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ESTABLISHING GUIDANCE FOR THE REVIEW OF
HUMAN RELIABILITY ANALYSIS IN PSA

B. Reer, V.N. Dang, S. Hirschberg, P. Meyer

PSI was commissioned to develop Guidelines for the Regulatory Review of the Human Reliability Analysis
(HRA) within Probabilistic Safety Assessments (PSAs) for nuclear power plants. In the Guidelines, HRA
quality is addressed in terms of 97 indicators. Each indicator is formulated as a question, described as a
specific feature of the analysis, and then explained in detail. Two analysis stages are distinguished: the
selection of the human errors to be modelled, and their quantification to determine their impact on the core
damage frequency. Review findings are grouped under two headings: transparency and adequacy. An
analysis is "transparent" if an externally qualified person is able to reproduce the analysis results, and
"adequate" if such results reflect the plant-specific conditions related to safety. To allocate resources effi-
ciently, the review is structured in two phases: (1) The Quick Review, which clarifies whether the HRA has
a fundamental deficiency and, furthermore, if it points to information needs and areas of emphasis for the
detailed review, and (2) The Detailed Review, which results in well-grounded findings, based on extended
examinations and close-plant contacts.

1 INTRODUCTION

1.1 Importance of HRA Reviews

Probabilistic Safety Assessment (PSA) is now part of
the process of safety regulation for Nuclear Power
Plants (NPPs). PSA identifies potential accident se-
quences, and assesses their frequencies. The safety
insights resulting from PSA help both to ensure an
adequate safety level, and to identify preventive
measures reduce risk.

Since 1987, the Swiss Federal Nuclear Inspectorate
(HSK) requires nuclear utilities to develop and main-
tain a plant-specific PSA for accidents initiated in the
full-power mode of operation. Since 1990, a PSA is
also required for accidents initiated from low-power
and shutdown modes of operation. An updated PSA
has to be submitted for review every five years.

Human Reliability Analysis (HRA) is an integral part of
PSA. HRA identifies and quantifies human errors
which contribute to latent system unavailabilities
(Category A), to accident sequence initiation (Category
B), and to accident sequence progression (Category
C). Typical examples are presented in Table 1. The
HRA review is intended to pin-point any outstanding
issues, such as non-consideration of important human
errors, or underestimation of Human Error Probabili-
ties (HEPs).

1.2 Need for HRA Review Guidelines

For the purpose of quality assurance, a PSA submit-
ted by the licensee is examined by a regulatory review
board. In this context, HSK has been looking for
means of improving the review process, and thereby
the quality of the HRA. Formally, only a limited, quali-
tative review of HRA was performed, in contrast to the
detailed, quantitative review performed for the
"hardware" PSA, and the existing review guidance for
PSA [4] contained little specific information on HRA
requirements. At the same time, large differences
were found in the extent to which licensee HRAs re-
flected the state-of-the-art and plant-specific condi-
tions.

Table 1: Examples of human errors affecting nuclear
safety.

Cat.

A

B

C

Situation

Performance of sched-
uled tests of the reactor
protection system dur-
ing plant shutdown

During cooldown of the
reactor, the first primary
isolation valve (PIV)
was stuck in the open
position; proper posi-
tion (closed) of the
second (redundant) PIV

Leak of electro-
hydraulic control fluid;
manual reactor scram;
manual trip of feedwa-
ter (to prevent overfill)

Error

The maintenance per-
sonnel disabled the
automatic actuation of
all emergency diesel
generators [1]
Loss-of-coolant initi-
ated: with the intention
to re-close the first PIV
via re-flux, the control
room operators opened
a test pipe valve; how-
ever, the PIV did not re-
close [2]
The control room op-
erators subsequently
failed to re-start feed-
water [3]

In view of these needs for the implementation of safety
regulation, HSK commissioned PSI to develop HRA
Review Guidelines. A draft version of the Guidelines
was first reviewed by a panel of international experts,
and the final Guidelines [5] were then submitted to
HSK in December 1999. The document has benefitted
from both the feedback received from the panel
meeting and the first experiences in actually applying
the Guidelines. A summary of the document is pre-
sented below.

