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Washington, D.C. 20555-001

Braidwood Station, Unit 1
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NRC Docket No. STN 50-456

Subject: Submittal of Supporting Documentation for January 6, 2010 Regulatory
Conference

Reference: (1) Letter from Steven West (U. S. NRC) to Charles G. Pardee (Exelon
Generation Company, LLC), "Braidwood Station, Unit 1, NRC Follow-up
Inspection Report 05000456/2009007; Preliminary Yellow Finding," dated
November 30, 2009

(2) Letter from Amir Shahkarami (Exelon Generation Company, LLC) to U. S.
NRC, "Response to NRC Follow-Up Inspection Report 05000456/2009007,"
dated December 10, 2009

In Reference 1, the Nuclear Regulatory Commission issued an inspection report with respect to
the June 24, 2009, failure of the B Train Containment Sump Suction Valve, 1S18811B, to stroke
full open during surveillance testing. in Reference 2, Exelon Generation Company, LLC (EGC)
requested a Regulatory Conference to present to the NRC our perspective on the facts and
assumptions used to assess the finding and its significance. As a result, a Regulatory
Conference is scheduled for January 6, 2010. The NRC requested in Reference 1 that
supporting documentation be submitted at least one week prior to the conference. This letter
provides the NRC with the requested supporting documentation.

Attachment 1 provides a document entitled, "BW-SDP-003, Revision 1, ‘Braidwood Phase 3
SDP Evaluation of Failure of 1S18811B to Fully Open.™ and its applicable appendices. EGC
has calculated changes in core damage frequency (CDF) and large early release frequency
(LERF) using the Braidwood PRA model and crediting local operator action to fully open the
1S18811B valve. Attachments 2 through 7 provide evaluations performed to support the
conclusions of BW-SDP-003, Revision 1.

Included in Appendix J of the document contained in Attachment 1 is information related to the
impact and sensitivity of certain assumptions on the conclusions of EGC’s SDP evaluation.

As part of the Regulatory Conference on January 6, 2010, EGC plans to present the resulits of
our Root Cause Evaluation, the impact of the 1S18811B failure on system operation, the
expected environmental conditions that support local valve operation, and the dominant risk
scenarios and SDP evaluation results.
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If you have any questions concerning this letter, please contact me at (815) 417-2800.

Respectfully,

2

David Gullott

Regulatory Assurance Manager

Braidwood Station

Attachments: (1)

(2)
3)

(4)

(5)

(6)
(7)

BW-SDP-003, Revision 1, "Braidwood Phase 3 SDP Evaluation of Failure
of 1S18811B to Fully Open”

EC #377204, "Evaluate 1518811B Flow at Partial Opening"

EC #377329, "Post SBLOCA Dose Rate Assessment for 1SI8811A/B
Accessibility”

EC #378302; "Evaluate Temperature of the Pipe Penetration Curve Wall
Area Aux. Bldg. Elev. 364’, Using a Bounding Case and Realistic Case”
Revised Analysis from EC #377814

EC #378180, "Analysis to Determine Back Flow from RWST to ECCS
Recirculation Sump While 1S18811A/B and 1SI8812A/B are Open for Six
Minutes"

ER 392870, "Accessibility of 1S18811B Following SBLOCA — Revised for
5.2 Inch Break,” November 17, 2009

ER 393342, "Accessibility of 1S18811B Following SBLOCA — Revised to
Include Potential ECCS Termination at RWST Empty"

Cc: Regional Administrator, USNRC, Region lil
NRC Resident Inspector, Braidwood Station
Rick Skokowski, USNRC Region Il
Laura Kozak, USNRC Region llI
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1. PURPOSE

This evaluation examines the risk significance associated with failure of 1S18811B
(ECCS Sump Recirculation MOV) to fully open (Reference 3).

2. BACKGROUND

On 6/24/2009, during performance of 1BwOSR 5.5.8.S1-7B “Safety Injection System
Containment Sump 1S18811B Valve Stroke Surveillance” & 1BWOSR 5.5.8.S1-2B “Train
B Safety Injection System Isolation Valve Indication Surveillance” 1S18811B failed to
fully open. The 1S18811B control board indication went dual, but nev er indicated full
open. Locally 1S18811B was observed approxim ately 30 to 40 percent open.
Investigation found water in the actuator limit switch (LS) compartment, and it was
determined the actuator torque switch (T S) for the 1S18811B was corroded and non
functional. The cause of the corrosion was determined to be water intrusion into the LS
compartment through the conduit. The TS and LS finger bases were replaced. On June
26, 2009 at 02:42 hours, the valve w as restored to operable status.

A review of past performance of the 1518811B valve indicated that the last tim e the valve
_ was stroked successfully was September 20, 2007 (Reference 3). The exact time of the
failure cannct be determined, however it can be determined that the failure occurred
between the times 1S18811B was successfully stroked and when the failure was
discovered.

Based on the failure mode, the valve would have been capable of opening to thé bypass
LS setting of approximately 34 percent open, and the valve was capable of passing the
required ECCS recirculation flow at this partial opening position.

However, failure of 1518811B to fully open prevented 1S518804B, Residual Heat Removal
to Safety Injection, and 1CS009B Containment Spray Pump 1B Sump Suction Valve
from opening. As a result of dual indication on 1S18811B, even though the S18811B
valve was capable of passing the required ECCS recirculation flow, it is expected that
had there been an event requiring ECCS recirculation, the operators would have placed
the RH pump in pull-to-fock prior to closing 1S18812B to prevent isolation of suction
sources on a running pump. In this configuration, the ability to achieve ECCS
recirculation is highly dependent on the success of subsequent oper ator actions.

3. ANALYSIS INPUTS

Fault Exposure Time

Reference 3 documents that 1S18811B was last successfully stroked on 9/20/07. The
valve was repaired and returned to service on 6/26/09. Therefore the fa ult exposure time
is 2 * (6/24/09 - 9/20/07) + 2 = 323.5 days. This includes the 2 days of repair time when
the valve was known to be unavailable.

Impact of Partial Opening of 1S18811B on RH Flow

Reference 4 evaluated the im pact of the partial opening of 1S18811B on the abi lity the B
RH pump to provide flow for ECCS Recirculation. The evaluation concluded that the
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valve opened sufficiently to provide full flow capability. Therefore, this condition had no
direct impact on the ability of the RH pumps to provide flow for E CCS recirculation.
However, since the failure would have resulted in dual posi tion indication for the valve,
the operators would be expected, per their training, to put the pump in pull-to-lock prior
to closing 1S18812B. Securing the RH pump is based on operator knowledge of the
potential to deprive the pump of all suction sources if 1518812B is closed without
1S18811B being open. T his disables the train for the purposes of ECCS recirculation
until such time as the valve is locally opened and the pump is restarted. Appendix A
provides more detail regarding this action.

Common Cause Analysis

A review by Plant Engineering of the design configuration of t he 1S18811A versus the
1S18811B valve configuration showed that the A train valve was less likely to have water
intrusion in the control circuitry than the B train valve. A n inspection of the 1SI8811A
valve found no evidence of moisture/corrosion (Reference 21). Furthermore, a test of
the valve confirmed its functionality. However, there is not sufficient justification to rule
out common cause failure (CCF) potential. Therefore, the impact of CCF potential
between two valves was assessed in this evaluation. T his is a conservative assumption.

Impact of Partial Opening of 1Si8811B on other Components

1S18811B has 2 interlocks that are not made up uniess the valve is fully open:

o 1S18804B: Failure of the 1S18811B from fully opening prevents 1S18804B from
being opened to support Intermediate Head ECCS Recirculation.

o 1CS009B: Failure of the 1518811B from fully opening prevents 1CS009B from
being opened to support Containment Spray Recirculation. (CS is not modeled in
the PRA as it is not required to prevent Containment Over pressurization).

Procedural Direction for Locally Opening 1SI18811A/B

Regardless of the scenario, procedural direction for locally opening the SI8811 valves is
provided in 1BwCA-1.1 (Reference 10). Appendix F provides additional details
regarding the expected procedure steps once th e need for transfer to Cold Leg
Recirculation is reached. Following a trip, safe shutdown qualified equi pment operators
report to the control room to be available for taking local actions required to implement
the EOPS P . .. R .o . - .

Quantitative Credit for Locally Opening 1S18811A/B

The condition of the 1S18811B valve at the time of the partial failure only precluded
automatic and remote manipulation of the valve using the valve motor operator and
would not have precluded | ocal operator manipulation of valve. The ASME/ANS PRA
Standard (Reference 18), as endorsed by Reg. Guide 1.200 (Reference 19), provides
specific requirements for the crediting of operator recovery actions, such as the local
operation of the 1S18811A/B valves.

The ASME/ANS PRA Standard contains a high-level requirem ent specifically related to
crediting recovery actions:
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“Recovery actions (at the cutset or scenario level) shall be modeled only if
it has been demonstrated that the action i s plausible and feasible for
those scenarios to which they are applied.”

In addition, the PRA Standard provides the following note to clarify what is meant by a
“recovery action”:

“Recovery actions are actions taken in addition to those nor mally identified
in the review of emergency, abnormal, and system operating procedure s,

. They are included to allow credit for recovery from failures in cutsets
or scenarios when failure to take credit would di stort the insights from the
risk analysis”.

The applicable supporting requirements of the Standard include the following:

INCLUDE operator recovery actions that can restore the functions, system s, or
components functions on an as-needed basis to pro vide a more realistic evaluation
of significant accident sequences.

OCCUI'

a) a procedure is available and operator training has incl uded the action
as part of crew’s training, or justi fication for the omission for one or both
is provided

b) “cues” (e.g., alarms) that alert the operator to the recovery action
provided procedure, training, or skill of the craft exist

c) attention is given to the relevant perform ance shaping factors

d) there is sufficient manpower to perform the action.

ACCOUNT for any dependency between the HF E for operator recovery and any
other HF Es in the sequence, scenario, or cutset to which the recovery is appli ed

The Human Reliability Analysis (Appendix A) addressed the additional applicable
Standard requirements including:

.When estimating HEPs EVAILUATE the impact of the following plant-specific .and
scenario-specific performance shaping factors:
a) quality [type (classroom or simulator) and frequency] of the operator
training or experience
b) quality of the written procedures and administrative controls
c) availability of instrumentation needed to take corrective actlons
d) degree of clarity of cues/indications
e) human-machine interface
f) time available and time required to complete the response
g) complexity of the required response
h) environment (e.g., lighting, heat, radiation) under which the operator is
working
i) accessibility of the equipment requiring m anipulation
i) necessity, adequacy, and availabi lity of special tools, parts, clothing, etc.

.....
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In accordance with the requirements of the ASME/ANS PRA Standard, a series of
thermal hydraulic (T-H) analyses and other engin eering studies were performed to
assess the cues, timelines and viability of local operator recovery actions across the
spectrum of scenarios identified.

Thermal Hydraulic Analysis

The dominant risk contributors associated wi th failure of the 1518811B valve to fully
open include:

¢ Small LOCA sequences resulting in failure to establish intermediate head ECCS
recirculation.

o Medium LOCAs sequences resulting in failure to establish intermediate head
ECCS recirculation.

¢ Bleed and Feed sequences resulting in failure to establish intermediate head
ECCS recirculation. The Bleed and Feed cutsets are similar to the small LOCA
sequences except that the LOC A is induced through opening the Pzr P ORVs.

Regardless of the initiator, the un-recovered cutsets are of essentially two types
1. Common cause failure of the SI8811 valves to open
2. Failure of SI8811B with random failures of A Train in the ECCS recirculation
mode

These cutsets are not signifi cant contributors to the Braidwood base P RA.
Consequently, no credit is given in the base model for local manual operation of the
8811A/B valves.

An important dimension of these cutsets is that there are no additional com plicating
failures that would i mpede plant or operator response. For example, in the LOCA
scenarios, operators would have been able to cooldown the RCS as directed by plant
emergency operating procedures prior to reaching the point where ECCS recirculation
would be required and containm ent heat removal is available in all scenarios via the
Reactor Containment Fan Coolers (RCFCs).

The Braidwood M AAP model was used to perform sensitivity studies to determine the

nlant thermal hydraulic conditions and time ‘available to locally open the 1S18811B valve=- -

to either restore the interlock and enable 1S18804B to be opened to all ow intermediate
head recirculation or utilize low pressure recirculation in insta nces where operator action
had been taken to successfully cooldown the RCS prior to reaching the time for ECCS
recirculation.

To support the HRA analysis (see Appendix A), additional T-H analyses were performed
(see Appendix B) to determine the LOCA conditions under which C ontainment Spray
would actuate. This was needed for this evaluation as CS spray actuation significantly
accelerates depletion of the RWST inventory and reduces the time available to the
operators to establish ECCS recirculation. For example, the base PRA model
conservatively assumed that CS will always actuate for Medium LOCAs in order to
simplify the PRA model and avoid the need to develop additional acc ident sequences
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and separate Human Error Probabilities (HEPs) based on the number of RCFC trains
that are available. T his is seen in the development of the operator action timing to
establish ECCS recirculation (1SI-HPR----HSYOA) in the base model, which uses MAAP
cases with no RCFCs and CS actuation for developm ent of the HEP.

The T-H analysis described in Appendix B resulted in the following CS conditions that
are used in this evaluation:

LOCA Size # RCFC Trains Available | CS Actuation’
Small LOCA (<2") 2 No
Small LOCA (<2") 1 No
Small LOCA (<2") 0 Yes
Medium LOCA (2" - 3") 2 No
Medium LOCA (2" - 3") 1 Assumed’
Medium LOCA (2" - 3") 0 Yes
Medium LOCA (3" - 5.2") 2 No
Medium LOCA (3" — 5.2") 1 Assumed”
Medium LOCA (3" - 5.2") 0 Yes

Based on these results, timelines for human failure events were developed for the
- dominant Small and Medium LOCA scenarios assuming CS does not actuate in the
following cases:

s Small LOCA with 1 or more RCFC trains available
s Medium LOCA with Both RCFC trains available

Credit is not given for local operation of the 881 1A/B valves in cases where CS i is
assumed to actuate:

¢ Small LOCA with no RCFCs available®
¢ -Medium LOCA with 1 or 0 RCF C trains available

Radiation Levels during Operator Action to Locally Open 1Si8811B
The radiation levels following a Small/Medium LOCA (up to a 5.2” diameter break, i.e.,

the largest Medium LOCA break size) were analyzed as being acceptable for taking the
action to open valves (Reference 23) . Radiation levels following any large LOCA (i.e.,
LOCAs >52" dlameter) are conservatively assumed to preclude local operation of the
valves due to the potential for fuel fail ures during the RCS blowdown.

Temperature Curved Wall Area during Operator Action to Locally Open
1S18811B

The expected temperature in the curved wall area following a Small/Medium LOCA (up
to a 5.2” diameter break, i.e., the lar gest Medium LOCA break size) were analyzed as
being acceptable for taking the acti on to open valves (Reference 22).

1 Actual analysis shows no CS actuation, but CS is conservatively assumed to actuate as Containment
pressure is ~2 psia below the CS setpoint

2 Actual analysis shows no CS actuation, but CS is conservatlvely assumed to actuate as Containment
pressure is ~2 psia below the CS setpoint

3 This HEP was not developed as there were no cutsets prior to crediting recovery that had this condition
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RWST Flow Diversion to Containment ECCS Sump with both S18811 and
S18812 valves open

During the swap over to ECCS recirculation, there is tim e at which both the S18811 and
S18812 valves may be open. During this period, RWST inventory will be diverted from
the RWST to the containment ECCS sump. This flow diversion has the effect of.
accelerating the depletion of the RWS T thereby reducing the tim e available to the
operators to locally recover the S18811 valve prior to reaching RWST Lo-3 (9% level) at
which point all ECCS pumps taking suction from the RW ST are secured. Reference 17
provides the analy sis of the impact of the flow diversion on RWST input. This information
is accounted for in the T-H analysis provided in Appendix B for determining the time
windows available to locally open the S18811 val ve(s). :

4. ANALYSIS METHOD AND DECISION CRITERIA

Decision Criteria

In accordance with Reference 2, the follow ing criteria are used to assess the total risk
impact of the failure of 1S18811B to fully open:

-Risk - Green(per | White (per year) | Yellow (per year) | Red (per year)
Metric year) ‘

ICDP <1E-6 1E-6 to 1E-5 1E-5 to 1E-4 >1E-4
ILERP? <1E-7 1E-7 to 1E-6 1E-6 to 1E-5 >1E-5

Scope of Analysis

The scope of this assess ment includes Internal Events, External Events (Fire and
Seismic) and LERF (internal events only), in accordance wi th Reference 2.

SDP Model

The current Braidwood B ase PRA model is Revision 6D (Reference 5). However, a
review of the alpha factor for event 1S18811A -B-CMVCC indicated that the value used
was an alpha factor that is applied in the model for High Pressure Injection MOVs;
whereas the S18811 valve is a low pressure valve (maximum pressure would be
containment pressure just before failure - ~100 psig). As described in Appendix C, this
analysis uses the Braidwood Base PRA model (Rev 6D) and adjusts the alpha factor to
be consistent with other RH MOVs in the model. This revised model (6D2) is used in this
evaluation.

The Braidwood Fire PRA model Rev 6C° was used to evaluate the impact of 1S18811B
failing to fully open from a fire risk perspective. Appendix G describes the fire risk
assessment.

Braidwood does not have a seismic PRA model. A bounding seismic risk evaluation is
described in Appendix H. '

4 ILERP is only considered if ICDP is greater than 1E-7/yr
5 The fire PRA model 6C includes two updates that make it equivalent to Rev 6D of the Braidwood PRA
model for internal events.
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Based on the inputs described in Section 3, a potential risk increase from the 1S18811B

failing to fully open can be determined using the following assumptions:

1. Valve 1S18811B is assumed to be failed. This assumption is made as it effectively
fails the RH pump in the recirculation mode. Though sufficient flow through
1S18811B was available, with dual position indication, it is expected that the
operators would secure the RH pump until such time as the valve was locally opened
(Recovery action).

2. Although not present, it is assumed

that the failure mechanism associated with

1S18811B (corrosion of the torque switch) could have been applicable to 1SI8811A.
This is treated by increasing the Common Cause Failure Probability of the S18811

valves to open by the random failure of 1S18811B to open, i.e., the failure probability
is set to the alpha factor only.

The evaluation of the risk ass ociated with the 1S18811B event is documented in the
following Appendices:

internal.Events — Appendix D = .
Internal Events Sensitivity Analysis — Appendix E
Fire Risk — Appendix G
Seismic Risk — Appendix H

The results of these evaluations are provided below:

Metric | Internal Events ICDP Fire ICDP Seismic ICDP | Total ICDP
CDF 7.1E-07 2.2E-07 1.9E-09 9.3E-07
LERF 8.8E-09 Not Calculated | Not Calculated 8.8E-09




BW-SDP-003 Rev 1 Page 11

6. TREATMENT OF UNCERTAINTY

Sensitivity studies were performed (see Appendix E ) to determine the impact of changes
to several assumptions used in this SDP evaluation.

These sensitivity studies concluded:

Number of PORVs Required for Bleed and Feed
Changing the success criteria to 2 PORVs required increases the baseline CDF

but decreases the risk contribution fr om the failed valve.

HEP for Locally Opening 1S18811B
The Human Error Probabilities for locally opening 1S18811B was quantified using

the EPRI HRA Calculator. A sensitivity study was performed to evaluate the
impact of the HEP using the SPAR-H model on the SDP results. Use of the
‘SPAR-H model does impact the resuits significantly; however, the stair step
nature of the SPAR-H methodology’s time based recovery credit is not well
suited for the medium LOCA HEP quantification associated with this SDP.
Because the time available for mitigating action (the system window) varies by
several hours over the m edium LOCA break spectrum, breaks on the smaller end
-of the medium LOCA spectrum have significantly.longer system windows than
those on the larger end. Use of the system window associated with the li miting
medium LOCA break in the SPAR-H methodology results in the application of an
HEP that is not representative of a large portion of the medium LOCA events.
While the HEPs using the EPRI HRA Calculator also use a stair step time based
recovery model, the recovery credit transitions do not occur at times that are
critical to the results.

Common Cause Failure

It is known that there was no corrosion on the torque switch for 1S18811A, and
therefore, there was no actual common cause failure. T he impact of not
assuming a common cause failure potential was evaluated. With this different
assumption, the SDP results are slightly reduced.

In addition to the sensitivity studies, there are still several sources of conservatism in
the SDP analysis:

L

Break Sizes - - - Co o
The most limiting timing for a particular LOCA initiator is used for the spectrum of
break sizes within a LO CA category. In addition, the timing for the worst case
small LOCA is used as the recovery timing for long term bleed and feed
scenarios, though significantly more time is available. Refinement of break sizes
would reduce the calculated risk impact.

