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From: Bensi, Michelle
Sent: Tuesday, November 12, 2013 4:21 PM
To: Miller, Ed; Kuntz, Robert
Cc: Cook, Christopher
Subject: Staff comments on NEI's example of a manual action eval under a scenario-based evaluation

Ed/Rob,

Attached are the staff comments on NEI's example of a manual action evaluation performed as part of
a scenario-based evaluation. Please pass these on in support of the public meeting on Thursday.

Thanks,
Shelby
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7 Human Reliability Assessment 


------------------------------------------- Preparer’s Note ------------------------------------------------------------------------- 


The intent of this section is to provide selected examples of the human reliability assessment (HRA) of those 
actions and groups of actions identified in Section 6.  Section 7.4 of this example includes detailed 
evaluations for 3 identified flood specific actions: PF-001, PF-002 and XF-001.  In addition, a representative 
treatment of a typical emergency response action will also be included: PF-003.  All other actions will not be 
evaluated in this example; however, the licensee would be expected to evaluate all flood specific actions in 
detail. 


The focus of the HRA assessment for the scenario example is to evaluate human actions unique to mitigation 
of an external flood.  Therefore, standard operator actions included in the traditional emergency response 
procedure (such as PF-003) need only be assessed to address their impact on the timeline, and assure that 
the action is not “informed” by the external factors surrounding the event.   Plant experience in performing 
those actions successfully in the past may be used to confirm that the actions may be completed in the 
desired time window.  As discussed in the ISG, standard proceduralized actions associated with performing 
an emergency cooldown/shutdown are considered highly reliable and regulated under separate plant 
processes.  The actions should be reviewed with respect to timing, access and other pertinent flood 
conditions, but the reliability of normally performed actions need not be further evaluated.  Flood specific 
actions would require additional scrutiny and actions should be validated separately.  


  


Comment [NRCstaff2]: High-level 
observations: 
Staff believe NEI has done a good job developing 
this example and, in many ways, it “hits the spot” 
with respect to approach level of detail.  One area 
that the staff would like discuss with NEI is the 
timing analysis, particularly with respect to the 
incorporation of uncertainty into the evaluation. 
 
Comments provided in the margins are roughly 
grouped into the following “types” of comments: 


Editorial comments: These comments generally 
provide editorial suggestions for improving 
consistency and clarity of the text (e.g., typos, , 
consistency issues).  


Suggestions: These comments reflect areas 
where staff believes the example can be 
improved using the provided suggestions. The 
suggestions are intended to improve clarity and 
reduce the need for RAIs if utilities utilize the 
format of the document. These suggestions 
should be implemented at NEI’s discretion 
(though staff will be interested in understanding 
which suggestions that are implemented or not). 


Clarification needed: This designation is used to 
indicate when clarification is needed in the 
document on a specific topic or to draw attention 
to questions staff had when reviewing the 
document. 


Request: This designation is used to indicate 
that the staff would like to see a change made. 


Each “type” of comment is associated with a 
different color “comment bubble.” 


Comment [suggest3]: Suggestion: Section 1.3 
of the IA ISG describes the scope of the IA, including 
a discussion of modes that should be considered. It 
is suggested that a preparer’s note be added to this 
example (probably early in the document, rather 
than in the manual action evaluation) to tell the 
user what will be addressed in this example vs. what 
would need to be addressed within an actual 
submittal. 
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The goal of the HRA is to demonstrate that actions credited in the scenario success path progression are both 
feasible and reliable.  In NUREG 1852 NRC notes that feasibility can be demonstrated by exercises that show 
that actions can be completed in the available time. For an action to be reliable, the utility should provide 
evidence that anthat adequate time margin exists so that uncertainties in performing the actions (both 
random and not-random) will not interfere with the completion of a successful action. To supplement these 
demonstrations, JLD-ISG-12-05 requires specific performance shaping factors be assessed  to confirm that 
issues associated with the event, procedures or related items will not alter conclusions derived from the 
utility demonstrations.   The reliability of an action is tied to the time margin available for completing the 
action.  In general, JDL-ISG-12-05 identifies a margin of a factor of 2 in the time to complete an action as 
adequate margin; however, external events HRA may have site or action specific conditions that would lead 
to the conclusion that an action is reliable with a different time margin. The factor of 2 is indirectly based on 
human action assessment guidance contained in NEI-00-01, “ Guidance for Post-Fire Safe Shutdown 
Analysis”, which notes that “a factor of up to 2 increase is desirable between the estimated time and the 
available time in order to provide adequate comfort that the actions can easily be performed in the available 
time”.  In many instances, for example actions that are well proceduralized, frequently trained upon and/or 
have occurred in practice, or are longer duration actions, adequate time may exist with available margins 
under a factor of 2. However, justification should be given for a reliability conclusion that deviates from the 
factor of 2 time margin.  The overall conclusion from this evaluation should demonstrate that the mitigation 
actions stipulated can be accomplished (are feasible) and have adequate margin to account for unforeseen 
circumstances or recovery from error (are reliable).   


PRA typically focuses on actions of agents within a single organization (the utility) performing proceduralized 
actions for which the agent is trained.  In complex scenarios such as the one described in this example, in 
addition to traditional operator actions (e.g. to prepare a system for operation) actions may involve utility 
management, staff from state or federal agencies, dam officials and their site staff.  In assigning time frames 
to those actions it is reasonable to assume that the generic process for HRA remains valid, but timings should 
be assigned considering issues with inter-agency communication, contractual agreements in place, and plant 
administrative controls and action plans.  


While the HRA process is common to PRA, there are unique aspects of the external flood event that challenge 
traditional treatment.  Actions defined in PRAs typically refer to the effectiveness in operators performing 
their tasks.  Therefore, it is important that the overall environment in which the sequence is to be established 
be evaluated.  Consideration should be paid to evacuation plans from surrounding areas, site access and 
employee related issues that may compromise their ability to perform the actions as these conditions relate 
directly to the flood event.  If no significant challenge to the surrounding area is expected, it should be stated 
in the evaluation of performance shaping factors. 


If staffing and resource requirements result in the need for exemptions from provisions of 10CFR50.26, 
“Fitness for Duty”, these exemptions should be identified along with explanation regarding the process and 
timing for the exemption request.   


Note that in developing the human action assessments, actions, identifiers and details of the  staffing 
assessments and staff availability should be consistent with resource mapping identified in Section 5.  


------------------------------------------------------------------------------------------------------------------------------------------ 


  


Comment [request4]: Request: This text does 
not accurately reflect the basis for the manual 
action evaluation. Appendix C of the ISG was 
developed based on NRC experience with many 
areas of HRA/HF evaluations, as reflected by the 
diversity of references included in the Appendix. 
Please revise this text. 


Comment [request5]: Request: Please clarify 
text to more accurately characterize what the IA ISG 
specifies with respect to margin: 
“One acceptable method for assessing the adequacy 
of the time margin is to establish that the time 
margin is equal to or greater than the maximum 
recovery time for any single credible human error. 
Event trees may be used to identify potential errors, 
error detection methods, and error recovery paths 
for the purpose of determining the adequacy of the 
margin. A simplified alternative criterion for 
determining if the margin is adequate to deem an 
action as reliable is to establish that the margin is 
not less than 100%. Such a margin may be justified 
when recovery from an error in performing the 
action could be accomplished by restarting the task 
from the beginning. The basis for the specific time 
margin used in the analysis should be justified and 
documented.” 


Comment [request6]: Request: The document 
referenced here was not a basis for the 
development of Appendix C. Please delete reference 
to it as the basis for the margin description 
contained in the IA ISG. 


Comment [request7]: Request: Please note 
that the ISG does not require a factor of two margin, 
but rather it allows a factor of two to be used as a 
“simplified alternative” to more detailed 
justifications of the acceptability of margin. The 
basis for this alternative criterion margin is that 
“recovery from an error in performing the action 
could be accomplished by restarting the task from 
the beginning” (i.e., there’s no additional time 
penalty associated with having to restart an action). 


Comment [editorial8]: Editorial: Is this meant 
to reference HRA? 


Comment [request9]: Request: change to 10 
CFR 26 (subpart i). 
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7.1 Introduction 


This section describes the Human Reliability Analysis (HRA) performed to support this integrated assessment 


(IA).  The primary intent of this section is to evaluate the constituent actions comprising the flood mitigation 


strategy identified in Section 6.  Each action included in the strategy will be evaluated, as appropriate, in 


accordance with the guidance provided in JLD-ISG-12-05 Appendix C.   Actions will consider the specifics of 


the elements in each action, as well as, the interfaces with other actions taken by the individual. Action 


dependency will be evaluated with respect to the predecessor or successor.  The ability to perform the 


various actions, alone or in concert, was reviewed considering staffing availability and competing activities. 


The HRA will include the following discussion in the next few sections:   


7.2. Identification and summary of all administrative and operator actions (OA) 


7.3. Description of methodologies used in the analysis 


7.4. Evaluations for Each Human Action 


a. Description of the Action 


b. Event timeline 


c. Feasibility Assessment  


i. Performance Shaping Factors (PSFs) 


ii. Environmental Conditions 


iii. Action Timing 


d. Reliability Assessment 


i. Margin Assessment 


ii. Specific Considerations 


e. Manpower Assessment 


f. Conclusion 


Section 7.2 will include the identification of all critical actions for success.  A summary of the results of the 


evaluation will be included for easy reference.  Section 7.3 will discuss the methodologies used to perform 


the detailed evaluations in Section 7.4. 
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7.2 Summary of Administrative and Operator Actions Conclusions 


As discussed in the previous sections, the site cannot protect normally installed plant safety equipment 


during a flooding event.  Mitigation of the flood effects will be the primary goal of the operators throughout 


the scenario progression.  The site will receive warning that the upstream dam has failed and begin taking 


mitigation actions accordingly.  Once preparatory steps have been taken, the station personnel will await 


flood waters to inundate the site.  Upon overtopping of the flood barriers, the SFMS will be started and used 


to maintain key safety functions (KSFs) for the entire flood event duration. 


The overall conclusion of the HRA was that all actions comprising the flood mitigating strategy were both 


feasible and reliable.  The PSFs for all actions were concluded nominal.  The procedures are well written and 


operators are trained on a routine basis to mitigate the effects of the scenario.  Operators were interviewed 


to determine the overall awareness and confidence in the strategy.  Timing analysis indicated that all the 


actions are reliable based on the time margin calculated.  It was determined that twice the amount of time 


is available to perform the actions as is required.  Adequate manpower is available at the site for the entire 


flood event duration.  The actions were evaluated using the guidance in JLD-ISG-2012-05 and detailed 


evaluations can be found in Section 7.4.   


  


Comment [clarify10]: Clarification needed: Is it 
the intention that the SFMS would not be started 
until water is flowing over the tops of the barriers? 
Or, would it be started prior to the waters 
overtopping the barriers? 


Comment [suggest11]: Suggestion: The ISG 
permits some actions to be credited (with sufficient 
justification) when a PSF is not categorized as 
nominal (see section C.3 of IA ISG). Consider 
whether it would be useful to the user to include a 
PSF that is not categorized as nominal as part of this 
example to demonstrate (1) how to justify and 
document that the action can be performed despite 
the presence of a degraded PSF, and (2) account for 
the impact of the degraded PSF. 


Comment [suggest12]: Suggestion: Here, and 
throughout the document, consider replacing 
subjective adjectives such as this with more 
meaningful descriptors of quality. For example, 
replace text describing a procedure as “well-
written” (or “well-proceduralized” or “well trained”) 
with text such as: references to a standard that a 
procedure meets; a statement that a procedure is 
written in accordance with site procedures for 
writing procedures; or a description of simulation 
de-briefings that demonstrate personnel were able 
to understand and implement the procedure.  
Also, consider adding text to indicate that 
procedures are maintained current (up to date). 
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Table 7-1 


Summary of Operator Actions Evaluated in Dam Breach Scenario 


ID Task Names Feasible Reliable 


PF-001 Dam Operator informs Station Personnel of Breach X X 


PF-002 Operators Confirm River Rise X X 


PF-003 Operators execute emergency shutdown procedure X X 


PF-004 Command and control transferred to Site Director X X 


PF-005 Staffing levels determined and work planned X X 


XF-001 Test SFMS DG-FL-1/2 X X 


XF-002 Test SFMS Well Pumps P-1/2 X X 


XF-003 Stage and align portable pump for RCS make up X X 


XF-004 Operators Open ADVs and confirm availability X X 


XF-005 Jack open ADVs to prevent re-closure X X 


XF-006 Open MSSVs and prevent re-closure X X 


XF-007 Fully Staff SFMS Facility X X 


XF-008 Remove power to equipment below max WSE X X 


XF-009 Open manual valves to align SFMS pumps X X 


XF-010 Start SFMS DG-FL-1/2 X X 


XF-011 Start SFMS well pumps X X 


XF-012 Start portable pump for RCS make up X X 


XF-013 RCS heats up to restore SG heat removal X X 


XF-014 Operators maintain SG level, pressure & temp X X 


XF-015 Operators refuel SFMS DGs X X 


XF-015 Restaff + change shifts X X 


XF-016 Regional Response Center Available X X 


XF-017 Initiate post-flood recovery plan X X 
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7.3 Methodology 


This Integrated Assessment does not include a standard “detailed” HRA quantification as part of the 


analysis; rather, JLD-ISG-2012-05 prescribes an evaluation process that considers performance shaping 


factors and timing details to determine the feasibility of the mitigating human actions.  For those actions 


that are determined to be feasible, proof of additional timing margin can be used to justify the classification 


of the action as “reliable”. 


The approach taken in this HRA was to evaluate all of the actions identified for the external flooding 


scenarios and to classify them as one of the following: 


 Infeasible6 


 Feasible 


 Reliable 


The goal of the Integrated Assessment is to show that this scenario has a reliable means of mitigating 


external flooding events. 


7.3.1 Event Timeline 


A representative timeline for the scenario under consideration is presented in Table 5-1.   Figure 6-1 


illustrates the scenario success path consistent with that timeline.  In that figure all human actions critical to 


a successful external flood mitigation are shown and grouped into three categories: initial pre-flood actions 


(actions PF-001 through PF-005), mitigation system deployment and implementation (actions XF-001to XF-


008), operation during flood (actions XF-009 to XF-015), long term response (actions subsumed under XF-


016) and flood recovery (actions subsumed under XF-017).  These actions will be evaluated in detail, using 


the guidance provided in Appendix C of JLD-ISG-2012-05, and justification for the any conclusions will be 


documented. A summary of actions considered in this assessment is provided in Table 7-1. Each of these 


actions have detailed HRA evaluations presented in Section 7-4.  The action IDs used here are consistent 


with the IDs used in previous sections.  In performing the Section 7.4 assessment, each action has a short 


description, followed by the evaluation conclusions.   


7.3.2 Related Environmental Factors 


In executing outside actions, weather conditions are consistent with assumptions made in the flood hazard 


re-evaluation report.  All actions taken inside buildings have been assessed to not be affected by external 


conditions. Weather conditions associated with this scenario are judged to not have a significant potential 


for causing an early loss of off-site power. 


7.3.3 External Interfaces 


Successful preparation for and mitigation of dam failure events requires well defined interfaces with dam 


owners and various governmental agencies.   In anticipation of such an event, agreements have been 


previously executed between the USACE and the Utility such that the USACE will monitor dam hydrologic 


                                                        
6
 Any actions that may have initially been assessed as infeasible, as demonstrated by site exercises, were re-developed, 


and appropriately modified to ensure their feasibility and reliability. Such changes included modifying strategies, 
expanding crew size, clarifying cures, adding parallel activities and defining multiple teams, etc..    


Comment [editorial13]: Editorial: This 
paragraph is not clear/complete with respect to the 
differences between the different “options” for 
evaluation of mitigation capability. For example, a 
margins-type evaluation or PRA would include 
detailed HRA quantification. 