A survey of regulatory-related documents (e.g., [4],
[6-11]) confirmed the lack of existing HRA review
guidance. Indeed, guidance for performing HRA is
itself rather limited, and few documents even discuss
the review of HRAs. Frameworks of HRA require-
ments are also rather limited, and many are not de-
tailed enough regarding the implementation of the
analysis or its review. For the latter, no practice-
oriented structure of the review steps could be found,
and no specific guidance has been presented on how
to prioritise and implement the review activities.



12

1.3 Objective and Scope of the HRA Review
Guidelines

The HRA Review Guidelines were developed with two
distinct goals, namely to (1) support a more detailed
regulatory review of HRA, and (2) better communicate
HSK's requirements for a plant-specific HRA to the
licensees. The HRA Review Guidelines should:

• be able to identify the strengths and weaknesses of
the licensee HRA;

• be consistent with the state-of-the-art and good
practices in HRA;

• be based on clearly defined criteria, verifiable by a
set of objective indicators;

• be independent of any specific HRA method;

• be illustrated by examples of good practice; and

• be capable of being implemented by HSK staff,
supported by one HRA expert.

In agreement with the current state-of-the-art and
practice in HRA, the Guidelines focus on operator
interactions relevant to event sequences initiated in
full-power operation by internal events, up to the onset
of core damage (Level-1 PSA). However, with some
adaptations, many of the criteria outlined below can be
effectively applied to human interactions in other parts
of the PSA, such as external events, low-power and
shutdown modes of operation, or Level-2 events. The
Guidelines explicitly cover the three types of human
interactions modelled in contemporary PSAs, namely
pre-initiator human interactions (Cat. A), initiating
events caused by human interactions (Cat. B), and
corrective actions occurring after the initiating event
(Cat. C). No guidance is given at this time for the re-
view of non-required actions which aggravate post-
initiator scenarios (commonly referred to as errors of
commission). The analysis of these types of errors
remains an open issue for the HRA/PSA methodology.

2 HRA REVIEW IMPLEMENTATION

2.1 Review stages

Consistent with the overall procedure for the PSA
review described in [4], the HRA review is divided into
two stages in order to allocate resources efficiently
(Fig. 1). The Quick Review was devised to assess the
completeness of the submitted HRA documentation,
and to determine whether the study had major short-
comings. The Quick Review prepares for the Detailed
Review by identifying issues of concern which may
result in requests for further documentation or, if nec-
essary, further analysis from the licensee. The findings
of the Quick Review are documented in an interim
report.

The Detailed Review of the HRA derives from the
resulting revised (comprehensive) information data-
base. This review stage includes a review walk-down,
addressing selected issues, and an interactive ex-
change of information (e.g., asking how specific sce-
narios are covered by simulator training). However,
the development of guiding principles for the walk-
down remains outstanding, but the walk-down guid-

ance which exists for (the performance of) HRA (e.g.,
[12]) provides a basis for this task. The final review
report documents the entire review process, and in-
cludes statements on the overall adequacy of the
HRA.
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Fig. 1 : Overall HRA Review flow chart.

2.2 HRA quality criteria as an overall framework

A set of criteria has been defined to assess the overall
quality of the HRA. For the specification of the criteria,
the HRA is subdivided as follows.

• Selection of human errors is the HRA part which
results in the set of human errors to be included in
the PSA model. Under this heading, the distinction
between process and results is made.

• Quantification of human errors is the HRA part
which assesses the numerical safety impact (i.e.
the HEP and the contribution to the overall plant
risk) of each human error included in the PSA
model. Under this heading, distinctions between
methodology, implementation and results are
made.

As shown in Table 2, separate groups of criteria were
developed to determine the transparency and ade-
quacy for the selection of human errors and the quan-
tification of human errors, respectively.

• An HRA is transparent if an external person is able
to follow the analysis and to reproduce the results.

• An HRA is adequate if it reflects the conditions
under which the plant personnel contribute to acci-
dent prevention in routine and non-routine situa-
tions.
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Table 2: Framework of HRA quality criteria.

Selection of
human errors

Quantification

Process

Results

Methodology

Implementation

Results

transparent
adequate
reproducible
adequate/ reasonable
transparent
adequate
reproducible
adequate
transparent
adequate/ reasonable

Table 3: Overview of HRA quality indicators for the
Quick Review.