Injection with RH
For medium LOCAs and small LOCAs with successful RCS cooldown that

represent the majority of the computed risk for this SDP, the operators are
expected to secure the RH pum ps when they have dual indication on 1S18811B.
However, if they are unsuccessful in locally opening 1S18811B, they would
eventually attempt to use an RH pump for injection, as the thermal hydraulic
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calculations show that RCS pressure would be below the shutoff head of the RH
pumps. As the 8811B valve was found to be open sufficiently to allow full RH
flow (Reference 4), this action, though not proceduralized, would be succes sful in
preventing core dam age. Since it is not proceduralized, no credit is taken in the
SDP, which provides a significant conservative bias to the results.

e Hot Leg versus Cold Leq Breaks
All LOCAs are assumed to be Hot Leg Breaks to minimize the time for operator

response. Cold leg breaks extend the time window for operator action by several
hours with a subsequent improvement in the credit provided for local recovery of
1518811B.

o Use of Shutdown Cooling Versus ECCS Recirculation
For Small and Medium Break LOCAs the plant operators would initiate RCS

depressurization and cooldown. F or a range of small and medium LOCAs, this
cooldown would result in establishing Shutdown C ooling with makeup to the RCS
using normal charging from the RWST. For these LOCAs, the need for ECCS
recirculation may never be reached. Not modeling shutdown cooling and
requiring ECCS recirculation for these sequences represents a conservative bias
to the results.
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RWST Refill

Though not modeled, RWST refill will provide additional time to maintain SI and
CV injection for smail/medium LOCA scenarios. This action is not credited in this
analysis, which provides a small conservative bias to the resulits.

Injection from VCT

Though not modeled, injection from the VCT will provide additional time to
maintain S| and CV injection for small/medium LOCA scenarios. This action is
not credited in this ana IyS|s which provides a small conservative bias to the
results.

Containment Spray

No credit is taken for scenarios where containm ent spray is actuated. With
containment spray actuation, the time available to locally open 1S18811B will be
shorter, due to the additional depleti on of the RWST resulting from the use of
Containment Spray. However, for a wide range of LOCAs, there would still be
sufficient time to locally open the valve prior to core damage.

7. CONCLUSION : ' ;

Based in this evaluation, cred|t for operator action is warranted because

Procedures are available and traini ng provided to locally open valve(s)
Cues exist to trigger local operator actions

Environment conditions would allow access to valve(s)

Sufficient resources availabie to support opening the valve(s)
Sufficient time available to locally open 1S18811 valve(s)

b=

Crediting Operator Ac tion reduces the risk significance of the event to Green (low
importance to safety) In addition; ther e is sufficient conservatism in the evaluation to
account for uncertainties.
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1.0 HRA Overview

In order to assess the impact of the failure of the 1/2S18811A/B valve(s) on plant risk, it is
necessary to account for the actions that would be taken by the operator to r ecover from the
failure(s). The recovery actions include those steps that are required to successfully establish
cold leg recirculation mode given a failure of the 1/2S18811A/B valve(s) to stroke.

Because the 1/2518811A/B valve failure(s) occurred during the performance of the action to
transition to recirculation mode, the transition to cold leg re circulation mode consists of two
distinct phases. The first phase consists of the operator response up to the point where they
are first required to interface with the dual indication on 1/2S18811A /B. For this evaluation, the
phase one of the respon se is successful (inclusion of the failure to begin the transition to
recirculation mode with the failed 1S18811A/B valve would be non-minimal). The second phase
consists of the operator response once the dual indication condition on the valve(s) has been
encountered. Consequently, it is only necessary to model the phase tw o response for cases
that include failure of 1S18811A/B. ce e

In order to account for th e conditions under which the phase two response would be required, it
is necessary to identify the accident scenarios in which the mitigating actions would be taken.
The Braidwood PRA model and the NRC S PAR model identify a similar set of dominant
contributors, which are sm all and medium LOCA scenarios. Because the different LOCA sizes
impact the time available to perform the transition to cold leg recirculation mode, separate HEPs
have been developed for these two initi ating event types. The Braidwood PRA model also
identifies loss of DC Bus 111 scenarios as top contributors, but because the timing of the
SLOCA event is consistent with that for the loss of DC bus transient and because the actions
are otherwise the same, the HEP for the 2" SLOCA event is considered to be applicable to the
loss of DC bus events. Consequently, a separate HE P was not developed for those cases. The
timing for the MLOCA cases is based on a 5.2" break (per the referenced case from A ppendix
B).

Within the Medium LOCA scenarios, there are some contributors that include the failure of one
RCFC division. MAAP analysis indicates that Containment Spray should not actuate for these
scenarios, but the margin to the actuation setpoint is relatively low. Because actuation of the
Containment Spray pumps would reduce RWST inventory and severely limit the credit available
for mitigating actions, the recovery ac tions are conservatively assumed to fail for these
scenarios.

An additional area of interest for MLOCA scenarios is that the timing conditions vary significantly
over the range of the breaks that are defined as MLOCAs. The timing for breaks on the lower
end of the MLOCA break spectrum (breaks from 2" to 3") is more closely related to the 2" LOCA
scenarios than for the 5.2” MLOCA events. Because the SPAR-H HEP for the MLOCA scenario
is significantly impacted by the differences in the tim ing conditions over the full range of the
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MLOCA breaks, the MLOCA events have been parsed into t wo ranges to more accurately
represent the reliability of the operator response. The HEP for the 5.2" MLOCA is retained for
use with the breaks from 3" to 5.2” (in conjunction with corresponding changes to the initiating
event frequency) and an additional HEP has been developed for use with the M LOCAs in the 2"
to 3” range (also accounting for the appropriate initiating event frequency).

Finally, because E xelon and the NRC quantify H EPs using different HR A methodologies, this
appendix includes assessments of the HEPs using both the Exelon HRA methodology (THERP)
and the SPAR-H methodology.

it should be noted that no credit is taken for any action that would be initiated based on
compliance with 50.54x, even though the action to start the RH pumps to determine if flow from
the sump couid be established is an obvious step to take when no other alternatives are
available to protect the core. In the sim ulator observations performed on 11/10/2009 and
11/11/2009, both crews elected to start the RH pumps when it was determined that no other
alternatives were avail able to prevent core damage and cited 50.54x as the basis for doing so.
The inability to credit this type of action is due to a limitation of the current HRA methodologies
rather than the inability of the operators to take such action. In this case, this weakness
precludes realistic modeling of plant risk

11 Human Failure Events

As identified in Section 1.0, the operator response has been separated into two phases; the first
phase includes the actions up to the point where interface with the dual indication on
1/2S18811A/B is required, and the second phase c onsists of the operator actions once the dual
indication condition on the valve(s) has been encountered. T he following outline identifies the
individual operator actions that are included in each of the phases:

e Phase 1

o Operators fail to begin the transition to cold leg recirculation ( addressed by
existing HFE in the PRA model)

s Phase 2

o Failure to locally open 1SI18811A/B and complete the transition to cold leg
recirculation mode

The action to begin the swap to cold leg recircul ation mode is taken in response to low RW ST
level. The nominal action to swap to recirculation mode i s applicable for the cases in which at
least one train of equipment is available. For cases in which cold leg recirculation i s failed by

the 1S18811A/B valve(s), a separate HFE is required.

This HFE represents the probability that the oper ators will fail to locally open the failed
1S18811A/B valves and complete the transition to cold leg recirculation given that the swap to
recirculation mode has been initiated.
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Because the Braidwood procedures direct the operators to a success path independe nt of the
interpretation of the dual indication on 1S18811A/B, a diagnosis error related to the valve’s

position is not a failure mode for transition to cold leg circulation mode. As a result, the Phase 2
HEP includes only an execution component.' Further details r elated to the procedure and failure

mode evaluation are provided in Section 1.2.

Table 1-1 provides a summary of the HEPs that have been developed to support th e SDP.

Table 1-1

Human Failure Event Summary

BEID

Action Description

HRA Method

HEP

15i88118--BHPMOA

1518811BSSBHPMOA

1518811B3SBHPMOA

1S18811BM-BHPMOA

1518811BMSBHPMOA

SLOCA

SLOCA

3" MLOCA

MLOCA

MLOCA

FAILURE TO OPEN VLV
1518811B AFTER REMOTE
FAILURE (LOCAL-MANUAL,
SLOCA)

FAILURE TO OPEN VLV
1S18811B AFTER REMOTE
FAILURE (LOCAL-MANUAL,
SLOCA, SPAR-H)

FAILURE TO OPEN VLV
1S18811B AFTER REMOTE
FAILURE {LOCAL-MANUAL,
3" MLOCA, SPAR-H)

FAILURE TO OPEN VLV
15188118 AFTER REMOTE
FAILURE (LOCAL-MANUAL,
MLOCA)

FAILURE TO OPEN VLV
1518811B AFTER REMOTE
FAILURE (LOCAL-MANUAL,
MLOCA, SPAR-H)

Exelon

SPAR-H

SPAR-H

Exelon

SPAR-H

6.50E-03

9.90E-03

9.90E-03

6.00€-03

9.10E-02

1.2 Treatment of the Cognitive Component for the Response to Dual Indication

on 1S18811A/B
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Typically, both execution and diagnosis errors ar e included as part of a post initiator HRA. In
this case, however, there is no need to address the diagnosis com ponent as explained below.
This based on the guidance in NU REG/CR-6883, section 2.2.1, which states that “When
considering the question “Does this task contain a significant amount of diagnosis ?” one should
consider whether the operator or crew has to expend mental energy to observe and interpret
what information is present (or not present), determine what that means, think of possible
causes and decide what to do about it.”

For scenarios in which the 1S18811A/B valve fails to completely stroke and both the “open” and
“closed” lights are illuminated (dual indication), it is recognized that the operator s must interpret
the dual indication and make a decision about how to proceed. However, whatever they decide
regarding the valve’s status results in a potential success path. Consequently there is no
failure associated with this diagnosis step. Once a decision has been made, the steps to be
taken are clearly delineated in the corresponding procedures.

o 1SI8811A/B interpreted as “NOT OPEN": operator directed to close 1SI8812A/B, open
1S18811A/B locally, and establish cold leg recirculation.

¢ 1SI8811A/B interpreted as “OPEN": The RH pumps would remain running, 1S18812A/B
directed to be closed, and injection would be provided to the RCS via the 1S18809A/B
valve(s). For transient scenarios or for SLOCAs where the transition to cold leg
recirculation is attem pted at the time of the 46% RWST level cue, the procedures still
provide a success path as they direct local operation of the 1CV8804A/1S18804B valves
(bypasses interlock with 1S18811A/B) and the establishm ent of flow using the
Sl/Charging pumps. .

These paths are described in more detail below.

Scenario 1, 1S18811A/B considered to be "not open” in ES-1.3 step 3c:

if the 1S18811A/B valve is considered to be "not open” in ES-1.3 step 3c, the operators are
transferred to Attachment A. In Attachment A, step 1 questions whether or not the 1 SI8811A
valve is closed. If it is determined to be "not closed”, the RNO action is to close 1S18812A,
which would terminate an "A" division flow diversion from the RWST to the sump. The RNO
then transfers to step 4, which includes similar guidance for the "B" division. The. RNO in step 4
transfers to Step 7, which in turn transfers to BwCA-1-1 where step 1c directs local closure of
1S18811A/B. Once the 1S18811A/B valve is open, cold leg recirculation can be established.

If the opposite interpretation of the 1S18811A/B valve'(s) status is made in Attachment A, step 1
of ES-1.3 (valve is "closed"), the operators are directed through steps 2 and 3, which attem pt
manual, remote operation of 1SI8811A . Step 3b closes 1S18812A, which would terminate a
flow diversion, and step 3e directs 1S18811A to be opened. Whether or not 1SI18811A is
considered to be open, the procedure path leads to step 4 where a similar process is started for
the "B" division. On completion of the "B" division steps, step 7 is reached where the transfer to
1BwCA-1.1 occurs and the direction to perform the local stroke of 1S18811A/B is given.

Scenario 2, 1S18811A/B considered to be "open” in ES-1.3 step 3c¢:
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In the event that the 1SI8811A /B valve(s) is believed/considered to be "open" in ES-1.3 step 3c,
step 3d directs closure of the 1S18812A/B valves, which would terminate the flow diversion from
the RWST to the sump. At this point, the RH pumps would be running with sucti on only aligned
through the partially open 1S18811A/B valves. For MLCOA events, this would allow injection
through the 1S18809A/B valves without further action; however, even if RCS pressure is too
high for injection using only the RH pumps (e.g., in a transient scenario), the procedure
continues in steps 4 and 5 to align RH to the S I/Charging system suction path. In steps 5f and
5h, the direction is given to open the 1CV8804A and 1S18804B valves, respectively. These
valves are interlocked with 1S18811A/B and would not open with 1S 18811A/B in an intermediate
position. The RNO for steps 5f and 5g direct local operation of valves 1CV8804A and 1SI8804B
valves, which are smaller and more easily operated than the 1SI8811A/B valves. Locally
stroking the 1CV8804A/1518804B valve would provide an alternate success path given that
suction would be available through th e partially open 1S18811A/B valves.

In summary, from the point where dual indication on 1S18811A/B is encountered at ES-1.3 step
3c, any procedure path taken will isolate the flow diversion path from the R WST to the
containment sump by closing 1S18812A/B and emergency coolant recirculation will be
established by opening either 1SI18811A /B or 1CV8804A/1S18804B locally. Failure to interpret

. the 1S18811A/B valve as “not open” is not a failure mode for establishing cold leg-recirculation
and it is not included in the HEP quantification for this assessment. No other significant
diagnosis is required to either close 1S18812A/B or to open 1S18811A/B; these actions are
directed as a matter of course in a procedur e path that has already been initiated.

1.3  Applicability of HEP for Local Operation of 1SI18811A/B to Scenarios
Requiring Local Operation of 1CV8804A/1S18804B

While it is expected that the operators would progress through the proced ure path described in
Scenario 1 (refer to Section 1.2) in the event of a mid-stroke failure of 1S18811A/B, the path in
Scenario 2 would also lead to success. Consequently, the diagnosis error for interpreting the
dual indication on 1S18811A/B has been excluded from the evaluation. In order to support the
elimination of the diagnosis error, however, it is necessary to demonstrate that the probability of
failing to establish cold leg recirculation in S cenario 2 is less than or equal to that for S cenario 1.
Otherwise, failure to interpret the 1S18811A/B valve as “not closed” would pl ace the operators
-on a path that is more likely to fail than for the case where a correct diagnosis was made.

One way to demonstrate that the failure probability for the Scenario 2 path is less than for the
Scenario 1 path would be to expli citly develop an HEP for Scenario 2. However, a more limited,
qualitative discussion of the actions can accomplish this task given that the similarities of the
actions facilitate a straightforward comparison.

» Isolation of 1SI8812A/B: For Scenario 2, the 1S18812A /B valve(s) is directed to be
isolated in the step 3d of ES-1.3, which immediately follows the step in which the dual
indication is assessed and would result in a rapid termination of the flow diversion to the
sump. For scenario 1, multiple steps are taken before reaching the step(s) to isolat e
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1S18812A/B. This leaves Scenario 2 with significantly more volume in the RWST and a
longer time to TAF.

o Time to direct local valve operation: The median time to reach the direction to locally
open the 1CV8804A /1S18804B valves is 5.6 minutes from 46% level in the RWST
(Byron/Braidwood calculation SITH-1, Refueling Water Storage Tank (RW ST) Level
Setpoints, 7/18/2007). Based on the simulator runs performed on 11/10/2009 and
11/11/2009, the median time to reach the direction to open the 1SI8811A/B valve(s) is
10.5 minutes from 46% level in the RWST (based on runs 1 & 3). T he simulator runs
used to develop the median response time for the 1CV8804A/1S18804B local stroke
direction did not include a mid-stroke failure of 1S18811A /B, but simulator observations
on 11/10/2009 and 11/11/2009 sho wed a limited time was spent addressing the dual
indication (1 minute for run 1, 3 minutes for run 3).

» Valve location and accessibility: Both the 1S18811A/B and the 1CV8804A/1S18804B
valves are located in the same general area (364’ elevation, curved wall area), so travel
time and access issues are essentially the same,

o Dose-rate: The dose-rates are bounded by the 1S18811A/B valves (The dose rate from
water within the 8 pipe should be less thar the dose ratés from the larger 24" sump
outlet piping, dose from the 24" sump line reduced by distance),

e Temperature: The temperatures around the valves would be equivalent (1CV 8804A
located in CWA with 1S18811A/B) (1S18804B located in S| pump room and the
temperature may be lower as the only water flowing through the S| pump room is RWST
water and SX water for the pump oil coolers),

e Manipulation time: The manipulation time for the 1CV8804A/1S18804B valve(s) is less
than the 24 minutes that are require d to open the 1S18811A/B valve(s)
(1CV8804A/1S18804B are 8 inch gate valves com pared to the 24" 1S18811A/B valves),

s Ergonomics: The 1CV8804A valve can be accessed from the floor while the 15188048
valve must be accessed from a ladder. Both 1S18811 valves must be accessed from a
ladder. Both use handwheels that are located at about head level. T he labeling is clear
for both valve sets; however, the 1S18811A /B valves are more unique in ap pearance.’

e Actions subsequent to local valve operation: The actions to complete the transition to
recirculation mode are essentially equivalent for both scenarios. T he exception is that
for Scenario 1, the 1CV8804A /1S18804B valve(s) would also have to be opened. No
significant diagnosis is required to complete either Scenario 1 or Scenario 2.

Based on this information, it is concluded that the failure pr obability of Scenario 2 is equal to or

less than that for Scenario 1 and that use of the HEP to locally close 1S18811A/B in Scenario 2

is conservative. This supports the exclusion of the diagnosis error from the HEP and its use for
either Scenario 1 or Scenario 2. \
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1.4 Applicability of 2” SLOCA Timing to Transient Scenarios

As identified in Section 1.0, the HEP developed for the 2" SLOCA events are also applied to the
transient events, w hich require bleed and fee d for cooling in the dominant scenarios. Given that
the response to the failure of the 1S18811A/B valve includes the same action steps for both
initiating event types, the potential differences in the action evaluation are essentially limited to
the timing inputs or those stresses caused by the timing of the event. While the time available
from top of active fuel (TAF) is shorter for the transient case than for the SLOCA event (due to
drindown issues), the difference in the time is not large enough to impact either the Exelon or
SPAR-H HEP quantification results.

Table 1-2 shows that the time from 46% RWST level to TAF for a 2" SLOCA (case #
BBSDP17a) is 9.46 hours while it is only 6.1 hours for the transient scenario (case #
BBSDP25a). The 3.36 hour reduction in the system window does not impact the shift change
recovery credit for the Exelon m ethodology or the available time classification for SPAR-H:

» Apart from credit taken in the early tim e frame for self review and S TA availability, the
change credit. The relevant time period considered for shift change credit is measured
from the time of the action cue to the end of the system window and it is static for the 6
to 14 hour time frame. Both system windows fall within this period. Recovery factor
dependence is also time dependent in the E PRI HRA Calculator’'s application of THERP,
but zero dependence is suggested when the diagnosis time is greater than one hour
(which is true for either case).

¢ For SPAR-H, when the execution ratio falls between 5 and 50, the timing muiltiplier is
0.1. The execution ratio is defined to be: (T(sw) - T(delay) - T(1/2)) / T(m). For both the
SLOCA and the transient case, the multiplier would be 0.1.

o For SLOCA this is: (12 hours — 2.58 hours — 0.133) / 0.625 = 14.86

o For the transient this is: (14.83 — 8.77 — 0.133) / 0.625 = 9.48

In summary, the HEP developed for the SLOC A initiating events with 1S18811A/B failure is also
applied to the transient initiati ng event scenarios. While there is a shorter amount of time from
the action cue to T AF for the transient events than for the 2" SLOCA events, the shorter time
would not impact the HEP quantification. Because other aspects of the actions are the same
whether they are taken for transient scenarios or for SLOCAs, use of the SLOCA HEP in
transient scenarios is considered to be ap propriate.
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TABLE 1-2
FLOW DIVERSION ANALYSIS
CASE DESCRIPTION' CASE # RWST RWST TAF? co* 46.7% 46.7% FLOW RUN TIME
’ 46.7%? 9% TO 9% | TO TAF | DIVERSION
GPM/ MIN

2" SLOCA, wAFW, 2CV, 2SI, . : .
Cooldown @ .75 hr, 2 RCFC BBSDP17a | 2.54hr | 3.57hr | 12.00hr | 1591 hr | 1.03hr | 946 hr | 11891 /7 min 24 hr
trains, Flow diversion
B&F, No AFW, 1 PORV, 1
Vent, 1CV, 18I, 1 RCFC train, : ' g .
Porv & Vent Closed @ 9%, BBSDP25a | 8.73hr | 1194 hr | 1483 hr | 16.35hr | 3.21 hr | 6.10hr | 11891/7 min 24 hr
Flow diversion

1) See Appendix B for a complete case description.

2) Initial volume corresponds to Tech Spec minimum of 400500 gal
3) Top of active fuel exposure

4) Peak cladding temperature > 1800 F
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1.5 Event Timeline Summary

In order to better convey the timing of the events that are key to this analysis, graphical
timelines have been developed for th e 2” SLOCA and 5.2" MLOCA events. These timelines are
similar to those that are used in the EPRI HRA Calculator, but they include additional
information and have been re-structured to more clearly depict the time available between the
time CL recirculation would be established and TAF in the RCS. Figures 1-1 and 1-2 represent
the 2" SLOCA and 5.2” MLOCA timelines, respectively. :
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Figure 1-1
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2.0 Simulator Observations and Training Input

As part of the HRA process, simulator observations were conducted on 11/10/2009 and
11/11/2009 to obtain information about how licensed Braidwood operators would i nterpret and
respond to failures of the 1/2S18811A/B to fully stroke during a transition to recirculation m ode.