Comment [suggest14]: Suggestion: Provide 
justification (or include a (fictional) reference 
containing justification) to support this judgment. 
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and physical conditions on a continuous basis and inform the utility of potential challenges to dam integrity 


and the advent of any event.   


7.3.4 Governing Procedures 


Response to the event is governed by inter-agency agreements, plant administrative procedures, and site 


emergency plans.   Table 7-2 includes the procedures considered in this HRA.  These procedures were 


reviewed and utilized in determining the most likely course of action the site will take during this scenario.  


The timing analysis, PSFs and manpower estimates are all based on the information contained within these 


procedures.  


TABLE 7-2 
PROCEDURES USED OR REFERENCED IN THE DAM BREACH SCENARIO 


PROCEDURE 
REFERENCE 


REVISION TITLE 


Agreement XXXX 1 USACE – NPP Dam Monitoring and Notification Agreement 


AOP-XXX YY Abnormal Operating Procedure – Upstream Dam Failure 


Agreement ZZZZ 1 RRC – NPP Agreement to Provide Resources Post-Disaster or 
Accident 


PFRP-XXXX YY Post-Flood Recovery Plan 


 


7.3.5   Timing Analysis 


 


In the following sections the human actions identified above will be evaluated.  As discussed previously, the 


purpose of the evaluation is to demonstrate that individually and in aggregate the human actions associated 


with included in the scenario success path are feasible and reliable.  Feasibility is established based on a 


review of  timing analyses, procedures and training, staffing and availability of tools/components necessary 


to complete the task.  One pragmatic way of demonstrating feasibility may include use of plant simulations.  


However, simulations must be judged with respect to the differences in environments between that of the 


simulation and that of the predicted event.  Reliability is demonstrated via use of action time lines such as 


that in Figure 7-1, and confirmation that the available time window for performing an action is substantially 


below what it takes to become alert to the need to perform and execute the action. 


  


Comment [editorial15]: Editorial: This 
sentence is confusing. 
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Figure 7-1  Human Reliability Evaluation Timeline 
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The significant times important in HRA assessment are: 


TSW  = System time window:  This is the time available for which the action may be performed without 


causing failure. 


Tdelay  = Delay time: The time when the cue or requirement for the human interaction occurs (Time  at 


which operator is aware of a cue.).   


T1/2 = Median response time. 


TM= Manipulation time: Required for performing the action, given successful cognition. 


TW = Time available for cognition = (TSW - Tdelay) - TM.  


 


In the following discussion, the time required to complete the action, Treq, is the sum of Tdelay, T1/2 and  TM. 


That is, Treq= Tdelay + T1/2  +  TM . 


The Safety Margin Factor (SMF) for this assessment is then defined  defined as SMF= 
   


    
. 


Comment [request16]: Request: Staff would 
like to discuss the timing analysis with NEI during a 
public meeting. Several of the issues staff would like 
to discuss include: 


NEI’s decision to use different terms and 
variables to describe timing elements 
oNEI’s decision to define Treq different than 
was done in the ISG  


The example uses: Treq=Tdelay+T1/2+TM 
The ISG uses: Treq=Tcog + Texe 


oThe decision to define margin differently 
oThe decision to use the terms “response 
time” (rather than cognition time) and 
“manipulation time” (rather than execution 
time). 


The specification of Tm=median response time 
and its use for determining feasibility in the 
context of a (intentionally conservative) scenario-
based evaluation. 
o The ISG specifies that “For an action to be 
feasible, the time available must be greater 
than the time required when using bounding 
values that account for estimation uncertainty 
and human performance variability.”    
oIt is noted that, in several places in the 
document, the text indicates use of a 
“bounding estimate” (e.g., section 7.4.2.1 
includes the text “The timings identified in 
Section 7.4.2.2 reflect the bounding time 
experienced for the various crews.”) rather 
than median values 
oNote: Section C.3.2.3 of the IA ISG discusses 
uncertainty assessment and notes the balance 
between uncertainty and realism: “A tradeoff 
exists between the extent to which the 
feasibility assessment is realistic and the 
amount of uncertainty to be accounted for in 
the estimate of time required to perform an 
action.” Additional discussion is provided in 
the section of situations when uncertainty can 
be decreased by realistic demonstrations and 
use of a larger number of simulations. 
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7.4 Evaluation of Human Actions 


This section provides a detailed assessment of human actions involved in implementing the flood mitigation 


strategy for the scenario.  The HRA assessment is intended to demonstrate that the actions involved in the 


flood mitigation strategy are feasible and reliable.  Feasibility is assessed by integrating timing assessments 


of the human actions, available time windows, task complexity, adequacy of procedures and training, and 


considerations regarding obstacles to performing the task imposed by environmental and psychological 


conditions through assignment of performance shaping factors (PSFs).  In this assessment PSFs are 


qualitatively binned into one of three categories: Nominal, Moderate, or Degraded.  For the scenario based 


approach adopted in this evaluation, feasible actions are those in which the assessment identifies PSFs, with 


few exceptions, as Nominal.  


Reliable actions are those which are feasible and have time margin to accomplish the task.  For the purposes 


of the IA, reliable actions should have a time window for successful action completion at least twice that 


necessary to complete the action as measured from the initial cue. 


In evaluating each human action the assessment includes the following: 


 Description of the Action  


 Human Event Timeline Associated with the Action 


 Performance Shaping Factor Assessment 


 Resource Assessment  


 Conclusion 


Note in the following evaluations, some related actions are grouped for convenience and clarity. 


  


Comment [NRCstaff17]: Observation: The 
grouping/discretization of the manual actions 
appears to be reasonable.  
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7.4.1 PF-001:  Dam Owner Informs Station Personnel of Dam Breach 


7.4.1.1 Description of Action 


This action marks the onset of the scenario information to be provided to the site and represents the action 


by the dam owner to effectively monitor the dam condition. The USACE will be aware of potential threats to 


the integrity of the dam, diagnose incipient dam failure, assign appropriate personnel to monitor dam 


condition and initiation of breach. The dam owner maintains a continuously staffed facility at the dam.  


Reliability of dam owner staff identifying onset of significant dam breach and notifying the utility of the 


failure is very high. 


While sunny day dam failures may have no clear incipient cause, these failures are preceded by failure signs 


that may be monitored over time.  In this facility dam condition is monitored via stress gauges, reservoir 


level and visual inspection by onsite staff.  Cues for actual dam failure are clear and unambiguous.  Staff is 


located in a protected area with a good view of the dam and should be out of harm’s way during the initial 


breach.   


An agreement has been executed between the USACE and the Utility such that the USACE agrees to monitor 


the dam and provide daily status updates on dam conditions and potential dam challenges.  In the event of a 


an incipient dam breach  the USACE will directly call the plant control room and provided access to river 


flood data and periodic updates of the progression of a flood event. 


USACE procedures are clear and unambiguous.  Responsibility for key actions is well defined, as are the 


USACE and Utility contacts.  Procedures exist to maintain contact information current. 


Action is simple and requires the USACE onsite staff to call the MCR upon detection of dam failure.  Both cell 


and satellite phones are available for use.   Staff is trained on this action and drills are performed 


periodically.  The utility contact information is reviewed periodically to ensure it is current and prominently 


posted in the dam operating facility. No environmental actions (table 7.4.1-1b) are anticipated that would 


impact timely completion of USACE actions. 


7.4.1.2  Human Action Timeline 


Success of this action is that the USACE notifies the MCR within 1.0 hours of the onset of a significant breach 


of the dam.  Should this notification be delayed reservoir level measurements will identify the breach 


immediately following the event, limiting the potential uncertainty in breach notification.   


Data for establishing diagnosis and action completion times have been obtained from table top exercises 


performed on dates XX/XX/2013 , yy/yy/2014 and ZZ/ZZ/2014.   


Using the formalism identified in Section 7.2, the components of the human response assessment are 


summarized in table 7.4.1-1a. 


  


Comment [clarify18]: Clarification needed: It is 
not clear what this means with respect to actual 
reliability. 


Comment [request19]: Request: This is vague 
language. Consider using more specific language 
and providing justification for the conclusion that 
operators will not be affected by the dam failure 
(e.g., staff are located [x], which is not expected to 
be affected by the dam failure because…” 


Comment [NRCstaff20]: Observation: It is not 
clear to staff whether this assumption is realistic 
and consistent with typical emergency planning, 
which is based on EAPs rather than real-time 
monitoring.  However, for purposes of the example, 
this is a reasonable assumption. 


Comment [clarify21]: Clarification needed: 
Note earlier comments about use of subjective 
adjectives versus more specific descriptors. 


Comment [suggest22]: Suggestion: Consider 
providing a placeholder in the text that shows the 
frequency of the drills. (e.g., once every [x] units of 
the time). 


Comment [clarify23]: Clarification needed: 
Here and throughout the evaluation example, the 
discussion of sensors was a bit confusing. For 
example, are there sensors both upstream 
(reservoir) and downstream (tailrace) of the dam? 
Are there also sensors along the river? 
Also, please clarify whether alarms/notifications 
from each sensor are located in the MCR or at the 
dam site. 
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Table 7.4.1-1a 
Response times for Action PF-001 


(All times referenced to dam breach at T=0) 


Time Response Component Time (hr) Basis 


Tdelay 0.083 Strain gauges along dam [base], and high reservoir 


level have placed dam staff on high alert.  Operating 


staff monitors dam on a 24/7 basis. 


T1/2 0.083 The nominal cognitive time is considered to be the 


time from the actuation of the alarm to the point 


where the dam operator decides to confirm that the 


dam has breached.  This is estimated to be 5 minutes, 


as significant dam breach should produce both visual 


and sound effects. 


TM 0.25 Once a dam breach is confirmed, dam owner will take 


actions to notify utility management and will directly 


contact the control room staff. 


TSW 1.0 Anticipated allowable time for action7.   


TW 0.667  


TREQ 0.416 Margin Factor=2.4 


 


Note that the time window for this anticipated action was set at 1.0 hour from breach initiation.  This 


was selected as a reasonable window for the action since delay of the action beyond one hour would 


result in a back-up water level indication in the plant control room.  This alarm is tested annually and 


periodically maintained.  The alarm has never provided false indications and has been known to be 


effective in confirming a high water level condition resulting from preventive large controlled dam 


discharges in the past.  This alarm will initiate the same set of actions at the plant site. 


7.4.1.3 Summary Feasibility Assessment for Action PF-001 


An evaluation of the performance shaping factors for action PSF-001 is presented in table 7.4.1-1b.  All 


PSF components are assessed to be Nominal.   


  


                                                        
7
 This time window is established based on an assessment of the total event and reasonable apportionment of that 


available time window to specific actions.  


Comment [suggest24]: Suggestion: Consider 
putting the number of minutes in parentheses. It is 
less intuitive to interpret times as odd fractional 
qualities of hours and the number of significant 
digits is strange for a manual action timing 
evaluation. 


Comment [suggest25]: Suggestion: If practical, 
consider “tying” the basis for these time estimates 
back to the values shown in Fig 5-1. 
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Table 7.4.1-1b  
Assessment of Reliability and Feasibility of Flood Significant Human Actions  


Action ID: Dam Operator Informs State of Dam Breach (PF-001) 


Action:  Dam Operator informs State Emergency Organization of dam break 


Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   


PSF 
PSF 


Categories 
Applicable 
Category  Justification 


Cues and Indications 


Nominal X Dam operator maintains routine surveillance on the 
dam.  Examination includes visual surveillance and 
review of stress sensors at key locations.  Onset of 
failure is noted by a lowering of reservoir level. 
Routine dam maintenance is performed and dam is 
considered in good condition.  Degraded 


  


Complexity 


Nominal X Notification task is simple action.  Identified USACE 
coordinator has current plant contact information.  
 
Clear instructions are available as to when dam 
conditions warrant that the state be informed.   
 
Agreements include specific actions to contact the 
utility upon notification of a pending or actual dam 
breach or conditions warranted high discharges from 
the dam. Degraded 


  


Special-Equipment 
Nominal X Dam operator may rely on stress sensors for early 


notification action Degraded   


Human-system Interfaces 
Nominal NA 


  Degraded   


Procedures 


Nominal X Procedure XXX spells out surveillance checks, 
conditions requiring dam operator to immediately 
notify state.  Agreements with the state identifyies  
situations when the USACE must notify utility. Degraded 


  


Training and Experience 
Nominal X  Dam operators are trained in emergency operating 


procedure.   Degraded   


Workload, pressure , Stress 


Nominal X 


USACE staffed by trained dedicated staff with 
adequate resources. Not directly impacted by event. 


Moderate 
 


Degraded   


Environmental Factors 


Nominal NA  Dam operator staff can view dam conditions remotely 
from an enclosure safe from potential harm.  No 
significant impact of environmental conditions 
expected.  Cell phones anticipated to be functioning 
during weather conditions associated with the re-
evaluated hazard assessment. 
 
[Adverse weather - Nominal/Degraded]  Nominal. 


Degraded 


  


Comment [suggest26]: Suggestion: Consider 
adding an entry to this table (and other similar) 
tables for “scenario-specific PSFs” (or add a generic 
preparer’s note) so that the user understands that 
other PSFs may be relevant to a given scenario. 


Comment [editorial27]: Editorial: The action 
above is titled “Dam Operator Informs Station 
Personnel of Dam Breach” 
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Table 7.4.1-1b  
Assessment of Reliability and Feasibility of Flood Significant Human Actions  


Action ID: Dam Operator Informs State of Dam Breach (PF-001) 


Action:  Dam Operator informs State Emergency Organization of dam break 


Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   


PSF 
PSF 


Categories 
Applicable 
Category  Justification 


The action is performed in a room in typical conditions. 


[Temperatures - Nominal/Degraded]  Nominal. 


The action is performed in a room in typical conditions. 


[Potentially Hazardous Conditions - Nominal/Degraded]  


Nominal. 


The action is performed in a room in typical conditions. 


[Lack of Lighting - Nominal/Degraded]  Nominal. 


The action is performed in a room in typical conditions. 


[Radiation - Nominal/Degraded]  NA 


Not performed near a source of radiation. 


[Noise - Nominal/Degraded] Nominal. 


Not performed near a source of loud noise.   


[Vibration - Nominal/Degraded]  Nominal. 


No significant vibration impacts in the control room 


Special Fitness Issues 
Nominal X  No unique fitness requirements are needed for this 


activity Degraded   


Staffing 
Nominal X 


 Emergency position continuously manned Degraded   


Communications 
Nominal X Communication program in place between all parties – 


Utility, State and USACE (see utility agreement, 
Reference XX) Degraded 


  


Accessibility 


Nominal X  Accessibility to facility for tracking dam is remote from 
the dam, allows for dam access and visual inspection, 
as necessary and is positioned away from any 
consequences of a dam failure. Degraded 


  


 


Comment [suggest26]: Suggestion: Consider 
adding an entry to this table (and other similar) 
tables for “scenario-specific PSFs” (or add a generic 
preparer’s note) so that the user understands that 
other PSFs may be relevant to a given scenario. 


Comment [editorial27]: Editorial: The action 
above is titled “Dam Operator Informs Station 
Personnel of Dam Breach” 
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7.4.1.4  Reliability Assessment 


Action can be performed with ample margin (see Table 7.4.1-1a).  Action is a routine action for 


the dam operating staff and staff is not directly impacted by the dam breach.   Delay of 


identification of dam breach will reduce available time for plant staff to prepare for and 


mitigate the ensuing flood.  The time delay impact is limited as river flood gauges provide 


abnormal river level indications that are alarmed and may be trended in the control room.  The 


uncertainty impact is treated in the context of the entire dam breach response scenario in 


Section 8.07.4.1.5 Resource Assessment 


USACE has adequate resources to fulfill their commitments.  


7.4.1.6 Conclusion 


Dam Owner/Utility exercises indicate that action PF-001 is feasible and reliable.  Action can be completed 


well within the 1 hour anticipated window, with a time margin in excess of a factor of 2. 


