
lable at ScienceDirect

Nuclear Engineering and Technology 52 (2020) 1983e1989
Contents lists avai
Nuclear Engineering and Technology

journal homepage: www.elsevier .com/locate/net
Original Article
A plant-specific HRA sensitivity analysis considering dynamic operator
actions and accident management actions

Du�sko Kan�cev
NPP Goesgen-Daeniken AG, Kraftwerkstrasse, CH-4658, Daeniken, Switzerland
a r t i c l e i n f o

Article history:
Received 24 October 2019
Received in revised form
7 February 2020
Accepted 27 February 2020
Available online 2 March 2020

Keywords:
Probabilistic safety assessment
Nuclear power plants
Human reliability analysis
Dynamic operator actions
Accident management actions
Disclaimer: The views, assumptions, opinions and analy
those of the author and do not necessarily reflect the o
employer (NPP Goesgen-Daeniken AG).

E-mail address: dkancev@kkg.ch.

https://doi.org/10.1016/j.net.2020.02.021
1738-5733/© 2020 Korean Nuclear Society, Published
licenses/by-nc-nd/4.0/).
a b s t r a c t

The human reliability analysis is a method by which, in general terms, the human impact to the safety
and risk of a nuclear power plant operation can be modelled, quantified and analysed. It is an indis-
pensable element of the PSA process within the nuclear industry nowadays. The paper herein presents a
sensitivity study of the human reliability analysis performed on a real nuclear power plantespecific
probabilistic safety assessment model. The analysis is performed on a pre-selected set of post-initiator
operator actions. The purpose of the study is to investigate the impact of these operator actions on
the plant risk by altering their corresponding human error probabilities in a wide spectrum. The results
direct the fact that the future effort should be focused on maintaining the current human reliability level,
i.e. not letting it worsen, rather than improving it.
© 2020 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The human reliability analysis (HRA) is an integral part of the
probabilistic safety analysis (PSA) in the nuclear power plants (NPP)
throughout the world. While it may be true that human behaviour
is not as statistically predictable as rolling dice, it is also true that
the probabilistic framework of PSA acknowledges that all data are
uncertain, and it rigorously accounts for these uncertainties. Lack of
directly relevant experience and statistical evidence does not pre-
clude a fundamental understanding of the motivations, physical
and psychological factors, and external constraints that wouldmost
strongly influence human response in a specific situation.

The HRA has a multirole purpose: identifying critical human-
system interactions, i.e. human actions; modelling and quanti-
fying the associated human error probability (HEP); HRA optimi-
zation. Various preventive and mitigative operator actions (OA) are
planned, trained and employed for various accident scenarios that
are postulated in the nuclear industry.

There are various methods, models and databanks with esti-
mated HEPs by the help of which qualitative and quantitative
analysis of the reliability of OAs in the NPPs can be performed. The
sis expressed in this article are
fficial policy or position of his
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inherent variability of the human performance under different
conditions and for different functions implies relatively wide un-
certainty bounds for the HEP estimates. The uncertainty should be
generally smaller for the routine tasks such as test, maintenance,
normal control room operations and higher for the OAs as a
response to an abnormal event [9,10,17e19]. The literature offers a
wide spectrum of studies in regards to the various HRA qualitative
and quantitative methods [8,12e16], its coupling with the deter-
ministic safety analysis [6], as well as HRA uncertainty and sensi-
tivity studies [3e5,7,11].

In that sense, the presented paper summarizes a HRA sensitivity
study performed on a real NPPespecific PSA model. The NPP of
interest is the Goesgen-Daeniken NPP (KKG) in Switzerland, a 3-
loop PWR plant. The plant PSA model is prepared with the RISK-
MAN® analysis tool [1,2].

Firstly, all the Type C or post-initiator OAs modelled within the
PSA model (ca. 30 different actions with their corresponding split
fractions) are subjected to sensitivity analysis such that their cor-
responding HEP values are being altered through a wide spectrum
of values.