The following scenarios were used (in order) on a two separate crews over the two day
observation period:

o 5.2"LOCA, all equipment available, at ECCS Recirculation, both S18811 valvés open
34% of full stroke, but have dual indication. Valves can be locally opened. C ontainment
spray forced on (did not reach setpoint). (Run 1 (Crew 1), Run 3 (Crew 2))

o 52"LOCA, all equipment available, both S18811 valves open 34% of full stroke, but
have dual indication. If EO dispatched, valves are not accessi ble due to high rad levels.
Containment spray forced on (did not reach setpoint). (Run 2 (Crew 1), Run-4 (Crew 2))

In addition to the simulator staff, the observation crew included an HRA analyst, a thermal
hydraulics expert, and an Exelon risk management engineer. The results of the observations
have been incorporated directly into the HRA quantification documentation.

In addition to the simulator observations, training personnel were contacted to deter mine how
the training department addresses the issue of d ual valve position indication with the operators.
This information has also been documented direct ly in the HRA quantification documentation.

The main insights of the simulator observations and training input'includ e the following:

1. In step 3c of ES-1.3, the operators would most likely consider valve(s) 1S18811A/B to be
“not open” when a dual indication situation exists,

2. The RH pump(s) would be tripped p rior to closing 1SI18812A/B in the RNO for'steps 1
and 4 of Attachment A of ES-1.3. This would be performed to protect the RH pump(s)
given that closing the 1S18812A/B valves would isolate the RH pumps from all suction
sources.

3. Steps 1 and 4 of Attachment A of ES-1.3 include questions about the status of
1S18811A/B that could be interpreted differently, but either interpr etation will lead the
operators to the direction to locally open 1S 18811A/B in a timely manner.

4. When a success path is not available to locally open the 1S18811A/B valves in time to
prevent fuel damage, the operators would start the RH pum p and monitor it for signs of
cavitation. While this is not explicitly included in BwCA-1.1 to address cases where
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1S18811A/B cannot be fully opened, the operators identified that they were bound to
perform whatever actions deemed necessary to protect the core by 50.54x. -

5. The operators are well trained on LOCA scenarios and the associated procedures. The
general action to transition to cold leg recirculation model is extremely familiar to them.

6. The Braindwood training personnel sum marized the treatment of a valve with dual
indication as follows: if a statement asks if a valve is open, it is only considered open if
there is clear indication that it is open. The same is true for statements that ask if the
valve is closed. So with dual indication, the valve is neither open nor closed.

7. Section 2.1 provides the timing insights.

2.1

Simulator Timeline Summary

Table 2-1 provides a summary of some notable events for each of the four simulator runs that
were performed. The time.scale is set so that time zero = 46% RWST level.

Table 2-2: Simulator Timing Summary

Run 1 Time (Crew

Run 2 Time (Crew

Run 3 Time (Crew

Run 4 Time (Crew

indication on
1SI18811A/8

Event
1) 1) 2) 2)
46% RWST Level 0 minutes 0 minutes 0 minutes 0 minutes
ES-1.3 entered 5 seconds 5 seconds 5 seconds 5 seconds
(briefing prior to (briefing prior to (briefing prior to (briefing prior to
46% prepared the | 46% prepared the | 46% prepared the | 46% prepared the
crew for entryon | crew for entry on | crew for entry on | crew for entry on
low RWST level low RWST level low RWST level low RWST level
cue) cue) cue) cue)
Dual indication 98 secdnds 98 seconds 98 seconds » 98 seconds
present (assumed
to exist after
normal valve
stroke time i
elapses)
Dual position 3 minutes 3 minutes 2 minutes

2 minutes
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identified
1518812A/B closed | 7 minutes 6 minutes 7 minutes 5 minutes
Operator 11 minutes 9 minutes 3 minutes 4 minutes
dispatched for ‘
local position
assessment of
1518811A/B
Direction givento | 11 minutes 9 minutes 10 minutes 4 minutes
operator to open

 1SI18811A/B locally
CS pumps placed 12 minutes 11 minutes 13 minutes 8 minutes
in PTL '
Time when CL 43 minutes 45 minutes 33 minutes 12 minutes
recirc flow (access to_ . — (access to .
established 15188118 15188118

prohibited, RH
was started on
increasing core
exit temp)

prohibited, so RH
was started early
to check viability
of injection path)
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3.0 Plant Walkdown of 1518811B

In order to gain an under standing of the physical location, orientation, and some of the demands
that would be required of an equipm ent operator (EO )performing a manual stroke of the
1S18811B valve, a walkdown of the valve and the route that an EO would take to the valve from
the EO ready room was performed on 11/11/2009. The HR A analyst performed the walkdown
in conjunction with an Exelon rad tech.

Some of the details that were collected as part of the walkdown include the following:

s Travel time to the 1S18811B valve from the EO ready room, including the time required
to obtain the key to high rad are as.

e Access requirements (keys, rad protection clothing)
o Lighting of the 1S18811A/B area

e Labeling of the valve

- Locé.[.\;élve pos itio; indit—:e;tion

¢ Valve characteristic relative to other valves/equipm ent in the same proximity

¢ Valve controls, human interface issues with the handwheel, access issues related
specifically to the 1518811 valve.

The results of the walkdown are incorporated directly in the HRA quantification documentation.
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4.0 Human Error Probability Quantifications

Version 4.0 of the EPRI HRA Calculator™ was used to quantify the hum an failure events
identified for this analysis. As identified in Section 1.0, assessments were performed for the
dominant contributors to risk given failure of the 1/2S18811A/B valve(s) to stroke, which include
small and medium LOCA scenarios. The quantifications were performed using both the SPAR-
H and CBDTM/THERP HRA methodologies in order to provide a robust assessment of human
failure events relevant to this SDP. Specifically, this section includes the following
quantifications:

e Section 4.1: 1S18811B--BHP MOA, FAILURE TO OPEN VLV 1SI8811B AFTER
REMOTE FAILURE (LOCAL-MANUAL, SLOCA)

e Section 4.2: 1S18811BS SBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER
REMOTE FAILURE (LOCAL-MANUAL, SLOCA, SPAR-H)

o Section 4.3: 1518811BM-BHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER
'REMOTE FAILURE (LOCAL-MANUAL, MLOCA)

e Section 4.4: 1S18811BMSBHPMOA, FAILURE TO OPEN VLV 15188118 AFTER
REMOTE FAILURE (LOCAL-MANUAL, MLOCA, SPAR-H)

e Section 4.5: 1518811B3SBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER
REMOTE FAILURE (LOCAL-MANUAL,.3" MLOCA, SPAR-H)

18
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4.1 1S18811B--BHPMOA, FAILURE TO OPEN VLV 1Si18811B AFTER REMOTE FAILURE
(LOCAL-MANUAL, SLOCA)

CBDTM/THERP

bwd-8811-121009.HRA (12/10/09, 1675264 Bytes)

Table 1: 15188118--BHPMOA SUMMARY

without Recovery with Recovery
R  1.4e-01 6.5e-03
6.5e-03
5

Related Human Interactions:

Follows success of nominal action to begin the swap to recirculation mode.

Initial Cue:

Procedure direction - CA-1.1, step 1¢, RNO

Recovery Cue:

Cue:

Procedures require the operators to confirm that the 1SI8811A/B valve is open during recirculation
alignment.
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Degree of Clarity of Cues & Indications:

Average

Procedures:
Cognitive: Not Selected
Execution; BWCA-1.1 {Loss of Emergency Coolant Recirculation) Revision: 202

Other: Not Selected

Cognitive Procedure:
Step: Not Applicable

Instruction: Not Applicable . -

Procedure Notes:

Typically, both execution and diagnosis errors are included as part of a post initiator HRA. In some
cases, however, there are conditions that preclude the applicability of one of these components of the
HEP.

For scenarios in which the 1S18811A/B valve fails to completely stroke and both the "open” and "closed"
lights are illuminated (dual indication), it is recognized that the operators must interpret the dual indication
and make a decision about how to proceed. However, their decision regarding the valve's status is
unimportant given that any interpretation results in a successful outcome.

- 1SI8811A/B interpreted as "NOT OPEN": operator directed to close 1SI8812A/B, open 1SI8811A/B
locally, and establish cold leg recirculation.

- 1SI8811A/B interpreted as "OPEN": The RH pumps would remain running, 1S18812A/B directed to be
closed, and injection would be provided to the RCS via the 1SI8809A/B valve(s). For transient scenarios
or for SLOCAs where the transition to cold leg recirculation is attempted at the time of the 46% RWST
level cue, the procedures still provide a success path as they direct local operation of the
1CV8804A/1S18804B valves (bypasses interlock with 1S18811A/B) and the establishment of flow using
the SI/Charging pumps.

These paths are described in more detail below:
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Scenario 1, 1S18811A/B considered to be "not open” in ES-1.3 step 3c:

if the 1S18811A/B valve is considered to be "not open” in ES-1.3 step 3c, the operators are transferred to
Attachment A. In Attachment A, step 1 questions whether or not the 1S18811A valve is closed. Ifitis
determined to be "not closed", the RNO action is to close 1S18812A, which would terminate an "A"
division flow diversion from the RWST to the sump. The RNO then transfers to step 4, which includes
similar guidance for the "B" division. The RNO is step 4 transfers to Step 7, which in turn transfers to
BwCA-1-1 where step 1c directs local closure of 1S18811A/B.

If the opposite interpretation of the 1S18811A/B valve'(s) status is made in Attachment A, step 1 of ES-1.3
( valve is "closed"), the operators are directed through steps 2 and 3, which attempt manual, remote
operation of 1S18811A. Step 3b closes 1S18812A, which would terminate a flow diversion, and step 3e
directs 1S18811A to be opened. Whether or not 1S18811A is considered to be open, the procedure path
leads to step 4 where a similar process is started for the "B" division. On completion of the "B" division
steps, step 7 is reached where the transfer to 1BwCA-1.1 occurs and the direction to perform the local
stroke of 1S18811A/B is given: v ST

Scenario 2, 1S18811A/B considered to be "open” in ES-1.3 step 3c:

In the event that the 1S18811A/B valve(s) is believed/considered to be "open” in ES-1.3 step 3c, step 3d
directs closure of the 1S18812A/B valves, which would terminate the flow diversion from the RWST to the
sump. At this point, the RH pumps would be running with suction only aligned through the partially open
1S18811A/B valves. For MLCOA events, this may allow injection through the 1SI8809A/B valves without
further action; however, assuming that RCS pressure is too high for injection, the procedure continues in
steps 4 and 5 to align RH to the SI/Charging system suction path. In steps 5f and 5h, the direction is
given to open the 1CV8804A and 1S18804B valves, respectively. These valves are interlocked with
1S18811A/B and would not open with 1S18811A/B in an intermediate position. The RNO for steps 5f and
5g direct local operation of valves 1CV8804A and 1S18804B valves, which are smaller and more easily
operated than the 1SI18811A/B valves. Locally stroking the 1CV8804A/1S18804B valve would provide'an -
alternate success path given that suction would be available through the partially open 1S18811A/B
valves.

If, for some reason, it was decided that there was no viable suction path for the SI/Charging pumps and
that emergency coolant recirculation was lost/unavailable, the continuous action statement to transfer to
BwCA-1.1 would be followed where local operation of the 1S18811A/B valve(s) would be directed.

In summary, from the point where dual indication on 1SI8811A/B is encountered at ES-1.3 step 3c, any
procedure path taken will isolate the flow diversion path from the RWST to the containment sump by
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closing 1S18812A/B and emergency coolant recirculation will be established by opening either
1S18811A/B or 1CV8804A/1S18804B locally. No significant diagnosis is required to either close
1S18812A/B or to open 1S18811A/B; these actions are directed as a matter of course in a procedure path
that has already been initiated.

TRAINING:

Based on simulator observations and operator interviews, scenario 1 is the expected evolution. There
are a number of scenarios utilized in the simulator in both initial and continuing training that exercise
these portions of the procedures.

For ILT: Scenario P-18.1 Involves failure of SI8811 valve to open and exercises _BwCA-1.1
Scenario C-2.2  Involves failure of SI8811 valve to open and exercises _BwCA-1'.1

Scenario E'-7.2 Involves failure of SI88‘_IJ valve to open and exercises ES-1.3, Attachment A
to open valve o

Scenario E-9.2  Involves failure of SI8811 valve to open and exercises ES-1.3, Attachment A
to open valve

For LORT (Going back just the.last few years)

Scenario 0711 Involves failure of S18812 valve to close and exercises ES-1.3, Attachment A
to close the valve

Scenario 0716  Involves NSO Only training on _BwEP ES-1.3, transfer to CL Recirc
Scenario 0765 Involves LBLOCA, transition to CL Recirc and local operation of 0SX007

Scenario 0811 Involves failure of both SI8811 valves to open and exercises _BwCA-1.1,
including dispatching operators to "locally" open the valve. ’

Scenario 0843  Involves LBLOCA and transition to _BwEP ES-1.3, followed by sump
blockage and transition to 1BwCA-1.3

Scenario 0866  Involves containment bypass and exercises _BwCA-1.1
Scenario 0916  Involves LBLOCA, and transfer to CL Recirc, transfer to HL. Recirc

Scenario 0936-2 Involves NSO training on _BwEP ES-1.3, transfer to CL Recirc with failure of
_ 518812 to close (Timed scenario)

Scenario 0943 Involves Involves LBLOCA, transition to CL Recirc
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Scenario 0965 Involves LBLOCA, failure of 1S18811B, transition to 1BwCA-1.1 and local
opening of 1S18811B

Scenario 0931 OOB Evaluation of DB LBLOCA and failure of 1518812 to close. Timed
Scenario - ALL crews PASSED

Equipment Operator (EQ) training on local valve operation occurs primarily in the generic fundamentals
phase, Components chapter 1, which covers the construction and operation of MOVs. Various local
valve operations are covered in a sampling of EOP Lesson plans but only general direction is covered.

In summary, the RO/SRO training program addresses the specific scenario in which the 8811A/B valves
fail to open remotely as well as other scenarios that require local operation of the other valves. These
scenarios, as well as others, are included in both initial qualification exercises and the continuing training
program. EOs are trained generically to operate MOVs locally. While there is not a specific lesson plan
covering 11/2S18811A/B local operation, the generic training is applicable to those valves.

Tra~inin-g:

Classroom, Frequency: 0.5 per year

Simulator, Frequency: 0.5 per year

JPM Procedure:

Not Selected

Identification and Definition:

This HFE represents the probability that the operators will fail to locally open the failed 1S18811A/B valves
and complete the transition to cold leg recirculation given that the swap to recirculation mode has been
initiated. :

The scenario evaluated for this HFE is an SLOCA event, which is a top contributors in the NRC SPAR
model. The largest contributors in the Braidwood PRA with the degraded 1S18811A/B valves are loss of
DC bus scenarios, but because the SLOCA timing is more limiting that the transient case, the SLOCA
scenario is used for the evaluation of this HFE.

The following provides an additional description of the scenario for which this action is evaluated:

23



EPRI HRA Calculator 4.0 ‘ " 12/22/2009

1. Initial Conditions: Steady state, full power operation
2. Initiating Events: Small LOCA

3. Accident sequence (preceding functional failures and successes):

Reactor trip successful

Turbine trip successful

AFW operates

Level in RCS drops due to SLOCA

ECCS initiated successfuily (both divisions available)

2 trains of containment spray are available, 2 RCFCs running (4 fans).

Transition to cold leg recirculation on low RWST level is initiated, but fails due to failure of 1S18811A/B to
fully open (valve only opens approximately 34%, which fails to satisfy the interlock with the 8804
valve(s)).

4. Preceding operator error or success in sequence:

Early EP-0 actions to confirm actuations performed.

EP-1 actions to ensure adequate ECCS injection performed.
EP-1 action to depressurize and cooldown is initiated, if required.
Transition to recirculation mode started

Failure of 1S18811A/B identified.

5. Operator action success criterion: Locally open 1S18811A/B and establish cold leg recirculation mode
prior RCS level reaching TAF.

Key Assumptions:

1) Failure of the 1SI8811A/B valve in the intermediate position is assumed to result in the shutdown of RH
pump 1A/B due to lack of a positive suction source. Based on this interpretation of the valve's dual

24



EPRI HRA Calculator 4.0 12/22/2009

indication, the operators would be procedurally bound to perform a local, manual stroke of the valve
before restarting RH pump 1A/B and completing the transition to cold leg recircutation. 2) Exelon
calculation EC#377204 indicates that if the 1S18811B had opened approximately 34 full stroke, adequate
flow would have been available to perform swap to recirculation mode without action to locally open
1S18811B. It should be noted that with the 1S18811A/B valve in an intermediate position, the interlock
with 1CV8804A/1S188048B would not have cleared, but because RCS pressure would be below the RH
pump shutoff head by the time recirculation mode was required, the RH pumps would be able to inject
directly through the 1SI8809A/B valves and the interlock's status would be inconsequential. However, no
direct credit is taken for operation of the RH pumps with the 1S18811A/B valves in the intermediate
position. 3) By the time recirculation mode is required to be in operation at the end of the system window
for this action, RCS pressure would be low enough that only the RH pumps would be required to inject
through the 1SI8809A/B valves for the 2" SLOCAs. Because, that this has not been explicitly
demonstrated for the entire range of SLOCAs, it is assumed that alignment to the Charging/SI pumps
through 1CV8804A/1S18804B is required for success in all small LOCAs. '

Operator Interview Insights:

OPERATOR INTERVIEWS AND SIMULATOR OBSERVATIONS:

For cases in which both the open ("O") and the closed ("-") position indictors are simultaneously
illuminated for a given valve, operator interviews performed on 11/10/2009 and 11/11/2009 universatly

- demonstrated that it was understood this represented a condition in which the actual position of the valve
is unknown and that alternative means would be required to determine the valve's position. What was
also demonstrated in the interviews and during the simulator observations was that interpretation of the
valve's status with regard to responding to procedures was considered to be case specific.

For example, ES-1.3, Attachment A, step 1 questions whether or not the 1S18811A valve is closed and
the two crews interpreted the dual indication differently; one crew treated it as "closed" and the other as
"not closed”. In the latter case, when 1S18811A was considered "not closed" and the RNO action to close
1S18812A was reached, it was recognized that with 1SI18811A in an undetermined state, closing
1S18812A would potentially isolate RH pump 1A from all viable suction sources and RH pump 1A was
tripped to protect it. If the valve is considered closed, the procedures attempt to manually open the valve
from the control room. This path includes a step to trip RH pump 1A when 1SI18812A is closed. If
1S18811A cannot subsequently be opened, the RH pump is left in the tripped position (same as previous
case). Ultimately, either classification of the 1S18811A valve's status ("closed” or "not closed") would lead
to step 7 of Attachment A, where the operators are directed to CA-1.1 and instructed to locally open
valve(s) 1SI8811A/B.

While a divergence of opinion appeared to exist on the classification a valve with dual indication in ES-
1.3, Attachment A, step 1, what was clear was that the indeterminate status of the valve was consistently
treated in a conservative manner. ES-1.3, Attachment A, step 1 is not directly questioning whether or not
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the position of the valve can lead to a success or failure of a particular function and as a result, a
difference in the classification of the valve's status was noted. -However, for the cases where the status
for the valve was directly related to whether or not it could fulfill a required function, the valves was not
considered to be capable of supporting that function. For example,

- Step 3c of ES-1.3 questions whether or not the containment sump valves (1S18811A/B) are open with
the obvious intent of determining whether or not the RH pumps can draw water from the containment
sump. Both crews interpreted the sump valve as not being open given the presence of dual indication on
the 1S18811A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1SI8811A was hot considered to be capable of
providing an adequate suction source for RH pump 1A even though it was considered not to be closed in
ES-1.3, Attachment A, step 1. Consequently, RH pump 1A was tripped before 1S18812A was closed.

- In ES-1.3, Attachment A, step 3e, 1S18811A was considered to not be open such that it could not
support cold leg reC|rcuIat|on mode. . - - :

- In ES-1.3, Attachment A, step 6e, 1S18811B was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 7, both 1S18811A and B were considered to not be open such that they
could not support cold leg recirculation mode.

- In CA-1.1, step 1c, both 1S|881 1A and B were considered to not be open such that they could not
support cold leg recirculation mode.

Based on the information obtained from the operator interviews and the simulator observations, the
conclusion is that a dual indication condition on 1S18811A/B will result in the interpretation that the valve
cannot necessarily support cold leg recirculation mode and that the procedures will uitimately drive them
to CA-1.1 where local action to open the valve will be directed.

All of the above is based on the pre-condition that the operators have no information about the actual
position of 1SI8811A/B and that the reactor core is not yet threatened. Simulator runs 1 and 3, which
were performed on 11/10/2009 and 11/11/2009, demonstrated that while local operation of the
1S18811A/B valves offered a potential success path to restore cold leg recirculation, the RH pump would
not be started until it was verified that 1S18811A/B was full open. For simulator runs 2 and 4, which were
run on the same days, a local check of the 1S18811A/B valve(s) position was allowed, but a manual
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stroke of the valve(s) was prohibited due to high rad levels. These scenarios placed the operators in a
situation where the only success path was to run the RH pump with the 1S18811A/B valves in a partially
open condition. Both crews dispatched equipment operators to perform a local assessment of the valve's
position and when it became obvious to them that they could not prevent core damage without operating
the RH pump(s), they elected to start the pumps. Both crews cited the 50.54x guidance that binds them
to protect the core even if clear procedure guidance does not exist to direct them to do so. No creditis
taken for operating the RH pumps with the 1S18811A/B valves in a partially open condition even though
plant engineering calculations indicate that such an operation would be successful.