2.3 Indicators as a support for criterion evalua-
tion

Each criterion is specified by two or more indicators.
Indicators operationalise the criteria in terms of verifi-
able analysis features, and have been defined such
that they can be assessed objectively, based on the
PSA/HRA documentation.

In total, 97 indicators were selected. Table 3 summa-
rises the indicators to be used for the Quick Review.

Indicators are defined on the level of detail needed for
the implementation of the review. When evaluating an
indicator, the reviewer is referred to the information-
gathering steps most likely to provide the matching
information. Definitions are provided, and references
to acceptable practices are made. Examples of poten-
tial HRA deficiencies are presented.

Tables 4 to 6 exemplify the guidance principle for the
evaluation of one particular indicator, namely Indicator
22, one of the indicators used to evaluate the ade-
quacy of the quantification methodology. Coverage of
plant/task-specific inputs is specifically addressed.
The actual gathering of the information (Info 7) re-
ferred to in Table 4 is covered by the guidance meth-
odology outlined in Table 5, together with the support-
ing list in Table 6, which serves to characterise the
quantification method. Plant/task-specific inputs are
covered by Table 6 items 6 (Performance Shaping
Factors) and 7 (information resources).

2.4 Summary of evaluations and prioritisation of
issues

In order to communicate effectively with the licensee,
the reviewer summarises the indicator evaluations and
prioritises the identified issues which may warrent a
response from the licensee, or a Detailed Review.

Identified issues are grouped under two headings:

• Transparency, i.e. findings from Indicators 1 to 5
and 14 to 21 (Table 3). These issues typically re-
sult in requests for re-documentation.

• Adequacy, i.e. findings from Indicators 6 to 13 and
22 to 29. These issues can result in requests for
additional analysis. However, some inadequacies
(e.g., missing references to indications of plant
conditions) may also be resolvable by simple re-
documentation.

Criterion | Indicator

Transparent
error selection
process

Reproducible
error selection
results

Adequate error
selection proc-
ess

Reasonable
error selection
results

Transparent
quantification
methodology

Reproducible
methodology
implementation

Transparent
quantification
results

Adequate
quantification
methodology

Adequate
methodology
implementation

Reasonable
quantification
results

1. Process of searching for critical
errors identifiable?

2. Error selection criteria/rules pre-
sented?

3. Reproducible or conservative selec-
tion criteria/rules?

4. Inclusions (of errors) clearly docu-
mented?

5. Obvious exclusions (of errors) clearly
documented?

6. Comprehensive process of search-
ing for critical errors?

7. Category A (pre-initiator) errors
addressed?

8. Category B (initiator) errors ad-
dressed?

9. Category C (pre-initiator) safety
actions addressed?

10. References to performances, prac-
tices and intervention constraints
presented?

11. Reasonable selection criteria/rules?
12. Reasonable number of Cat. A errors

selected for quantification?
13. Reasonable number of Cat. C safety

actions selected for quantification?
14. Methodology information (published

reference or description in PSA re-
port) presented?

15. Is it basically clear how each method
generates HEPs?

16. Identifiable quantification method for
each included error?

17. PSA integration details are clear
from the error descriptions provided?

18. Implementation of quantification
methodology documented?

19. Formal, and traceable, HEP as-
sessment documentation exists?

20. HEPs are clearly identifiable for the
errors quantified?

21. Important measures are clearly
identifiable for a significant subset of
the errors?

22. Methodology addresses plant/task-
specific inputs?

23. Methodology is applied within its
scope of application?

24. Methodology implementation refers
to plant/task-specific inputs?

25. Global dependencies (between er-
rors) addressed?

26. HEP uncertainties quantified ade-
quately?

27. Important errors are quantified by
'realistic' HEPs?

28. Credible HEP results compared with
other PSA studies?

29. Are the quantification results used to
improve safety insights?
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Table 4: Indicator evaluation guidance (Quick Re-
view, adequacy of quantification metho-
dology).

Table 6: Items for characterising an HRA quantifica-
tion method.

Assessment

Indicator 22.
Does the
quantification
methodology
address
plant/task-
specific in-
puts?

Implication

If not, check
whether such
inputs are
addressed in
the methodol-
ogy imple-
mentation
(Indicator 24).
If neither, write
a re-
documentation
request and
consider a re-
analysis re-
quest.
If yes, summa-
rise the
plant/task-
specific inputs
addressed.