Consequently, the quantitative effects on the PSA Level 1 (L1)
and Level 2 (L2) risk measurese Core Damage Frequency (CDF) and
Large Early Release Frequency (LERF) e as well as the qualitative
effects regarding the general risk profile and the changes in the OAs
importances are studied.

Secondly, the analysed OAs are then delineated into dynamic,
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Acronyms

AMA Accident Management Action
AMP Accident Management Procedure
APOP Abnormal Plant Operating Procedure
ASEP Accident Sequence Evaluation Program
CDF Core Damage Frequency
EOP Emergency Operating Procedure
ET Event Tree
FT Fault Tree
HEP Human Error Probability
HRA Human Reliability Analysis
IAEA International Atomic Energy Agency

KKG NPP Goesgen-Daeniken AG (Kernkraftwerk Goesgen)
LERF Large Early Release Frequency
MCR Main Control Room
NPP Nuclear Power Plant
OA Operator Action
PDF Probability Density Function
PSA Probabilistic Safety Assessment
RAW Risk Achievement Worth
SBO Station Blackout
TE Top Event
THERP Technique for Human Error-Rate Prediction
U.S. NRC United States Nuclear Regulatory Commission
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post-initiator OAs on one side and accident management actions on
the other side and are subjected to sensitivity analysis given the
plant risk as well as their quantitative and qualitative impacts
compared and discussed.
2. Description of the reference plant

The NPP Goesgen is a highly redundant plant for a wide spec-
trum of accidents. It has 3 þ 1 safety train systems (separated), 2
mainwater intakes, additional 2 trains of special emergency system
(bunkered station blackout (SBO) system), 3 spent fuel pool cooling
trains, designed according to the 30 min rule for operator inter-
ference. Overall, for the big majority of the accidents from the
whole accident spectrum, NPP Goesgen was designed as a nearly
6 � 100% plant. It is a quite robust, highly automated design NPP.
Therefore, by improving the HEPs not much can be improved in
terms of the total plant risk because:

� The HEP values are already relatively low in general (owed to the
excellent training, marginal failure history and the various
possibilities of recovery actions)

� The quantification cut-off used for the nominal model as well as
for all thepresentedmodelswithin this study (thedifferentmodel
combinationswith theparametersSENHRA, SENHRA1& SENHRA3)
is set to 1E-14/yr. Hence, by lowering the HEP values (which, as
stated above, are already relatively low), the sequences where
these HEPs took part will probably fall below the cut-off, and
simultaneously be masked, i.e. "overtaken" by other accident se-
quences where the failure probabilities of the hardware are
leading. Hence, the effect on the overall plant risk is marginal.
3. Model

3.1. Preliminary considerations

The PSA model herein considers three general groups of OAs:

� Type A or pre-initiator system-specific OAs: This type of action
involves routine activities such as restoring a component or flow
path to normal after the completion of testing, inspection,
maintenance, instrument calibration, etc. These system specific
activities are typically performed by one or more individuals as
part of their normal workday duties. They are not related
directly to operator actions or equipment response during the
plant transient after an initiating event. However, errors may
leave important equipment disabled and require additional
dynamic actions to restore it to service during the transient.
These routine testing, maintenance, and surveillance actions are
identified in each system analysis and are quantified as specific
causes for equipment inoperability.

� Type B OAs: The second type of human action that may be
considered in a PSA is a personnel error that directly causes or
contributes to an initiating event. These human errors are not
quantified separately for most initiating events in contemporary
PSAs because the available initiating event frequency data
contain contributions from all causes, including human errors.
Most of the initiating event frequencies for the KKG PSA are
quantified from a combination of generic and plant-specific
data. The initiating event databases do not differentiate among
the specific causes for each type of event. Since the frequency of
human errors is already included in the initiating event data,
these errors are not quantified separately for any initiating
events that are derived directly from generic and plant-specific
experience.