Manpower Requirements:

Operations: . —— | Shift Manager T 1
Shift Supervisor; 1 0]
STA: 1 0
Reactor operators: 2 1
Plant operators: 2 1
Maintenance: Mechanics: 2 0
Electricians: ) 2 0
I1&C Technicians: 2 0
Health Physics: Technicians: 2 1
Chemistry: Technicians: 1 - 1.0

Execution Performance Shaping Factors:

Environment: Lighting Normal
Heat/Humidity Hot / Humid
Radiation Yellow
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Atmosphere Normal
Special Requirements:
Complexity of Response: Cognitive Complex
Execution Complex
Equipment Accessibility: Main Control Room Accessible
Unit 1 Containment Pipe Accessible
Penetration Area
Stress: High
Plant Response As Expected: | No
Workload: B N/A
Performance Shaping Factors: | N/A

Performance Shaping Factor Notes:

Failure of the 1S18811A/B valve(s) presents an unexpected condition in the plant (plant response is NOT

as expected).

With regard to rad levels at the valve and access considerations, Exelon calc ECR 392870 indicates that
the expected dose rate for a medium LOCA would be 1,444 mRem/hr. With a potential exposure time of
up to 30 minutes, which is greater than the manipulation time for the local action, the accumulated dose

. would be below the administrative dose limit of 2000 m/Rem established in RP-AA-203. While this would

not prevent local valve action, entering a potentially high rad area with elevated temperatures is

considered to contribute to a high stress environment.

Timing:
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T 12.00 Hours
Sw

T
dela 1/2
~ | |

. 2.72 Hours T 0.01 Seconds TM 37.50 Minutles

[rreversible
Cue DamageState

t=0

Timin
g Analysis: While diagnosis contribution for this HFE has been excluded, the timing information related to
the diagnosis of the need to transition to recirculation mode is required to establish the time available for
local operation of the 1S18811A/B valves and any applicable recovery factors. The timeline for this action
has been constructed based on the successful diagnosis and interpretation of the dual indication on the
1S18811A/B valves.

‘The timing for this-action is.complicated by the fact that a failure occurs in the equipment that is being - ---
used to carry out an action that has already been successfully diagnosed. The diagnosis tasks for the
action to swap to recirculation mode and to identify the failure of the 1S18811B valve to fully open during
recirculation alignment are sequential and cannot occur during the same period of time. By definition, the
diagnosis of the failed 1S18811A/B valve(s) occurs only after successful diagnosis of the need to swap to
recirculation. This is accounted for in the system window, manipulation time, and cue definitions for this
action. For THERP, timing considerations are limited beyond the assessment that sufficient time is
available to perform the action, but the dependence levels assignments of the recovery actions are
potentially impacted by the timing.

T(m): The time required to manually stroke the 8811B valve from 34% open to full open has been
determined to be 24 minutes. This time is based on an actual stroke of the valve performed by the
Braidwood operators during the week of 11/02/2009. In addition, 7.5 minutes has been added to account
for the time required to travel to the valve location. The travel time is based on a walkdown performed by
the HRA analyst on 11/11/2009 and accounts for the time to travel from the EO ready room to the MCR to

"obtain a'key for high rad area access (30 seconds travel, 30 seconds assumed to get key), the time to
travel to the Auxiliary Building entrance (3 minutes), the time to travel from the Auxiliary Building entrance
to valve 1S18811B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S518811B (30
seconds). The time required for completing the steps to initiate cold leg recirculation mode is assumed to
be 6 minutes based on operator interviews performed on 5/23/2007. This time includes all nominal steps
to transition to recirculation mode, which may be required in a SLOCA. The total manipulation time is,
therefore, 37.5 minutes (7.5 minutes of travel time, 24 minutes for valve stroke, 6 minutes for the steps to
complete swap to recirc).
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T(sw): The time for RCS level to reach TAF is used as the end of the system window for this action. B/B
MAAP run BBSDP17a indicates that 12.00 hours are available to reach TAF in a small LOCA scenario
from the initiating event.

T(delay) = time to 46% RWST level (cue to start transition to swap to recirc mode) + time to reach the
command to open the 1S18811A/B vaive locally (accounts for completion of the action to begin the swap
to recirc and respond to the dual indication on 1S18811A/B). In this case, that time includes the time to
reach 46% RWST level and the time required to reach step 1c of BwCA-1.1. B/B MAAP run BBSDP17a
indicates that the time to reach 46.7% RWST level is 2.54 hours, which is the initial cue to swap to cold
leg recirculation mode. Based on simulator runs performed on 11/10/2009 and 11/11/2009, 4 data points
were obtained for the time to reach the point where the direction was given to locally stroke the
1818811A/B valve: Run 1= 11 minutes, Run 2 = 9 minutes, Run 3 = 10 minutes, Run 4 = 4 minutes.
Because 2 crews were used to perform 4 simulator runs and the second run for each crew was highly
similar to the first, it was expected that some degree of anticipation of the upcoming events would occur.
As a result, the T(1/2) estimate for this case is based on the average of runs 1 and 3, the first run of the
scenarios for each crew. T(1/2) = 10.5 minutes ((11 min + 10 min)/ 2 = 10.5 min). The time T(delay),
therefore, is 2.54 hr + 0.18 hr = 2.72 hr.

T(1/2). The HRAC uses the median response time in the assessment of recovery dependence levels,
but this is accounted for by the cue structure here. T(1/2) has been set to 0.01 seconds (to prevent an
HRAC error message).

Time available for recovery: 519.30 Minutes

SPAR-H Available time (cognitive): 519.30 Minutes

SPAR-H Available time (execution) ratio: 14.85

Minimum level of dependence for recovery: ZD
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Execution Unrecovered

1S18811B--BHPMOA :

f

Table 2: 1518811B--BHPMOA EXECUTION Ul\jRECOVERED

2 S L e A, e R £ L3820 [T AT R A
Place control switches for SVAG valves 480V bus feeds at 1PM06J in - The "A" and "B" divisions are completely dependent.
CLOSE
- EOM 20-7b 2 1.3E-3 5
ES-1.3, step 3a EOC 2012 5 13E-3
EOC 20-12 4 1.3E-3
Total Step HEP 2.0e-02
Perform the following: a. Manually or locally close RH Pump 1A sﬁction The operators Step 4 of ES-1.3, Attachment A directs
from RWST isol valve: 1S518812A the same action for the "B" division. The "A" and "B"
divisions are completely dependent.
ES1.3, AtA, s1 - EOM 20-7b 2 1.3E-3 5
RNO EOC 20-12 4 1.3E-3
EOC 20-12 5 1.3E-3
Total Step HEP 2.0e-02
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Dispatch an operator to open at least one valve: -1S18811A (364’ U13
CWA), -1518811B (364’ X13 CWA) ‘
CA-1.1, Step 1.c- - EOM 20-7b 4.3E-4 5
RNO .
EOC 20-13 1.3E-3
Total Step HEP 8.7e-03
When one train is restored, then return to procedure and step in effect. CA-1.1}Step 1. RNO is a continuous action
statement that will send the operators back to ES-
1.3, Attachment A, Step 7, which requires the
operators to confirm the status of the valve via the
direction "check at least 1 CNMT sump recirc
CA-1.1, Step 1. flowpath gstabllshed . Because the.entpre focus of 5
RNO the MCR is on the progress of opening the
1S18811A/B valve, the continuous action statement
would not be overlooked.
- EOM 20-7b 4.3E4
, Total Step HEP | 2.2e-03
ES-1.3 Step 5 ALIGN S| AND CENT CHG PUMPS FOR COLD LEG RECIRCULATION
- EOM 20-7b 1.3E-3
OPEN RH to CCP isol valves - selection error EOQ' 20-12 1.3E-3
CLOSE S| pump miniflow isolation valves - selection error EOC 20-12 1.3E-3
CLOSE S| pump miniflow isolation valves -manipulation error EOC 20-12 1.3E-3
5
CLOSE RH HX discharge crosstie valves - selection error EOC 20-12 1.36-3
CLOSE RH HX discharge crosstie valves - selection error EOC 20-12 1.3E-3
OPEN S! and CCP suction header crosstie valves - selection EOC. 20-12 1.3E-3
OPEN S! and CCP suction header crosstie valves - manipulation EOC 20-12 1.3E-3
OPEN RH to CCP isol valves - selection error EOC 20-12 1.3E-3
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Total Step HEP 5.7e-02
START ECCS PUMPS AS NECESSARY CD assigned between cent charging pumps. CD
assigned between Si pumps.
Z EOM 20-70 13E3
CCP - selection E EoC 2012 13E3 s
ES-13STEP6 CCP - manipulation EOC 20-12 1.3E-3
N
Sl - selection EOC 20-12 1.3E-3
Si - manipulation EOC 20-12 1.3E-3
. Total Step HEP 3.3e-02
EXEC RECOV - ICR See Sedion 4.4 of the HRA Notebook for further
information. This execution recovery factor is applied
to the individual execution steps with a dependence
factor based on the time available for recovery. Note
EXEC RECOV - that thg execution stress factors.apphed to the ' 5 5e-2
ICR execution subtasks are not applied to the execution
recovery factor.
- EOM 20-7b 1.3E-3
Total Step HEP 5.0e-02
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Execution Recovefy

.

1S18811B--BHPMOA |

12/22/2009

Table 3:1518811B--BHPMOA EXECUTION RECOVERY -

ES-1.3, step 3a

1PMO06J in - CLOSE

EXEC RECOV - ICR

EXEC RECOV -ICR | EXEC RECOV - ICR 5.0e-02 ZD 5.0e-02

ES1.3, AtA, s1 Perform the following: a. Manually or locally close RH".Pump 2.0002 1.0e-03

RNO 1A suction from RWST isol valve: 1S18812A . . :
EXEC RECOV -ICR | EXEC RECOV - ICR 5.0e-02 ZD 5.0e-02

CA-1.1, Step 1.c- Dispatch an operator to open at least one valve: -1SI8811A

RNO (364’ U13 CWA), -1518811B (364’ X13 CWA) : 8.70-03 1.9e-08
CA-1.1, Step 1.e When one train is restored, then return to procedure and s;ep in 226-03 7D 226-03
RNO effect.

ES-1.3 Step 5 - ALIGN SI AND CENT CHG PUMPS FOR COLD LEG :

RECIRCULATION 5.7e-02 2.9e-03

EXEC RECOV -ICR | EXEC RECOV - ICR 5.0e-02 ZD 5.0e-02

ES-1.3 STEP 6 START ECCS PUMPS AS NECESSARY 3.3e-02 1.7e-03
EXEC RECOV - ICR 5.0e-02 ZD 5.0e-02
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4.2 1S18811BSSBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER REMOTE
FAILURE (LOCAL-MANUAL, SLOCA, SPAR-H)

Table 4: 1518811BSSBHPMOA SUMMARY

_Analysis Results: l Cognitive Execution
:Failure Probability %I 0.06+00 9.96-03
RS- =2 FN - . . -
(TotalHER 9.96-03

Plant:

Braidwood

Initiating Event:
SLOCA

Basic Event Context:

Typically, both execution and diagnosis errors are included as part of a post initiator HRA. In some
cases, however, there are conditions that preclude the applicability of one of these components of the
HEP.

For scenarios in which the 1S18811A/B valve fails to completely stroke and both the "open" and "closed”
lights are illuminated (dual indication), it is recognized that the operators must interpret the dual indication
and make a decision about how to proceed. However, their decision regarding the valve's status is
unimportant given that any interpretation results in a successful outcome.
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- 1S18811A/B interpreted as "NOT OPEN": operator directed to close 1S18812A/B, open 1SI8811A/B
locally, and establish cold leg recirculation.

- 1SI8811A/B interpreted as "OPEN": The RH pumps would remain running, 1S18812A/B directed to be
closed, and injection would be provided to the RCS via the 1SI8809A/B valve(s). For transient scenarios
or for SLOCAs where the transition to cold leg recirculation is attempted at the time of the 46% RWST
level cue, the procedures still provide a success path as they direct local operation of the
1CV8804A/1S18804B valves (bypasses interlock with 1S18811A/B) and the establishment of flow using
the SI/Charging pumps.

These paths are described in more detail below:
Scenario 1, 1S18811A/B considered to be "not open” in ES-1.3 step 3c:

If the 1S18811A/B valve is considered to be "not open” in ES-1.3 step 3c, the operators are transferred to
Attachment A. In Attachment A, step 1 questions whether or not the 1SI18811A valve is closed. Ifitis
determined to be "not closed”, the RNO action is to close 1SI18812A, which would terminate an "A"
division flow diversion from the RWST to the sump. The RNO then transfers to step 4, which includes
similar guidance for the "B" division. The RNO is step 4 transfers to Step 7, which in turn transfers to
BwCA-1-1 where step 1c directs local closure of 1SI18811A/B.

If the opposite interpretation of the 1S18811A/B valve'(s) status is made in Attachment A, step 1 of ES-1.3
( valve is "closed"), the operators are directed through steps 2 and 3, which attempt manual, remote
operation of 1SI18811A. Step 3b closes 1SI8812A, which would terminate a flow diversion, and step 3e
directs 1SI18811A to be opened. Whether or not 1S18811A is considered to be open, the procedure path
leads to step 4 where a similar process is started for the "B" division. On completion of the "B" division
steps, step 7 is reached where the transfer to 1BwCA-1.1 occurs and the direction to perform the local
stroke of 1SI8811A/B is given.

Scenario 2, 1S18811A/B considered to be "open” in ES-1.3 step 3c:

In the event that the 1S18811A/B valve(s) is believed/considered to be "open™ in ES-1.3 step 3¢, step 3d
directs closure of the 1S18812A/B valves, which would terminate the flow diversion from the RWST to the
sump. At this point, the RH pumps would be running with suction only aligned through the partially open
1S18811A/B valves. For MLCOA events, this may allow injection through the 1SI8809A/B valves without
further action; however, assuming that RCS pressure is too high for injection, the procedure continues in
steps 4 and 5 to align RH to the SI/Charging system suction path. In steps 5f and 5h, the direction is
given to open the 1CV8804A and 1S18804B valves, respectively. These valves are interlocked with
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1S18811A/B and would not open with 1S18811A/B in an intermediate position. The RNO for steps 5f and
5g direct local operation of valves 1CV8804A and 1S18804B valves, which are smaller and more easily
operated than the 1SI18811A/B valves. Locally stroking the 1CV8804A/1S18804B valve would provide an
alternate success path given that suction would be available through the partially open 1S18811A/B
valves.

If, for some reason, it was decided that there was no viable suction path for the SI/Charging pumps and
that emergency coolant recirculation was lost/unavailable, the continuous action statement to transfer to
BwCA-1.1 would be followed where local operation of the 1S18811A/B valve(s) would be directed.

In summary, from the point where dual indication on 1SI8811A/B is encountered at ES-1.3 step 3¢, any
procedure path taken will isolate the flow diversion path from the RWST to the containment sump by
closing 1S18812A/B and emergency coolant recircuiation will be established by opening either
1S18811A/B or 1CV8804A/1518804B locally. No significant diagnosis is required to either close
1S18812A/B or to open 1S18811A/B; these actions are directed as a matter of course in a procedure path
that has already been initiated.

EXPERIENCE/TRAINING:

There are a number of scenarios utilized in the simulator in both initial and continuing training that
exercise these portions of the procedures.

For ILT: Scenario P-18.1 Involves failure of SI8811 valve to open and exercises _ BwCA-1.1
Scenario C-2.2  Involves failure of SI8811 valve to open and exercises _BwCA-1.1

Scenario E-7.2  Involves failure of SI8811 valve to open and exercises ES-1.3, Attachment A
to open valve

Scenario E-9.2  Involves failure of SI8811 valve to open and exercises ES-1.3, Attachment A’
to open valve

For LORT (Going back just the last few years)

Scenario 0711  Involves failure of SI8812 valve to close and exercises ES-1.3, Attachment A
to close the valve

Scenario 0716  Involves NSO Only training on _ BWEP ES-1.3, transfer to CL Recirc
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Scenario 0765 Involves LBLOCA, transition to CL Recirc and local operation of 0SX007

Scenario 0811  Involves failure of both S18811 valves to open and exercises _ BwCA-1.1,
including dispatching operators to "locally” open the valve.

Scenario 0843  Involves LBLOCA and transition to _BwEP ES-1.3, followed by sump
blockage and transition to 1BwCA-1.3

Scenario 0866 Involves containment bypass and exercises _BwCA-1.1
Scenario 0916  Involves LBLOCA, and transfer to CL Recirc, transfer to HL Recirc

Scenario 0936-2 Involves NSO training on _BWEP ES-1.3, transfer to CL Recirc with failure of
_SI8812 to close (Timed scenario)

Scenario 0943 Involves Involves LBLLOCA, transition to CL Recirc

Scenario 0965 Involves LBLOCA, failure of 1S18811B, transition to 1BwCA-1.1 and local
opening of 1S18811B

Scenario 0931 OOB Evaluation of DB LBLOCA and failure of 1518812 to close. Timed
Scenario - ALL crews PASSED

Equipment Operator (EO) training on local valve operation occurs primarily in the generic fundamentals
phase, Components chapter 1, which covers the construction and operation of MOVs. Various local
valve operations are covered in a sampling of EOP Lesson plans but only general direction is covered.

In summary, the RO/SRO training program addresses the specific scenario in which the 8811A/B valves
fail to open remotely as well as other scenarios that require local operation of the other valves. These
scenarios, as well as others, are included in both initial qualification exercises and the continuing training
program. EOs are trained generically to operate MOVs locally. While there is not a specific lesson plan
covering 11/2S18811A/B local operation, the generic training is applicable to those valves. While this
level of training may not be considered to be as high as what is performed for the standard action to
initiate cold leg recirculation, it is considered to be adequate to maintain a reasonable level of proficiency
in addressing failure of the 1518811A/B valves. Addressing the dual indication on 1S18811A/B is not
specifically addressed, but general training covers this particular mode of failure for the valve. Treated as
a "nominal training" case.

OPERATOR INTERVIEWS AND SIMULATOR OBSERVATIONS:

For cases in which both the open ("0O") and the closed ("-") position indictors are simultaneously
illuminated for a given valve, operator interviews performed on 11/10/2009 and 11/11/2009 universally
demonstrated that it was understood this represented a condition in which the actual position of the valve
is unknown and that alternative means would be required to determine the valve's position. What was
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also demonstrated in the interviews and during the simulator observations was that interpretation of the
valve's status with regard to responding to procedures was considered to be case specific.

For example, ES-1.3, Attachment A, step 1 questions whether or not the 1SI8811A valve is closed and
the two crews interpreted the dual indication differently; one crew treated it as "closed" and the other as
"not closed". In the latter case, when 1S18811A was considered "not closed” and the RNO action to close
1S18812A was reached, it was recognized that with 1SI18811A in an undetermined state, closing
1S18812A would potentially isolate RH pump 1A from all viable suction sources and RH pump 1A was
tripped to protect it. If the vaive is considered closed, the procedures attempt to manually open the valve
from the control room. This path includes a step to trip RH pump 1A when 1S18812A is closed. If
1Si8811A cannot subsequently be opened, the RH pump is left in the tripped position (same as previous
case). Ultimately, either classification of the 1S18811A valve's status ("closed" or "not closed") would lead
to step 7 of Attachment A, where the operators are directed to CA-1.1 and instructed to locally open
valve(s) 1518811A/B.

While a divergence of opinion appeared to exist on the classification a valve with dual indication in ES-
1.3, Attachment A, step 1, what was clear was that the indeterminate status of the valve was consistently
treated in a conservative manner. ES-1.3, Attachment A, step 1 is not directly questioning whether or not
the position of the valve can lead to a success or failure of a particular function and as a result, a
difference in the classification of the valve's status was noted. However, for the cases where the status
for the valve was directly related to whether or not it could fulfilt a required function, the valves was not
considered to be capable of supporting that function. For example,

- Step 3c of ES-1.3 questions whether or not the containment sump valves (1S18811A/B) are open with
the obvious intent of determining whether or not the RH pumps can draw water from the containment
sump. Both crews interpreted the sump valve as not being open given the presence of dual indication on
the 1S18811A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1S18811A was not considered to be capable of
providing an adequate suction source fpr RH pump 1A even though it was considered not to be closed in
ES-1.3, Attachment A, tep 1. Consequently, RH pump 1A was tripped before 1S18812A was closed.’

- In ES-1.3, Attachment A, step 3e, 1SI18811A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1S18811B was considered to not be open such that it could not
support cold leg recirculation mode.
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- In ES-1.3, Attachment A, step 7, both 1S18811A and B were considered to not be open such that they
could not support cold leg recirculation mode.

-In CA-1.1, step 1c, both 1S18811A and B were considered to not be open such that they could not
support cold leg recirculation mode.

Based on the information obtained from the operator interviews and the simulator observations, the
conclusion is that a dual indication condition on 1S18811A/B will result in the interpretation that the valve
cannot necessarily support cold leg recirculation mode and that the procedures will ultimately drive them
to CA-1.1 where local action to open the valve will be directed.