 


7.4.2 PF-002 – Operators Confirm River Rise 


7.4.2.1 Description of Action 


Following a failure of the upstream dam, the plant operators will be notified by the dam owner of an 


impending event.  This cue will require operators to enter the Abnormal Operating Procedure (AOP)-XXX 


(External Flood Mitigation).  Among the many post plant actions initiated by the notification, AOP-XXX will 


require the plant to monitor the progress of the flood so as to better understand the expected level at the 


site and timing of impact.  Several monitoring locations are located upstream of the plant and an abnormal 


rise in river will cause the alarm to go off in the control room.  (This alarm provides a backup cue should 


notification not be received earlier via verbal notification.)  Note that an alternate monitoring path is 


available through the USACE website.  This action includes the operators correctly identifying the high river 


level alarm which will allow the initiation of the correct subsequent actions. 


The initial cue for this action is either direct contact of the MCR by the dam operator or River Upstream Rate 


of Change and High Level Alarm 


The setpoints for the alarms are: 


 River level rate of change exceeds +/- 2.5 feet from the previous hour 


 River water surface elevation (WSE) exceeds 945.00’ 


Notification by the USACE or triggering of an alarm will cause the operators to enter AOP-XXX .  Following 


entry into this procedure, operators will proceed to execute Steps X.X.  Specifically, once the River Level 


Rate of Change /High Level Alarms annunciates, the shift supervisor will confirm the alarm and that USACE 


has notified the site of a dam breach.  If the USACE has not contacted the site, then the site should make 


contact by calling the on duty USACE technician to visually confirm the dam breach.   


Comment [editorial28]: Editorial: text is in 
bold. 


Comment [editorial29]: Editorial: consider 
describing why this action is considered a routine 
action (i.e., it would not be expected that the dam 
operator would “routinely” inform the site of a dam 
breach (which is the action being evaluated), but 
perhaps the dam operator routinely contacts that 
site to communicate various relevant information).   


Comment [clarify30]: Clarification needed: It is 
not clear what this means with respect to evaluation 
of uncertainty. Note comment provided on Fig  7.1.  
The IA ISG (App. C) is set up to evaluate uncertainty 
on an action by action basis. 


Comment [suggest31]: Suggestion: Consider 
describing where the gauges are located upstream 
of the site (e.g., at river miles [x] and [y]). 


Comment [suggest32]: Suggestion: Consider 
describing where the annunciator is located in the 
MCR and whether it is a visual or auditory alarm. 


Comment [suggest33]: Suggestion: Consider 
adding a reference to a (fictional) evaluation that 
would provide the basis for this set point. 


Comment [NRCstaff34]: Observation: It is not 
clear to the staff how the site will be able to contact 
the control room at the dam if the dam was unable 
to contact the site in the first place. However, for 
the purposes of the example, this assumption is OK. 
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Analysis has shown that this alarm will provide operators with an adequate indication that the upstream 


dam has failed and emergency procedures should be entered.  Confirmation with the USACE (dam owner) 


will have occurred and the conclusion of a dam failure should not be ambiguous.  Thus the degree of Clarity 


of Cues & Indications is very good. 


A review of the procedure confirms that the procedure clearly defines the identification of the River Rate of 


Change/High Level alarms and the subsequent action to confirm dam failure with the USACE.   This 


procedure is trained on annually along with all other AOPs.  The step itself is part of a scenario that requires 


operators to identify that the alarm may indicate a dam failure and that confirmation is required. 


Comments on past Industry Experience 


The plant has not had an upstream dam failure event in the past.  A review of industry events for additional 


insights related to this action was not performed given the site specific nature of this action.  Key factors 


that could influence the action are related to the ability of the operator to contact the local technical to 


validate the dam break condition, for the USACE personnel to interpret the nature of the dam failure, and 


then to take the responsibility to declare a dam failure.  Other industry events would likely provide only very 


general insights that would not considerably enhance the understanding of this action. 


Comments on plant and plant/dam owner exercises 


The utility periodically trains on flood scenarios including those related to a dam breach.  Utility specific 


training involves response to control room alarms indicating high water level immediately downstream of 


the dam.  The alarm is associated with a calibrated level.  Normally, the dam owner will inform the utility of 


planned discharges that will cause the alarm in the MCR to actuate.  Drills involve situations where pre-


warning has not occurred.  Given the anomalous alarm, the response of operators to follow the high water 


level alarm procedure is(?)are observed and time responses recorded.  All shifts and multiple crews are 


exposed to this exercise at a frequency in accordance with the plant’s drill program. 


Joint dam owner utility exercises are also conducted. Both exercises will result in the utility staff consulting 


AOP-XX and following well defined procedures.  The timings identified in Section 7.4.2.2 reflect the 


bounding time experienced for the various crews.  This assessment therefore considers crew variability in 


the feasibility assessment.   


7.4.2.2 Time Window 


The anticipated time for the flood to reach plant grade is 24 hours (including consideration of wave run up).  


The 900 ft. level (including margin for wave run up) may be reached as early as 30 hours after the initial dam 


breach.  A peak flood height of 905 ft can potentially be reached 6 hours later.  Thus, operator’s stress for 


the initial actions will not be degraded. 


Furthermore, the initial response to the alarm (or the dam owner call) occurs in a control room that would 


not be physically impacted by the dam break event.  Given that the initiating event is a "sunny day" dam 


break and considerable time is required for water to reach the site, no adverse conditions are expected to 


exist in the control room. 


Comment [editorial35]: Editorial: Add a 
reference to the (fictional) evaluation that would 
have been performed to support this statement. 
(This comment applies globally to places where 
similar statements are made.) 


Comment [clarify36]: Clarification needed: 
This action is “Operators Confirm River Rise,” which 
involves operators getting an external cue (the call 
from the dam operator) and taking action to 
confirm the information. Is there any industry 
experience that would help understand operator 
responses to cues coming from offsite? 


Comment [editorial37]: Editorial: missing 
word here. 


Comment [NRCstaff38]: Observation: these 
statements appear to apply more globally than to 
this specific action (“Operators Confirm River Rise”). 


Comment [suggest39]: Suggestion: Consider 
providing a placeholder in the text that shows it 
would be helpful to provide the actual frequency of 
the drills (e.g., once every [x] units of the time). 
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An assessment of the expected operator action times associated with action PF-002 is presented in Table 


7.4.2-1a.  
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Table 7.4.2-1a 


Response times for Action PF-002 


Time Response Component Time 
(hr) 


Basis 


Tdelay  


0.033 (from 


direct call) 


If called is placed directly to Main Control Room 
(MCR) the cue is immediate.  A two minute action is 
assumed.   


0.50 (from 


initial dam 


breach) 


The dam break would result in River Level Rate of 


Change/High Water level alarms in the tailrace after 


approximately 30 minutes.   


T1/2 0.05 The nominal cognitive time is considered to be the 
time from the actuation of the alarm to the point 
where the MCR decides to confirm that the dam has 
breached.  This is estimated to be 3 minutes (one 
minute to refer to the alarm response plan and 
another two minute to determine the course of 
action). (0.05 hours) 
 


TM 0.5 The execution time for this task is the time required 
for the MCR to recognize the alarm, refer to the 
applicable procedure, and confirm that the USACE 
has declared a failure.  If USACE has not already 
contacted the site, then a call is required to the 
USACE to confirm dam failure.  The time required if 
the USACE has already called is estimated to be 5 
minutes.  As a conservative estimate, this analysis will 
use 30 minutes to allow time to contact USACE and 
confirm dam failure. 
 


TSW 1.5 Anticipated allowable time for action.  Assumes 


combined window for actions PF-001 and PF-002 is 


2.5 hours.  Longer time windows will be acceptable, 


however delays would reduce margin for completing 


other preparatory tasks, and delays in excess of 8 


hours would jeopardize completion of preparatory 


activities in the presence of a dry site. 


TW 0.83-0.97  


Comment [clarify40]: Clarification needed: 
Note earlier comments on Fig 7-1 regarding use of 
median time estimates. Here is would be helpful to 
clarify what is meant by conservative (i.e., does it 
reflect a bounding estimate or is it “conservative” 
because it uses the cue that requires more actions)? 


Comment [clarify41]: Clarification needed: Fig 
7-1 defines: TW = Time available for cognition = (TSW 
- Tdelay) - TM. Using the above expression: Tw = (1.5-
0.5)-0.5 = 0.5 or Tw = (1.5-0.033)-0.5 = 0.97, 
depending on which Tdelay value is used.  
Clarification is needed regarding the numerical 
values in this row. 
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TREQ 0.58-.72 Safety Margin between 2.08 to 2.5  


 


7.4.2.3 Summary Feasibility Assessment for Action PF-002 


An evaluation of the performance shaping factors for action PSF-002 is presented in table 7.4.2-1b.  All PSF 


components are assessed to be Nominal.   


 


Table 7.4.2-2b 
Assessment of Reliability and Feasibility of Flood Significant Human Actions  


Action ID: PF-002 


Action:  Operators confirm river rise 


Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   


PSF 
PSF 


Categories 
Applicable 
Category Justification 


Cues and Indications 


Nominal X The cue for this action is provided by either a call from the 


USACE or an alarm that would actuate on a high water level 


condition downstream of the dam and upstream of the site.  


The alarm would actuate in the MCR where an operator 


would acknowledge the alarm and contact USACE to 


confirm the high tailrace water level condition and to 


evaluate the cause.  It is most likely that the USACE would 


notify the site immediately of a dam failure, however 


procedure AOP-XXX Steps X.X directs operators to contact 


the USACE to confirm the cause of the high level alarm is in 


fact a dam failure.  A conservative assumption was used for 


the purposes of this analysis and assumes that the site does 


not get contacted by the USACE prior to the alarm. 
Degraded 


  


Complexity 


Nominal X This action is straightforward and limited in scope.  On River 


Level Rate of Change/High Level alarm, the MCR operator is 


directed to contact to confirm the validity of the alarm with 


USACE.  Concurrent alarms should include tailrace level rate 


of change alarms, but these would provide confirmation 


that the high level signal is valid and AOP-XXX directs the 


same action for the rate of change alarms.  Making a 


telephone call or a radio call after identifying the high level 


condition is of negligible complexity. 


 Degraded 


  


Special-Equipment 


Nominal X The only equipment required for this action is the control 


board and a phone.  The alarm is fed by multiple river 


monitoring devices that are periodically tested. Significant 


breach events are also expected to be reported by the dam Degraded 


  


Comment [clarify42]: Clarification needed: 
Fig 7-1 define time required as: Treq= Tdelay + T1/2  +  
TM. Using this expression: Treq = 0.5+0.05+0.5 = 
1.05 or Treqd = 0.033+0.05+0.5 = 0.583, depending 
on which value of Tdelay is used. Clarification is 
needed regarding the numerical values in this row. 


Comment [clarify43]: Clarification needed: 
Consistent with the comments on Fig 7-1, please not 
the differences in output between the results when 
using the notation/definitions used in the example 
and those used in the IA ISG: 


  
 


 


Tdelay T1/2 TM


Treq= 


Tdelay + 


T1/2  +  


TM TSW


SMF = 


TSW/Treq


Case 1 0.5 0.05 0.5 1.05 1.5 1.4


Case 2 0.033 0.05 0.5 0.583 1.5 2.6


Notation used in example:


Tcog Texe Tdelay TSW


Tavail = 


TSW-


Tdelay


Reqd = 


Tcog + 


Texe


Margin = 


(Tavail-


Treqd)/Tre


qd


Case 1 0.05 0.5 0.5 1.5 1.0 0.55 0.8


Case 2 0.05 0.5 0.033 1.5 1.5 0.55 1.7


Notation used in ISG:


Comment [clarify44]: Clarification needed: 
Note comments associated with use of the term 
“conservative” under the entry for TM in Table 
7.4.2-1a. 
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Table 7.4.2-2b 
Assessment of Reliability and Feasibility of Flood Significant Human Actions  


Action ID: PF-002 


Action:  Operators confirm river rise 


Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   


PSF 
PSF 


Categories 
Applicable 
Category Justification 


owner /operator and monitored by the USACE. 


Human-system Interfaces 


Nominal NA The instrumentation relevant to this action are simple level 


alarm indicators, which have their set points listed in AOP-


XXX and are easily interpreted.  The indicators would be 


used for the purposes intended and would be checked 


under nominal control room conditions.  The only 


instrument required for the execution portion of this action 


would be the telephone.  The use of these communication 


tools is considered to be highly familiar and of negligible 


difficulty. 
Degraded 


  


Procedures 


Nominal X This action is based on an alarm response procedure.  The 


alarm description is clear, the procedure lists the conditions 


that would actuate the alarm, and provides a description of 


what could cause the alarm (dam failure).  The procedure 


also clearly lists the actions that are required to be taken by 


the MCR.  In addition,  


- The procedure addresses the conditions that would 


exist in a dam break scenario. 


- The procedure has been reviewed and is maintained 


by the utility. 


- The procedure has been communicated with the 


USACE. 


- The procedure is clear and unambiguous. 
Degraded 


  


Training and Experience 


Nominal X Training is performed on an annual basis, as are all AOPs.  


During this training, operators are given that the high level 


or rate of change alarm has sounded then made to continue 


working through the procedure.  This exercise gives the 


operators familiarity with the alarm’s meaning and 


subsequent actions required to confirm its validity.   


 Degraded 


  


Workload, pressure , Stress 


Nominal X For the "sunny day" dam break, the alarm would register, on 


average, at a time when the operators' workload is not at a 


level that challenges their capacity.  For the USACE, there is 


no physical threat, so there is no stress for the operators 


related to their personal well-being.  The current analysis 


Moderate  


Degraded 
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Table 7.4.2-2b 
Assessment of Reliability and Feasibility of Flood Significant Human Actions  


Action ID: PF-002 


Action:  Operators confirm river rise 


Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   


PSF 
PSF 


Categories 
Applicable 
Category Justification 


predicts a relatively long time would be available to allow 


the plant to prepare for the flood water, but even in the 


catastrophic break scenario, there was adequate time for 


the plant to prepare.  In addition, the requirements of the 


procedure/scenario on the MCR operators are simple and 


limited in scope, which would greatly limit the potential for 


stress. 


Environmental Factors 


Nominal X  [Adverse weather - Nominal/Degraded]  Nominal. 


The action is performed in a control room in typical 


conditions. 


[Temperatures - Nominal/Degraded]  Nominal. 


The action is performed in a control room in typical 


conditions. 


[Potentially Hazardous Conditions - Nominal/Degraded]  


Nominal. 


The action is performed in a control room in typical 


conditions. 


[Lack of Lighting - Nominal/Degraded]  Nominal. 


The action is performed in a control room in typical 


conditions. 


[Radiation - Nominal/Degraded]  Nominal. 


Not performed near a source of radiation. 


[Noise - Nominal/Degraded] Nominal. 


Not performed near a source of loud noise.   


[Vibration - Nominal/Degraded]  Nominal. 


No significant vibration impacts in the control room 
 Degraded 


  


Special Fitness Issues 
Nominal X There are no significant physical requirements related to 


observing a control board alarm and making a telephone Degraded   


Comment [suggest45]: Suggestion: Here and 
throughout the manual action evaluation 
suggestion, please make sure it is clear to the reader 
that lists contained in the ISG (e.g., the list of 
potential considerations for environmental factors) 
are not necessarily all-inclusive and other factors 
should be considered, as appropriate. 
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Table 7.4.2-2b 
Assessment of Reliability and Feasibility of Flood Significant Human Actions  


Action ID: PF-002 


Action:  Operators confirm river rise 


Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   


PSF 
PSF 


Categories 
Applicable 
Category Justification 


call. 


