KEM Research review, evaluation and interpretation (max. 4 pages + annex)

Towards a relation between subsidence and damage

KEM Quality review

Description of the scientific quality of the results (team, research method, research results, quality of the products, ...), if needed
external review result (project evaluation text website)

The KEM-16b project is a follow-up of the KEM-16 project regarding a toolbox for subsidence. The
KEM-16b project started in January 2024 and finished in October 2024. The objectives of the project
were the following:

1. To elaborate the pathways linking surface water level change to groundwater level change to
damage to buildings (link chain).

2. Toimprove/advance the knowledge base of pertinent links of the chain with (model-based)
research, and to address the question of how validation can be achieved.

The research was conducted by Deltares. The team of researchers involved in the project were highly
skilled in groundwater management, geotechnical engineering, soil-structure interaction, and related
modelling. The team possessed specialized expertise in shallow subsidence caused by various factors,
including groundwater use and water management, along with associated damage risks and
mitigation measures.

The deliverables from the project were presented in two reports:
1. Explanatory note on the link chain between surface-water level change and building damage
risk (Report 1, 21 pages)
2. Groundwater table lowering due to surface water lowering: Knowledge-base for damage-risk
assessment (Report 2, 130 pages)

The first report provides an accessible overview of the cause-effect link chain between surface water
level (SWL) change and building damage. The text is written using accessible language, thereby
allowing non-experts to better understand the processes, hazards, and risks related to SWL rise and
SWL lowering. The text is supported by clearly defined flow charts describing the effect link chains,
and suitable illustrations showing the relationship between processes induced by changes in SWL and
various hazards that can cause building damage. The report also reviews existing guidelines for
quantitative assessment of the chain links, and identifies three knowledge gaps that contribute most
to uncertainty in the assessment of building damage (risk) due to SWL change.

The second report presents an in-depth groundwater modelling study aimed at expanding the
understanding of the relationship between SWL lowering and groundwater table (GWT) lowering. It
also offers a more effective framework for assessing GWT reductions resulting from SWL changes
compared to those currently existing. This work builds upon preliminary results obtained in KEM-16.
To resolve some of the problems with the previous models in KEM-16, KEM-16b use a methodology
for modelling that combines MODFLOWSG for the saturated zone with MetaSWAP for the above
unsaturated zone conditions and water transfer. The report includes a discussion of model
assumptions and model validation. Finally, it presents a synthesis, in tables, listing impact factors
(ratio of the GWT lowering to the SWL lowering in a year, where GWT is the lowest day-averaged GWT
in the considered year) for relevant settings and conditions.

Both reports are of high quality, reflecting an effectively executed project. The work includes
appropriate references to existing literature, and presents a feasible modelling approach, with well-
considered assumptions and simplifications aligned with the project's scope. Limitations of the study
and in the interpretation of results, given the available data and model assumptions, are
comprehensively addressed and clearly articulated.




KEM Evaluation of the results

Evaluation whether the research questions are addressed adequately (questions answered, precision and uncertainties on
outcomes, potential consequences on current practice addressed, ..) (project evaluation text website)

For this project, KEM had listed two main research activities that were to be performed. An evaluation
of how these have been addressed is given below.

The first activity was elaboration of the link chain between damage-risk and SWL change. The results
are presented in Report 1. The report provides a clear and concise overview that aligns with KEM’s
expectations, both in terms of the material covered and its presentation. Notably, three key
knowledge gaps were convincingly identified within the damage-risk chain associated with SWL
changes: (1) the relationships between the GWT change due to SWL change depends on many factors
other than the dominant soil type, the sole factor currently considered in the 1987 guidelines from
the Commission for Subsidence due to Gas Extraction (Commission for Subsidence due to Gas
Extraction, CBA). These relationships require further elaboration and translation into practical tools.
(2) The extent to which GWT change, driven by SWL change, influences shrink-swell movements
remain largely unknown, and tools to quantify this impact are lacking. (3) Significant uncertainties
exist in characteristics of peat oxidation, particularly related to the depth of aerobic peat oxidation,
the rate of oxidation and settlement and to which extent anaerobic oxidation below the GWT also
contributes to settlement of buildings on shallow foundations.