All of the above is based on the pre-condition that the operators have no information about the actual
position of 1S18811A/B and that the reactor core is not yet threatened. Simulator runs 1 and 3, which
were performed on 11/10/2009 and 11/11/2009, demonstrated that while local operation of the
1518811A/B valves offered a potential success path to restore cold leg recirculation, the RH pump would
not be started until it was verified that 1S18811A/B was full open. For simulator runs.2-and 4, which were
run on the same days, a local check of the 1S18811A/B valve(s) position was allowed, but a manual
stroke of the valve(s) was prohibited due to high rad levels. These scenarios placed the operators in a
situation where the only success path was to run the RH pump with the 1S18811A/B valves in a partially
open condition. Both crews dispatched equipment operators to perform a local assessment of the valve's
position and when it became obvious to them that they could not prevent core damage without operating
the RH pump(s), they elected to start the pumps. Both crews cited the 50.54x guidance that binds them
to protect the core even if clear procedure guidance does not exist to direct them to do so. No credit is
taken for operating the RH pumps with the 1S18811A/B valves in a partially open condition even though
plant engineering calculations indicate that such an operation would be successful.

SCENARIO DEFINITION

The scenario investigated is based on the NRC SPAR model's dominant CDF contributor for cases when
the 1518811B valve fails to open, which are small LOCA initiating events with AFW and RCFCs available
for heat removal .

The following provides an additional description of the scenario for which this action is evaluated:

1. Initial Conditions: Steady state, full power operation

2. Initiating Events: Small LOCA
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3. Accident sequence (preceding functional failures and successes):

Reactor trip successful

Turbine trip successful

AFW operates

Level in RCS drops due to SLOCA

ECCS initiated successfully (both divisions available)

2 trains of containment spray are available, 2 RCFCs running

Transition to cold leg recirculation on low RWST level is initiated, but fails due to failure of 1SI18811A/B to
fully open (valve only opens approximately 34%, which fails to satisfy the interlock with the 8804
valve(s)).

4. Preceding operator error ¢r success in sequence: - e =

Early EP-0 actions to confirm actuations performed.

EP-1 actions to ensure adequate ECCS injection performed.
EP-1 action to depressurize and cooldown is initiated, if required.
Transition to recirculation mode started

Failure of 1S18811A/B identified.

5. Operator action success criterion: Locally open 1SI18811A/B and establish cold leg recirculation mode
prior RCS level reaching TAF.

6. Key Assumptions: 1) Failure of the 1SI8811A/B valve in the intermediate position is assumed to result
in the shutdown of RH pump 1A/B due to lack of a positive suction source when the 1S18812A/B vavle(s)
are closed. Based on this interpretation of the valve's dual indication, the operators would be
procedurally bound to perform a local, manual stroke of the valve before restarting RH pump 1A/B and
completing the transition to cold leg recirculation. 2) Exelon calculation EC#377204 indicates that if the
1818811B had opened approximately 34 full stroke, adequate flow would have been available to perform
swap to recirculation mode without action to locally open 1S18811B. It should be noted that with the
1S18811A/B valve in an intermediate position, the interlock with 1CV8804A/1S18804B would not have
cleared, but because RCS pressure would be below the RH pump shutoff head by the time recirculation
mode was required, the RH pumps would be able to inject directly through the 1SI8809A/B valves and the
interlock's status would be inconsequential. However, no direct credit is taken for operation of the RH
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pumps with the 1S18811A/B valves in the intermediate position. 3) By the time recirculation mode is
required to be in operation at the end of the system window for this action, RCS pressure would be low
enough that only the RH pumps would be required to inject through the 1SI8809A/B valves for the 2"
SLOCAs. Because, that this has not been explicitly demonstrated for the entire range of SLOCAs, it is
assumed that alignment to the Charging/SI pumps through 1CV8804A/1S18804B is required for success
in all small LOCAs.
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Timing:
T 12.00 Hours
Sw [
T . . .
delay 2.58 Hours T1£2 8.00 Minutes TM 37.50 Mmutles
| |
Irreversible
Cue DamageState
|
=0 '
Timin

g Analysis: While diagnosis contribution for this HFE has been excluded, the timing information related to
the diagnosis of the need to transition to recirculation mode is required to establish the time available for
local operation of the 1S18811A/B valves and any applicable recovery factors. The timeline for this action _
has been constructed based on the successful diagnosis and interpretation of the dual indication on the
1SI18811A/B valves.

The timing for this action is complicated by the fact that a failure occurs in the equipment that is being
used to carry out an action that has already been successfully diagnosed. The diagnosis tasks for the
action to swap to recirculation mode and to identify the failure of the 1518811B valve to fully open during
recirculation alignment are sequential and cannot occur during the same period of time. By definition, the
diagnosis of the failed 1S18811A/B valve(s) occurs only after successful diagnosis of the need to swap to
recirculation. This is accounted for in the system window, manipulation time, and cue definitions for this
action. Because the availability of time for the local operation of 1SI8811A/B is a factor which can directly
impact an HEP, it is necessary to define the timeline for the HEP quantification:

For the SPAR-H execution ratio, the following is assumed: Execution Ratio = T(sw) - T(delay) - T(1/2}/
T(m)

Where:

T(delay) = time to 46% RWST level (cue to start transition to swap to recirc mode) + time to reach step
3c of ES-1.3 (accounts for completion of the action to begin the swap to recirc). In this case, that time
includes the time to reach 46% RWST level and the time required to reach step 3c of ES-1.3. B/B MAAP
run BBSDP17a indicates that the time to reach 46.7% RWST level is 2.54 hours, which is the initial cue

43



EPRI HRA Calculator 4.0 12/22/2009

to swap to cold leg recirculation mode. Based on simulator runs performed on 11/10/2009 and
11/11/2009, 4 data points were obtained for the time to reach step 3c of ES-1.3: Run 1= 3 minutes, Run 2
= 3 minutes, Run 3 = 2 minutes, Run 4 = 2 minutes. The median time is the average of the two central
data points of the even number of trials, or 2.5 minutes ((2+3)/2=2.5). The time T(delay), therefore, is
2.54 hr + 0.04 hr = 2.58 hr.

T(m): The time required to manually stroke the 8811B valve from 34% open to full open has been
determined to be 24 minutes. This time is based on an actual stroke of the valve performed by the
Braidwood operators during the week of 11/02/2009. In addition, 7.5 minutes has been added to account
for the time required to travel to the valve location. The travel time is based on a walkdown performed by
the HRA analyst on 11/11/2009 and accounts for the time to travel from the EO ready room to the MCR to
obtain a key for high rad area access (30 seconds travel, 30 seconds assumed to get key), the time to
travel to the Auxiliary Building entrance (3 minutes), the time to travel from the Auxiliary Building entrance
to valve 1S18811B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S18811B (30
seconds). The time required for completing the steps to initiate cold leg recirculation mode is assumed to
be 6 minutes based on operator interviews performed on 5/23/2007. This time includes all nominal steps
to transition to recirculation mode, which may be required in SLOCA cases. The total manipulation time
is, therefore, 37.5 minutes (7.5 minutes of travel time, 24 minutes for valve stroke, 6 minutes for the steps
to.complete swap to recirc).- -- N .. - S e

T(sw): The time for RCS level to reach TAF is used as the end of the system window for this action. B/B
MAAP run BBSDP17a indicates that 12.00 hours are available to reach TAF in a small LOCA scenario
from the initiating event.

T(1/2). Based on simulator runs performed on 11/10/2009 and 11/11/2009, 4 data points were obtained
for the time to begin the response (command to open valve, not just check the valves status) from the

time that step 3c of ES-1.3 was reached. The results of the simulator runs showed the following: Run 1=
8 minutes, Run 2 = 6 minutes, Run 3 = 8.minutes, Run 4 = 2 minutes. Because 2 crews were used to

perform 4 simulator runs and the second run for each crew was highly similar to the first, it was expected
that some degree of anticipation of the upcoming events would occur. As a result, the T(1/2) estimate for
this case is based on the average of runs 1 and 3, the first run of the scenarios for each crew. T(1/2)=8

minutes ((8 min + 8 min) / 2 = 8 min). : C e,

Time available for recovery: 519.70 Minutes

SPAR-H Available time (cognitive): 527.70 Minutes

SPAR-H Available time (execution) ratio: 14.86
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Minimum level of dependence for recovery: ZD

PART I. DIAGNOSIS

No Part |

Diagnosis HEP:

0.0e+00

. PARTII. ACTION : - <

il

lhadequate Ti'm‘e .

[

Cora dY

‘A'v‘ail;a\-ble Tlme —

< Ty

P(failure) = 1.0

(recommended choice | Time available is ~ the time required 10
based on timing
information in bold) Nominal time 1

Time available >= 5x the time required X 101

Time available >= 50x the time required 0.01

Insufficient Information 1

Refer to the timing analysis.

Stress/Stressors Extreme X156
High 2
Nominal 1
Insufficient Information 1

The scenario to which this action is applied is a Small LOCA event
for which high pressure injection is successful. After injecting for
about 2.5 hours, the RWST low level alarm would be reached.
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While the LOCA event is a high stress scenario, the successful
control of the plant over the 2 to 3 hour cooldown time is
considered to significantly reduce the level of stress. At the time
the swap to recirculation mode would occur, the work load would
be relatively low, the diagnosis of the need to swap to recirculation
mode would have been successfully made, and the transition would
be proceeding in an orderly manner until the 8811A/B valves are
actuated. The failure of the 1S18811A/B valve(s) to stroke would
introduce an additional level of stress given that a suction path from
the containment sump to the RH pumps is required to maintain the
reactor in a stable state. The equipment operators would be
required to enter the Auxiliary Building to manually operate the
valve, which is potentially a high rad/high temperature area.

Exelon calc ECR 392870 indicates that the expected dose rate for
a medium LOCA, which would bound the SLOCA case, would be
1,444 mRem/hr. With a potential exposure time of up to 30
minutes, which is greater than the manipulation time for the local

‘action, the accumulated dose would be below the administrative

dose limit of 2000 m/Rem established in RP-AA-203. While the
accumulated dose would not preclude this action from being
performed, "extreme” stress is chosen to account for the difficult
working conditions, even though many hours would be available to

perform the manipulation before the core would be jeopardized.

Complexity

Highly complex 5
Moderately complex X |2
Nominal 1
Insufficient Information 1

Manual operation of a valve is a straightforward task with which the
operators are familiar through training and similar tasks performed
as part of normal plant operations, but the physical requirements of
opening the valve are potentially challenging. In order to manually
stroke the valve, it is necessary to stand on top of the valve's
enclosure in a semi confined area and turn a handwheel that is
located at face level. Elevated temperatures in the area during a
LOCA evolution could contribute to some discomfort during the
operation, but it is not expected to be prohibitive in any way for the
SLOCA scenario. The valve area is well lit and the open stem
design provides a clear indication of the valve's position. With
regard to valve identification, the valve is tagged with a label that is
easy to read, but more importantly, it is highly unique and could not
be mistaken for any other valve in the area. The"A" and "B"
1518811 valves are on the same elevation, but they are separated
by at least 30 yards and are accessed by turning different
directions upon entry into the curved wall area. While the action
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itself is a straightforward manipulation on a highly unique valve, the
action is considered to be "moderately complex" due to the position
the equipment operator must be in to perform the valve stroke and

the length of time that is required to complete the stroke (24
minutes from 34%). Once the valve is open, the remainder of the
task is a highly trained action and is not considered to significantly

contribute to difficulty of the action.

Experience/Training

Low 3
Nominal 1
High 0.5

Insufficient Information

1

Refer to the "Experience/Training" portion of the "Basic Event

| Context" discussion.

Procedures

Not available 50
incomplete 20
| Available, but poor 5

Nominal

1

Insufficient Information

1

Step 1c RNO of CA-1.1 directs local operation of 1S18811A/B to be
performed once it has been determined that it cannot be opened
remotely. No additional procedures are required for a valve

manipulation. Assessed as "nominal”.

Ergonomics/HMI

Missing/Misleading 50
Poor 10
Nominal 1
Good 0.5
Insufficient Information 1

As identified in the "complexity" discussion for the execution task,
the valve is highly unique such that mistaking it for another valve is
a negligible concern, but the position the operator has to be in to
stroke the valve is challenging. The footing is narrow (about 2.5
feet), semi-confined, and the handwheel is at face level, which
makes operation slow and difficult relative to a floor mounted valve
with the handwheel at waist level. During an accident, the area
may be at elevated temperature and radiation levels. While these

47



EPRI HRA Calculator 4.0

12/22/2009

factors may be a cause for some discomfort and stress, they are
not expected to be prohibitive or even a large concern for small
LOCA scenarios. Overall, this is considered to be an example of
relatively "poor" human-machine interface conditions.

Fitness for Duty

Unfit P(failure) = 1.0
Degraded Fitness 5
Nominal X |1
Insufficient Information 1

No fitness for duty issues have been identified. The nominal case
is used.

Work Processes

Poor 5
Nominal X |1
Good 0.5
insufficient Information ) 0.5

For emergency situations, operator interviews performed on
11/10/2009 and 11/11/2009 indicate that there would be no
requirement to "dress-out” before entering the Auxiliary Building to
perform the manual valve stroke, which is well known to the
operators. With regard to access to the Auxiliary Building (high rad
area), the equipment operators would be required to obtain a key
from the MCR for entry. This is not an unusual situation and given
the proximity of the equipment operator ready room to the MCR, it
does not significantly impact the manipulation time for valve
operation. Radio communication would be available between the
MCR and the equipment operator. No work process issues have
been identified that would impact the performance of the manual
stroke of 1S18811A/B.

Action Probability:

9.9e-03 [Adjustment applied: 1.0E-3 * 1.0e+01/(1.0E-3 * (1.0e+01 - 1) + 1)]

PART Illl. DEPENDENCY
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Crew Tane Location Cues
no additional .
same | ¥
| additional
close in time
no additional
dillevent | tep
Izlﬂild
samn High
no akiitional
same | Hgh
| additonal
oot close
oo addtional
dillererd [
l : Low
no addiional
sama I
laiﬁilﬂ
dose in time
no additional
dillerent |
Inﬂilﬂ
illesent
no adkditional Low
same [
|zﬂild
not close Low
- - - . -
dlferent Low
I Low
—————————————————————————————————————————— Zero

Task Failure WITHOUT Formal Dependence:

9.9e-03

Task Failure WITH Formal 'Degendence:
9.9e-03
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4.3 1518811BM-BHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER REMOTE

FAILURE (LOCAL-MANUAL, MLOCA)

DEM

12/10/09

CBDTM/THERP

bwd-8811-121009.HRA (12/10/09, 1675264 Bytes)

Table 5: 1518811BM-BHPMOA SUMMARY

without Recovery with Recovery
6.7e-02 6.0e-03
T 60003
5

Related Human Interactions:

Follows success of nominal action to begin the swap to recirculation mode.

Initial Cue:

Procedure direction - CA-1.1, step 1c, RNO

Recovery Cue:

Cue:

Procedures require the operators to confirm that the S18811A/B valve is open during recirculation

alignment.

Degree of Clarity of Cues & Indications:
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Average

Procedures;
Cognitive: Not Selected
Execution: BwCA-1.1 (Loss of Emergency Coolant Recirculation) Revision: 202

Other: Not Selected

Cognitive Procedure:
Step: Not Applicable

Instruction:

Procedure Notes: .. _ . o ~— e

Typically, both execution and diagnosis errors are included as part of a post initiator HRA. In some
cases, however, there are conditions that preclude the applicability of one of these components of the
HEP. '

For scenarios in which the 1S18811A/B valve fails to completely stroke and both the "open” and "closed”
lights are illuminated (dual indication), it is recognized that the operators must interpret the dual indication
and make a decision about how to proceed. However, their decision regarding the valve's status is
unimportant given that any interpretation results in a successful outcome. '

- 1SI8811A/B interpreted as "NOT OPEN": operator directed to close 1SI8812A/B, open 1S18811A/B
locally, and establish cold leg recirculation.

- 1SI8811A/B interpreted as "OPEN": The RH pumps wouid remain running, 1S18812A/B directed to be
closed, and injection would be provided to the RCS via the 1SI8809A/B valve(s). For transient scenarios
or for SLOCAs where the transition to cold leg recirculation is attempted at the time of the 46% RWST
level cue, the procedures still provide a success path as they direct local operation of the
1CV8804A/1S18804B valves (bypasses interlock with 1S18811A/B) and the establishment of flow using
the Sl/Charging pumps.

These paths are described in more detail below:

Scenario 1, 1SI8811A/B considered to be "not open” in ES-1.3 step 3c:
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If the 1S18811A/B valve is considered to be "not open” in ES-1.3 step 3c, the operators are transferred to
Attachment A. In Attachment A, step 1 questions whether or not the 1SI8811A valve is closed. Ifitis
determined to be "not closed", the RNO action is to close 1S18812A, which would terminate an "A"
division flow diversion from the RWST to the sump. The RNO then transfers to step 4, which includes
similar guidance for the "B" division. The RNO is step 4 transfers to Step 7, which in turn transfers to
BwCA-1-1 where step 1c¢ directs local closure of 1S18811A/B.

If the opposite interpretation of the 1S18811A/B valve'(s) status is made in Attachment A, step 1 of ES-1.3
( valve is "closed"), the operators are directed through steps 2 and 3, which attempt manual, remote
operation of 1SI18811A. Step 3b closes 1S18812A, which would terminate a flow diversion, and step 3e
directs 1S18811A to be opened. Whether or not 1S18811A is considered to be open, the procedure path
leads to step 4 where a similar process is started for the "B" division. On completion of the "B" division
steps, step 7 is reached where the transfer to 1BwCA-1.1 occurs and the direction to perform the local
stroke of 1SI8811A/B is given.

Scenario 2, 1S18811A/B considered to be "open” in ES-1.3 step 3c:

In the event that the 1S18811A/B valve(s) is believed/considered to be "open” in ES-1.3 step 3¢, step 3d
directs closure of the 1S18812A/B valves, which would terminate the flow diversion from the RWST to the
sump. At this point, the RH pumps would be running with suction only aligned through the partially open
1S18811A/B valves. For MLCOA events, this may allow injection through the 1SI8809A/B valves without
further action; however, assuming that RCS pressure is too high for injection, the procedure continues in
steps 4 and 5 to align RH to the SI/Charging system suction path. In steps 5f and 5h, the direction is
given to open the 1CV8804A and 1S18804B valves, respectively. These valves are interlocked with
1S18811A/B and would not open with 1SI8811A/B in an intermediate position. The RNO for steps 5f and
59 direct local operation of valves 1CV8804A and 1S18804B valves, which are smaller and more easily
operated than the 1SI18811A/B valves. Locally stroking the 1CV8804A/1S18804B valve would provide an
alternate success path given that suction would be available through the partially open 1S18811A/B
valves.

If, for some reason, it was decided that there was no viable suction path for the Sl/Charging pumps and
that emergency coolant recirculation was lost/unavailable, the continuous action statement to transfer to
BwCA-1.1 would be followed where local operation of the 1S18811A/B valve(s) would be directed.

In summary, from the point where dual indication on 1S18811A/B is encountered at ES-1.3 step 3c, any
procedure path taken will isolate the flow diversion path from the RWST to the containment sump by
closing 1S18812A/B and emergency coolant recirculation will be established by opening either
1S18811A/B or 1CV8804A/1S18804B locally. No significant diagnosis is required to either close
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1S18812A/B or to open 1S18811A/B; these actions are directed as a matter of course in a procedure path
that has already been initiated.

TRAINING:

Based on simulator observations and operator interviews, scenario 1 is the expected evolution. There
are a number of scenarios utilized in the simulator in both initial and continuing training that exercise
these portions of the procedures.

For ILT: Scenario P-18.1 Involves failure of Si8811 valve to open and exercises _BwCA-1.1
Scenario C-2.2  Involves failure of SI8811 valve to open and exercises _ BwCA-1.1

Scenario E-7.2  Involves failure of SI8811 valve to open and exercises ES-1.3, Attachment A
to open valve

Scenario E-972°  ifivolves failure of S18811 valve to open and exercises ES-1.3, Attachmént A ™~
to open valve

For LORT (Going back just the last few years)

Scenario 0711  Involves failure of SI8812 valve to close and exercises ES-1.3, Attachment A
to close the valve

Scenario 0716  Involves NSO Only training on _BwEP ES-1.3, transfer to CL Recirc
Scenario 0765 Involves LBLOCA, transition to CL Recirc and local operation of 0SX007

Scenario 0811  Involves failure of both S18811 valves to open and exercises _BwCA-1.1,
including dispatching operators to "locally” open the valve.

Scenario 0843  Involves LBLOCA and transition to _BwEP ES-1.3, followed by sump
blockage and transition to 1BwCA-1.3

Scenario 0866  Involves containment bypass and exercises _BwCA-1.1
Scenario 0916  Involves LBLOCA, and transfer to CL Recirc, transfer to HL Recirc

Scenario 0936-2 Involves NSO training on _BwEP ES-1.3, transfer to CL Recirc with failure of
_S18812 to close (Timed scenario)

Scenario 0943 Involves Involves LBLOCA, transition to CL Recirc
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Scenario 0965 Involves LBLOCA, failure of 1S18811B, transition to 1BwCA-1.1 and local
opening of 1518811B

Scenario 0931 OOB Evaluation of DB LBLOCA and failure of 1S18812 to close. Timed
Scenario - ALL crews PASSED

Equipment Operator (EQ) training on local valve operation occurs primarily in the generic fundamentals
phase, Components chapter 1, which covers the construction and operation of MOVs. Various local
valve operations are covered in a sampling of EOP Lesson plans but only general direction is covered.