Staffing 
Nominal X No outlier conditions are expected to exist for a "sunny day" 


break. 
Degraded 


  


Communications 
Nominal X For a "sunny day" break, communications are not expected 


to be impacted. 
Degraded 


  


Accessibility 
Nominal X 


Control room action.  No access issue identified. 
Degraded   


 


7.4.2.4 Reliability Assessment 


Action can be performed with ample margin.  Action is a routine action. Periodically trained upon and 


entirely completed within the control room.  Task is simple to perform and adequate staff is available to 


perform necessary actions.  Anticipated margin to perform action exceeds a factor of 2. 


7.4.2.5 Resource Assessment 


The only personnel required for this action include an SRO to confirm that a dam breach has occurred and 


that the rate of change/high level alarm is correct. Normal plant staffing is adequate to implement this 


action.  


7.4.2.6 Conclusion  


This action requires the operator to respond to a clear and simple annunciated cue in a typical control room 


environment with PSFs that are all nominal.  The "execution" portion of the action is of negligible difficulty, 


which is also conducted in typical control room environment.  The time available to perform the action is 1.5 


hours, which was shown to have adequate margin under conservative assumptions.  No factors have been 


identified that would complicate the response. All PSF categories were assessed to be Nominal.  


An assessment of the action timeline indicates that the action time window is 1.5 hours and the time 


required to complete the desired action is 0.717 hours indicating a minimum safety margin factor of 2.08.  


As noted in table 7.4.2-2a, operator action time windows may be considerably longer.  Delays in this action 


would reduce margin for completing downstream site readiness preparation tasks.  As the time margin 


exceeds 2, the action is judged reliable.  


  


Comment [editorial46]: Editorial: check table 
number 
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7.4.3   PF-003:  Operator Shutdown Reactor 


7.4.3.1 Description of Action 


Action is governed by AOP-XXX, Steps X through Y.  This is a highly reliable action with clear cues 


(management shutdown requested), procedures are well defined, action is taken in the main control room 


and time windows are ample. At this stage, stress of an impending flood would result in nominal 


performance shaping factors.  Time window for action is based on EOP assessment (See Table 7.4.3-3a).  


Note all actions are taken within the MCR.   No additional discussion is provided. 


7.4.3.2 Time Window 


Actions to shutdown reactor are included in existing plant procedures.  These actions are well trained, and 


timings are consistent with operator expectations and past experience.  Expected time responses are 


provided below.  


Table 7.4.3-3a 


Response times for Action PF-003 


Time Response Component Time 
(hr) 


Basis 


Tdelay 0.05 Cue comes from telephone call 


T1/2 0.05 Well trained action 


TM 6 Operator follows EOP-XXX for aggressive cooldown.  


Four hours assumes cooldown of 100 F/hr.  SDC entry 


conditions involve reaching entry conditions of 350 F 


and 300 psia.   


TSW 12 Anticipated allowable time for action6.  Completion of 


action within this time frame will not impact parallel 


site preparation activities.  


TW 5.95  


TREQ 6.10 Margin approximately 2 


 


7.4.3.3 Summary Feasibility/Reliability Assessment for Action PF-003 


This action is included in the plant EOPs and is frequently trained upon.  The action completely occurs within 


the control room and does not deviate in any significant manner from a normal plant shutdown operation.  


These operations are routine and reliable and there is ample site specific evidence that such a shutdown can 


be accomplished in the anticipated assigned time window.  No additional discussion of PSF is considered 


necessary. 


Comment [editorial47]: Editorial: This 
statement is already included in the second 
sentence of the paragraph. 


Comment [suggest48]: Suggestion: For 
completeness, consider mentioning that the 
conditions under which the action will be performed 
have not changed relative to use of the actions 
during non-flood events. 
 
Note, the IA ISG says the following:  
“Because Emergency Operating Procedures (EOPs) 
have been validated during their development and 
subsequent change processes, it is expected that 
actions included in the existing EOPs are acceptable 
with little further evaluation, but only if they are 
applicable to the plant mode and effective under 
the conditions of the scenario (e.g., instrumentation 
and controls for the equipment is not degraded, 
power is available, no spurious alarms).” 


Comment [suggest49]: Suggestion: Consider 
specifying how often operators perform or simulate 
this action to support timing estimates (and to 
justify that there is less uncertainty associated with 
the timing estimate). 


Comment [editorial50]: Editorial: footnote 
missing 
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7.4.3.4 Resource Assessment 


Normal plant staffing is adequate to implement this action.  


7.3.2.5    Conclusion  


This action requires the operator to respond to a clear and simple annunciated cue in a typical control room 


environment with PSFs that are all nominal.  An assessment of the action timeline indicates that the action 


time window is 8 hours and the time required to complete the desired action is 4.1 hours indicating a safety 


margin factor of 1.95.  As this action is well trained and is performed in a nominal environment the SMF of 


1.95 is considered sufficient to consider this action reliable.   


 


  


Comment [editorial51]: Editorial: The 
numerical values in this sentence don’t match the 
values in Table 7.4.3-3a. 
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7.4.4 Align and Test SFMS DGs (Action XF-001) 


7.4.4.1 Description of Action 


Action initiated by MCR as part of AOP-XXX.  Action includes dispatching staff of two engineers to the SFMS 


facility.  The purpose of this set of actions is to ready the SFMS DGs, support components for extended 


operations and confirm availability of adequate fuel resources.  The two individuals are tasked with: 


(1) Unlocking and preparinge SFMS facility for use  


(2) Confirming operability of fuel oil transfer pump and availability of long term makeup to the day tank 


(3) Starting and runing DG for 15 minutes 


Actions are taken while the site is dry. The SFMS facility is constructed to be above the peak flood hazard 


elevation.  


To establish the reliability of these actions the operators are periodically trained in the procedure and are 


exposed to periodic drills/exercises.   Results of these drills have been recorded and expected median and 


bounding times have been established for a variety of crews and initiation scenarios.  Bounding values 


obtained from multiple exercises indicates that operators can effectively complete this activity in 75 


minutes.  This includes diagnosis of the need to take action, transport time to the SFM Facility and 


associated actions and validation efforts.  This bounding time is based on a night shift time response.  


Transport time from the MCRMCR to the SFMS is estimated to take less than 15 minutes and includes 


consideration of potential adverse weather conditions (consistent with conditions reported in the hazard re-


evaluation report.  Once the facility is entered, all subsequent actions are taken in a weather protected 


environment with adequate ergonometric conditions. 


Keys to unlock the facility are available in the MCRMCR.  Any necessary tools to perform required functions 


in the SFMS facility are stored in a clearly identified location in that facility. 


No diagnosis is required for baseline actions.  The action is initiated under direction of the MCRMCR and 


specific actions to be performed in the SFMS facility are included in AOP-XXX.  Operators are trained in this 


activity however, ; specific activities included in the procedures are simple and require no specific skill-set. 


Tools to facilitate turning of valves are stored in clearly identified locations within the SFMS.  The day tank is 


maintained full. 


Timeline for actions included in these procedures MCR is presented in Table 7.4.4-1a.  Affected staff  are 


periodically trained on the readying process for the SFMS. Initial training on the SFMS implementation 


procedure was conducted on XX/XX/2013.  Severe flood simulation drills are performed annually.  The 


timings provided are based on maximum timings from results of two site walkdowns of the associated 


procedures conducted on XX/XX/2013 and XX/XX/2014 (Reference X).  Annual site drills confirm these values 


to be bounding.  


7.4.4.2 Human Action Timeline 


Comment [clarify52]: Clarification needed: 
This sentence references training of operators. The 
first paragraph of this section states that “two 
engineers” are dispatched. Are the engineers 
trained? 


Comment [suggest53]: Suggestion: Similar to 
earlier comments, consider adding a placeholder to 
indicate that the frequency of the drills should be 
included in the description. 


Comment [request54]: Request: Note 
comments associated with Fig 7-1. 
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Based on results of walkdown of procedure AOP-XXX as discussed in Section 7.4.4.1, the elements of the 


action timeline for this flood mitigation action are included in table 7.4.4-1a. 


Table 7.4.4-1a 
Response times for Action XF-001 


Time Response Component Time  (hr) Basis 


Tdelay 0.5 Time from cue to take action for MCR to assemble 


crew to ready the SFMS facility 


T1/2 0.25 Considers travel from MCR to SFMS facility.  Facility is 


located 0.5 miles from MCR.  Direct road from MCR 


and facility is available and road is clear from 


potential hazards.  Median transit time is 5 minutes.    


TM 1 Based on results of a bounding site simulation.   


TSW 10 Estimated based on need to complete this action 


prior to completing last site SFMS readiness action 


XF-006.  Completion of XF-001 prior to that time will 


not delay any parallel activities. Site resources are 


adequate to perform all tasks and the SFMS team 


tasked with readying the SFMS DG involves different 


personnel from those tasked with XF-004 through XF-


006.  overall site implementation program.  


TW 1.75  


TREQ 1.3 Time Margin  >> 2 


 


  


Comment [editorial55]: Editorial: This is not a 
complete sentence. 


Comment [clarify56]: Clarification needed: Fig 
7-1 defines TW= Time available for cognition = (TSW - 
Tdelay) - TM. Using these values in this table: Tw=(10-
0.5)-1 = 8.5. 
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7.4.2.3  Summary Feasibility/Reliability Assessment for Action XF-001 


Table 7.4-4b  
Assessment of Reliability and Feasibility of Flood Significant Human Actions  


Action ID: SFMS DGs tested and Aligned per Procedure AOP-XXX 


Action:  Crew dispatched from MCRMCR to (1) unlock and prepare SFMS DGs for use (2) Confirm operability of 
fuel oil transfer pump and availability of long term makeup to the day tank (3) start and run SFMS DG for 15 
minutes.  


Discussion: Action is highly reliable. All subordinate actions are proceduralized.   


PSF 
PSF 


Categories 
Applicable 
Category Justification 


Cues and Indications 
Nominal X Direction to prepare facility and align SFMS DG system 


included in AOP-XXX. Degraded   


Complexity 
Nominal X Action is simple, proceduralized and trained on at least 


once annually.  Degraded   


Special-Equipment 
Nominal X 


 No special equipment required Degraded   


Human-system Interfaces 


Nominal NA SFMS facility is accessible  via keys available in 
MCRMCR, lighting in SFMS facility initially powered via 
offsite power. Copies of support procedure available in 
SFMS facility.  Degraded 


  


Procedures 
Nominal X Procedure used for identified action(s) are well written.  


Training on flood procedure conducted annually.   Degraded   


Training and Experience 
Nominal X 


Flood mitigation AOP actions trained on annually Degraded   


Workload, pressure , Stress 


Nominal X Adequate staffing is available to ensure low workload.  
Time to take action is adequate (see Table 7.4-4a) and 
shows significant time margin. Two individuals 
dispatched to SFMS facility and the task is done early in 
scenario progression. 
 
Psychological stress is minimized as much of 
surrounding region not directly impacted by flood.  For 
plant individuals with family in need of help for 
potential evacuation or other actions, specific 
individuals can be released.   


Moderate 
 


Degraded 


  


Environmental Factors 
Nominal NA 


See supplemental Table 7.4-4c Degraded   


Special Fitness Issues 
Nominal NA Actions do not have a requirement for strength or 


special fitness.   Degraded   


Staffing 
Nominal X Resource loading plans are established and 


implemented so adequate resources are expected. Degraded   


Communications Nominal X Communication is via satellite phone 


Comment [clarify57]: Clarification needed: 
Earlier text says “Keys to unlock the facility are 
available in the MCRMCR.  Any necessary tools to 
perform required functions in the SFMS facility are 
stored in a clearly identified location in that facility.” 
Please clarify why these are not considered “special 
tools.” 
Note: The ISG says the following regarding special 
tools: “Manual actions associated with flooding may 
require special or portable equipment and 
PPE. Portable equipment may include keys (doors 
may “fail closed” in the event of a loss of power), 
ladders, hoses, torque devices, electrical breaker 
rackout tools, flashlights, portable pumps and 
meters, and rafts or boats, among other items. PPE 
may include protective clothing to enter high 
radiation areas or flood-specific protective clothing, 
such as life jackets, hip waders, or other special 
purpose gear.” 
 
Also consider specifying whether equipment is 
dedicated (e.g., a dedicated tool box). 


Comment [clarify58]: Clarification needed: 
What does this mean? 


Comment [request59]: Request: Note earlier 
comment regarding use of subjective adjectives. 


Comment [clarify60]: Clarification needed: 
Consider adding discussion of sequestration of 
people on site. It is not clear whether minimum 
staffing levels are maintained before a decision is 
made to “send people home.”   
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Table 7.4-4b  
Assessment of Reliability and Feasibility of Flood Significant Human Actions  


Action ID: SFMS DGs tested and Aligned per Procedure AOP-XXX 


Action:  Crew dispatched from MCRMCR to (1) unlock and prepare SFMS DGs for use (2) Confirm operability of 
fuel oil transfer pump and availability of long term makeup to the day tank (3) start and run SFMS DG for 15 
minutes.  


Discussion: Action is highly reliable. All subordinate actions are proceduralized.   


Degraded   


Accessability 


Nominal X Keys for doors of the SFMS facility are located in the 
MCRMCR and sufficient copies are available to ensure 
adequate access.  The SFMS facility is located at an 
elevation above the highest credible flood level 
determined by the hazard re-evaluation. Degraded 


  


 


  


Comment [suggest61]: Suggestion: Also 
consider mentioning that the facility is accessed 
before the floodwaters inundate the site for the 
purposes of this action. 
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Table 7.4-4c 


Assessment of ISG Appendix C Environmental factors for PSF 


Action ID: Flood DG’s tested and Aligned per Procedure AOP-XXX 


Environmental Factor Impact Assessment Comment 


adverse weather (e.g., lightning, 


hail, wind, precipitation) 


No severe weather conditions are 


anticipated.  Human factors 


consider impact of 40 mph winds.  


Wind speeds at this level will 


have little impact on plant site 


movements.  All operational 


activities are within a weather 


protected structure 


temperatures (e.g., humidity, air 


and water temperatures, 


particularly if personnel must 


enter water) 


Area not susceptible to extreme 


weather conditions. DG operates 


building HVAC and well as other 


comforts such as lighting and 


refrigerator and communication 


information. 


Building environment controlled 


by HVAC supported by the 


facility DGs.  Doors, vents and 


fans are available in case of 


HVAC failure. 


conditions hazardous to the 


health and safety of personnel 


(e.g., electrical hazards, 


hazards beneath the water 


surface, drowning, structural 


debris) 


No hazardous conditions exist 


during facility preparation.  


Procedures limit hazards as facility 


is re-staffed 


Facility is above maximum 


potential flood height.  Key 


indications and equipment are 


located in facility. (If needed, 


small water-craft  are stored 


adjacent to the SFMS facility for 


transport from the SFMS facility 


to points on a flooded site.) 


Roads to and from facility to 


adjacent community available 


during maximum flood for 


facility re-supply from off-site 


sources.  


lack of lighting Facility is well lit. Replacement lights available. 


Back-up battery powered 


lanterns and flashlights /head 


lamps and batteries available for 


[x]days. Material can be 


resupplied. 


Comment [clarify62]: Clarification needed: It is 
not clear what is meant by this statement.  
Note: 40mph winds will likely have some impact on 
human actions. Consider using more specific 
language here (e.g., distances personnel must travel 
in 40 mph wind speeds are less than “x.” OR 
personnel travel via a “x” vehicles, which has been 
shown to be unaffected by wind speeds of “x” mph). 


Comment [clarify63]: Clarification needed: It is 
not clear what is meant by this statement. Consider 
specifying what is meant by “this level” (e.g., “above 
the two-year windspeed of “x” mph). 


Comment [clarify64]: Clarification needed: 
This statement indicates that the DGs power the 
HVAC. However, this action involves “hooking up” 
the DGs, therefore they would not be available to 
power the HVAC at the time this action is being 
performed. 


Comment [clarify65]: Clarification needed: 
What is the relevance of re-staffing for this action 
that occurs early in the timeline? 