� TypeCorpost-initiatorOAs: The third general typeof humanaction
ina PSA is a scenario-specific, directedmissionactivity. This action
is an integral part of plant response to an initiating event. The
operators must accomplish well-defined tasks for manual initia-
tion, control, and alignment of plant emergency equipment or
selected backup systems. These tasks are generally guided by the
plantemergencyresponseprocedures. The available timewindow
for successful response, the type of action thatmust be taken, and
other factors that influence operator stress and confusion are
determinedby the typeof event being evaluated and all preceding
actions during a specific response scenario. These actions are
incorporated as distinct decision points in the KKG PSA event tree
models. This type of actions e the post-initiator OAs e are in the
focus of the HRA sensitivity study herein. These type C post-
initiator actions are being divided in two general groups: the im-
mediate, dynamic OAs as a post-initiator accident OAs and the
accident management actions (AMA). They are presented in the
following table (Table 1).

In addition to the OAs encompassed by Table 1, the following
three actions are also considered: L3 e late fire extinguishing sys-
tem operation; L4 e fire extinguishing by fire brigade before igni-
tion in adjacent room.

The part of the top event (TE) VU - related to the operator failure
to clean debris after season event and thus rendering the main
water intake unavailable - is also considered. These three OAs
belong to the AMA group.

The presented sensitivity study encompasses absolutely all type
C OAs modelled within the KKG PSA model. They are all mentioned
and addressed within the manuscript and divided into 2 general



Table 1
Overview of the OAs used in the KKG PSA model.

Type OA ID Description CDF LERF

RAW RRW RAW RRW

Dynamic OAs OALP Start residual heat removing (RHR) cooling 3.66 1.003 1.992 1.0011
OCD Start active cooldown 14.47 1.019 7.5 1.007
ODP Depressurize/cooldown 3.66 1.001 1.1914 1.0014
OEFW Start emergency feedwater (EFW) 1.026 1.007 1.0061 1.0018
OPUD Align demineralized water makeup to feedwater tank 1.024 1 1.0012 1
ORT Reactor trip 1.005 1.0001 1.0029 1.0001
OSG Isolate ruptured steam generator (SG) 1.101 1.0001 1.457 1.0004

Accident management actions Level 1 PSA OAMFT Align feedwater tank 1 1 1 1
OAMFW Align fire truck 1.562 1.037 2.023 1.0693
OAMIS Isolate large containment openings 1 1 1 1
OAMLI Isolate letdown line 1.697 1.014 1.1653 1.0033
OAMPB Depressurize vie primary pressure relief 1 1 1 1
OAMPF Align fire water to low head (LH) pump path 1 1 1 1
OAMRW Align flood tanks to operating high pressure injection (HPI) pump 1 1 1 1
OAMSR Open SG relief 1.612 1.017 1 1
OAMTH Align TH17/37 and VX01/02 1 1 1 1
OAMFL Injection and recirculation via TH17/37 after recovery of bus FL/FM 1 1 1 1

Level 2 PSA OAMIGA H2 recombiners placed into service prior to vessel breach 1 1 1 1
OAMIGB H2 recombiners placed into service after to vessel breach 1 1 1 1
OAMVA Containment filtered venting system (CFVS) placed into service prior to vessel breach 1 1 1 1
OAMVB CFVS placed into service after to vessel breach 1 1 1 1
OAMVC CFVS scrubbing tank re-filled as necessary 1 1 1 1
OAMVD Isolate CFVS to prevent large release 1 1 1 1
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categories: dynamic OAs and AMAs (Table 1). In other words: the
submitted study presents a thorough, comprehensive and complete
HRA sensitivity study on the KKG PSAmodel, all the existent human
actions within the KKG PSA model, without exemption, were sub-
jected to the sensitivity study.

