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KEM Quality review

Results — The work has produced a computer software tool able to carry out a full hazard and risk analysis for Groningen. As it
emerges from the report, the quality of the work is very good.

Method - The used method has advantages also with respect to NAM, the main of which being that risk assessment is carried
out by numerical integration rather than Monte Carlo simulation. This allows to fulfil the research questions related to this
project as explained below and gives opportunities beyond the application to the Groningen region.

Team — It seems the (TNO) team had and/or has built the required competency to successfully carry out the task. (However, it is
advisable that, for future development, experts in statistics join the team, so as to fully master not only the technical aspects but
also the theoretical issues of the hazard and risk assessment.)

Products — The quality of the product can only be judged when/if the software is made available for use to third parties, which
will require a great deal of effort to prepare manuals. However, given the report and the presentation given. It is expected that
the quality of the product will be very good as well.

KEM Evaluation of the results

This work was developed to address the KEM-03b and KEM-10 research question, which are listed in the following.

(03-b) Plan for and execute the realisation of a public version Groningen Seismic risk predictive model instrument based on
the NAM model data and software. Definition and execution of benchmark calculations and publication of the results.
(03-b) Generation of Seismicity hazard and risk assessment maps (PGA, etc.) ready to use in for the Building Strengthening
program and NPR. Documentation of the Model, Assumptions, Data and Software ready for review by external scientific
experts.

(10.1) How should the public version of the (NAM-based) Groningen Seismicity hazard risk model version 5 or its components
(w.r.t. input data and software) be better compared, validated, performance wise improved?

(10.2) Can all requirements be implemented in the current versions of the public Groningen seismicity risk model as
developed by TNO et al? What can be implemented in one year? How can be shown that the next version of model is properly
tested and validated?

(10.3) How can anticipated effect on risk predictions help in prioritisation of improvements?

Because the work has produced a full (more efficient, actually) framework to reproduce the hazard and risk assessment for
Groningen it has completely fulfilled the requirements of KEM-03b. This was also shown by the application of the software to
replicate the latest results by NAM. Moreover, the work has provided full and positive answers also to KEM-10 (see next
paragraph for a specific reply to 10.3).

In conclusion, it is considered a very successful project, with a great potential as discussed in the next paragraph.

KEM interpretation of the outcome

The potential impact of the work carried out is envied as to follows. In particular, the computational framework is ready to use

for:
1. Check the hazard and risk assessment developed by NAM so far, from the full-model implementation point of view.

2. Run additional analyses to disaggregate the risk results and gain more/different information from the risk
assessment with respect to those provided by NAM.




3. Run ‘what-if analyses, that is, performing risk analysis under different assumptions (e.g., production scenarios) and
or under different models with respect to those used by NAM.

4.  Give the power to the regulator to have full control and then full information on the risk in the Groningen, as a
decision support system.

5. To give access to the risk assessment in Groningen to independent researchers and (possibly) to the public. So as to
enhance greatly the transparency about risk management in Groningen.

6. To possibly apply the same (rational) risk assessment in Groningen to other cases in the Netherland and/or to other
risks related to mining activities in the Netherlands.

7. Beyond all that, it represents a very important new competency build within TNO, which means added value for the
Netherlands to be used at the national and possibly international level.

It is important to note that the analysis TNO has carried out to test the risk assessment tool has already provided interesting
indications about the inherent uncertainties in the Monte Carlo simulation performed by NAM and that may have an effect on
the building strengthening program in the area (i.e., research question 10.3). This is already a very important results that, alone,
could make the work worth to carry out.

Closure text for the website

The work was aiming at developing a public (i.e., government-owned) tool for the (probabilistic) seismic risk assessment in
Groningen. This was envised as needed to check/backup and gain trust in the risk assessment performed by the operator (NAM)
and to overtake it in the future.

The work has successfully met the original goal and has a great potential to enhance the transparency about the risk assessment
and risk management in the area. Moreover, it has a potential to be used in other areas in the Netherlands and possibly to other
mining risks.

The competency built in the TNO is an added value, which is a non-negligible side result of this activity.

It is expected, and recommended, that the developed risk assessment tool (and its results) is made available to independent
researchers and to the interested (and properly skilled) public.