Comment [clarify66]: Clarification needed: It is 
not clear how the boat factors into this action. 
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Table 7.4-4c 


Assessment of ISG Appendix C Environmental factors for PSF 


Action ID: Flood DG’s tested and Aligned per Procedure AOP-XXX 


Environmental Factor Impact Assessment Comment 


radiation No radiation exposure in facility Facility is located outside the 


radiation controlled area 


noise DG operation may be noisy, but will 


not impact DG implementation 


DG area walled off from crew 


living quarters. Within DG room, 


crew can wear ear protection 


(available in building) 


vibration Vibration not judged to be an issue  


 


7.4.4.4 Reliability Assessment 


The action included in XF-001 is to prepare the SFMS for operation.  XF-001 is a collection of 3 simple 


actions that are well trained upon.   All of the action’s steps are captured within one governing 


procedure.  Timing estimates for completion are based on the most limiting performance observed 


during simulations.  All actions to ready the system are performed indoors and equipment needed is 


staged in the facility.  Timing uncertainty in completion of tasks is considered low.   Action has a time 


margin well in excess of 2.0 and is judged highly reliable.  


7.4.4.4 Resource Requirements 


Action requires two crew members to be dispatched from the control room.  Adequate staffing is available 


to support this function.   


7.4.4.4   Conclusion  


This action requires the operator to ready the SFMS for operation.  Actions are clearly indicated in AOP-


XXX and staff has the requisite skills and prior training. As flood waters have not reached the site at the 


time these actions are expected to be accomplished, all PSFs were assessed as nominal.   


An assessment of the action timeline indicates that the action time window is up to 10.0 hours and the time 


required to complete the desired action (including staff assembly time) is estimated at 1.3 hours, indicating 


a safety margin factor well in excess of 2.0.    As this action is well trained and is performed in a nominal 


environment the action is considered reliable.    


 


Comment [suggest67]: Suggestion: Consider 
being a little more explicit about why this is not an 
issue (just a short sentence) rather than using this 
somewhat vague language. 
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7.4.X---ADD ADDITIONAL ACTIONS HERE 
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7.5   Conclusion 


This section has focused on establishing the feasibility and reliability of the human actions required to 


implement the mitigation actions identified in the plant flood response program.   The overall external flood 


mitigation strategy was assessed.  Based on this assessment the actions included in the plan are found to be 


feasible and highly reliable so as to provide a credible flood response capable of maintaining the plant’s KSF 


for the duration of the event.  In assessing feasibility, it was concluded that procedures are well written and 


operators trained on a routine basis to mitigate the effects of the scenario.  The operators were interviewed 


to determine the overall awareness and confidence in the strategy.  An assessment of these factors and 


others including environmental and psychological stresses indicates that the resulting PSFs affecting these 


actions are nominal and will not negatively impact performance of those actions. 


Reliability was established by evaluating the individual constituent events and overall event timeline to 


determine  available margin in executing the component and integral actions in the flood mitigation plan.  


Timing analysis for most actions indicated that with a few exceptions actions had greater than twice the 


amount of time required to perform the actions evaluated.   


--------- ----------------Preparer’s Note------------------------------------------------------------------------------------------------- 


The remainder of this paragraph should identify which actions (if any) were found to have a margin less than 


2 and summarize the basis on which the timing for those actions were judged to be reliable. 


 


As a result of the above assessment, the external flood mitigation procedures developed are both feasible 


and reliable.  
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8.0 Uncertainty Assessment [LATER] 


9.0 Conclusion [LATER] 


 


10. References [LATER] 


 


[LATER] 


 


 


 


 


Comment [request68]: Request: Note 
comments associated with Fig. 7-1. It is not clear to 
staff (1) why this assessment is not being performed 
on an “action-by-action” basis and (2) how 
uncertainty is not being considered in the feasibility 
assessment. 
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7 Human Reliability Assessment 

------------------------------------------- Preparer’s Note ------------------------------------------------------------------------- 

The intent of this section is to provide selected examples of the human reliability assessment (HRA) of those 
actions and groups of actions identified in Section 6.  Section 7.4 of this example includes detailed 
evaluations for 3 identified flood specific actions: PF-001, PF-002 and XF-001.  In addition, a representative 
treatment of a typical emergency response action will also be included: PF-003.  All other actions will not be 
evaluated in this example; however, the licensee would be expected to evaluate all flood specific actions in 
detail. 

The focus of the HRA assessment for the scenario example is to evaluate human actions unique to mitigation 
of an external flood.  Therefore, standard operator actions included in the traditional emergency response 
procedure (such as PF-003) need only be assessed to address their impact on the timeline, and assure that 
the action is not “informed” by the external factors surrounding the event.   Plant experience in performing 
those actions successfully in the past may be used to confirm that the actions may be completed in the 
desired time window.  As discussed in the ISG, standard proceduralized actions associated with performing 
an emergency cooldown/shutdown are considered highly reliable and regulated under separate plant 
processes.  The actions should be reviewed with respect to timing, access and other pertinent flood 
conditions, but the reliability of normally performed actions need not be further evaluated.  Flood specific 
actions would require additional scrutiny and actions should be validated separately.  

  

Comment [NRCstaff2]: High-level 
observations: 
Staff believe NEI has done a good job developing 
this example and, in many ways, it “hits the spot” 
with respect to approach level of detail.  One area 
that the staff would like discuss with NEI is the 
timing analysis, particularly with respect to the 
incorporation of uncertainty into the evaluation. 
 
Comments provided in the margins are roughly 
grouped into the following “types” of comments: 

Editorial comments: These comments generally 
provide editorial suggestions for improving 
consistency and clarity of the text (e.g., typos, , 
consistency issues).  

Suggestions: These comments reflect areas 
where staff believes the example can be 
improved using the provided suggestions. The 
suggestions are intended to improve clarity and 
reduce the need for RAIs if utilities utilize the 
format of the document. These suggestions 
should be implemented at NEI’s discretion 
(though staff will be interested in understanding 
which suggestions that are implemented or not). 

Clarification needed: This designation is used to 
indicate when clarification is needed in the 
document on a specific topic or to draw attention 
to questions staff had when reviewing the 
document. 

Request: This designation is used to indicate 
that the staff would like to see a change made. 

Each “type” of comment is associated with a 
different color “comment bubble.” 

Comment [suggest3]: Suggestion: Section 1.3 
of the IA ISG describes the scope of the IA, including 
a discussion of modes that should be considered. It 
is suggested that a preparer’s note be added to this 
example (probably early in the document, rather 
than in the manual action evaluation) to tell the 
user what will be addressed in this example vs. what 
would need to be addressed within an actual 
submittal. 
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The goal of the HRA is to demonstrate that actions credited in the scenario success path progression are both 
feasible and reliable.  In NUREG 1852 NRC notes that feasibility can be demonstrated by exercises that show 
that actions can be completed in the available time. For an action to be reliable, the utility should provide 
evidence that anthat adequate time margin exists so that uncertainties in performing the actions (both 
random and not-random) will not interfere with the completion of a successful action. To supplement these 
demonstrations, JLD-ISG-12-05 requires specific performance shaping factors be assessed  to confirm that 
issues associated with the event, procedures or related items will not alter conclusions derived from the 
utility demonstrations.   The reliability of an action is tied to the time margin available for completing the 
action.  In general, JDL-ISG-12-05 identifies a margin of a factor of 2 in the time to complete an action as 
adequate margin; however, external events HRA may have site or action specific conditions that would lead 
to the conclusion that an action is reliable with a different time margin. The factor of 2 is indirectly based on 
human action assessment guidance contained in NEI-00-01, “ Guidance for Post-Fire Safe Shutdown 
Analysis”, which notes that “a factor of up to 2 increase is desirable between the estimated time and the 
available time in order to provide adequate comfort that the actions can easily be performed in the available 
time”.  In many instances, for example actions that are well proceduralized, frequently trained upon and/or 
have occurred in practice, or are longer duration actions, adequate time may exist with available margins 
under a factor of 2. However, justification should be given for a reliability conclusion that deviates from the 
factor of 2 time margin.  The overall conclusion from this evaluation should demonstrate that the mitigation 
actions stipulated can be accomplished (are feasible) and have adequate margin to account for unforeseen 
circumstances or recovery from error (are reliable).   

PRA typically focuses on actions of agents within a single organization (the utility) performing proceduralized 
actions for which the agent is trained.  In complex scenarios such as the one described in this example, in 
addition to traditional operator actions (e.g. to prepare a system for operation) actions may involve utility 
management, staff from state or federal agencies, dam officials and their site staff.  In assigning time frames 
to those actions it is reasonable to assume that the generic process for HRA remains valid, but timings should 
be assigned considering issues with inter-agency communication, contractual agreements in place, and plant 
administrative controls and action plans.  

While the HRA process is common to PRA, there are unique aspects of the external flood event that challenge 
traditional treatment.  Actions defined in PRAs typically refer to the effectiveness in operators performing 
their tasks.  Therefore, it is important that the overall environment in which the sequence is to be established 
be evaluated.  Consideration should be paid to evacuation plans from surrounding areas, site access and 
employee related issues that may compromise their ability to perform the actions as these conditions relate 
directly to the flood event.  If no significant challenge to the surrounding area is expected, it should be stated 
in the evaluation of performance shaping factors. 

If staffing and resource requirements result in the need for exemptions from provisions of 10CFR50.26, 
“Fitness for Duty”, these exemptions should be identified along with explanation regarding the process and 
timing for the exemption request.   

Note that in developing the human action assessments, actions, identifiers and details of the  staffing 
assessments and staff availability should be consistent with resource mapping identified in Section 5.  

------------------------------------------------------------------------------------------------------------------------------------------ 

  

Comment [request4]: Request: This text does 
not accurately reflect the basis for the manual 
action evaluation. Appendix C of the ISG was 
developed based on NRC experience with many 
areas of HRA/HF evaluations, as reflected by the 
diversity of references included in the Appendix. 
Please revise this text. 

Comment [request5]: Request: Please clarify 
text to more accurately characterize what the IA ISG 
specifies with respect to margin: 
“One acceptable method for assessing the adequacy 
of the time margin is to establish that the time 
margin is equal to or greater than the maximum 
recovery time for any single credible human error. 
Event trees may be used to identify potential errors, 
error detection methods, and error recovery paths 
for the purpose of determining the adequacy of the 
margin. A simplified alternative criterion for 
determining if the margin is adequate to deem an 
action as reliable is to establish that the margin is 
not less than 100%. Such a margin may be justified 
when recovery from an error in performing the 
action could be accomplished by restarting the task 
from the beginning. The basis for the specific time 
margin used in the analysis should be justified and 
documented.” 

Comment [request6]: Request: The document 
referenced here was not a basis for the 
development of Appendix C. Please delete reference 
to it as the basis for the margin description 
contained in the IA ISG. 

Comment [request7]: Request: Please note 
that the ISG does not require a factor of two margin, 
but rather it allows a factor of two to be used as a 
“simplified alternative” to more detailed 
justifications of the acceptability of margin. The 
basis for this alternative criterion margin is that 
“recovery from an error in performing the action 
could be accomplished by restarting the task from 
the beginning” (i.e., there’s no additional time 
penalty associated with having to restart an action). 

Comment [editorial8]: Editorial: Is this meant 
to reference HRA? 

Comment [request9]: Request: change to 10 
CFR 26 (subpart i). 



Draft WORKING EXAMPLE 
 

Page 72 of 101 
 

 

7.1 Introduction 

This section describes the Human Reliability Analysis (HRA) performed to support this integrated assessment 

(IA).  The primary intent of this section is to evaluate the constituent actions comprising the flood mitigation 

strategy identified in Section 6.  Each action included in the strategy will be evaluated, as appropriate, in 

accordance with the guidance provided in JLD-ISG-12-05 Appendix C.   Actions will consider the specifics of 

the elements in each action, as well as, the interfaces with other actions taken by the individual. Action 

dependency will be evaluated with respect to the predecessor or successor.  The ability to perform the 

various actions, alone or in concert, was reviewed considering staffing availability and competing activities. 

The HRA will include the following discussion in the next few sections:   

7.2. Identification and summary of all administrative and operator actions (OA) 

7.3. Description of methodologies used in the analysis 

7.4. Evaluations for Each Human Action 

a. Description of the Action 

b. Event timeline 

c. Feasibility Assessment  

i. Performance Shaping Factors (PSFs) 

ii. Environmental Conditions 

iii. Action Timing 

d. Reliability Assessment 

i. Margin Assessment 

ii. Specific Considerations 

e. Manpower Assessment 

f. Conclusion 

Section 7.2 will include the identification of all critical actions for success.  A summary of the results of the 

evaluation will be included for easy reference.  Section 7.3 will discuss the methodologies used to perform 

the detailed evaluations in Section 7.4. 
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7.2 Summary of Administrative and Operator Actions Conclusions 

As discussed in the previous sections, the site cannot protect normally installed plant safety equipment 

during a flooding event.  Mitigation of the flood effects will be the primary goal of the operators throughout 

the scenario progression.  The site will receive warning that the upstream dam has failed and begin taking 

mitigation actions accordingly.  Once preparatory steps have been taken, the station personnel will await 

flood waters to inundate the site.  Upon overtopping of the flood barriers, the SFMS will be started and used 

to maintain key safety functions (KSFs) for the entire flood event duration. 

The overall conclusion of the HRA was that all actions comprising the flood mitigating strategy were both 

feasible and reliable.  The PSFs for all actions were concluded nominal.  The procedures are well written and 

operators are trained on a routine basis to mitigate the effects of the scenario.  Operators were interviewed 

to determine the overall awareness and confidence in the strategy.  Timing analysis indicated that all the 

actions are reliable based on the time margin calculated.  It was determined that twice the amount of time 

is available to perform the actions as is required.  Adequate manpower is available at the site for the entire 

flood event duration.  The actions were evaluated using the guidance in JLD-ISG-2012-05 and detailed 

evaluations can be found in Section 7.4.   

  

Comment [clarify10]: Clarification needed: Is it 
the intention that the SFMS would not be started 
until water is flowing over the tops of the barriers? 
Or, would it be started prior to the waters 
overtopping the barriers? 

Comment [suggest11]: Suggestion: The ISG 
permits some actions to be credited (with sufficient 
justification) when a PSF is not categorized as 
nominal (see section C.3 of IA ISG). Consider 
whether it would be useful to the user to include a 
PSF that is not categorized as nominal as part of this 
example to demonstrate (1) how to justify and 
document that the action can be performed despite 
the presence of a degraded PSF, and (2) account for 
the impact of the degraded PSF. 

Comment [suggest12]: Suggestion: Here, and 
throughout the document, consider replacing 
subjective adjectives such as this with more 
meaningful descriptors of quality. For example, 
replace text describing a procedure as “well-
written” (or “well-proceduralized” or “well trained”) 
with text such as: references to a standard that a 
procedure meets; a statement that a procedure is 
written in accordance with site procedures for 
writing procedures; or a description of simulation 
de-briefings that demonstrate personnel were able 
to understand and implement the procedure.  
Also, consider adding text to indicate that 
procedures are maintained current (up to date). 
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Table 7-1 

Summary of Operator Actions Evaluated in Dam Breach Scenario 

ID Task Names Feasible Reliable 

PF-001 Dam Operator informs Station Personnel of Breach X X 

PF-002 Operators Confirm River Rise X X 

PF-003 Operators execute emergency shutdown procedure X X 

PF-004 Command and control transferred to Site Director X X 

PF-005 Staffing levels determined and work planned X X 

XF-001 Test SFMS DG-FL-1/2 X X 

XF-002 Test SFMS Well Pumps P-1/2 X X 

XF-003 Stage and align portable pump for RCS make up X X 

XF-004 Operators Open ADVs and confirm availability X X 

XF-005 Jack open ADVs to prevent re-closure X X 

XF-006 Open MSSVs and prevent re-closure X X 

XF-007 Fully Staff SFMS Facility X X 

XF-008 Remove power to equipment below max WSE X X 

XF-009 Open manual valves to align SFMS pumps X X 

XF-010 Start SFMS DG-FL-1/2 X X 

XF-011 Start SFMS well pumps X X 

XF-012 Start portable pump for RCS make up X X 

XF-013 RCS heats up to restore SG heat removal X X 

XF-014 Operators maintain SG level, pressure & temp X X 

XF-015 Operators refuel SFMS DGs X X 

XF-015 Restaff + change shifts X X 

XF-016 Regional Response Center Available X X 

XF-017 Initiate post-flood recovery plan X X 
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7.3 Methodology 

This Integrated Assessment does not include a standard “detailed” HRA quantification as part of the 

analysis; rather, JLD-ISG-2012-05 prescribes an evaluation process that considers performance shaping 

factors and timing details to determine the feasibility of the mitigating human actions.  For those actions 

that are determined to be feasible, proof of additional timing margin can be used to justify the classification 

of the action as “reliable”. 

