
RISK ASSESSMENT OF THE MIDDLE BLOCK OF THE
PUMP STORAGE POWER PLANT VIANDEN

F. Fasching, W. Schitter, T. Hollerich, G. Nosbusch

Abstract: To address the need for risk assessment with
reasonable effort in hydro power plants the method of the failure
mode and effect analysis was modified. This new approach aims
to bridge the gap between risk assessment of individual
components and entire power plants. The successful risk
assessment using the new approach for the pump storage power
plant Vianden confirmed some of the owner's initial
considerations, but also identified some new additional potential
failures.

1 Introduction to the Power Plant and Risk assessment
The pump storage power plant (PSPP) Vianden was built in the 1960s with nine
horizontal ternary units. The dewatering system is located in the so called “middle
block”, which is situated beneath the centre of the main cavern. During operation the
middle block is the lowest accessible point and is located 20 metres below the lower
reservoir.
The dewatering system is essential for an efficient and effective water management of
every PSPP if no gravitational discharge is possible. Its safe operation is crucial to
prevent accidents, personal injuries and damages to equipment.
In the PSPP Vianden all main components of the dewatering system, like the
dewatering pumps, are situated in the middle block. The owner was concerned about
potential risks and safety hazards of this configuration.
The aim of this investigation was to analyse the dewatering system of the PSPP
concerning safe operation. The focus was on identifying which parts of the system
pose the risk of a single point of failure, how possible flaws could occur and
investigating optimisation measures.
For risk assessments of entire PSPPs, the ISO 12100 is mostly used. This standard
provides general guidelines but allows for different analyses as no particular
procedures are required. [1] Since the analysis was conducted for a part of the PSPP
it could be performed in a detailed manner.
For performing a risk assessment several different methods are possible. As this study
aimed for an in-depth analysis of the dewatering system, the chosen method required
an analytical and systematic approach, in order not to overlook a possible failure and
should also be superficial enough so the analysis can be executed with a reasonable
extent. Due to the formulation of the problem and the given constraint the Failure Mode
and Effect Analysis (FMEA) was chosen.
The FMEA is a method to analyse and reduce the risk before a failure occurs. Fig. 1
shows the FMEA process, which is performed in seven steps and described below. [2]
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Fig. 1. Process of FMEA (own representation)

In the step of planning and preparation the scope of the study and the team is
defined. Under certain conditions the scope can be dictated from the outside, for
example by a public authority. In this study this step was already completed by the
owner.
The second step is the structural analysis. It is required to analyse which components
are a part of the system and to understand how they are structurally connected.
The third step is the functional analysis. In this step the main and auxiliary functions
and the correlations between the different identified components are investigated.
Step four, the failure analysis aims to identify possible failures based on the prior
described functions.
In the fifth step – the risk analysis– all failures are evaluated to identify the
corresponding risk.
Step six, the optimisation aims to identify measures that can reduce the risk of the
identified failures.
The last step, number seven, is the documentation of the results.

2 FMEA execution
2.1 Structural Analysis and Functional Analysis
A thoroughly performed structural analysis and functional analysis is of utmost
importance in order to include all relevant components.
The structural analysis was performed by studying the available documents and
inspecting the site in person. The latter one revealed that a considerable number of
components are situated within a confined spatial area and the local dependencies are
overarching. This local dependency between the components is an essential
characteristic that must be considered when performing the FMEA.
As the dewatering system is made up of a large number of components, not every
individual part can be included in the FMEA. Therefore, only the main components,
which play a crucial role for the dewatering and the safety, were considered.
The result of the structural and functional analysis shows, that 18 main components
and about 50 dependencies, not including local dependencies, must be considered.
Fig. 2 gives an overview of the components of the middle block which are directly in
contact with water or oil. 13 out of 18 main components and some connections are
shown.
An important characteristic of the dewatering system is that driven by the need for safe
and reliable operation, most components are realised redundantly. This redundancy
allows normal operation of the PSPP, while maintenance work on the dewatering
system is performed. To reflect unavailability’s of components and the reduced
redundancy, operational cases (OCs) were introduced. Each OC describes a different
condition of the dewatering system due to maintenance and has to be considered in
the next steps.
A total of 16 different OCs were identified. Considering structural similarities, the
number of OCs could be reduced to seven relevant OCs.
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Fig. 2. Hydraulic schema of the middle block