Guidance

Refer to Info 7 (Table 5).
At least, the method
should address the fol-
lowing plant-specific
inputs: execution re-
quirements; training &
experience; availability
of procedures;
and, if relevant, espe-
cially for Cat. C tasks:
diagnosis requirements;
indications; time con-
straints; performance
location.
Examples of question-
able method features
are:
- The method does not

use indications of
plant conditions
(which point to the
need for Cat. C ac-
tion) as an input to
HEP assessment.

- The method does not
use procedures
(which support the
operator's decision to
take a required Cat.
C action) as an input
to HEP assessment.

Table 5: Information gathering guidance.

Step

Info 7. Summa-
rise the char-
acteristics of
each method
used for quan-
tification

Guidance

Use Table 6 to structure this informa-
tion. Emphasise global features such as
the distinction between empirical (item
4.1, in which the HEP is based on sta-
tistics) and analytical (item 4.2, in which
the HEP is based on a model) ap-
proaches to HEP assessment.
Prepare a copy of Table 6. The following
text will often refer to this table.

The issues are submitted to the licensee in a priori-
tised order. Issues of fundamental nature are high-
lighted first, because of their implications for the over-
all review. One example is if there have been indica-
tions that the human error selection process was sys-
tematically optimistic, and that potential errors were
neglected.

In addition, the issues are ranked according to the
following rules.

Rule 1. Issues which imply an underestimation of the
plant risk should be selected first.

1 Method description
1.1 Brief outline (sufficient for the Quick Review)
1.2 Detailed outline (required for the Detailed Re-

view)
2 Limitations regarding types of assessable tasks
3 Analysis effort

3.1 Low (screening method)
3.2 High (detailed method)

4 Basic approach in HEP assessment
4.1 Direct empirical estimation (on the basis er-

ror/opportunity frequency statistics)
4.2 Analytical ('indirect') estimation, e.g., by decom-

position
5 Level of decomposition or error identification:

5.1 No decomposition
5.2 Low level of decomposition, e.g., differentiating

between diagnosis and execution
5.3 Moderate level of decomposition, e.g., differenti-

ating between diagnosis and several execution
steps

5.4 High level of decomposition, e.g., differentiating
between diagnosis and several error modes per
critical execution step

6 Scope of Performance Shaping Factors (PSFs)
6.1 Training & experience
6.2 Workload and task requirements
6.3 Time required
6.4 Time available
6.5 Procedural guidance
6.6 Indications of system states
6.7 Interfaces and environment
6.8 Staffing and response organisation
6.9 Error correction potential

7 Information resources proposed/required/used for
PSF implementation/rating
7.1 Systems or accident sequence analysis
7.2 Evaluation of written procedures
7.3 Evaluation of written material on physical plant

behaviour (e.g., transient calculations)
7.4 Plant contacts (e.g., walk/talk-through)
7.5 Simulator experience (monitoring simulator exer-

cises; interviewing simulator trainers) or operating
experience (evaluation of incident reports)

8 HEP uncertainties
8.1 Not quantified
8.2 Quantified, global assignment to the final HEP

point estimate
8.3 Quantified, based on input uncertainties

Rule 2. The higher the safety impact of the human
error(s) affected by the issue, the higher the
priority.

Rule 3. The higher the number of human errors af-
fected by the issue, the higher the priority.

For instance, the review (Indicator 22) identifies that
the HRA does not address the availability of proce-
dures for either pre-initiator tasks (Cat. A) or post-
initiator tasks (Cat. C). At the same time, the review
identifies that the safety impact of Cat. C tasks is sig-
nificantly higher than that of Cat. A (Rule 2). Thus, the
Cat. C deficiency may be formulated as a high priority
issue as follows.
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Finding: For the credited post-initiator actions (e.g.,
manual start of safety injection), concrete references
to plant procedures are missing.

Request: For each credited post-initiator action,
please describe:

• how the association between plant indications and
action is supported by procedural rules; and

• how the execution of the action is supported by
procedures.