The approach taken in this HRA was to evaluate all of the actions identified for the external flooding 

scenarios and to classify them as one of the following: 

 Infeasible6 

 Feasible 

 Reliable 

The goal of the Integrated Assessment is to show that this scenario has a reliable means of mitigating 

external flooding events. 

7.3.1 Event Timeline 

A representative timeline for the scenario under consideration is presented in Table 5-1.   Figure 6-1 

illustrates the scenario success path consistent with that timeline.  In that figure all human actions critical to 

a successful external flood mitigation are shown and grouped into three categories: initial pre-flood actions 

(actions PF-001 through PF-005), mitigation system deployment and implementation (actions XF-001to XF-

008), operation during flood (actions XF-009 to XF-015), long term response (actions subsumed under XF-

016) and flood recovery (actions subsumed under XF-017).  These actions will be evaluated in detail, using 

the guidance provided in Appendix C of JLD-ISG-2012-05, and justification for the any conclusions will be 

documented. A summary of actions considered in this assessment is provided in Table 7-1. Each of these 

actions have detailed HRA evaluations presented in Section 7-4.  The action IDs used here are consistent 

with the IDs used in previous sections.  In performing the Section 7.4 assessment, each action has a short 

description, followed by the evaluation conclusions.   

7.3.2 Related Environmental Factors 

In executing outside actions, weather conditions are consistent with assumptions made in the flood hazard 

re-evaluation report.  All actions taken inside buildings have been assessed to not be affected by external 

conditions. Weather conditions associated with this scenario are judged to not have a significant potential 

for causing an early loss of off-site power. 

7.3.3 External Interfaces 

Successful preparation for and mitigation of dam failure events requires well defined interfaces with dam 

owners and various governmental agencies.   In anticipation of such an event, agreements have been 

previously executed between the USACE and the Utility such that the USACE will monitor dam hydrologic 

                                                        
6
 Any actions that may have initially been assessed as infeasible, as demonstrated by site exercises, were re-developed, 

and appropriately modified to ensure their feasibility and reliability. Such changes included modifying strategies, 
expanding crew size, clarifying cures, adding parallel activities and defining multiple teams, etc..    
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and physical conditions on a continuous basis and inform the utility of potential challenges to dam integrity 

and the advent of any event.   

7.3.4 Governing Procedures 

Response to the event is governed by inter-agency agreements, plant administrative procedures, and site 

emergency plans.   Table 7-2 includes the procedures considered in this HRA.  These procedures were 

reviewed and utilized in determining the most likely course of action the site will take during this scenario.  

The timing analysis, PSFs and manpower estimates are all based on the information contained within these 

procedures.  

TABLE 7-2 
PROCEDURES USED OR REFERENCED IN THE DAM BREACH SCENARIO 

PROCEDURE 
REFERENCE 

REVISION TITLE 

Agreement XXXX 1 USACE – NPP Dam Monitoring and Notification Agreement 

AOP-XXX YY Abnormal Operating Procedure – Upstream Dam Failure 

Agreement ZZZZ 1 RRC – NPP Agreement to Provide Resources Post-Disaster or 
Accident 

PFRP-XXXX YY Post-Flood Recovery Plan 

 

7.3.5   Timing Analysis 

 

In the following sections the human actions identified above will be evaluated.  As discussed previously, the 

purpose of the evaluation is to demonstrate that individually and in aggregate the human actions associated 

with included in the scenario success path are feasible and reliable.  Feasibility is established based on a 

review of  timing analyses, procedures and training, staffing and availability of tools/components necessary 

to complete the task.  One pragmatic way of demonstrating feasibility may include use of plant simulations.  

However, simulations must be judged with respect to the differences in environments between that of the 

simulation and that of the predicted event.  Reliability is demonstrated via use of action time lines such as 

that in Figure 7-1, and confirmation that the available time window for performing an action is substantially 

below what it takes to become alert to the need to perform and execute the action. 
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Figure 7-1  Human Reliability Evaluation Timeline 
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The significant times important in HRA assessment are: 

TSW  = System time window:  This is the time available for which the action may be performed without 

causing failure. 

Tdelay  = Delay time: The time when the cue or requirement for the human interaction occurs (Time  at 

which operator is aware of a cue.).   

T1/2 = Median response time. 

TM= Manipulation time: Required for performing the action, given successful cognition. 

TW = Time available for cognition = (TSW - Tdelay) - TM.  

 

In the following discussion, the time required to complete the action, Treq, is the sum of Tdelay, T1/2 and  TM. 

That is, Treq= Tdelay + T1/2  +  TM . 

The Safety Margin Factor (SMF) for this assessment is then defined  defined as SMF= 
   

    
. 
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7.4 Evaluation of Human Actions 

This section provides a detailed assessment of human actions involved in implementing the flood mitigation 

strategy for the scenario.  The HRA assessment is intended to demonstrate that the actions involved in the 

flood mitigation strategy are feasible and reliable.  Feasibility is assessed by integrating timing assessments 

of the human actions, available time windows, task complexity, adequacy of procedures and training, and 

considerations regarding obstacles to performing the task imposed by environmental and psychological 

conditions through assignment of performance shaping factors (PSFs).  In this assessment PSFs are 

qualitatively binned into one of three categories: Nominal, Moderate, or Degraded.  For the scenario based 

approach adopted in this evaluation, feasible actions are those in which the assessment identifies PSFs, with 

few exceptions, as Nominal.  

Reliable actions are those which are feasible and have time margin to accomplish the task.  For the purposes 

of the IA, reliable actions should have a time window for successful action completion at least twice that 

necessary to complete the action as measured from the initial cue. 

In evaluating each human action the assessment includes the following: 

 Description of the Action  

 Human Event Timeline Associated with the Action 

 Performance Shaping Factor Assessment 

 Resource Assessment  

 Conclusion 

Note in the following evaluations, some related actions are grouped for convenience and clarity. 
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7.4.1 PF-001:  Dam Owner Informs Station Personnel of Dam Breach 

7.4.1.1 Description of Action 

This action marks the onset of the scenario information to be provided to the site and represents the action 

by the dam owner to effectively monitor the dam condition. The USACE will be aware of potential threats to 

the integrity of the dam, diagnose incipient dam failure, assign appropriate personnel to monitor dam 

condition and initiation of breach. The dam owner maintains a continuously staffed facility at the dam.  

Reliability of dam owner staff identifying onset of significant dam breach and notifying the utility of the 

failure is very high. 

While sunny day dam failures may have no clear incipient cause, these failures are preceded by failure signs 

that may be monitored over time.  In this facility dam condition is monitored via stress gauges, reservoir 

level and visual inspection by onsite staff.  Cues for actual dam failure are clear and unambiguous.  Staff is 

located in a protected area with a good view of the dam and should be out of harm’s way during the initial 

breach.   

An agreement has been executed between the USACE and the Utility such that the USACE agrees to monitor 

the dam and provide daily status updates on dam conditions and potential dam challenges.  In the event of a 

an incipient dam breach  the USACE will directly call the plant control room and provided access to river 

flood data and periodic updates of the progression of a flood event. 

USACE procedures are clear and unambiguous.  Responsibility for key actions is well defined, as are the 

USACE and Utility contacts.  Procedures exist to maintain contact information current. 

Action is simple and requires the USACE onsite staff to call the MCR upon detection of dam failure.  Both cell 

and satellite phones are available for use.   Staff is trained on this action and drills are performed 

periodically.  The utility contact information is reviewed periodically to ensure it is current and prominently 

posted in the dam operating facility. No environmental actions (table 7.4.1-1b) are anticipated that would 

impact timely completion of USACE actions. 

7.4.1.2  Human Action Timeline 

Success of this action is that the USACE notifies the MCR within 1.0 hours of the onset of a significant breach 

of the dam.  Should this notification be delayed reservoir level measurements will identify the breach 

immediately following the event, limiting the potential uncertainty in breach notification.   

Data for establishing diagnosis and action completion times have been obtained from table top exercises 

performed on dates XX/XX/2013 , yy/yy/2014 and ZZ/ZZ/2014.   

Using the formalism identified in Section 7.2, the components of the human response assessment are 

summarized in table 7.4.1-1a. 
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Table 7.4.1-1a 
Response times for Action PF-001 

(All times referenced to dam breach at T=0) 

Time Response Component Time (hr) Basis 

Tdelay 0.083 Strain gauges along dam [base], and high reservoir 

level have placed dam staff on high alert.  Operating 

staff monitors dam on a 24/7 basis. 

T1/2 0.083 The nominal cognitive time is considered to be the 

time from the actuation of the alarm to the point 

where the dam operator decides to confirm that the 

dam has breached.  This is estimated to be 5 minutes, 

as significant dam breach should produce both visual 

and sound effects. 

TM 0.25 Once a dam breach is confirmed, dam owner will take 

actions to notify utility management and will directly 

contact the control room staff. 

TSW 1.0 Anticipated allowable time for action7.   

TW 0.667  

TREQ 0.416 Margin Factor=2.4 

 

Note that the time window for this anticipated action was set at 1.0 hour from breach initiation.  This 

was selected as a reasonable window for the action since delay of the action beyond one hour would 

result in a back-up water level indication in the plant control room.  This alarm is tested annually and 

periodically maintained.  The alarm has never provided false indications and has been known to be 

effective in confirming a high water level condition resulting from preventive large controlled dam 

discharges in the past.  This alarm will initiate the same set of actions at the plant site. 

7.4.1.3 Summary Feasibility Assessment for Action PF-001 

An evaluation of the performance shaping factors for action PSF-001 is presented in table 7.4.1-1b.  All 

PSF components are assessed to be Nominal.   

  

                                                        
7
 This time window is established based on an assessment of the total event and reasonable apportionment of that 

available time window to specific actions.  
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Table 7.4.1-1b  
Assessment of Reliability and Feasibility of Flood Significant Human Actions  

Action ID: Dam Operator Informs State of Dam Breach (PF-001) 

Action:  Dam Operator informs State Emergency Organization of dam break 

Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   

PSF 
PSF 

Categories 
Applicable 
Category  Justification 

Cues and Indications 

Nominal X Dam operator maintains routine surveillance on the 
dam.  Examination includes visual surveillance and 
review of stress sensors at key locations.  Onset of 
failure is noted by a lowering of reservoir level. 
Routine dam maintenance is performed and dam is 
considered in good condition.  Degraded 

  

Complexity 

Nominal X Notification task is simple action.  Identified USACE 
coordinator has current plant contact information.  
 
Clear instructions are available as to when dam 
conditions warrant that the state be informed.   
 
Agreements include specific actions to contact the 
utility upon notification of a pending or actual dam 
breach or conditions warranted high discharges from 
the dam. Degraded 

  

Special-Equipment 
Nominal X Dam operator may rely on stress sensors for early 

notification action Degraded   

Human-system Interfaces 
Nominal NA 

  Degraded   

Procedures 

Nominal X Procedure XXX spells out surveillance checks, 
conditions requiring dam operator to immediately 
notify state.  Agreements with the state identifyies  
situations when the USACE must notify utility. Degraded 

  

Training and Experience 
Nominal X  Dam operators are trained in emergency operating 

procedure.   Degraded   

Workload, pressure , Stress 

Nominal X 

USACE staffed by trained dedicated staff with 
adequate resources. Not directly impacted by event. 

Moderate 
 

Degraded   

Environmental Factors 

Nominal NA  Dam operator staff can view dam conditions remotely 
from an enclosure safe from potential harm.  No 
significant impact of environmental conditions 
expected.  Cell phones anticipated to be functioning 
during weather conditions associated with the re-
evaluated hazard assessment. 
 
[Adverse weather - Nominal/Degraded]  Nominal. 

Degraded 
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Table 7.4.1-1b  
Assessment of Reliability and Feasibility of Flood Significant Human Actions  

Action ID: Dam Operator Informs State of Dam Breach (PF-001) 

Action:  Dam Operator informs State Emergency Organization of dam break 

Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   

PSF 
PSF 

Categories 
Applicable 
Category  Justification 

The action is performed in a room in typical conditions. 

[Temperatures - Nominal/Degraded]  Nominal. 

The action is performed in a room in typical conditions. 

[Potentially Hazardous Conditions - Nominal/Degraded]  

Nominal. 

The action is performed in a room in typical conditions. 

[Lack of Lighting - Nominal/Degraded]  Nominal. 

The action is performed in a room in typical conditions. 

[Radiation - Nominal/Degraded]  NA 

Not performed near a source of radiation. 

[Noise - Nominal/Degraded] Nominal. 

Not performed near a source of loud noise.   

[Vibration - Nominal/Degraded]  Nominal. 

No significant vibration impacts in the control room 

Special Fitness Issues 
Nominal X  No unique fitness requirements are needed for this 

activity Degraded   

Staffing 
Nominal X 

 Emergency position continuously manned Degraded   

Communications 
Nominal X Communication program in place between all parties – 

Utility, State and USACE (see utility agreement, 
Reference XX) Degraded 

  

Accessibility 

Nominal X  Accessibility to facility for tracking dam is remote from 
the dam, allows for dam access and visual inspection, 
as necessary and is positioned away from any 
consequences of a dam failure. Degraded 
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7.4.1.4  Reliability Assessment 

Action can be performed with ample margin (see Table 7.4.1-1a).  Action is a routine action for 

the dam operating staff and staff is not directly impacted by the dam breach.   Delay of 

identification of dam breach will reduce available time for plant staff to prepare for and 

mitigate the ensuing flood.  The time delay impact is limited as river flood gauges provide 

abnormal river level indications that are alarmed and may be trended in the control room.  The 

uncertainty impact is treated in the context of the entire dam breach response scenario in 

Section 8.07.4.1.5 Resource Assessment 

USACE has adequate resources to fulfill their commitments.  

7.4.1.6 Conclusion 

Dam Owner/Utility exercises indicate that action PF-001 is feasible and reliable.  Action can be completed 

well within the 1 hour anticipated window, with a time margin in excess of a factor of 2. 

 

7.4.2 PF-002 – Operators Confirm River Rise 

7.4.2.1 Description of Action 

Following a failure of the upstream dam, the plant operators will be notified by the dam owner of an 

impending event.  This cue will require operators to enter the Abnormal Operating Procedure (AOP)-XXX 

(External Flood Mitigation).  Among the many post plant actions initiated by the notification, AOP-XXX will 

require the plant to monitor the progress of the flood so as to better understand the expected level at the 

site and timing of impact.  Several monitoring locations are located upstream of the plant and an abnormal 

rise in river will cause the alarm to go off in the control room.  (This alarm provides a backup cue should 

notification not be received earlier via verbal notification.)  Note that an alternate monitoring path is 

available through the USACE website.  This action includes the operators correctly identifying the high river 

level alarm which will allow the initiation of the correct subsequent actions. 