3.2. Dynamic and AMA OAs

As many NPPs throughout the world, KKG operating staff is
being trained to and follows symptom-based emergency operating
procedures (German: symptombasierte St€orfallvorschriften). The
OAs, named as "dynamic OAs" within the paper are the immediate,
dynamic operator actions that are being performed from the main
control room. They are first-line response by the plant operating
personnel, preventive in their nature.

On the other hand, the plant's so-called Emergency Response
Guidelines (German: Notfallhandbuch) regulates, in general, the
accident management actions (AMAs). These AMA responses are
beyond the normal operator actions that are specified in the KKG
emergency operating procedures. They are performed only under
the direction of the so-called Pikett Engineer (i.e. the stand-by
engineer for emergency duties) or the plant emergency response
team. Hence, in a way, they come as the "second line of defence".
They can be both of preventive as well as of mitigative (i.e. once a
core damage took place or is imminent) nature.

3.3. HRA methods

The HRA in KKG is being performed in adherence with the, by
the Swiss Nuclear Regulatory Commission (ENSI), prescribed and
allowed methods: ASEP/THERP. The Technique for Human Error-
Rate Prediction (THERP) method does not include a sufficiently
developed procedure for preliminary analysis of the post-accident
errors due to the fact that some important personnel shaping fac-
tors (PSFs) are not considered in the manual actions analysis.
Moreover, actions performed outside the main control room (MCR)
boundaries are not taken into consideration, as well as actions,
which are not described in the plant instructions and procedures.
By that reason, the preliminary analysis under the Accident
Sequence Evaluation Program (ASEP) method developed based on
the THERP is used more often for the preliminary analysis of this
type of actions.

The detailed analysis of the post-accident dynamic actions is
performed as follows:

(a) Cognitive error rates for post-accident dynamic actions in the
support system and frontline event trees are evaluated using
the time-reliability correlations developed by Swain et al.
[17], [18], [19] for the Accident Sequence Evaluation Program
(Procedure for ASEP Nominal HRA of Post-Accident Tasks);

(b) Error rates for manipulation that may occur during the
implementation of post-accident dynamic actions are eval-
uated by ASEP. THERP methodology is used in the cases
where:

i. The resulting quantification assessment according to the
ASEP method is significantly conservative and at the
same time there are available input data for development
of a more detailed model; or

ii. The actions require active manual control of at least one
process parameter or function (for example: when in
implementing a certain part of a complex action the
operator has to wait for a certain time for a certain
parameter to reach a certain value prior to perform
another operation of the complex action); or

iii. An action is not directly prescribed in a step of emergency
operating procedures (EOPs)/accident management pro-
cedures (AMPs), but there are other written procedures
(for example abnormal plant operating procedure
(APOP), operating instructions, etc.) or if the necessary
information can be obtained, then THERP approach can
be used.
3.4. Analysis and calculations

The plant PSA model is prepared with the RISKMAN® analysis
tool. It is a small fault tree (FT) e large event tree (ET) linking
approach software. Each of the OAs summarized in Table 1 is
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modelled as a separate top event (TE) within the KKG PSA model.
Each of these TEs are represented via multiple split fractions (SF),
modelling different variants of the corresponding OAs under
different boundary conditions. The failure probability of each OA
is calculated as a logical OR between the cognitive/diagnosis and
the implementation/manipulation failure probability. Failure
probability density functions (PDF) e accounting for the HRA
uncertainty - are assigned to each of the cognitive and the
implementation part.

At this point, it is important to note that the dynamic OAs
comprise not only the immediate, post-initiator, preventive
measures but also recovery measures within these actions.
Namely, one of the advantages of the SF modelling approach is
that one can model different variations of the same OA that
correspond to different boundary conditions. This, in turn, cor-
responds to different stages and/or different developments of a
given accident.