In summary, the RO/SRO training program addresses the specific scenario in which the 8811A/B valves
fail to open remotely as well as other scenarios that require local operation of the other valves. These
scenarios, as well as others, are included in both initial qualification exercises and the continuing training
program. EOs are trained generically to operate MOVs locally. While there is not a specific lesson plan
covering 11/2S18811A/B local operation, the generic training is applicable to those valves.

Training:

Classroom, Frequency: 0.5 per year

Simulator, Frequency: 0.5 per year

JPM Procedure:

Not Selected

Identification and Definition:

This HFE represents the probability that the operators will fail to locally open the failed 1SI8811A/B valves
and complete the transition to cold leg recirculation given that the swap to recirculation mode has been
initiated.

The scenario evaluated for this HFE is an MLOCA event, which is a top contributors in both the
Braidwood PRA and the NRC SPAR model. The following provides an additional description of the
scenario for which this action is evaluated:

The following provides an additional description of the scenario for which this action is evaluated:
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1. Initial Conditions: Steady state, full power operation
2. Initiating Events: Medium LOCA

3. Accident sequence (preceding functional failures and successes):

Reactor trip successful

Turbine trip successful

AFW operates

Level in RCS drops due to MLOCA

ECCS initiated successfully (both divisions available)

2 trains of containment spray are available, 2 divisions of RCFCs running (4 fans).

Transition to cold leg recirculation or: low RWST. level fails due to failure of 15188118.to fully open {(valve
only opens approximately 34%, which fails to satisfy the interlock with the 8804 valve(s)).

4. Preceding operator error or success in sequence:

Early EP-0 actions to confirm actuations performed.

EP-1 actions to ensure adequate ECCS injection performed.

EP-1 action to depressurize and cooldown not required due to impact of break
Transition to recirculation mode started

Failure of 1S18811A/B identified.

5. Operator action success criterion: Locally open 1S18811A/B and establish cold leg recirculation mode
prior RCS level reaching TAF.

Key Assumptions:
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1) Failure of the 1S18811B valve in the intermediate position is assumed to resultin the shutdown of RH
pump 1B due to lack of a positive suction source. Based on this interpretation of the valve's dual
indication, the operators would be procedurally bound to perform a local, manual stroke of the valve
before restarting RH pump 1B and completing the transition to cold leg recirculation. 2) Exelon calculation
EC#377204 indicates that if the 1S18811B had opened approximately 34 full stroke, adequate flow would
have been available to perform swap to recirculation mode without action to locally open 1S18811B. It
should be noted that with the 1S18811A/B valve in an intermediate position, the interlock with
1CV8804A/1S18804B would not have cleared, but because RCS pressure would be below the RH pump
shutoff head by the time recircutation mode was required, the RH pumps would be able to inject directly
through the 1SI8809A/B valves and the interlock’s status would be inconsequential. However, no direct
credit is taken for operation of the RH pumps with the 1S18811A/B valves in the intermediate position.

Operator Interview Insights:
OPERATOR INTERVIEWS AND SIMULATOR OBSERVATIONS:

For cases in which both the open ("O") and the closed ("-") position indictors are simultaneously
illuminated for a given valve, operator interviews performed on 11/10/2009 and 11/11/2009 universally
demonstrated that it was understood this represented a condition in which the actual position of the valve
is unknown and that alternative means would be required to determine the valve's position. What was
also demonstrated in the interviews and during the simulator ocbservations was that interpretation of the
valve's status with regard to responding to procedures was considered to be case specific.

For example, ES-1.3, Attachment A, step 1 questions whether or not the 1518811A valve is closed and
the two crews interpreted the dual indication differently; one crew treated it as "closed" and the other as
“not closed”. In the latter case, when 1S18811A was considered "not closed" and the RNO action to close
1S18812A was reached, it was recognized that with 1SI8811A in an undetermined state, closing
1S18812A would potentially isolate RH pymp 1A from all viable suction sources and RH pump 1A was
tripped to protect it. If the valve is considered closed, the procedures attempt to manually open the valve
from the control room. This path includes a step to trip RH pump 1A when 1SI8812A is closed. If
1518811A cannot subsequently be opened, the RH pump is left in the trippéd position (same as previous
case). Ultimately, either classification of the 1S18811A valve's status ("closed"” or "not closed") would lead
to step 7 of Attachment A, where the operators are directed to CA-1.1 and the direction to locally open
valve(s) 1SI18811A/B.

While a divergence of opinion appeared to exist on the classification a valve with dual indication in ES-
1.3, Attachment A, step 1, what was clear was that the indeterminate status of the valve was consistently
treated in a conservative manner. ES-1.3, Attachment A, step 1 is not directly questioning whether or not
the position of the valve can lead to a success or failure of a particular function and as a result, a
difference in the classification of the valve's status was noted. However, for the cases where the status
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for the valve was directly related to whether or not it could fulfill a required function, the valves was not
considered to be capable of supporting that function. For example,

- Step 3c of ES-1.3 questions whether or not the containment sump valves (1S18811A/B) are open with
the obvious intent of determining whether or not the RH pumps can draw water from the containment
sump. Both crews interpreted the sump valve as not being open given the presence of dual indication on
the 1S18811A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1S18811A was not considered to be capable of
providing an adequate suction source for RH pump 1A even though it was considered not to be closed in
ES-1.3, Attachment A, step 1. Consequently, RH pump 1A was tripped before 1SI18812A was closed.

- In ES-1.3, Attachment A, step 3e, 1S18811A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1S18811B was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 7, both 1S18811A and B were considered to not be open such that they
could not support cold leg recirculation mode.

- In CA-1.1, step 1c, both 1SI8811A and B were considered to not be open such that they could not
support cold leg recirculation mode.

Based on the information obtained from the operator interviews and the simulator observations, the
conclusion is that a.dual indication condition on 1SI8811A/B will result in the interpretation that the.valve .
cannot necessarily support cold leg recirculation mode and that the procedures will ultimately drive them
to CA-1.1 where local action to open the valve will be directed.

All of the above is based on the pre-condition that the operators have no information about the actual
position of 1S18811A/B and that the reactor core is not yet threatened. Simulator runs 1 and 3, which
were performed on 11/10/2009 and 11/11/2009, demonstrated that while local operation of the
1S18811A/B valves offered a potential success path to restore cold leg recirculation, the RH pump would
not be started until it was verified that 1S18811A/B was full open. For simulator runs 2 and 4, which were
run on the same days, a local check of the 1S18811A/B valve(s) position was allowed, but a manual
stroke of the valve(s) was prohibited due to high rad levels. These scenarios placed the operators in a
situation where the only success path was to run the RH pump with the 1S18811A/B valves in a partially
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open condition. Both crews dispatched equipment operators to perform a local assessment of the valve's
position and when it became obvious to them that they could not prevent core damage without operating
the RH pump(s), they elected to start the pumps. Both crews cited the 50.54x guidance that binds them
to protect the core even if clear procedure guidance does not exist to direct them to do so. No creditis
taken for operating the RH pumps with the 1S18811A/B valves in a partially open condition even though
plant engineering calculations indicate that such an operation would be successful.

Manpower Requirements:

Operations: Shift Manager 1 1
Shift Supervisor: . 1 0
STA: 1 0
Reactor operators: 2 1
Plant operators: 2 1
Maintenance: Mechanics: 2 0
Electricians: 2 0
1&C Technicians: 2 0
Health Physics: : Technicians: 2 1
Chemistry: Technicians: - 1 0

Execution Performance Shaping Factors:

Environment: Lighting Normal
Heat/Humidity Hot / Humid
Radiation Yellow
Atmosphere Normal
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Special Requirements:

Performance Shaping Factors:

Complexity of Response: Cognitive Compiex
Execution Complex
Equipment Accessibility: Main Control Room Accessible
Unit 1 Containment Pipe Accessible
Penetration Area
Stress: High
Plant Response As Expected: | No
Workload: N/A
N/A

Performance Shaping Factor Notes:

Failure of the 1S18811A/B valve(s)

as expected).

presents an unexpected condition in the plant (plant response is NOT

With regard to rad levels at the valve and access considerations, Exelon calc ECR 392870 indicates that
the expected dose rate for a medium LOCA would be 1,444 mRem/hr. With a potential exposure time of
up to 30 minutes, which is greater than the manipulation time for the local action, the accumulated dose

would be below the administrative dose limit of 2000 m/Rem established in RP-AA-203. While this would

not prevent local valve action, entering a potentially high rad area with elevated temperatures is

considered to contribute to a high stress environment.

Timing:
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T 2.73 Hours
Sw [
T 54.90 Minutes, T 0.01 Seconds, T,, 32.50 Minutes
delay 172 M |
? | |
lreversible
Cue’ DamageState
t=0 |
Timin

g Analysis; While diagnosis contribution for this HFE has been excluded, the timing information related to
the diagnosis of the need to transition to recirculation mode is required to establish the time available for
local operation of the 1S18811A/B valves and any applicable recovery factors. The timeline for this action
has been constructed based on the successful diagnosis and interpretation of the dual indication on the
1S18811A/B valves.

. The timing for this action is complicated by the fact that a failure cccurs.in the equipment that is being
used to carry out an action that has already been successfully diagnosed. The diagnosis tasks for the
action to swap to recirculation mode and to identify the failure of the 1S18811B valve to fully open during
recirculation alignment are sequential and cannot occur during the same period of time. By definition, the
diagnosis of the failed 1SI18811A/B valve(s) occurs only after successful diagnosis of the need to swap to
recirculation. This is accounted for in the system window, manipulation time, and cue definitions for this
action. For THERP, timing considerations are limited beyond the assessment that sufficient time is
available to perform the action, but the dependence levels assignments of the recovery actions are
potentially impacted by the timing.

T(m): The time required to manually stroke the 8811B valve from 34% open to full open has been
determined to be 24 minutes. This time is based on an actual stroke of the valve performed by the
Braidwood operators during the week of 11/02/2009. In addition, 7.5 minutes has been added to account
for the time required to travel to the valve location. The travel time is based on a walkdown performed by
the HRA analyst on 11/11/2009 and accounts for the time to travel from the EO ready room to the MCR to
obtain a key for high rad area access (30 seconds travel, 30 seconds assumed to get key), the time to
travel to the Auxiliary Building entrance (3 minutes), the time to travel from the Auxiliary Building entrance
to valve 1S18811B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S18811B (30
seconds). The time required for completing the steps to initiate cold leg recirculation mode is less than 1
minute based on simulator runs observed on 11/10/2009 and 11/11/2009. Once the 1SI8811A/B valve is
open, the operators are returned to ES-1.3, Attachment A, Step 7, which directs the operators to check
that a train of recirculation has been established. This requires the start of the RH pump corresponding to
the 1518811 valve that was successfully opened. Start of the RH pump will result in flow from the sump,
to the pump, through the Hx, and to the cold leg through valve 1SI8809A/B because the MLOCA has
depressurized the RCS below the RH shutoff head. The total manipulation time is, therefore, 32.5
minutes (7.5 minutes of travel time, 24 minutes for valve stroke, 1 minute for the step to complete swap to
recirc).
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T(sw): The time for RCS level to reach TAF is used as the end of the system window for this action. B/B
MAAP run BBSDP15a indicates that 2.73 hours are available to reach TAF in a medium LOCA scenario
from the initiating event.

T(delay) = time to 46% RWST level (cue to start transition to swap to recirc mode) + time to reach the
command to open the 1S18811A/B valve locally (accounts for completion of the action to begin the swap
to recirc and respond to the dual indication on 1S18811A/B). In this case, that time includes the time to
reach 46% RWST level and the time required to reach step 1c of BwCA-1.1. B/B MAAP run BBSDP15a
indicates that the time to reach 46.7% RWST level is 44.4 minutes, which is the initial cue to swap to cold
leg recirculation mode. Based on simulator runs performed on 11/10/2009 and 11/11/2009, 4 data points
were obtained for the time to reach the point where the direction was given to locally stroke the
1S18811A/B valve: Run 1= 11 minutes, Run 2 = 9 minutes, Run 3 = 10 minutes, Run 4 = 4 minutes.
Because 2 crews were used to perform 4 simulator runs and the second run for each crew was highly
similar to the first, it was expected that some degree of anticipation of the upcoming events would occur.
As a result, the T(1/2) estimate for this case is based on the average of runs 1 and 3, the first run of the
scenarios for each crew. T(1/2) = 10.5 minutes ((11 min + 10 min) / 2 = 10.5 min). The time T(delay),

_ therefore, is 44.4 minutes +10.5 minutes = 54.9 minutes . e e

T(1/2): The HRAC uses the median response time in the assessment of recovery dependence levels,
but thisvis accounted for by the cue structure here. T(1/2) has been set to 0.01 seconds (to prevent an
HRAC error message).

Time available for recovery: 76.40 Minutes
SPAR-H Available time (cognitive): 76.40 Minutes
SPAR-H Available time (execution) ratio: 3.35

Minimum level of dependence for recovery: ZD
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Execution Unrecovered

1S18811BM-BHPMOA

Table 6: 1518811BM-BHPMOA EXECUTION UNRECOVERED

A E n %] . A

;o f;ed: ét 1PM6§J in - The "A" and "B d]ws@r?s aré (‘:‘orrll-;;letély( aeper?deﬁt.
CLOSE ’
- EOM 20-7b 2 1.3E-3 5
ES-1.3, step 3a EOC 2012 5 1363
EOC' 20-12 4 1.3E-3

Total Step HEP 2.0e-02

Perform the following: a: Manually or locally close RH Pump 1A suction The operators Step 4 of ES-1.3, Attachment A directs
from RWST isol valve: 1S18812A the same action for the "B" division. The "A" and "B"
divisions are completely dependent.

ES1.3, AtA st - EOM 20-7b 2 13E3 5
RNO EOC 2012 3 1363
EOC 20-12 5 1.3E3

Total Step HEP 2.0e-02
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CA-1.1, Step 1.c-
RNO

Dispatch an operator to open at least one valve: -1S18811A (364' U13
CWA), -1518811B (364' X13 CWA)

EOM 20-7b i 43E4

EOC 20-13 1 1.3E-3

Total Step HEP

8.7e-03

CA-1.1, Step 1.e
RNO

When one train is restored, then return to procedure and step in effect.

N
CA-1.1,-Step 1.e RNO is a continuous action
statement that will send the operators back to ES-
1.3, Attachment A, Step 7, which requires the
operators to confirm the status of the valve via the
direction "check at least 1 CNMT sump recirc
flowpath established". Because the entire focus of
the MCE} is on the progress of opening the
1S18811A/B valve, the continuous action statement
would not be overlooked.

EOM 20-7b 1 4.3E4

Total Step HEP

2.2e-03

ES-1.3, ATTA
Step 7

CHECK AT LEAST ONE CNMT SUMP RECIRC FLOWPATH
ESTABLISHED

When CA-1.1 returns the operators to ES-1.3 after
1S18811A/B is opened, this step would result in the
start of an RH pump. Because the MLOCA
depressurizes the reactor below the RH pump shutoff
head, this is the only step required to initiate CL
recirculation.

EOM 20-7b 2 1.3E-3

EOC 20-12 3 1.3E3

EOC 2012 5 1.3E-3

i
y
R

Tot

al Step HEP

2.0e-02

EXEC RECOV -
ICR

EXEC RECOV - ICR

See Section 4.4 of the HRA Notebook for further
information. This execution recovery factor is applied
to the individual execution steps with a dependence
factor based on the time available for recovery. Note
that the execution stress factors applied to the

execution subtasks are not applied to the execution

0.1

63




EPRI HRA Calculator 4.0

12/22/2009

recovery factor.

EOM 20-7b 2 1.3E-3

Tot:

al Step HEP

1.0e-01
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Execution Recover:y

1S18811BM-BHPMOA

12/22/2009

Table 7: 15188118M-BHPMOA EXECUTION-RECOVERY

T

ES-1.3, step 3a

3 ot

o, 3. O O

B et s

;Iace control switches for SVAG valves 480\/bus feeds at
1PM06J in - CLOSE

EXEC RECOV -ICR { EXEC RECOV - ICR 1.0e-01 ZD 1.0e-01

ES1.3, AtA, s1 Perform the following: a. Manually or locally close RH Fump

RNO 1A suction from RWST isol valve: 1S18812A 2.0e-02 2.0e-03
EXEC RECOV -iCR | EXEC RECOV - ICR 1.0e-01 ZD 1.0e-01

CA-1.1, Step 1.c- Dispatch an operator to open at least one valve: -1SI18811A 8.70-03 1.90-05

RNO (364' U13 CWA), -1518811B (364' X13 CWA) ' :
CA-1.1, Step 1.e When one train is restored, then return to procedure and step in 226-03 D 226-03
RNO effect.

ES-1.3, ATT A Step CHECK AT LEAST ONE CNMT SUMP RECIRC FLOWPATH

7 ESTABLISHED 2.0e-02 2.0e-03
EXEC RECOV - ICR | EXEC RECQV - ICR " 1.0e-01 ZD 1.0e-01
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44  1S18811BMSBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER REMOTE

FAILURE (LOCAL-MANUAL, MLOCA, SPAR-H)

12/22/2009

12/10/09

SPAR-H

bwd-8811-121009.HRA (12/10/09, 1675264 Bytes)

Table 8: 15!8811BMSBHPMOA SUMMARY

Cognitive Execution
0.0e+00 9.1e-02
[ Total HEP: — 9.16-:02

Plant:

Braidwood

Initiating Event:
MLOCA

Basic Event Context:

Typically, both execution and diagnosis errors are included as part of a post initiator HRA. In some
cases, however, there are conditions that preclude the applicability of one of these components of the

HEP.

For scenarios in which the 1S18811A/B valve fails to completely stroke and both the "open” and "closed"”
lights are illuminated (dual indication), it is recognized that the operators must interpret the dual indication
and make a decision about how to proceed. However, their decision regarding the valve's status is
unimportant given that any interpretation results in a successful outcome.
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- 1S18811A/B interpreted as "NOT OPEN": operator directed to close 1S18812A/B, open 1SI18811A/B
locally, and establish cold leg recirculation.

- 1S18811A/B interpreted as "OPEN": The RH pumps would remain running, 1S18812A/B directed to be
closed, and injection would be provided to the RCS via the 1SI8809A/B valve(s). For transient scenarios
or for SLOCAs where the transition to cold leg recirculation is attempted at the time of the 46% RWST
level cue, the procedures still provide a success path as they direct local operation of the
1CV8804A/1S18804B valves (bypasses interlock with 1S18811A/B}) and the establishment of flow using
the Sl/Charging pumps.

These paths are described in more detail below:
Scenario 1, 1S18811A/B considered to be "not open” in ES-1.3 step 3c:

If the 1S18811A/B valve is considered to be "not open” in ES-1.3 step 3c, the operators are transferred to
Attachment A. In Attachment A, step 1 questions whether or not the 1S18811A valve is closed. Ifitis
determined to be "not closed”, the RNO action is to close 1SI8812A, which would terminate an "A"
division flow diversion from the RWST to the sump. The RNO then transfers to step 4, which includes
similar guidance for the "B" division. The RNO is step 4 transfers to Step 7, which in turn transfers to
BwCA-1-1 where step 1c directs local closure of 1SI18811A/B.

If the opposite interpretation of the 1S18811A/B valve'(s) status is made in Attachment A, step 1 of ES-1.3
( valve is "closed"), the operators are directed through steps 2 and 3, which attempt manual, remote
operation of 1S18811A. Step 3b closes 1S18812A, which would terminate a flow diversion, and step 3e
directs 1S18811A to be opened. Whether or not 1SI8811A is considered to be open, the procedure path
leads to step 4 where a similar process is started for the "B" division. On completion of the "B" division
steps, step 7 is reached where the transfer to 1BwCA-1.1 occurs and the direction to perform the local
stroke of 1S18811A/B is given.

Scenario 2, 1S18811A/B considered to be "open" in ES-1.3 step 3c:

In the event that the 1S18811A/B valve(s) is believed/considered to be "open” in ES-1.3 step 3¢, step 3d
directs closure of the 1S18812A/B valves, which would terminate the flow diversion from the RWST to the
sump. At this point, the RH pumps would be running with suction only aligned through the partially open
1518811A/B valves. For MLCOA events, this may allow injection through the 1SI8809A/B valves without
further action; however, assuming that RCS pressure is too high for injection, the procedure continues in
steps 4 and 5 to align RH to the SI/Charging system suction path. In steps 5f and 5h, the direction is
given to open the 1CV8804A and 1SI8804B valves, respectively. These valves are interlocked with
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1S18811A/B and would not open with 1SI18811A/B in an intermediate position. The RNO for steps 5f and
5g direct local operation of valves 1CV8804A and 1S18804B valves, which are smaller and more easily
operated than the 1SI18811A/B valves. Locally stroking the 1CV8804A/1S18804B valve would provide an
alternate success path given that suction would be available through the partially open 1S18811A/B
valves.

If, for some reason, it was decided that there was no viable suction path for the Sl/Charging pumps and
that emergency coolant recirculation was lost/unavailable, the continuous action statement to transfer to
BwCA-1.1 would be followed where local operation of the 1S18811A/B valve(s) would be directed.