2.2 Failure Analysis
When performing an FMEA, not only the failure that happens, named failure mode, is
important but also possible reasons, named failure cause, and the corresponding
results for that failure mode, named failure effect. A combination of failure cause, failure
mode and failure effect is called a hypothesis. [3]

2.2.1 Modification of the Failure Analysis
The main challenge of this study was to perform a profound risk assessment of the
middle block, while keeping the effort at a manageable extent. For every OC, every
component must be individually analysed regarding possible failures. Due to the
scope, the analysis could not be executed on a level, where every part is investigated
in detail. Therefore, a meta-level approach was used which allowed to keep the
broader context in mind.
In combination with the varying complexity of the 18 main components, the method of
the FMEA was adapted for the project needs to allow for a consistent and systematic
approach. The concept of the hypothesis was extended to introduce the new “local
failure”. The local failure describes possible malfunctions of the main components and
is directly observable at the component, unlike the failure effect. A visual representation
of the relation between the hypothesis and the local failure is shown in Fig. 3. Several
hypotheses are possible for the same local failure. For explicit referencing an ID was
assigned to every hypothesis.
Consequently, the local failure was defined by the authors as:
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The local failure is a directly observable malfunction of the component and caused by
a failure mode.

Fig. 3. Hypothesis and Local Failure

The following two examples illustrate local failures of the self-consumption units, their
associated failure modes and IDs.

 Units does not stop
o ID 2.3 & 3.3: Waterflow cannot be interrupted

 Water leakage
o ID 2.6 & 3.6: Pipe burst on high pressure side after spherical valve

2.3 Risk Analysis
Two methods exist for the quantification of risk: The Risk Priority Number (RPN) and
the improved Action Priority (AP). Both methods conflate the rating of the three criteria
Severity (S), Occurrence (O), Detection (D). The RPN was chosen due to the
simplicity, as all three ratings are multiplied.
The criteria of all hypotheses are individually rated between 1 and 10 based on tables
[2], which were modified. For a conservative approach always the worst case was
considered.

2.3.1 Modification of the Risk Analysis
In this step two deviations from the usual approach of the FMEA were made.
Firstly, a differentiation between personal and plant safety. The reason for this
approach was that those are not linked to each other and can differ significantly. By
evaluating both independently, a better knowledge can be generated. This results in
two risk values.
Secondly, the table of the severity rating was adapted. The result is an evaluation
between 1 and 100 and consequently the RPN ranges from 1 to 10 000.
The calculated risk is classified into the following three zones:

 Low risk: RPN below 100
 Medium risk: RPN between 100 and 500
 High risk: RPN above 500

The boundaries were established, that for high or medium risk hypothesis their AP
rating is also high or medium and vice-versa.
Concerning the RPN and the classification it is important to understand, that this should
be seen as a relative comparison between different hypotheses. Therefore a “high risk”
hypothesis does not indicate a high risk for the operation of the PSPP. Rather
hypotheses classified with “high risk” form the basis for optimisation and are prioritised.
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3 Results
3.1 Execution of the Failure Analysis
The number of hypotheses per OC ranges between 55 and 114. Across all OCs, 127
different possible failure modes were detected.
Sumed up over all seven OCs a total of 680 hypotheses were established.

3.2 Execution of the Risk Analysis
23 different hypotheses are classified as “high risk”. From those 17 are categorised
“high risk” for personal safety and 19 for plant safety.
Summed up over all operating scenarios regarding the personal safety, 99 hypotheses
are categorized “high risk” and 107 relevant for the plant safety.
Continuing the example above, the hypotheses are evaluated as shown below.