This paper tends to present a HRA sensitivity study of the values
of the L1 and L2 risk measures, i.e. Core Damage Frequency (CDF)
and Large Early Release Frequency (LERF) respectively, as a function
of the altering values of the HEP for the dynamic OAs and the AMAs.

The KKG PSA Model is a linked L1-L2 PSA model. The linking is
based on the ET-Linking approach. A “plant” event tree, which
models all systems that respond to a given initiating event, follows
the scenarios up to the point where either the reactor is stabilized,
or core damage (CD) has occurred and resulted into a certain plant
damage state (PDS). The CDF is the relevant L1 PSA risk measure.
The CDF is calculated as a sum of the frequencies of all the accidents
sequences that result into a core damage.

The next portion of the scenarios is modelled by a “containment
event tree” which models the containment systems and responses
to containment failures. This tree follows the progress of the sce-
narios through the containment from the plant damage state to the
occurrence or non-occurrence of a release of radioactivity to the
environment. Thus, the entry states to the containment event tree
are the plant damage states; i.e., the exit states from the plant event
tree. LERF is defined as the frequency of those accidents leading to
rapid, unmitigated release of airborne fission products from the
containment to the environment occurring before the effective
implementation of offsite emergency response and protective ac-
tions such that there is the potential for early health effects. Such
accidents generally include unscrubbed releases associated with
early containment failure shortly after vessel breach, containment
bypass events, and loss of containment isolation.

By simple assignment of a scalar parameter (e.g. "SENHRA",
"SENHR3") to the basic event (BE) calculation module where the OA
failure probabilities are being calculated, one can alter all the
wanted HEPs and hence, perform a sensitivity study. In that sense,
the SENHRA parameter is part of the data module of the applied
KKG PSA model. All the HEP related to all the dynamic OAs as well
as AMAs within the KKG model are multiplied by the SENHRA
parameter. In this way, one can conduct systematic sensitivity an-
alyses by simply altering the value of the SENHRA parameter.
Within the nominal model, i.e. within the base case, value of 1.0 is
assigned to SENHRA. SENHRA is a simple point-estimate parameter.
All human actions within the KKG PSA model are modelled and
conceptualized in such a way so that the uncertainty distributions
to their corresponding human error probabilities are being multi-
plied by the SENHRA parameter. This is the actual idea of the
SENHRA parameter - sensitivity HRA analysis.

Further on, the SENHRA3 parameter is assigned to the HEP values
related only to the dynamic OAs in addition to the already assigned
SENHRA parameter. In such a way, one can perform HRA sensitivity
analysis only to the OA group, without altering the AMA group.

Two main cases within the sensitivity study are analysed:
i. altering the HEP values of all the dynamic OAs as well as all the
AMAs together (via altering the parameter "SENHRA");

ii. altering the HEP values of the dynamic OAs only, while leaving
the AMAs with their nominal HEP values (via altering the
parameter "SENHR3").

Fig. 1presents the first of the above-mentioned cases e altering
the HEP values of both the dynamic OAs as well as the AMAs
defined within chapter 2.1.

The effects of this sensitivity case show that the potential
"worsening" of the HEP values would have much higher conse-
quences on the CDF and LERF in terms of risk increase than the
"improvement" of the HEP values might have on reducing this risk.

In other words, by increasing the HEP values by a factor of 10,
the CDF increases by factor 3 and the LERF by 80%. By worsening, i.e.
increasing the HEP values by a factor of 100, the CDF increases by
factor 50 and the LERF by factor 20.

On the other side, by improving the HEP values by a factor of 10,
the CDF reduces by merely 7.5% and the LERF by 7%.

By improving the HEP values by a factor of 100, the CDF reduces
by merely 8% and the LERF by 7.6%.

Fig. 2presents the second of the above-mentioned cases e

altering the HEP values of the dynamic OAs only, while leaving the
AMAs with their nominal HEP values (via altering the parameter
SENHR3).