In summary, from the point where dual indication on 1S18811A/B is encountered at ES-1.3 step 3¢, any
procedure path taken will isolate the flow diversion path from the RWST to the containment sump by
closing 1S18812A/B and emergency coolant recirculation will be established by opening either
1S18811A/B or 1CV8804A/1S18804B locally. No significant diagnosis is required to either close
1S18812A/B or to open 1S18811A/B; these actions are directed as a matter of course in a procedure path
that has already been initiated.

EXPERIENCE/TRAINING:

There are a number of scenarios utilized in the simulator in both initial and continuing training that
exercise these portions of the procedures.

For ILT: Scenario P-18.1 Involves failure of SI18811 valve to open and exercises _ BwCA-1.1
Scenario C-2.2  Involves failure of SI8811 valve to open and exercises _BwCA-1.1

Scenario E-7.2  Involves failure of SI8811 valve to open and exercises ES-1.3, Attachment A
to open valve

Scenario E-9:2  Involves failure of SI8811 valve to oper and exercises ES-1‘.3;'Attachﬁ1ent A
to open valve

For LORT (Going back just the last few years)

Scenario 0711  Involves failure of S18812 valve to close and exercises ES-1.3, Attachment A
to close the valve

Scenario 0716 Involves NSO Only training on _BwEP ES-1.3, transfer to CL Recirc
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Scenario 0765  Involves LBLOCA, transition to CL Recirc and local operation of 0SX007

Scenario 0811  Involves failure of both SI8811 valves to open and exercises _BwCA-1.1,
including dispatching operators to "locally” open the valve.

Scenario 0843  Involves LBLOCA and transition to _BwEP ES-1.3, followed by sump
blockage and transition to 1BwCA-1.3

Scenario 0866  Involves containment bypass and exercises _BwCA-1.1
Scenario 0916  Involves LBLOCA, and transfer to CL. Recirc, transfer to HL Recirc

Scenario 0936-2 Involves NSO training on _BwEP ES-1.3, transfer to CL Recirc with failure of
_SI8812 to close (Timed scenario)

Scenario 0943 Involves Involves LBLOCA, transition to CL Recirc

Scenario 0965 Involves LBLOCA, failure of 1S18811B, transition to 1BwCA-1.1 and local
opening of 1S18811B

Scenario 0931 OOB Evaluation of DB LBLOCA and failure of 1518812 to close. Timed
Scena[iq - ALL crews PASVSED

Equipment Operator (EO) training on local valve operation occurs primarily in the generic fundamentals
phase, Components chapter 1, which covers the construction and operation of MOVs. Various local
valve operations are covered in a sampling of EOP Lesson plans but only general direction is covered.

In summary, the RO/SRO training program addresses the specific scenario in which the 8811A/B valves
fail to open remotely as well as other scenarios that require local operation of the other valves. These
scenarios, as well as others, are included in both initial qualification exercises and the continuing training
program. EOs are trained generically to operate MOVs locally. While there is not a specific lesson plan
covering 11/2818811A/B local operation, the generic training is applicable to those valves. While this
level of training may not be considered to be as high as what is performed for the standard action to
initiate cold leg recirculation, it is considered to be adequate to maintain a reasonable level of proficiency
in addressing failure of the 1S18811A/B valves. Addressing the dual indication on 1SI18811A/B is not
specifically addréssed; but general training covers this particular mode ‘of failure for the valve. Treated as
a "nominal training" case.

OPERATOR INTERVIEWS AND SIMULATOR OBSERVATIONS:

For cases in which both the open ("O") and the closed ("-") position indictors are simultaneously
illuminated for a given valve, operator interviews performed on 11/10/2009 and 11/11/2009 universally
demonstrated that it was understood this represented a condition in which the actual position of the valve
is unknown and that alternative means would be required to determine the valve's position. What was
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also demonstrated in the interviews and during the simulator observations was that interpretation of the
valve's status with regard to responding to procedures was considered to be case specific.

For example, ES-1.3, Attachment A, step 1 questions whether or not the 1S18811A valve is closed and
the two crews interpreted the dual indication differently; one crew treated it as "closed" and the other as
"not closed”. In the latter case, when 1S18811A was considered "not closed” and the RNO action to close
1S18812A was reached, it was recognized that with 1SI18811A in an undetermined state, closing
1S18812A would potentially isolate RH pump 1A from all viable suction sources and RH pump 1A was
tripped to protect it. If the valve is considered closed, the procedures attempt to manually open the valve
from the control room. This path includes a step to trip RH pump 1A when 1SI8812A is closed. If
1S18811A cannot subsequently be opened, the RH pump is left in the tripped position (same as previous
case). Ultimately, either classification of the 1S18811A valve's status ("closed” or "not closed") would lead
to step 7 of Attachment A, where the operators are directed to CA-1.1 and instructed to locally open
valve(s) 1SI8811A/B.

While a divergence of opinion appeared to exist on the classification a valve with dual indication in ES-
1.3, Attachment A, step 1, what was clear was that the indeterminate status of the valve was consistently
treated in a conservative manner. ES-1.3, Attachment A, step 1 is not directly questioning whether or not
the position of the valve can lead to a success or failure of a particular function and as a result, a
difference in the classification of the valve's status was noted. However, for the cases where the status
for the valve was directly related to whether or not it could fulfill a required function, the valves was not .
considered to be capable of supporting that function. For example,

- Step 3c of ES-1.3 questions whether or not the containment sump valves (1518811A/B) are open with
the obvious intent of determining whether or not the RH pumps can draw water from the containment
sump. Both crews interpreted the sump valve as not being open given the presence of dual indication on
the 1S18811A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1S18811A was not considered to be capable of
pr_oviding an adequate suction source for RH pump 1A even though it was considered not to be closed in
E£S-1.3, Attachment A, step 1. Consequently, RH pump 1A was tripped before 1S18812A was closed.

- In ES-1.3, Attachment A, step 3e, 1S18811A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1S18811B was considered to not be open such that it could not
support cold leg recirculation mode.
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- In ES-1.3, Attachment A, step 7, both 1S18811A and B were considered to not be open such that they
could not support cold leg recirculation mode.

- In CA-1.1, step 1c¢, both 1S18811A and B were considered to not be open such that they could not
support cold leg recirculation mode.

Based on the information obtained from the operator interviews and the simulator observations, the
conclusion is that a dual indication condition on 1S18811A/B will result in the interpretation that the valve
cannot necessarily support cold leg recirculation mode and that the procedures will ultimately drive them
to CA-1.1 where local action to open the valve will be directed.

All of the above is based on the pre-condition that the operators have no information about the actual
position of 1SI8811A/B and that the reactor core is not yet threatened. Simulator runs 1 and 3, which
were performed on 11/10/2009 and 11/11/2009, demonstrated that while local operation of the
1S18811A/B valves offered a potential success path to restore cold leg recirculation, the RH pump would
not-be started until it was-verified that 1S18811A/B was full open. For simulator runs 2-and 4, which were - -
run on the same days, a local check of the 1S18811A/B valve(s) position was allowed, but a manual
stroke of the valve(s) was prohibited due to high rad levels. These scenarios placed the operators in a
situation where the only success path was to run the RH pump with the 1SI18811A/B valves in a partially
open condition. Both crews dispatched equipment operators to perform a local assessment of the valve's
position and when it became obvious to them that they could not prevent core damage without operating
the RH pump(s), they elected to start the pumps. Both crews cited the 50.54x guidance that binds them
to protect the core even if clear procedure guidance does not exist to direct them to do so. No creditis
taken for operating the RH pumps with the 1S18811A/B valves in a partially open condition even though
plant engineering calculations indicate that such an operation would be successful.

SCENARIO DEFINITION

-The scenario evaluated for this HFE is an MLLOCA event, which is a top contributors in both the.. .-
Braidwood PRA and the NRC SPAR model. The following provides an additional description of the
scenario for which this action is evaluated:

1. Initial Conditions: Steady state, full power operation
2. Initiating Events: Medium LOCA

3. Accident sequence (preceding functional failures and successes):

Reactor trip successful
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Turbine trip successful

AFW operates

Level in RCS drops due to MLOCA

ECCS initiated successfully (both divisions available)

2 trains of containment spray are available, 2 divisions of RCFCs running (4 fans).

Transition to cold leg recirculation on low RWST level fails due to failure of 1S518811B to fully open (valve
only opens approximately 34%, which fails to satisfy the interlock with the 8804 valve(s}). Train A fails due
to CCF or random equipment failures.

4. Preceding operator error or success in sequence:

Early EP-0 actions to confirm actuations performed.

EP-1 actions te ensure-adequate ECCS injection-performed. - -

EP-1 action to depressurize and cooldown not required due to impact of break
Transition to recirculation mode started

Failure of 1S18811A/B identified.

5. Operator action success criterion: Locally open 1S18811A/B and establish cold leg recirculation mode
prior RCS level reaching TAF.

6. Key Assumptions: 1) Failure of the 1SI8811A/B valve in the intermediate position is assumed to result
in the shutdown of RH pump 1A/B due to lack of a positive suction source when the 1SI8812A/B vavle(s)
are closed. Based on this interpretation of the valve's dual indication, the operators would be

- procedurally bound to perform-alocal, manual stroke of the valve beforé restarting RH pump 1A/Band - = =

completing the transition to cold leg recirculation. 2) Exelon calculation EC#377204 indicates that if the
1S18811B had opened approximately 34 full stroke, adequate flow would have been available to perform
swap to recirculation mode without action to locally open 1S18811B. It should be noted that with the
1S18811A/B valve in an intermediate position, the interlock with 1CV8804A/1S18804B would not have
cleared, but because RCS pressure would be below the RH pump shutoff head by the time recirculation
mode was required, the RH pumps would be able to inject directly through the 1SI8809A/B valves and the
interlock's status would be inconsequential. However, no direct credit is taken for operation of the RH
pumps with the 1S18811A/B valves in the intermediate position.
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Timing:
T 2.73 Hours
Sw N
T 46.90 Minutes, T 8.00 Minutes T,, 32.50 Minutes
delay 1/2 M :
c"l >
Irreversible
Cue DamageState
=0 !
Timin

" g Analysis: While diagnosis contribution for this HFE has been excluded, the timing information related to
the diagnosis of the need to transition to recirculation mode is required to establish the time available for
_local gperation of the 1S18811A/B valves and any applicable recovery factors. The timeline for this action
has been constructed based on the successful diagnosis and interpretation of the dual indication on the

1S18811A/B valves.

The timing for this action is complicated by the fact that a failure occurs in the equipment that is being
used to carry out an action that has already been successfully diagnosed. The diagnosis tasks for the
action to swap to recirculation mode and to identify the failure of the 1S18811B valve to fully open during
recirculation alignment are sequential and cannot occur during the same period of time. By definition, the
diagnosis of the failed 1S18811A/B valve(s) occurs only after successful diagnosis of the need to swap to
recirculation. This is accounted for in the system window, manipulation time, and cue definitions for this
action. Because the availability of time for the local operation of 1S18811A/B is a factor which can directly
impact an HEP, it is necessary to define the timeline for the HEP quantification:

For the SPAR-H execution ratio, the following is assumed: Execution Ratio = T(sw) - T(delay) - T(1/2) /
Tim) SR

Where:

T(delay) = time to 46% RWST level (cue to start transition to swap to recirc mode) + time to reach step
3c of ES-1.3 (accounts for completion of the action to begin the swap to recirc). In this case, that time
includes the time to reach 46% RWST level and the time required to reach step 3¢ of ES-1.3. B/B MAAP
run BBSDP15a indicates that the time to reach 46.7% RWST level is 44.4 minutes, which is the initial
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cue to swap to cold leg recirculation mode. Based on simulator runs performed on 11/10/2009 and
11/11/2009, 4 data points were obtained for the time to reach step 3¢ of ES-1.3: Run'1= 3 minutes, Run 2
= 3 minutes, Run 3 = 2 minutes, Run 4 = 2 minutes. The median time is the average of the two central
data points of the even number of trials, or 2.5 minutes ((2+3)/2=2.5). The time T(delay), therefore, is
44.4 min + 2.5 min = 46.9 min.

T(m): The time required to manually stroke the 8811B valve from 34% open to full open has been
determined to be 24 minutes. This time is based on an actual stroke of the valve performed by the
Braidwood operators during the week of 11/02/2009. In addition, 7.5 minutes has been added to account
for the time required to travel to the valve location. The travel time is based on a walkdown performed by
the HRA analyst on 11/11/2009 and accounts for the time to travel from the EO ready room to the MCR to
obtain a key for high rad area access (30 seconds travel, 30 seconds assumed to get key), the time to
travel to the Auxiliary Building entrance (3 minutes), the time to travel from the Auxiliary Building entrance
to valve 1518811B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S18811B (30
seconds). The time required for completing the steps to initiate cold leg recirculation mode is less than 1
minute based on simulator runs observed on 11/10/2009 and 11/11/2009. Once the 1SI8811A/B valve is
open, the operators are returned to ES-1.3, Attachment A, Step 7, which directs the operators to check
that a train of recirculation has been established. This requires the start of the RH pump corresponding to
the 1S18814.valve that was successfully opened.. Start of-the RH-pump will result in flew from-the sump,
to the pump, through the Hx, and to the cold leg through valve 1SI8809A/B because the MLOCA has
depressurized the RCS below the RH shutoff head. The total manipulation time is, therefore, 32.5
minutes (7.5 minutes of travel time, 24 minutes for valve stroke, 1 minute for the step to complete swap to
recirc).

T(sw): The time for RCS level to reach TAF is used as the end of the system window for this action. B/B
MAAP run BBSDP15a indicates that 2.73 hours are available to reach TAF in a medium LOCA scenario
from the initiating event.

T(1/'2):‘ Based on simulator runs performed on 11/10/2009 and 11/11/2009, 4 data points were obtained
for the time to begin the response (command to open valve, not just check the valves status) from the
time that step 3c of ES-1.3 was reached. The results of the simulator runs showed the following: Run 1=

8 minutes, Run 2 = 6 minutes, Run 3 = 8.minutes, Run.4.= 2 minutes. Because 2 crews were used to =.-. .- .-

perform 4 simulator runs and the second run for each crew was highly similar to the first, it was expected
that some degree of anticipation of the upcoming events would occur. As a result, the T(1/2) estimate for
this case is based on the average of runs 1 and 3, the first run of the scenarios for each crew. T(1/2) =8
minutes ((8 min + 8 min)/ 2 = 8 min).

Time available for recovery: 76.40 Minutes

SPAR-H Available time (cognitive): 84.40 Minutes
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SPAR-H Available time (execution) ratio: 3.35

Minimum level of dependence for recovery: ZD

PART . DIAGNOSIS

No Part |

. Diagnosis HEP: ... _ . _
0.0e+00

PART il. ACTION

12/22/2009

S

A{}allablé T|me » ‘Ih‘adeﬂdua{e‘ Timé

P(failure) =10

(recommended choice | Time available is ~ the time required 10

based on timing

information in bold) Nominal time 1

ST ime available >= 5x the time required 01

Time available >= 50x the time required 0.01
Insufficient information 1
Refer to the timing analysis.

Stress/Stressors Extreme 5
High 2
Nominal 1
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Insufficient Information 1

The scenario to which this action is applied is a Medium LOCA
event for which high pressure injection is successful. The
depressurization process occurs as a result of the RCS break in
conjunction with some cooling, which is supplemented by heat
removal through the SGs. At the time the swap to recirculation
mode would occur (RWST low level alarm at about 45 mintues), the
work load would be relatively low and the transition would be
proceeding in an orderly manner until the status of the SI8811A/B
valves is checked. The failure of the 1S18811A/B valve(s) to stroke
would introduce an additional level of stress given that a suction
path from the containment sump to the RH pumps is required to
maintain the reactor in a stable state. The equipment operators
would be required to enter the Auxiliary Building to manually
operate the valve, but given that about two hours would be
available to perform the manipulation before the TAF would be
reached in the RCS, time stress would not be a major factor. The
presence of elevated temperatures and radiation levels, however,
would be a potential concern. Exelon calc ECR 392870 indicates
that the’ expected dose rate for a medium LOCA ‘would be 1,444
mRem/hr. With a potential exposure time of up to 30 minutes,
which is greater than the manipulation time for the local action, the
accumulated dose would be below the administrative dose limit of
2000 m/Rem established in RP-AA-203. While the accumulated
dose would not preclude this action from being performed,
"extreme" stress is chosen to account for the difficult working
conditions. .

Complexity

Highly complex 5
Moderately complex X ]2
Nominal 1
Insufficient Information 1

Manual operation of a valve is‘a straightforward task with which the |~~~ "7

operators are familiar through training and similar tasks performed
as part of normal plant operations, but the physical requirements of
opening the valve are potentially challenging. In order to manually
stroke the valve, it is necessary to stand on top of the valve's
enclosure in a semi confined area and turn a handwheel that is
located at face level. Elevated temperatures in the area during a
LOCA evolution could contribute to some discomfort during the
operation, but it is not expected to be prohibitive in any way for the
MLOCA scenario. The valve area is well lit and the open stem
design provides a clear indication of the valve's position. With
regard to valve identification, the valve is tagged with a label that is
easy to read, but more importantly, it is highly unique and could not
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be mistaken for any other valve in the area. The"A" and "B"
1518811 valves are on the same elevation, but they are separated
by at least 30 yards and are accessed by turning different
directions upon entry into the curved wall area. While the action
itself is a straightforward manipulation on a highly unique valve, the
action is considered to be "moderately complex” due to the position
the equipment operator must be in to perform the valve stroke and
the length of time that is required to complete the stroke (24
minutes from 34%). Once the valve is open, the remainder of the
task is a highly trained action and is not considered to significantly
contribute to difficulty of the action.

Experience/Training

Low 3
Nominal X |1
High 0.5

Insufficient Information

1

Refer to the "Experience/Training'

‘[ Context" discussion.”

" portion of the "Basic Event

Procedures

Not available 50
Incomplete 20
Available, but poor 5

Nominal

1

Insufficient Information

1

Step 1c RNO of CA-1.1 directs local operation of 1S18811A/B to be
performed once it has been determined that it cannot be opened
remotely. No additional procedures are required for a valve
manipulation. Assessed as "nominal”. '

.1. Ergonomics/HM!.

Missing/Misleading { 50- e
Poor X {10

Nominal 1

Good 0.5

Insufficient Information 1

As identified in the "complexity” discussion for the execution task,
the valve is highly unique such that mistaking it for another valves
is a negligible concern, but the position the operator has to be in to
stroke the valve is challenging. The fooling is narrow (about 2.5
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| Work Processes

feet), semi-confined, and the handwheel is at face level, which
makes operation slow and difficult relative to a floor mounted valve
with the handwheel at waist level. During an accident, the area
may be at elevated temperature and radiation levels. While these
factors may be a cause for some discomfort and stress, they are
not expected to be prohibitive for medium LOCA scenarios.
Overall, this is considered to be an example of relatively "poor”
human-machine interface conditions.

Fitness for Duty

Unfit P(failure) = 1.0
Degraded Fitness 5
Nominal X [1
Insufficient Information 1

No fitness for duty issues have been identified. The nominal case
is used.

Poor . 5
Nominal ' X |1
Good ' 0.5
Insufficient Information 0.5

For emergency situations, operator interviews performed on
11/10/2009 and 11/11/2009 indicate that there would be no
requirement to “dress-out” before entering the Auxiliary Building to
perform the manual valve stroke, which is well known to the
operators. With regard to access fo the Auxiliary Building (high rad
area), the equipment operators would be required to obtain a key
from the MCR for entry. This is not an unusual situation and given
the proximity of the equipment operator ready room to the MCR, it
does not significantly impact the manipulation time for valve
operation. Radio communication would be available between the
MCR and the equipménit operator. "No work process issués have
been identified that would impact the performance of the manual
stroke of 1S18811A/B.

Action Probability:

9.1e-02 [Adjustment applied: 1.0E-3 * 1.0e+02 / (1.0E-3 * (1.0e+02 - 1) + 1)]
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PART lll. DEPENDENCY

Crew Tame Location Cues
no additional
same | ¥
| addition:d
close in time ¥
no ackfitinnal
dilliesent | High
|=ﬂ'nﬂ
<ame High
no additional
came K High
|=ﬂilﬂ
odt dose Moderate
no additional
dillerent [
[t Low
] no adkditional
SN8
| additional
close in time
no additional
__I m‘
- - - | st
dilferevd
no addiional
same [ Low
| axditionad
nat close Low
no additional
cillerent | Low
| mdont Low
—————————————————————————————————————————— Zero

Task Failure WITHOUT Formal Dependence:

9.1e-02

Task Failure WITH Formal Dependence:

PR N 1

9.1e-02
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4.5 1S18811B3SBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER REMOTE
FAILURE (LOCAL-MANUAL, 3" MLOCA, SPAR-H)

"~ DEM

11210109

SPAR-H

bwd-8811-121009.HRA (12/10/09, 1675264 Bytes)

Table 9: 1518811B3SBHPMOA SUMMARY

Cognitive Execution
0.0e+00 9.9e-03
— 9.96-03

Plant:

Braidwood

Initiating Event:
3" MLOCA

Basic Event Context:

Typically, both execution and diagnosis errors are included as part of a post initiator HRA. In some
cases, however, there are conditions that preclude the applicability of one of these components of the
HEP.