The initial cue for this action is either direct contact of the MCR by the dam operator or River Upstream Rate 

of Change and High Level Alarm 

The setpoints for the alarms are: 

 River level rate of change exceeds +/- 2.5 feet from the previous hour 

 River water surface elevation (WSE) exceeds 945.00’ 

Notification by the USACE or triggering of an alarm will cause the operators to enter AOP-XXX .  Following 

entry into this procedure, operators will proceed to execute Steps X.X.  Specifically, once the River Level 

Rate of Change /High Level Alarms annunciates, the shift supervisor will confirm the alarm and that USACE 

has notified the site of a dam breach.  If the USACE has not contacted the site, then the site should make 

contact by calling the on duty USACE technician to visually confirm the dam breach.   
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Analysis has shown that this alarm will provide operators with an adequate indication that the upstream 

dam has failed and emergency procedures should be entered.  Confirmation with the USACE (dam owner) 

will have occurred and the conclusion of a dam failure should not be ambiguous.  Thus the degree of Clarity 

of Cues & Indications is very good. 

A review of the procedure confirms that the procedure clearly defines the identification of the River Rate of 

Change/High Level alarms and the subsequent action to confirm dam failure with the USACE.   This 

procedure is trained on annually along with all other AOPs.  The step itself is part of a scenario that requires 

operators to identify that the alarm may indicate a dam failure and that confirmation is required. 

Comments on past Industry Experience 

The plant has not had an upstream dam failure event in the past.  A review of industry events for additional 

insights related to this action was not performed given the site specific nature of this action.  Key factors 

that could influence the action are related to the ability of the operator to contact the local technical to 

validate the dam break condition, for the USACE personnel to interpret the nature of the dam failure, and 

then to take the responsibility to declare a dam failure.  Other industry events would likely provide only very 

general insights that would not considerably enhance the understanding of this action. 

Comments on plant and plant/dam owner exercises 

The utility periodically trains on flood scenarios including those related to a dam breach.  Utility specific 

training involves response to control room alarms indicating high water level immediately downstream of 

the dam.  The alarm is associated with a calibrated level.  Normally, the dam owner will inform the utility of 

planned discharges that will cause the alarm in the MCR to actuate.  Drills involve situations where pre-

warning has not occurred.  Given the anomalous alarm, the response of operators to follow the high water 

level alarm procedure is(?)are observed and time responses recorded.  All shifts and multiple crews are 

exposed to this exercise at a frequency in accordance with the plant’s drill program. 

Joint dam owner utility exercises are also conducted. Both exercises will result in the utility staff consulting 

AOP-XX and following well defined procedures.  The timings identified in Section 7.4.2.2 reflect the 

bounding time experienced for the various crews.  This assessment therefore considers crew variability in 

the feasibility assessment.   

7.4.2.2 Time Window 

The anticipated time for the flood to reach plant grade is 24 hours (including consideration of wave run up).  

The 900 ft. level (including margin for wave run up) may be reached as early as 30 hours after the initial dam 

breach.  A peak flood height of 905 ft can potentially be reached 6 hours later.  Thus, operator’s stress for 

the initial actions will not be degraded. 

Furthermore, the initial response to the alarm (or the dam owner call) occurs in a control room that would 

not be physically impacted by the dam break event.  Given that the initiating event is a "sunny day" dam 

break and considerable time is required for water to reach the site, no adverse conditions are expected to 

exist in the control room. 
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An assessment of the expected operator action times associated with action PF-002 is presented in Table 

7.4.2-1a.  
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Table 7.4.2-1a 

Response times for Action PF-002 

Time Response Component Time 
(hr) 

Basis 

Tdelay  

0.033 (from 

direct call) 

If called is placed directly to Main Control Room 
(MCR) the cue is immediate.  A two minute action is 
assumed.   

0.50 (from 

initial dam 

breach) 

The dam break would result in River Level Rate of 

Change/High Water level alarms in the tailrace after 

approximately 30 minutes.   

T1/2 0.05 The nominal cognitive time is considered to be the 
time from the actuation of the alarm to the point 
where the MCR decides to confirm that the dam has 
breached.  This is estimated to be 3 minutes (one 
minute to refer to the alarm response plan and 
another two minute to determine the course of 
action). (0.05 hours) 
 

TM 0.5 The execution time for this task is the time required 
for the MCR to recognize the alarm, refer to the 
applicable procedure, and confirm that the USACE 
has declared a failure.  If USACE has not already 
contacted the site, then a call is required to the 
USACE to confirm dam failure.  The time required if 
the USACE has already called is estimated to be 5 
minutes.  As a conservative estimate, this analysis will 
use 30 minutes to allow time to contact USACE and 
confirm dam failure. 
 

TSW 1.5 Anticipated allowable time for action.  Assumes 

combined window for actions PF-001 and PF-002 is 

2.5 hours.  Longer time windows will be acceptable, 

however delays would reduce margin for completing 

other preparatory tasks, and delays in excess of 8 

hours would jeopardize completion of preparatory 

activities in the presence of a dry site. 

TW 0.83-0.97  
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TREQ 0.58-.72 Safety Margin between 2.08 to 2.5  

 

7.4.2.3 Summary Feasibility Assessment for Action PF-002 

An evaluation of the performance shaping factors for action PSF-002 is presented in table 7.4.2-1b.  All PSF 

components are assessed to be Nominal.   

 

Table 7.4.2-2b 
Assessment of Reliability and Feasibility of Flood Significant Human Actions  

Action ID: PF-002 

Action:  Operators confirm river rise 

Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   

PSF 
PSF 

Categories 
Applicable 
Category Justification 

Cues and Indications 

Nominal X The cue for this action is provided by either a call from the 

USACE or an alarm that would actuate on a high water level 

condition downstream of the dam and upstream of the site.  

The alarm would actuate in the MCR where an operator 

would acknowledge the alarm and contact USACE to 

confirm the high tailrace water level condition and to 

evaluate the cause.  It is most likely that the USACE would 

notify the site immediately of a dam failure, however 

procedure AOP-XXX Steps X.X directs operators to contact 

the USACE to confirm the cause of the high level alarm is in 

fact a dam failure.  A conservative assumption was used for 

the purposes of this analysis and assumes that the site does 

not get contacted by the USACE prior to the alarm. 
Degraded 

  

Complexity 

Nominal X This action is straightforward and limited in scope.  On River 

Level Rate of Change/High Level alarm, the MCR operator is 

directed to contact to confirm the validity of the alarm with 

USACE.  Concurrent alarms should include tailrace level rate 

of change alarms, but these would provide confirmation 

that the high level signal is valid and AOP-XXX directs the 

same action for the rate of change alarms.  Making a 

telephone call or a radio call after identifying the high level 

condition is of negligible complexity. 

 Degraded 

  

Special-Equipment 

Nominal X The only equipment required for this action is the control 

board and a phone.  The alarm is fed by multiple river 

monitoring devices that are periodically tested. Significant 

breach events are also expected to be reported by the dam Degraded 

  

Comment [clarify42]: Clarification needed: 
Fig 7-1 define time required as: Treq= Tdelay + T1/2  +  
TM. Using this expression: Treq = 0.5+0.05+0.5 = 
1.05 or Treqd = 0.033+0.05+0.5 = 0.583, depending 
on which value of Tdelay is used. Clarification is 
needed regarding the numerical values in this row. 

Comment [clarify43]: Clarification needed: 
Consistent with the comments on Fig 7-1, please not 
the differences in output between the results when 
using the notation/definitions used in the example 
and those used in the IA ISG: 

  
 

 

Tdelay T1/2 TM

Treq= 

Tdelay + 

T1/2  +  

TM TSW

SMF = 

TSW/Treq

Case 1 0.5 0.05 0.5 1.05 1.5 1.4

Case 2 0.033 0.05 0.5 0.583 1.5 2.6

Notation used in example:

Tcog Texe Tdelay TSW

Tavail = 

TSW-

Tdelay

Reqd = 

Tcog + 

Texe

Margin = 

(Tavail-

Treqd)/Tre

qd

Case 1 0.05 0.5 0.5 1.5 1.0 0.55 0.8

Case 2 0.05 0.5 0.033 1.5 1.5 0.55 1.7

Notation used in ISG:

Comment [clarify44]: Clarification needed: 
Note comments associated with use of the term 
“conservative” under the entry for TM in Table 
7.4.2-1a. 
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Table 7.4.2-2b 
Assessment of Reliability and Feasibility of Flood Significant Human Actions  

Action ID: PF-002 

Action:  Operators confirm river rise 

Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   

PSF 
PSF 

Categories 
Applicable 
Category Justification 

owner /operator and monitored by the USACE. 

Human-system Interfaces 

Nominal NA The instrumentation relevant to this action are simple level 

alarm indicators, which have their set points listed in AOP-

XXX and are easily interpreted.  The indicators would be 

used for the purposes intended and would be checked 

under nominal control room conditions.  The only 

instrument required for the execution portion of this action 

would be the telephone.  The use of these communication 

tools is considered to be highly familiar and of negligible 

difficulty. 
Degraded 

  

Procedures 

Nominal X This action is based on an alarm response procedure.  The 

alarm description is clear, the procedure lists the conditions 

that would actuate the alarm, and provides a description of 

what could cause the alarm (dam failure).  The procedure 

also clearly lists the actions that are required to be taken by 

the MCR.  In addition,  

- The procedure addresses the conditions that would 

exist in a dam break scenario. 

- The procedure has been reviewed and is maintained 

by the utility. 

- The procedure has been communicated with the 

USACE. 

- The procedure is clear and unambiguous. 
Degraded 

  

Training and Experience 

Nominal X Training is performed on an annual basis, as are all AOPs.  

During this training, operators are given that the high level 

or rate of change alarm has sounded then made to continue 

working through the procedure.  This exercise gives the 

operators familiarity with the alarm’s meaning and 

subsequent actions required to confirm its validity.   

 Degraded 

  

Workload, pressure , Stress 

Nominal X For the "sunny day" dam break, the alarm would register, on 

average, at a time when the operators' workload is not at a 

level that challenges their capacity.  For the USACE, there is 

no physical threat, so there is no stress for the operators 

related to their personal well-being.  The current analysis 

Moderate  

Degraded 
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Table 7.4.2-2b 
Assessment of Reliability and Feasibility of Flood Significant Human Actions  

Action ID: PF-002 

Action:  Operators confirm river rise 

Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   

PSF 
PSF 

Categories 
Applicable 
Category Justification 

predicts a relatively long time would be available to allow 

the plant to prepare for the flood water, but even in the 

catastrophic break scenario, there was adequate time for 

the plant to prepare.  In addition, the requirements of the 

procedure/scenario on the MCR operators are simple and 

limited in scope, which would greatly limit the potential for 

stress. 

Environmental Factors 

Nominal X  [Adverse weather - Nominal/Degraded]  Nominal. 

The action is performed in a control room in typical 

conditions. 

[Temperatures - Nominal/Degraded]  Nominal. 

The action is performed in a control room in typical 

conditions. 

[Potentially Hazardous Conditions - Nominal/Degraded]  

Nominal. 

The action is performed in a control room in typical 

conditions. 

[Lack of Lighting - Nominal/Degraded]  Nominal. 

The action is performed in a control room in typical 

conditions. 

[Radiation - Nominal/Degraded]  Nominal. 

Not performed near a source of radiation. 

[Noise - Nominal/Degraded] Nominal. 

Not performed near a source of loud noise.   

[Vibration - Nominal/Degraded]  Nominal. 

No significant vibration impacts in the control room 
 Degraded 

  

Special Fitness Issues 
Nominal X There are no significant physical requirements related to 

observing a control board alarm and making a telephone Degraded   

Comment [suggest45]: Suggestion: Here and 
throughout the manual action evaluation 
suggestion, please make sure it is clear to the reader 
that lists contained in the ISG (e.g., the list of 
potential considerations for environmental factors) 
are not necessarily all-inclusive and other factors 
should be considered, as appropriate. 
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Table 7.4.2-2b 
Assessment of Reliability and Feasibility of Flood Significant Human Actions  

Action ID: PF-002 

Action:  Operators confirm river rise 

Discussion: Action is highly reliable. Appropriate procedures are in place for proper communication.   

PSF 
PSF 

Categories 
Applicable 
Category Justification 

call. 

Staffing 
Nominal X No outlier conditions are expected to exist for a "sunny day" 

break. 
Degraded 

  

Communications 
Nominal X For a "sunny day" break, communications are not expected 

to be impacted. 
Degraded 

  

Accessibility 
Nominal X 

Control room action.  No access issue identified. 
Degraded   

 

7.4.2.4 Reliability Assessment 

Action can be performed with ample margin.  Action is a routine action. Periodically trained upon and 

entirely completed within the control room.  Task is simple to perform and adequate staff is available to 

perform necessary actions.  Anticipated margin to perform action exceeds a factor of 2. 

7.4.2.5 Resource Assessment 

The only personnel required for this action include an SRO to confirm that a dam breach has occurred and 

that the rate of change/high level alarm is correct. Normal plant staffing is adequate to implement this 

action.  

7.4.2.6 Conclusion  

This action requires the operator to respond to a clear and simple annunciated cue in a typical control room 

environment with PSFs that are all nominal.  The "execution" portion of the action is of negligible difficulty, 

which is also conducted in typical control room environment.  The time available to perform the action is 1.5 

hours, which was shown to have adequate margin under conservative assumptions.  No factors have been 

identified that would complicate the response. All PSF categories were assessed to be Nominal.  

An assessment of the action timeline indicates that the action time window is 1.5 hours and the time 

required to complete the desired action is 0.717 hours indicating a minimum safety margin factor of 2.08.  

As noted in table 7.4.2-2a, operator action time windows may be considerably longer.  Delays in this action 

would reduce margin for completing downstream site readiness preparation tasks.  As the time margin 

exceeds 2, the action is judged reliable.  

  

Comment [editorial46]: Editorial: check table 
number 
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7.4.3   PF-003:  Operator Shutdown Reactor 

7.4.3.1 Description of Action 

Action is governed by AOP-XXX, Steps X through Y.  This is a highly reliable action with clear cues 

(management shutdown requested), procedures are well defined, action is taken in the main control room 

and time windows are ample. At this stage, stress of an impending flood would result in nominal 

performance shaping factors.  Time window for action is based on EOP assessment (See Table 7.4.3-3a).  

Note all actions are taken within the MCR.   No additional discussion is provided. 

7.4.3.2 Time Window 

Actions to shutdown reactor are included in existing plant procedures.  These actions are well trained, and 

timings are consistent with operator expectations and past experience.  Expected time responses are 

provided below.  

Table 7.4.3-3a 

Response times for Action PF-003 

Time Response Component Time 
(hr) 

Basis 

Tdelay 0.05 Cue comes from telephone call 

T1/2 0.05 Well trained action 

TM 6 Operator follows EOP-XXX for aggressive cooldown.  

Four hours assumes cooldown of 100 F/hr.  SDC entry 

conditions involve reaching entry conditions of 350 F 

and 300 psia.   

TSW 12 Anticipated allowable time for action6.  Completion of 

action within this time frame will not impact parallel 

site preparation activities.  

TW 5.95  

TREQ 6.10 Margin approximately 2 

 

7.4.3.3 Summary Feasibility/Reliability Assessment for Action PF-003 

This action is included in the plant EOPs and is frequently trained upon.  The action completely occurs within 

the control room and does not deviate in any significant manner from a normal plant shutdown operation.  

These operations are routine and reliable and there is ample site specific evidence that such a shutdown can 

be accomplished in the anticipated assigned time window.  No additional discussion of PSF is considered 

necessary. 

Comment [editorial47]: Editorial: This 
statement is already included in the second 
sentence of the paragraph. 

Comment [suggest48]: Suggestion: For 
completeness, consider mentioning that the 
conditions under which the action will be performed 
have not changed relative to use of the actions 
during non-flood events. 
 
Note, the IA ISG says the following:  
“Because Emergency Operating Procedures (EOPs) 
have been validated during their development and 
subsequent change processes, it is expected that 
actions included in the existing EOPs are acceptable 
with little further evaluation, but only if they are 
applicable to the plant mode and effective under 
the conditions of the scenario (e.g., instrumentation 
and controls for the equipment is not degraded, 
power is available, no spurious alarms).” 