The effects of this sensitivity case are qualitatively the same as
the ones for the first sensitivity case. Namely, they show that the
potential "worsening" of the HEP values would have much higher
consequences on the CDF and LERF in terms of risk increase than
the "improvement" of the HEP values might have on risk
reduction.

In addition to this, however, one can also see that if the two
cases are compared on quantitative basis as well, they are relatively
close to each other. This is especially true in the case of LERF (Fig. 4).

Figs. 3 and 4 address this comparison as separate presentation.
Fig. 3 presents the calculated CDF for both the above-mentioned
cases. Fig. 4 presents the calculated LERF for both the above-
mentioned cases.

In order to inspect the influence of the AMAs solely, a third case
is established:

iii. altering the HEP values of the AMAs only, while leaving the
dynamic OAs with their nominal HEP values (via altering the
parameter " SENHR1");

Fig. 5 presents this third case e altering the HEP values of the
AMAs only, while leaving the dynamic OAs with their nominal HEP
values (via altering the parameter SENHR1).

By worsening the HEP values by a factor of 100, the CDF in-
creases only by factor 2.5 and the LERF only by ca. 25%. By
improving the HEP values by a factor of 100, the CDF and LERF
reduce by ca. 6e7%. Thus, it is clear that the effect of the AMAs, seen
in general as a group of personnel actions, is less than the one of the
dynamic OAs presented in case ii.

When comparing Fig. 2 with Fig. 5, it can be concluded that the
changes in the plant risk (CDF, LERF) due to altering (increasing) the
HEP values are predominantly governed by the changes affecting
the dynamic OAs solely when compared to the case where solely
the AMA HEP values are being altered (increased).

Clearly, the above stated is a general conclusion in a sense of
comparing the personnel action groups (dynamic OAs vs. AMAs)
with each other. There are, of course, AMAs whose risk
achievement worth (RAW) is higher than the RAW of some dy-
namic OAs.



Fig. 1. Sensitivity of the CDF/LERF as a function of the parameter SENHRA.

Fig. 2. Sensitivity of the CDF/LERF as a function of the parameter SENHR3.

Fig. 3. Comparison of the CDF between the two cases: CDF (SENHRA) vs. CDF (SENHR3).
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Fig. 4. Comparison of the LERF between the two cases: LERF (SENHRA) vs. LERF (SENHR3).

Fig. 5. Sensitivity of the CDF/LERF as a function of the parameter SENHR1.
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4. Discussion and conclusions

Probabilistic studies of risks show that the human factor can
considerably contribute to overall risk. The potential for and
mechanisms of human error to affect plant risk and safety is eval-
uated by the human reliability analysis. The HRA has quantitative
and qualitative aspects, aimed at designing operator interfaces that
will minimise operator error and provide for error detection and
recovery capability. The objectives of HRA therefore, are to assure
that potential effects on plant safety and reliability are analysed and
that human actions that are important to plant risk are identified so
that they can be addressed in both PSA and plant design.

The presented paper summarizes a HRA sensitivity study per-
formed on a real NPPespecific PSA model. This sensitivity analysis
is performed in order to investigate the role of the HEPs of two
groups of OAs to the overall spectrum of plant risk.

Type C or post-initiator OAs are in the focus of the study. These
type C post-initiator human actions are being divided in two gen-
eral groups: the immediate, dynamic OAs as a post-initiator acci-
dent OAs and the accident management actions - AMAs. Each of the
considered OAs is modelled as a separate TE within the KKG PSA
model. Each of these TEs are represented via multiple SFs, model-
ling different variants of the corresponding OAs under different
boundary conditions.

The paper presents a HRA sensitivity study of the values of the
L1 and L2 risk measures, CDF and LERF respectively, as a function of
the altering values of the HEP for the dynamic OAs and the AMAs.