2.5 Verification procedures in support of the De-
tailed Review

For selected issues, the Detailed Review extends the
evaluations made in the Quick Review. As illustrated
in Fig. 1, this requires close plant contact (review walk-
down, exchange of information). For the preparation of
such contact, the Guidelines provide the following
verification procedures:

1. Verification procedure of Cat. A error exclusions;

2. Guidance for the verification of specific Cat. A error
exclusion criteria;

3. Guidance for the verification of reasons for credit-
ing non-procedural Cat. C safety actions;

4. Review steps when dealing with specific reasons
for crediting non-procedural Cat. C safety actions;

5. Reproducibility verification for a specific HEP re-
sult;

6. Verification of the HEP assessment implementa-
tion;

7. Verification guidance for critical-method steps in
ASEP [13] Cat. A HEP assessment;

8. Guidance for the verification of fundamental condi-
tions required for Cat. C action success;

9. Guidance for the verification of critical-method
steps in SLIM/PLG [14] Cat. C HEP assessment;

10.Guidance for the verification of critical method
steps in THERP [12] Cat. C HEP assessment;

11. Guidance for verification of critical method steps in
empirical HEP assessment from error/success fre-
quency statistics;

12.Verification of conditional HEP assessment re-
garding the adequacy of global dependency treat-
ment;

13.Guidance for dependency-relevant factors con-
cerning a system of redundant components af-
fected by Cat. A tasks;

14.Guidance for addressing the adequacy of the rea-
soning provided for the quantification of global de-
pendency for a combination of two Cat. C action
failures.

Table 7: Guidance for the verification of fundamen-
tal conditions required for Cat. C action
success (Detailed Review).

Condition

Personnel
available:
action can be
performed with
the available
staff

Technical
feasibility:
action can
physically be
implemented
in the scenario

Feasibility in
time: action
can be per-
formed within
the given time
window

Information
available:
need for action
is identifiable
in the scenario

Administrative
compliance:
action is con-
forming to
basic safety
rules

Verification guidance

This condition is of special concern for so-called
recovery actions. Examples of essential barriers
due to personnel limitations or deficiencies are:
- The scenario implies that all qualified person-

nel are involved in Control Room (CR) activi-
ties, but the action needs to be performed out-
side the CR.

- At least two qualified persons are required to
perform a local action, but the scenario implies
that only one person is available.

- The repair of a failed diesel generator (i.e. the
action of concern) requires qualified mainte-
nance personnel not available during the night
shift, when the incident could equally occur.

This condition is closely related to the implications
from the process-related behaviour of the techni-
cal system, and from the location access. Exam-
ples of essential barriers due to technical limita-
tions are:
- The reactor protection system prevents the

action;
- The action needs to be performed in a highly

contaminated area;
- Inaccessibility due to high temperature, hu-

midity, blockage or other ambient conditions;
or

- The scenario implies that the equipment
needed for the action is already degraded.

Example of barriers due to time limitation are
listed below.
In relation to the available time window:
- The number of required execution steps is

high;
- Many information items need to be evaluated

for correct decision-making;
- The personnel required to implement the

action far from the location; or
- A high level of effort (e.g., providing the right

tools) is required in response to the incident.
This condition refers to barriers due to lack of
indicators or knowledge deficiencies with respect
to the action. Examples of such barriers are:
- Lacking indications: the scenario implies that

the leading indicator required for diagnosis is
not available (e.g., due to a common-cause
failure of the reactor vessel meter), and that
alternative indicators are not available, or are
not in use.

- Knowledge deficiencies: the action is neither
known from training, nor stated in the operat-
ing procedures.

This condition refers to administrative barriers
imposed as a consequence of well-known safety
standards, e.g.:
- The action requires violation of the post-TMl

rule that safety injection must be maintained
for at least one hour.

An example of such a procedure is presented in Table
7. This procedure serves the verification of funda-
mental conditions required for Cat. C action success.
For instance, if a local repair action requires the avail-
ability of qualified equipment specialists, it needs to be
ascertained whether such specialists are always avail-
able, since the incident may occur at night as well.
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3 OUTLOOK

The main benefit which derives from the formation of
the Guidelines is the reduction of subjectivity within the
HRA review process. Explicit quality criteria are de-
fined, together with concrete indicators for their
evaluation. Furthermore, the Guidelines may also give
direction in reducing the subjectivity in performing
HRA, and contribute to ensuring and maintaining the
consistency of HRA reviews.
In the future, the Guidelines will be extended to sup-
port the review walk-down task, which aims to inde-
pendently verify the most important assumptions un-
derlying the HRA.
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