to put the involved Dutch
researchers into contact with German researchers in our thematic network and with experts from
German practice; hosting project researchers at their institute and department in order to give
them t he c hsaintcee” odx p'loonr at i on o umanfloodmanbgerdegpte and t he
practice.

Il Intellectual property

Project E will be carried out by two post docs and one PhD candidate. The research findings
produced by them will be made publicly available through scientific and non-scientific venues.
Open access publication will be considered as far as possible.

Ill-a Contracts
There are no contracts that will or can infringe with intellectual property rights.

lll-b Patents
As usual in this type of research, there are no patents of any kind involved.
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9. Appendices

9.1 Abbreviations and acronyms

HWBP : Flood Protection program (Hoogwater Beschermings programma)

POV:  Project Transcending Intelligence (Project Overstijgende Verkenning). In the HWBP four POV
projects support this All-Risk program: POV Wadden Sea dikes (see support letter), POV-Macro-
stability (support letter Rivierenland), POV Foreshores (support letter Schieland and
Krimpenerwaard) and POV piping (support letter Hollands Noorderkwartier).

HE =  Hydraulic Structures and Flood Risk (TUD);
WGS= Water Systems and Global Change (WUR);
WEM = Water Engineering and Management;

DFG = Department of Physical Geography (UU);
Geo&E = Geo Engineering (TUD);

LAW = European and Dutch Water Law (UU);

GPE = Geography Planning and Environment (RU);
ENP = Environmental Policy group (WUR);

AR = Department of Urbanism (TUD).

CSEPD = Coastal Science & Engineering and Port Development Group (UNESCO-IHE)

9.2 Letters of support

Organisation Cash In Kind ()
1.STOWA 200,000 via waterboards
2 Rijkswaterstaat WVL 200,000 109,000
3.Deltares 150,000 115,440
4.Water Board Rivierenland (HWBP i POV Macrostability) 50,000 43,600
5.Water Board Schieland en Krimpenerwaard (HWBP i POV Foreshores) 40,000 43,600
6.Water Board Hollands Noorderkwartier 25,000 43,600
Total 665,000 (see below)
Organisation In Kind ()

7. Program Office HWBP (via waterboards)

8. Ministry of Infrastructure and Environment 98,100

9. Water Board Noorderzijlvest 152,600

10. Water Board Hunze en Aas 26,160

11. Water Board Drents Overijsselse Delta 8,720

12. Water Board Vechtstromen 40,400

13. Alterra 26,160

14. University of Tokyo 43,600

15. Tokyo Institute of Technology 43,600

16. SSPEED Center, Houston 109,000

17. Texas A&M 65,400

18. Element Advocaten 21,800

19. SoppeGundelachWitbreuk 13,080

20. Helmholtz-Zentrum fiur Umweltforschung 21,800

21. Defacto 8,720

22. Field Factors 43,600

23. HKV 43,600

24. POV Wadden 8,720

25. Provincie Groningen 34,880

26. It Fryske Gea 8,720

27. Arcadis 21,800

28. RoyalHaskoning-DHV 43,600

29. TAUW 109,000

30. Fugro 75,000

31. Hill Blocks 17,440

32 Witteveen en Bos 21,800

33 Natuurmonumenten 6,976

Total 1,469,516
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