ID O S D RPN
3.3 3 2 10 60
3.6 2 64 9 1152

Table 1: examples for RPNs and the classification

3.3 Optimisation
For the optimisation, only the plant safety is considered. The reason for this approach
is that all “high risk” hypotheses have a very high severity for personal safety due to
the chosen worst-case approach. With this assumption no meaningful measure can
reduce the RPN of the personal safety.
To assure that an improvement measure achieves the anticipated effect when
implemented, the risk analysis ha to be performed again with the assumption that this
measure is implemented.
A brainstorming session was held, focusing on the “high risk” hypotheses. 14 different
possible measures were identified and, after careful consideration, eight preferred
measures were selected for investigation. Based on the expected implementation
effort, two different packages of measures were defined as shown in Table 2. The
approach of defining packages of measures significantly reduced the amount of work
required, but the combination of measures into packages needs to be well considered.

1st Package of Measures
Reduce dependency on Hydraulic supply – installation of back-pressure flaps
Automatic detection of excessive run time of dewatering pumps
Installing an additional flood detector near the Self-consumption units
Installing an additional dewatering pump outside the middle block
Repositioning the 400V distributor
Removal of snubbers
2nd Package of Measures
Installing fail safe valves between Pipe DN1200 and tailrace tunnel
Improving existing inlet valves to Pipe DN600 by installing valves suitable for
emergency closure (fail safe)

Table 2: Packages of measures
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Measures of the first package are characterised by a relatively small implementation
effort per measure in terms of planning and costs. In contrast, the second package of
measures includes measures with a high expected implementation effort, which
consequently requires longer planning, partial plant shutdown for implementation and
consideration for budgeting.
Therefore, measures of the first package can be implemented rather quickly. With the
first package of measures the risk of 13 potentially critical hypotheses are reduced
significantly.
Fig. 4 shows the change in RPN, due to the implementation of the first package for all
initially “high risk” hypotheses. The yellow and red line indicate the limits between the
three risk zones. For most of the hypotheses addressed, the RPN is approximately
halved, and for some the reduction is even greater.

Fig. 4. RPN of potential critical hypothesis before and after the first package of measures

The second package of measures includes works which mainly address hypotheses
that are not covered by the first package. By implementing the second package, the
risk of six remaining “high risk” hypotheses can be reduced significantly.
Fig. 5 shows the change in RPN after the implementation of the second package for
the same hypotheses as before. Except for one hypothesis the RPN, no hypothesis is
considered “high risk”. The second package reduces the RPN of some hypotheses
already addressed with the first package even further.

Fig. 5. RPN of potential critical hypothesis after the first and the second package of measures
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Continuing the “high risk” hypothesis 2.6 & 3.6 from above, this hypothesis includes a
water jet on the hydraulic supply, which leads to a defect. As a consequence, the
valves to the tailrace channel and the guide apparatus cannot be closed and the cavern
is flooded. The RPN of this “high risk” hypothesis can only be decreased with installing
fail safe valves between Pipe DN1200 and tailrace tunnel, which is included in the
second package.
After both packages are executed, only the hypothesis 18.1 “outage of the high voltage
power grid due to external impact” remained “high risk” for the OC of “Pipe DN600
depressurised”. For all other hypotheses except one the RPNs are well decreased and
are now closer to the low risk category than to the high risk category.

4 Conclusion and Outlook
The study provided the owner a consistent and systematic approach, which allowed
prioritization and justification of possible mitigation measures.
The result of the risk assessment confirmed some of the owner's initial considerations
that led to this study, but also identified some new additional hypotheses. From 127
different hypotheses, 19 are “high risk” for the plant safety. By implementing the first
package of measures the number of “high risk” hypotheses can be reduced to seven
and with the second package to one.
The owner is currently in the process of implementing the first package of measures
and is also planning to implement the measures of the second package.
To conclude, the risk assessment of the middle block of the PSPP Vianden has been
performed successfully with the modified FMEA, which is a universal approach for
analysing the interaction of components in a complex system and therefore also
applicable for planning of power plants.
The modified FMEA is pragmatic, as it allows a deep investigation of entire systems of
power plants, while keeping the broader context in mind. Therefore, it is a useful
addition to the detailed risk assessment of single components and complements the
general risk assessment of entire power plants.
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