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This paper presents an assessment of the dependence between dynamic operator actions modeled in a
Nuclear Power Plant (NPP) PRA and estimate the associated impact on Core damage frequency (CDF).
This assessment was done improve HEP dependencies implementation inside existing PRA.
All of the dynamic operator actions modeled in the NPP PRA are included in this assessment.

Determining the "level" of HEP dependence and the associated influence on CDF are the major steps of
this assessment. A decision on how to apply the results, i.e., should permanent HEP model changes be
made, is based on the resulting relative CDF increase. Some CDF increase was selected as a threshold
based on the NPP base CDF value and acceptance guidelines from the Regulatory Guide 1.174. HEP
dependence resulting in a CDF increase of > 5E-07 would be considered potential candidates for specific
incorporation into the baseline model.

The approach used to judge the level of dependence between operator actions is based on dependency
level categories and conditional probabilities developed in the "Handbook of Human Reliability Analysis
with Emphasis on Nuclear Power Plant Applications" NUREG/CR-1278. To simplify the process,
NUREG/CR-1278 identifies five levels of dependence: ZD (zero dependence), LD (low dependence), MD
(moderate dependence), HD (high dependence), and CD (complete dependence). NUREG/CR-1278 also
identifies several qualitative factors that could be involved in determining the level of dependence. Based
on the NUREG/CR-1278 information, Time, Function, and Spatial attributes were judged to be the most
important considerations when determining the level of dependence between operator actions within an
accident sequence.

These attributes were used to develop qualitative criteria (rules) that were used to judge the level of
dependence (CD, HD, MD, LD, ZD) between the operator actions. After the level of dependence between
the various HEPs is judged, quantitative values associated with the level of dependence is assigned and
used in a quantitative sensitivity assessment.

Based on the systematic framework for analysis of human action dependency from this report it can be
concluded that many HEPs are already modeled as complete dependence (CD) in the current PRA model.
Likewise, many of the HEPs were judged to have zero influence (zero dependency) on other HEPs in the
same sequence. Only a few HEPs were judged to have some level of dependence other than zero or
complete that was not already captured in the NPP PRA model. These HEPs were candidates for
quantitative assessment to determine the impact on CDF using the postulated threshold.
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The quantitative impact on CDF from the newly identified dependent HEPs was evaluated in several
iterations because of the NPP PRA model structure.

The final dependent HEP impact on CDF was quantified by assessing only the contribution of the
sequences containing the dependent HEPs where the top event, which contains the influencing HEP, is
also failed. This was performed by comparing the top events sequences from the base case NPP PRA
model to a model with top events containing the dependent HEP values. The dependent HEP-relevant
sequences were selected from a list of more then 10,000 base case sequences. There were total of 50
dependent HEP related sequences captured in all of the 10,000 sequences. Based on the assessment of
the HEPs, the increase in CDF as a result of the human actions dependence is very small. The total CDF
with the human action dependence is also relatively small.
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