The second activity was related to an extension of the knowledge base for key elements in the link
between GWT lowering due to SWL lowering. Through systematic preparatory work, substantial
improvements were made to the necessary modeling framework by improving a coupled MetaSWAP-
MODFLOW®6 modeling tool maintained by Deltares, where MetaSWAP handles the unsaturated zone.
This is a sound approach. The improved tool enabled the requested study of the role of a range of key
factors in the link between GWL lowering due to SWL lowering including climate forcing, phreatic
storage, and the role of ditches. A step towards validation of the modeling tool and the selected
parameterization methodology was performed based on historical GWT time series. Based on
simulation results, a concise synthesis of impact factors was listed in tables for relevant settings and
conditions. As a practical tool for estimating the impact factor range for a specific area or the location
of an individual building a graphical table was also developed. Importantly, a conclusion of the
modeling study is that the 1987 guidelines from CBA provides impact factor ranges that are too small.
To facilitate further opportunity for validation of the methodology, waterboards were asked for
upcoming SWL adjustment plans in the next few years, with the aim to inventory opportunities for
dedicated long-term monitoring and testing/validation in potential follow-up research. All twenty-one
waterboards in the Netherlands were contacted, and seventeen replied. One response, related to
plans to raise SWLs near Marum, Groningen, in December 2026, provides an opportunity for a
validation study.

Overall, all the research activities expected by KEM were addressed in a very good manner, and sound
conclusions were drawn from the study.

KEM interpretation of the outcome

The interpretation of the results (consequences on methods/data to be used in practice, con risk instrument modules, on
inspection procedures and operator procedures, ..) (project evaluation text website)

Based on the research activities, the project recommends the following in Report 2:

1. “To develop a series of example problems to clarify the use of the new tool. These examples should
clarify what information can be used, and how the information can be used to judge (a) the applicable
soil profile type, and (b) the applicable regional (ground)water coupling conditions that are
distinguished in the employed classification system. It is recommended to incorporate the example
problems a ‘user guide’. The user guide should also clarity the scope/limitations of the new impact
factor table.”

2. "To further clarify the potential of the SWL adjustment plans by Waterschap Noorderzijlvest near
Marum, Groningen, late 2026, for development of a validation study. And if positive, to carry out the
study.”




3. “To conduct field research into the occurrence of conditions that (according to the modelling) can
result in impact factors > 1 (soil profile type C). This can be done by studying the mean deepest GWT
(GLG) for sites with this type of soil profile, between ditch and the middle of the parcel, using
hydromorphic features derived from vertical coring.”

These recommendations are supported by KEM, as they are investigations that are needed to validate
and facilitate the use of the developed methodology. This will in turn contribute to a better
foundation for revision and development of guidelines for quantitative assessment of the link chain
between building damage-risk and SWL change in terms of a practical set of tables that can be used in
the context of building damage (risk) assessment.

Closure text for the website

A summary in simple terms of the goal, the outcome and impact on mining policies or toolboxes of the research project (project
evaluation text website)

The KEM 16b project has achieved the following objectives:

1. To elaborate the pathways linking surface water level change to groundwater level change to
damage to buildings (link chain).

2. Toimprove/advance the knowledge base of pertinent links of the chain with (model based)
research and to address the question how validation can be achieved.

Related to the first objective, the project has provided an accessible overview of the cause-effect link
chain between surface water level change and building damage. Existing guidelines for quantitative
assessment of the chain links are reviewed and three knowledge gaps that contribute most to
uncertainty in the assessment of building damage (risk) due to SWL change are identified.

Related to the second objective, the project has performed an in-depth groundwater modeling study
aimed at expanding the understanding of the relationship between surface water level lowering and
groundwater table lowering. It also offers a more effective framework for assessing groundwater
table reductions resulting from surface water level changes, compared to what has previously been
available. The project has developed and utilized a modeling tool that represents the key processes
and characteristics governing both the unsaturated and saturated soil zones. Based on simulation
results, a concise synthesis of impact factors was listed in tables for relevant settings and conditions.
Due to data not being available, only a preliminary step could be taken in validation of the modeling
tool and the selected parameterization methodology based on historical GWT time series.

As a recommended follow-up, the project has identified plans to raise SWLs near Marum, Groningen,
in December 2026, thus yielding an opportunity for a validation study. The project also recommends
developing a user guide, with examples, to facilitate the use of the new tool that has been developed,
as well as further research to investigate conditions that result in a greater groundwater table
lowering than surface water level lowering.