Comment [suggest49]: Suggestion: Consider 
specifying how often operators perform or simulate 
this action to support timing estimates (and to 
justify that there is less uncertainty associated with 
the timing estimate). 

Comment [editorial50]: Editorial: footnote 
missing 
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7.4.3.4 Resource Assessment 

Normal plant staffing is adequate to implement this action.  

7.3.2.5    Conclusion  

This action requires the operator to respond to a clear and simple annunciated cue in a typical control room 

environment with PSFs that are all nominal.  An assessment of the action timeline indicates that the action 

time window is 8 hours and the time required to complete the desired action is 4.1 hours indicating a safety 

margin factor of 1.95.  As this action is well trained and is performed in a nominal environment the SMF of 

1.95 is considered sufficient to consider this action reliable.   

 

  

Comment [editorial51]: Editorial: The 
numerical values in this sentence don’t match the 
values in Table 7.4.3-3a. 
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7.4.4 Align and Test SFMS DGs (Action XF-001) 

7.4.4.1 Description of Action 

Action initiated by MCR as part of AOP-XXX.  Action includes dispatching staff of two engineers to the SFMS 

facility.  The purpose of this set of actions is to ready the SFMS DGs, support components for extended 

operations and confirm availability of adequate fuel resources.  The two individuals are tasked with: 

(1) Unlocking and preparinge SFMS facility for use  

(2) Confirming operability of fuel oil transfer pump and availability of long term makeup to the day tank 

(3) Starting and runing DG for 15 minutes 

Actions are taken while the site is dry. The SFMS facility is constructed to be above the peak flood hazard 

elevation.  

To establish the reliability of these actions the operators are periodically trained in the procedure and are 

exposed to periodic drills/exercises.   Results of these drills have been recorded and expected median and 

bounding times have been established for a variety of crews and initiation scenarios.  Bounding values 

obtained from multiple exercises indicates that operators can effectively complete this activity in 75 

minutes.  This includes diagnosis of the need to take action, transport time to the SFM Facility and 

associated actions and validation efforts.  This bounding time is based on a night shift time response.  

Transport time from the MCRMCR to the SFMS is estimated to take less than 15 minutes and includes 

consideration of potential adverse weather conditions (consistent with conditions reported in the hazard re-

evaluation report.  Once the facility is entered, all subsequent actions are taken in a weather protected 

environment with adequate ergonometric conditions. 

Keys to unlock the facility are available in the MCRMCR.  Any necessary tools to perform required functions 

in the SFMS facility are stored in a clearly identified location in that facility. 

No diagnosis is required for baseline actions.  The action is initiated under direction of the MCRMCR and 

specific actions to be performed in the SFMS facility are included in AOP-XXX.  Operators are trained in this 

activity however, ; specific activities included in the procedures are simple and require no specific skill-set. 

Tools to facilitate turning of valves are stored in clearly identified locations within the SFMS.  The day tank is 

maintained full. 

Timeline for actions included in these procedures MCR is presented in Table 7.4.4-1a.  Affected staff  are 

periodically trained on the readying process for the SFMS. Initial training on the SFMS implementation 

procedure was conducted on XX/XX/2013.  Severe flood simulation drills are performed annually.  The 

timings provided are based on maximum timings from results of two site walkdowns of the associated 

procedures conducted on XX/XX/2013 and XX/XX/2014 (Reference X).  Annual site drills confirm these values 

to be bounding.  

7.4.4.2 Human Action Timeline 

Comment [clarify52]: Clarification needed: 
This sentence references training of operators. The 
first paragraph of this section states that “two 
engineers” are dispatched. Are the engineers 
trained? 

Comment [suggest53]: Suggestion: Similar to 
earlier comments, consider adding a placeholder to 
indicate that the frequency of the drills should be 
included in the description. 

Comment [request54]: Request: Note 
comments associated with Fig 7-1. 
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Based on results of walkdown of procedure AOP-XXX as discussed in Section 7.4.4.1, the elements of the 

action timeline for this flood mitigation action are included in table 7.4.4-1a. 

Table 7.4.4-1a 
Response times for Action XF-001 

Time Response Component Time  (hr) Basis 

Tdelay 0.5 Time from cue to take action for MCR to assemble 

crew to ready the SFMS facility 

T1/2 0.25 Considers travel from MCR to SFMS facility.  Facility is 

located 0.5 miles from MCR.  Direct road from MCR 

and facility is available and road is clear from 

potential hazards.  Median transit time is 5 minutes.    

TM 1 Based on results of a bounding site simulation.   

TSW 10 Estimated based on need to complete this action 

prior to completing last site SFMS readiness action 

XF-006.  Completion of XF-001 prior to that time will 

not delay any parallel activities. Site resources are 

adequate to perform all tasks and the SFMS team 

tasked with readying the SFMS DG involves different 

personnel from those tasked with XF-004 through XF-

006.  overall site implementation program.  

TW 1.75  

TREQ 1.3 Time Margin  >> 2 

 

  

Comment [editorial55]: Editorial: This is not a 
complete sentence. 

Comment [clarify56]: Clarification needed: Fig 
7-1 defines TW= Time available for cognition = (TSW - 
Tdelay) - TM. Using these values in this table: Tw=(10-
0.5)-1 = 8.5. 
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7.4.2.3  Summary Feasibility/Reliability Assessment for Action XF-001 

Table 7.4-4b  
Assessment of Reliability and Feasibility of Flood Significant Human Actions  

Action ID: SFMS DGs tested and Aligned per Procedure AOP-XXX 

Action:  Crew dispatched from MCRMCR to (1) unlock and prepare SFMS DGs for use (2) Confirm operability of 
fuel oil transfer pump and availability of long term makeup to the day tank (3) start and run SFMS DG for 15 
minutes.  

Discussion: Action is highly reliable. All subordinate actions are proceduralized.   

PSF 
PSF 

Categories 
Applicable 
Category Justification 

Cues and Indications 
Nominal X Direction to prepare facility and align SFMS DG system 

included in AOP-XXX. Degraded   

Complexity 
Nominal X Action is simple, proceduralized and trained on at least 

once annually.  Degraded   

Special-Equipment 
Nominal X 

 No special equipment required Degraded   

Human-system Interfaces 

Nominal NA SFMS facility is accessible  via keys available in 
MCRMCR, lighting in SFMS facility initially powered via 
offsite power. Copies of support procedure available in 
SFMS facility.  Degraded 

  

Procedures 
Nominal X Procedure used for identified action(s) are well written.  

Training on flood procedure conducted annually.   Degraded   

Training and Experience 
Nominal X 

Flood mitigation AOP actions trained on annually Degraded   

Workload, pressure , Stress 

Nominal X Adequate staffing is available to ensure low workload.  
Time to take action is adequate (see Table 7.4-4a) and 
shows significant time margin. Two individuals 
dispatched to SFMS facility and the task is done early in 
scenario progression. 
 
Psychological stress is minimized as much of 
surrounding region not directly impacted by flood.  For 
plant individuals with family in need of help for 
potential evacuation or other actions, specific 
individuals can be released.   

Moderate 
 

Degraded 

  

Environmental Factors 
Nominal NA 

See supplemental Table 7.4-4c Degraded   

Special Fitness Issues 
Nominal NA Actions do not have a requirement for strength or 

special fitness.   Degraded   

Staffing 
Nominal X Resource loading plans are established and 

implemented so adequate resources are expected. Degraded   

Communications Nominal X Communication is via satellite phone 

Comment [clarify57]: Clarification needed: 
Earlier text says “Keys to unlock the facility are 
available in the MCRMCR.  Any necessary tools to 
perform required functions in the SFMS facility are 
stored in a clearly identified location in that facility.” 
Please clarify why these are not considered “special 
tools.” 
Note: The ISG says the following regarding special 
tools: “Manual actions associated with flooding may 
require special or portable equipment and 
PPE. Portable equipment may include keys (doors 
may “fail closed” in the event of a loss of power), 
ladders, hoses, torque devices, electrical breaker 
rackout tools, flashlights, portable pumps and 
meters, and rafts or boats, among other items. PPE 
may include protective clothing to enter high 
radiation areas or flood-specific protective clothing, 
such as life jackets, hip waders, or other special 
purpose gear.” 
 
Also consider specifying whether equipment is 
dedicated (e.g., a dedicated tool box). 

Comment [clarify58]: Clarification needed: 
What does this mean? 

Comment [request59]: Request: Note earlier 
comment regarding use of subjective adjectives. 

Comment [clarify60]: Clarification needed: 
Consider adding discussion of sequestration of 
people on site. It is not clear whether minimum 
staffing levels are maintained before a decision is 
made to “send people home.”   
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Table 7.4-4b  
Assessment of Reliability and Feasibility of Flood Significant Human Actions  

Action ID: SFMS DGs tested and Aligned per Procedure AOP-XXX 

Action:  Crew dispatched from MCRMCR to (1) unlock and prepare SFMS DGs for use (2) Confirm operability of 
fuel oil transfer pump and availability of long term makeup to the day tank (3) start and run SFMS DG for 15 
minutes.  

Discussion: Action is highly reliable. All subordinate actions are proceduralized.   

Degraded   

Accessability 

Nominal X Keys for doors of the SFMS facility are located in the 
MCRMCR and sufficient copies are available to ensure 
adequate access.  The SFMS facility is located at an 
elevation above the highest credible flood level 
determined by the hazard re-evaluation. Degraded 

  

 

  

Comment [suggest61]: Suggestion: Also 
consider mentioning that the facility is accessed 
before the floodwaters inundate the site for the 
purposes of this action. 
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Table 7.4-4c 

Assessment of ISG Appendix C Environmental factors for PSF 

Action ID: Flood DG’s tested and Aligned per Procedure AOP-XXX 

Environmental Factor Impact Assessment Comment 

adverse weather (e.g., lightning, 

hail, wind, precipitation) 

No severe weather conditions are 

anticipated.  Human factors 

consider impact of 40 mph winds.  

Wind speeds at this level will 

have little impact on plant site 

movements.  All operational 

activities are within a weather 

protected structure 

temperatures (e.g., humidity, air 

and water temperatures, 

particularly if personnel must 

enter water) 

Area not susceptible to extreme 

weather conditions. DG operates 

building HVAC and well as other 

comforts such as lighting and 

refrigerator and communication 

information. 

Building environment controlled 

by HVAC supported by the 

facility DGs.  Doors, vents and 

fans are available in case of 

HVAC failure. 

conditions hazardous to the 

health and safety of personnel 

(e.g., electrical hazards, 

hazards beneath the water 

surface, drowning, structural 

debris) 

No hazardous conditions exist 

during facility preparation.  

Procedures limit hazards as facility 

is re-staffed 

Facility is above maximum 

potential flood height.  Key 

indications and equipment are 

located in facility. (If needed, 

small water-craft  are stored 

adjacent to the SFMS facility for 

transport from the SFMS facility 

to points on a flooded site.) 

Roads to and from facility to 

adjacent community available 

during maximum flood for 

facility re-supply from off-site 

sources.  

lack of lighting Facility is well lit. Replacement lights available. 

Back-up battery powered 

lanterns and flashlights /head 

lamps and batteries available for 

[x]days. Material can be 

resupplied. 

Comment [clarify62]: Clarification needed: It is 
not clear what is meant by this statement.  
Note: 40mph winds will likely have some impact on 
human actions. Consider using more specific 
language here (e.g., distances personnel must travel 
in 40 mph wind speeds are less than “x.” OR 
personnel travel via a “x” vehicles, which has been 
shown to be unaffected by wind speeds of “x” mph). 

Comment [clarify63]: Clarification needed: It is 
not clear what is meant by this statement. Consider 
specifying what is meant by “this level” (e.g., “above 
the two-year windspeed of “x” mph). 

Comment [clarify64]: Clarification needed: 
This statement indicates that the DGs power the 
HVAC. However, this action involves “hooking up” 
the DGs, therefore they would not be available to 
power the HVAC at the time this action is being 
performed. 

Comment [clarify65]: Clarification needed: 
What is the relevance of re-staffing for this action 
that occurs early in the timeline? 

Comment [clarify66]: Clarification needed: It is 
not clear how the boat factors into this action. 
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Table 7.4-4c 

Assessment of ISG Appendix C Environmental factors for PSF 

Action ID: Flood DG’s tested and Aligned per Procedure AOP-XXX 

Environmental Factor Impact Assessment Comment 

radiation No radiation exposure in facility Facility is located outside the 

radiation controlled area 

noise DG operation may be noisy, but will 

not impact DG implementation 

DG area walled off from crew 

living quarters. Within DG room, 

crew can wear ear protection 

(available in building) 

vibration Vibration not judged to be an issue  

 

7.4.4.4 Reliability Assessment 

The action included in XF-001 is to prepare the SFMS for operation.  XF-001 is a collection of 3 simple 

actions that are well trained upon.   All of the action’s steps are captured within one governing 

procedure.  Timing estimates for completion are based on the most limiting performance observed 

during simulations.  All actions to ready the system are performed indoors and equipment needed is 

staged in the facility.  Timing uncertainty in completion of tasks is considered low.   Action has a time 

margin well in excess of 2.0 and is judged highly reliable.  

7.4.4.4 Resource Requirements 

Action requires two crew members to be dispatched from the control room.  Adequate staffing is available 

to support this function.   

7.4.4.4   Conclusion  

This action requires the operator to ready the SFMS for operation.  Actions are clearly indicated in AOP-

XXX and staff has the requisite skills and prior training. As flood waters have not reached the site at the 

time these actions are expected to be accomplished, all PSFs were assessed as nominal.   

An assessment of the action timeline indicates that the action time window is up to 10.0 hours and the time 

required to complete the desired action (including staff assembly time) is estimated at 1.3 hours, indicating 

a safety margin factor well in excess of 2.0.    As this action is well trained and is performed in a nominal 

environment the action is considered reliable.    

 

Comment [suggest67]: Suggestion: Consider 
being a little more explicit about why this is not an 
issue (just a short sentence) rather than using this 
somewhat vague language. 
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7.4.X---ADD ADDITIONAL ACTIONS HERE 
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7.5   Conclusion 

This section has focused on establishing the feasibility and reliability of the human actions required to 

implement the mitigation actions identified in the plant flood response program.   The overall external flood 

mitigation strategy was assessed.  Based on this assessment the actions included in the plan are found to be 

feasible and highly reliable so as to provide a credible flood response capable of maintaining the plant’s KSF 

for the duration of the event.  In assessing feasibility, it was concluded that procedures are well written and 

operators trained on a routine basis to mitigate the effects of the scenario.  The operators were interviewed 

to determine the overall awareness and confidence in the strategy.  An assessment of these factors and 

others including environmental and psychological stresses indicates that the resulting PSFs affecting these 

actions are nominal and will not negatively impact performance of those actions. 

Reliability was established by evaluating the individual constituent events and overall event timeline to 

determine  available margin in executing the component and integral actions in the flood mitigation plan.  

Timing analysis for most actions indicated that with a few exceptions actions had greater than twice the 

amount of time required to perform the actions evaluated.   

--------- ----------------Preparer’s Note------------------------------------------------------------------------------------------------- 

The remainder of this paragraph should identify which actions (if any) were found to have a margin less than 

2 and summarize the basis on which the timing for those actions were judged to be reliable. 

 

As a result of the above assessment, the external flood mitigation procedures developed are both feasible 

and reliable.  
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8.0 Uncertainty Assessment [LATER] 

9.0 Conclusion [LATER] 

 

10. References [LATER] 

 

[LATER] 

 

 

 

 

Comment [request68]: Request: Note 
comments associated with Fig. 7-1. It is not clear to 
staff (1) why this assessment is not being performed 
on an “action-by-action” basis and (2) how 
uncertainty is not being considered in the feasibility 
assessment. 
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