Three cases were analysed:

i. altering the HEP values of all the dynamic OAs as well as all
the AMAs together (via altering the parameter SENHRA);

ii. altering the HEP values of the dynamic OAs only, while
leaving the AMAs with their nominal HEP values (via altering
the parameter SENHR3);

iii. altering the HEP values of the AMAs only, while leaving the
dynamic OAs with their nominal HEP values (via altering the
parameter SENHR1).

The effects of the first sensitivity case i. show that the potential
"worsening" of the HEP values would have much higher conse-
quences on the CDF and LERF in terms of risk increase than the
"improvement" of the HEP values might have on reducing the risk.
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In other words, by worsening the HEP values by a factor of 10, the
CDF increases by factor 3 and the LERF by 80%. By worsening the
HEP values by a factor of 100, the CDF increases by factor 50 and the
LERF by factor 20. On the other side, by improving the HEP values
by a factor of 10, the CDF reduces bymerely 7.5% and the LERF by 7%.
By improving the HEP values by a factor of 100, the CDF reduces by
merely 8% and the LERF by 7.6%.

The effects of the second sensitivity case ii. are qualitatively the
same as the ones for the first sensitivity case. In addition to this,
however, one can also see that if the first and the second case are
compared on quantitative basis as well, they are relatively close to
each other. This is especially true in the case of LERF.

In order to inspect the influence of the AMAs solely, the third
sensitivity case is run. By increasing, i.e. worsening the HEP values
by a factor of 100, the CDF increases only by factor 2.5 and the LERF
only by ca. 25%. By improving the HEP values by a factor of 100, the
CDF and LERF reduce by ca. 6e7%. Thus, it is clear that the effect of
the AMAs, seen in general as a group of personnel actions, is less
than the one of the dynamic OAs presented in case ii.

The usability of the herein performed HRA sensitivity analysis is
summarized through the conclusions derived below in text. The
interplay of the two identified type C human action groups (dy-
namic OAs and AMAs) and their significance and contribution to
plant risk is discussed.

From the results of the sensitivity study can be concluded that
the changes in the plant risk (CDF, LERF) due to altering the HEP
values are predominantly governed by the changes affecting the
dynamic OAs when compared to the case where solely the AMA
HEP values are altered. This coincides with the comparison of the
RAW factors of the dynamic OAs vis-�a-vis the ones for the AMAs. In
general, the former group have higher RAW values than the latter.

Of course, the above stated is a general conclusion in a sense of
comparing the personnel action groups (dynamic OAs vs. AMAs)
with each other. There are, however, AMAs whose RAW is higher
than the RAW of some dynamic OAs. Additionally, the effects of
both the groups on the plant risk are not additive. Still and as
already stated, the plant risk is much more sensitive to the increase
of the HEP values of the dynamic OAs considered alone than to the
increase of the HEP values of the AMAs considered alone.

In general, the obtained results from the sensitivity analysis are
expected and in accordance with the presented RRW and RAW
values for the dynamic and AMAs OAs, i.e. the low RRW values for
both the dynamic and AMAOAs as well as the overall low RAWand
RRW values for the AMA OAs. The sensitivity analysis is important,
useful and interesting since it shows the gradual change and the
cumulative effects of the modelled HRA on the assessed plant risk.

Therefore, the general conclusion is that the focus, in case of
future investments/efforts, should be put on maintaining the
boundary conditions for diagnosis and execution of the general
group of all the personnel type C actions on such a level so that the
current reliability of their performance would not be endangered.
In other words, it would be more efficient and effective if those
future investments/efforts were made in the direction of main-
taining the current HEP values and ergonomics, i.e. not letting them
get worse by investing into assuring the lowHEP values rather than
focusing the investments and efforts into further lowering the
current HEP values, which are anyhowalready quite low. Further on
and more specifically, when already delineating between the dy-
namic OAs on one side and the AMAs on the other, the focus should
be set foremost to maintaining the HEP values of the dynamic OAs
group, since their deteriorating effect on CDF, LERF can be much
higher than the one of the AMAs.
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