For scenarios in which the 1S18811A/B valve fails to completely stroke and both the "open" and "closed"”
lights are illuminated (dual indication), it is recognized that the operators must interpret the dual indication
and make a decision about how to proceed. However, their decision regarding the valve's status is
unimportant given that any interpretation results in a successful outcome.
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- 1S18811A/B interpreted as "NOT OPEN": operator directed to close 1S18812A/B, open 1SI18811A/B
locally, and establish cold leg recirculation.

- 1S18811A/B interpreted as "OPEN". The RH pumps would remain running, 1SI8812A/B directed to be
closed, and injection would be provided to the RCS via the 1SI8809A/B valve(s). For transient scenarios
or for SLOCAs where the transition to cold leg recirculation is attempted at the time of the 46% RWST
level cue, the procedures still provide a success path as they direct local operation of the
1CV8804A/1S18804B valves (bypasses interlock with 1S18811A/B) and the establishment of flow using
the Sl/Charging pumps.

These paths are described in more detail below:
Scenario 1, 1S18811A/B considered to be "not open" in ES-1.3 step 3c:

If the 1S18811A/B vaive is considered to be "not open” in ES-1.3 step 3c, the operators are transferred to
Attachment A. In Attachment A, step 1 questions whether or not the 1SI8811A valve is closed. Ifitis
determined to be "not closed", the RNO action is to close 1S18812A, which would terminate an "A"
division flow diversion from the RWST to the sump. The RNO then transfers to step 4, which includes
similar guidance for the "B" division. The RNO is step 4 transfers to Step 7, which in turn transfers to
BwCA-1-1 where step 1c directs local closure of 1S18811A/B.

If the opposite interpretation of the 1S18811A/B valve'(s) status is made in Attachment A, step 1 of ES-1.3
( valve is "closed"), the operators are directed through steps 2 and 3, which attempt manual, remote
operation of 1SI18811A. Step 3b closes 1SI18812A, which would terminate a flow diversion, and step 3e
directs 1SI18811A to be opened. Whether or not 1S18811A is considered to be open, the procedure path
leads to step 4 where a similar process is started for the "B" division. On completion of the "B" division
steps, step 7 is reached where the transfer to 1BwCA-1.1 occurs and the direction to perform the local
stroke of 1S18811A/B is given.

Scenario 2, 1518811A/B considered to be "open" in ES-1.3 step 3c:

In the event that the 1S18811A/B valve(s) is believed/considered to be "open" in ES-1.3 step 3¢, step 3d
directs closure of the 1S18812A/B valves, which would terminate the flow diversion from the RWST to the
sump. At this point, the RH pumps would be running with suction only aligned through the partially open
1S18811A/B valves. For MLCOA events, this may allow injection through the 1SI8809A/B valves without
further action; however, assuming that RCS pressure is too high for injection, the procedure continues in
steps 4 and 5 to align RH to the SI/Charging system suction path. In steps 5f and 5h, the direction is
given to open the 1CV8804A and 1S18804B valves, respectively. These valves are interlocked with
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1S18811A/B and would not open with 1SI8811A/B in an intermediate position. The RNO for steps 5f and
5g direct local operation of valves 1CV8804A and 1S18804B valves, which are smaller and more easily
operated than the 1SI8811A/B valves. Locally stroking the 1CV8804A/1S18804B valve would provide an
alternate success path given that suction would be available through the partially open 1S18811A/B
valves.

If, for some reason, it was decided that there was no viable suction path for the SI/Charging pumps and
that emergency coolant recirculation was lost/unavailable, the continuous action statement to transfer to
BwCA-1.1 would be followed where local operation of the 1S18811A/B valve(s) would be directed.

In summary, from the point where dual indication on 1SI8811A/B is encountered at ES-1.3 step 3¢, any
procedure path taken will isolate the flow diversion path from the RWST to the containment sump by
closing 1SI18812A/B and emergency coolant recirculation will be established by opening either
1S18811A/B or 1CV8804A/1SI18804B locally. No significant diagnosis is required to either close
1S18812A/B or to open 1S18811A/B; these actions are directed as a matter of course in a procedure path
that has already been initiated.

EXPERIENCE/TRAINING:

There are a number of scenarios utilized in the simulator in both initial and continuing training that
exercise these portions of the procedures.

For ILT: Scenario P-18.1  Involves failure of SI8811 valve to open and exercises _BwCA-1.1
Scenario C-2.2  Involves failure of SI8811 valve to open and exercises _BwCA-1.1

Scenario E-7.2  Involves failure of SI8811 valve to open and exercises ES-1.3, Attachment A
to open valve

Scenario E-Q.Z " Involves failure of'SI8811 valve to open and exercises ES-1.3, Attachment A
to open valve

For LORT (Going back just the last few years)

Scenario 0711 Involves failure of SI8812 valve to close and exercises ES-1.3, Attachment A
to close the valve

Scenario 0716  Involves NSO Only training on _BwEP ES-1.3, transfer to CL Recirc
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Scenarioc 0765 Involves LBLOCA, transition to CL Recirc and local operation of 0SX007

Scenario 0811  Involves failure of both S18811 valves to open and exercises _BwCA-1.1,
including dispatching operators to "locally" open the valve. '

Scenario 0843  Involves LBLOCA and transition to _BwEP ES-1.3, followed by sump
blockage and transition to 1BwCA-1.3

Scenario 0866  Involves containment bypass and exercises _BwCA-1.1
Scenario 0916  Involves LBLOCA, and transfer to CL Recirc, trahsfer to HL Recirc

Scenario 0936-2 Involves NSO training on _BwEP ES-1.3, transfer to CL Recirc with failure of
_S18812 to close (Timed scenario)

Scenario 0943 Involves Involves LBLOCA, transition to CL Recirc

Scenario 0965 Involves LBLOCA, failure of 1S18811B, transition to 1BwCA-1.1 and local
opening of 1S18811B

Scenario 0931 QOB Evaluation of DB LBLOCA and failure of 1518812 to close. Timed
Scenario - ALL crews PA§SED )

Equipment Operator (EOQ) training on local valve operation occurs primarily in the generic fundamentals
phase, Components chapter 1, which covers the construction and operation of MOVs. Various local
valve operations are covered in a sampling of EOP Lesson plans but only general direction is covered.

In summary, the RO/SRO training program addresses the specific scenario in which the 8811A/B vaives
fail to open remotely as well as other scenarios that require local operation of the other valves. These
scenarios, as well as others, are included in both initial qualification exercises and the continuing training
program. EOs are trained generically to operate MOVs locally. While there is not a specific lesson plan
covering 11/2S18811A/B local operation, the generic training is applicable to those valves. While this
level of training may not be considered to be as high as what is performed for the standard action to
initiate cold ieg recirculation, it is considered to be adequate to maintain a reasonable level of proficiency
in addressing failure of the 1S18811A/B valves. Addressing the dual indication on 1SI8811A/B is not .
specificaily addressed, but general traifiifig covers this particular mode of failure for the valve. Treated as
a "nominal training" case.

OPERATOR INTERVIEWS AND SIMULATOR OBSERVATIONS:

For cases in which both the open ("O") and the closed ("-") position indictors are simultaneously
illuminated for a given valve, operator interviews performed on 11/10/2009 and 11/11/2009 universally
demonstrated that it was understood this represented a condition in which the actual position of the valve
is unknown and that alternative means would be required to determine the valve's position. What was
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also demonstrated in the interviews and during the simulator observations was that interpretation of the
valve's status with regard to responding to procedures was considered to be case specific.

For example, ES-1.3, Attachment A, step 1 questions whether or not the 1SI8811A valve is closed and
the two crews interpreted the dual indication differently; one crew treated it as "closed” and the other as
"not closed". In the latter case, when 1S18811A was considered "not closed" and the RNO action to close
1518812A was reached, it was recognized that with 1SI18811A in an undetermined state, closing
1S18812A would potentially isolate RH pump 1A from all viable suction sources and RH pump 1A was
tripped to protect it. If the valve is considered closed, the procedures attempt to manually open the valve
from the control room. This path includes a step to trip RH pump 1A when 1S18812A is closed. If
1S18811A cannot subsequently be opened, the RH pump is left in the tripped position (same as previous
case). Ultimately, either classification of the 1S18811A valve's status ("closed" or "not closed") would lead
to step 7 of Attachment A, where the operators are directed to CA-1.1 and instructed to locally open
valve(s) 1S18811A/B.

While a divergence of opinion appeared to exist on the classification a valve with dual indication in ES-
1.3, Attachment A, step 1, what was clear was that the indeterminate status of the valve was consistently
treated in a conservative manner. ES-1.3, Attachment A, step 1 is not directly questioning whether or not
the position of the valve can lead to a success or failure of a particular function and as a result, a
difference in the classification of the valve's status was noted. However, for the cases where the status
for the valve was directly related to whether or not it could fulfill a required function, the valves was not
considered to be capable of supporting that function. For example,

- Step 3c of ES-1.3 questions whether or not the containment sump valves (1518811A/B) are open with
the obvious intent of determining whether or not the RH pumps can draw water from the containment
sump. Both crews interpreted the sump valve as not being open given the presence of dual indication on
the 1S18811A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1S18811A was not considered to be capable of
providing an adequate suction source for RH pump 1A even though it was consi‘deredvnot to be closed in
“ES-1.3, Attachment A, step 1. Consequently, RH pump 1A was tripped before 1SI18812A was closed.

- In ES-1.3, Attachment A, step 3e, 1S18811A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1S18811B was considered to not be open such that it could not
support cold leg recirculation mode.

84



EPRI HRA Calculator 4.0 12/22/2009

- In ES-1.3, Attachment A, step 7, both 1SI18811A and B were considered to not be open such that they
could not support cold leg recirculation mode.

- In CA-1.1, step 1c, both 1S18811A and B were considered to not be open such that they could not
support cold leg recirculation mode.

Based on the information obtained from the operator interviews and the simulator observations, the
conclusion is that a dual indication condition on 1Si8811A/B will result in the interpretation that the valve
cannot necessarily support cold leg recircuiation mode and that the procedures will ultimately drive them
to CA-1.1 where local action to open the valve will be directed.

All of the above is based on the pre-condition that the operators have no information about the actual
position of 1SI8811A/B and that the reactor core is not yet threatened. Simulator runs 1 and 3, which
were performed on 11/10/2009 and 11/11/2009, demonstrated that while local operation of the
1S18811A/B valves offered a potential success path to restore cold leg recirculation, the RH pump would
not be started until it was verified that 1SI8811A/B was full open. For simulator runs 2 and 4, which were: - -
run on the same days, a local check of the 1SI8811A/B valve(s) position was allowed, but a manual
stroke of the valve(s) was prohibited due to high rad levels. These scenarios placed the operators in a
situation where the only success path was to run the RH pump with the 1SI8811A/B valves in a partially
open condition. Both crews dispatched equipment operators to perform a local assessment of the valve's
position and when it became obvious to them that they could not prevent core damage without operating
the RH pump(s), they elected to start the pumps. Both crews cited the 50.54x guidance that binds them
to protect the core even if clear procedure guidance does not exist to direct them to do so. No credit is
taken for operating the RH pumps with the 1S18811A/B valves in a partially open condition even though
plant engineering calculations indicate that such an operation would be successful.

SCENARIO DEFINITION

The scenario evaluated for this HFE is a 3" MLOCA event, which is a top contributors in both the
Braidwood PRA and the NRC SPAR model. The following provides an additional description of the
scenario for which this action is evaluated: '

1. Initial Conditions: Steady state, full power operation

2. Initiating Events: 3" Medium LOCA

3. Accident sequence (preceding functional failures and successes):
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Reactor trip successful

Turbine trip successful

AFW operates

Level in RCS drops due to 3" MLOCA

ECCS initiated successfully (bath divisions available)

2 trains of containment spray are available, 2 divisions of RCFCs running (4 fans).

Transition to cold leg recirculation on low RWST level fails due to failure of 1S18811B to fully open (valve
only opens approximately 34%, which fails to satisfy the interlock with the 8804 valve(s)). Train A fails due
to CCF or random equipment failures.

4, Preceding operator error or success in sequence:

Early EP-0 actions to confirm actuations performed. R e
EP-1 actions to ensure adequate ECCS injection performed.

EP-1 action to depressurize and cooldown not required due to impact of break
Transition to recirculation mode started

Failure of 1S18811A/B identified.

5. Operator action success criterion: Locally open 1S18811A/B and establish cold leg recirculatioh mode
prior RCS level reaching TAF.

6. Key Assumptions: 1) Failure of the 1S18811A/B valve in the intermediate position is assumed to result

:inthe shutdown of RH pump.1A/B due to lack of a positive suction scurce when the 1S18812A/B vavie(s)

are closed. Based on this interpretation of the valve's dual indication, the operators would be
procedurally bound to perform a local, manual stroke of the valve before restarting RH pump 1A/B and
completing the transition to cold leg recirculation. 2) Exelon calculation EC#377204 indicates that if the
1S18811B had opened approximately 34 full stroke, adequate flow would have been available to perform
swap to recirculation mode without action to locally open 1S18811B. It should be noted that with the
1S18811A/B valve in an intermediate position, the interlock with 1CV8804A/1S18804B would not have
cleared, but because RCS pressure would be below the RH pump shutoff head by the time recirculation
mode was required, the RH pumps would be able to inject directly through the 1SI18809A/B valves and the
interlock's status would be inconsequential. However, no direct credit is taken for operation of the RH
pumps with the 1S18811A/B valves in the intermediate position.
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Timing:
T 6.96 Hours
Sw |
T 2.04 Haurs T 8.00 'Minutes T,, 32.50 Minutes
delay 142 M
| ]
Irreversible
Cue DamageState
I
t=0 |

Timin
g Analysis: While diagnosis contribution for this HFE has been excluded, the timing information related to
the diagnosis of the need to transition to recirculation mode is required to establish the time available for
_local operation of the 1S18811A/B valves and any applicable recovery factors. The timeline for this action
has been constructed based on the successful diagnosis and interpretation of the dual indication on the
1S18811A/B valves.

The timing for this action is complicated by the fact that a failure occurs in the equipment that is being
used to carry out an action that has already been successfully diagnosed. The diagnosis tasks for the
action to swap to recirculation mode and to identify the failure of the 1S18811B valve to fully open during
recirculation alignment are sequential and cannot occur during the same period of time. By definition, the
diagnosis of the failed 1S18811A/B valve(s) occurs only after successful diagnosis of the need to swap to
recirculation. This is accounted for in the system window, manipulation time, and cue definitions for this
action. Because the availability of time for the local operation of 1SI18811A/B is a factor which can directly
impact an HEP, it is necessary to define the timeline for the HEP quantification:

For the SPAR-H execution ratio, the following is assumed: Execution Ratio = T(sw) - T(delay) - T(1/2) /
T(m) '

Where:

T(delay) = time to 46% RWST level (cue to start transition to swap to recirc mode) + time to reach step
3c of ES-1.3 (accounts for completion of the action to begin the swap to recirc). In this case, that time
includes the time to reach 46% RWST level and the time required to reach step 3c of ES-1.3. B/B MAAP
run BBSDP16a indicates that the time to reach 46.7% RWST level is 2.00 hours, which is the initial cue
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to swap to cold leg recirculation mode. Based on simulator runs performed on 11/10/2009 and
11/41/2009, 4 data points were obtained for the time to reach step 3c of ES-1.3: Run 1= 3 minutes, Run 2
= 3 minutes, Run 3 = 2 minutes, Run 4 = 2 minutes. The median time is the average of the two central
data points of the even number of trials, or 2.5 minutes ((2+3)/2=2.5). The time T(delay), therefore, is
2.00 hr + 0.04 hr = 2.04 hr.

T(m): The time required to manually stroke the 8811B valve from 34% open to full open has been
determined to be 24 minutes. This time is based on an actual stroke of the valve performed by the
Braidwood operators during the week of 11/02/2009. In addition, 7.5 minutes has been added to account
for the time required to travel to the valve location. The travel time is based on a walkdown performed by
the HRA analyst on 11/11/2009 and accounts for the time to travel from the EQ ready room to the MCR to
obtain a key for high rad area access (30 seconds travel, 30 seconds assumed to get key), the time to
travel to the Auxiliary Building entrance (3 minutes), the time to travel from the Auxiliary Building entrance
to valve 1S18811B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S18811B (30
seconds). The time required for completing the steps to initiate cold leg recirculation mode is less than 1
minute based on simulator runs observed on 11/10/2009 and 11/11/2009. Once the 1SI8811A/B valve is
open, the operators are returned to ES-1.3, Attachment A, Step 7, which directs the operators to check
that a train of recirculation has been established. This requires the start of the RH pump corresponding to
the-1S18811 valve that was successfully opened. Start of the RH-pump will result in flow from the sump,
to the pump, through the Hx, and to the cold leg through valve 1SI8809A/B because the MLOCA has
depressurized the RCS below the RH shutoff head. The total manipulation time is, therefore, 32.5
minutes (7.5 minutes of travel time, 24 minutes for valve stroke, 1 minute for the step to complete swap to
recirc).

T(sw): The time for RCS level to reach TAF is used as the end of the system window for this action. B/B
MAAP run BBSDP16a indicates that 6.96 hours are available to reach TAF in a 3" MLOCA scenario from
the initiating event.

T(1/2): Based on simulator runs performed on 11/10/2009 and 11/11/2009, 4 data points were obtained
for the time to begin the response (command to open valve, not just check the valves status) from the
time that step 3c of ES-1.3 was reached. The results of the simulator runs showed the following: Run 1=
_8 minutes, Run -2 = 6 minutes,.Run 3 = 8.minutes, Run 4 = 2 minutes. Because 2 crews were used to
perform 4 simulator runs and the second run for each crew was highly similar to the first, it was expected
that some degree of anticipation of the upcoming events would occur. As a result, the T(1/2) estimate for
this case is based on the average of runs 1 and 3, the first run of the scenarios for each crew. T(1/2)=8
minutes ((8 min + 8 min)/ 2 = 8 min).

Time available for recovery: 254.70 Minutes

SPAR-H Available time (cognitive): 262.70 Minutes
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SPAR-H Available time (execution) ratio: 8.84
Minimum level of dependence for recovery: ZD

PART I. DIAGNOSIS
No Part |
. .Diagnosis HEP: .. ... .. —— - - S -

0.0e+00

PART Il. ACTION

‘Multiplier for.., :
Available Time Inadequate Time P(failure) = 1.0
(recommended choice | Time available is ~ the time required 10
based on timing
information in bold) Nominal time 1
T T Tlmeavalfable >‘=' 5x fﬁé‘tinie reduifed X 101
Time available >= 50x the time required 0.01
insufficient Information 1
Refer to the timing analysis.
Stress/Stressors Extreme X|56
High 2
Nominal 1
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Insufficient Information 1

The scenario to which this action is applied is a 3" LOCA event for
which high pressure injection is successful. After injecting for about
2 hours, the RWST low level alarm would be reached. While the
LOCA event is a high stress scenario, the successful control of the
plant over the 2 cooldown time is considered to significantly reduce
the level of stress. At the time the swap to recirculation mode
would occur, the work load would be relatively low, the diagnosis of
the need to swap to recirculation mode would have been
successfully made, and the transition would be proceeding in an
orderly manner until the 8811A/B valves are actuated. The failure
of the 1S18811A/B valve(s) to stroke would introduce an additional
level of stress given that a suction path from the containment sump
to the RH pumps is required to maintain the reactor in a stable
state. The equipment operators would be required to enter the
Auxiliary Building to manually operate the valve, which is potentially
a high rad/high temperature area. Exelon calc ECR 392870
indicates that the expected dose rate for a medium LOCA, which
would bound the SLOCA case, would be 1,444 mRem/hr. With a
potential exposure time of up to 30 minutes, which’is greater than
the manipulation time for the local action, the accumulated dose
would be below the administrative dose limit of 2000 m/Rem
established in RP-AA-203. While the accumulated dose would not
preclude this action from being performed, "extreme” stress is

| chosen to account for the difficult working conditions, even though
many hours would be available to perform the manipulation before
the core would be jeopardized.

Complexity Highly complex 5
Moderately complex X |2
Nominal 1
Insufficient Information . 1

A Manual operation of a valve is a straightforward task with which the
operators are familiar through training and similar tasks performed
as part of normal plant operations, but the physical requirements of
opening the valve are potentially challenging. In order to manually
stroke the valve, it is necessary to stand on top of the valve's
enclosure in a semi confined area and turn a handwheel that is
located at face level. Elevated temperatures in the area during a
LOCA evolution could contribute to some discomfort during the
operation, but it is not expected to be prohibitive in any way for the
3"MLOCA scenario. The valve area is well lit and the open stem
design provides a clear indication of the valve's position. With
regard to valve identification, the valve is tagged with a label that is
easy to read, but more importantly, it is highly unique and could not
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be mistaken for any other valve in the area. The"A" and "B"
1518811 valves are on the same elevation, but they are separated
by at least 30 yards and are accessed by turning different
directions upon entry into the curved wall area. While the action
itself is a straightforward manipulation on a highly unique valve, the
action is considered to be “moderately complex” due to the position
the equipment operator must be in to perform the valve stroke and

the length of time that is required to complete the stroke (24
minutes from 34%). Once the valve is open, the remainder of the
task is a highly trained action and is not considered to significantly

contribute to difficulty of the action.

Experience/Training

Low 3
Nominal 1
High 05

Insufficient Information

1

Refer to the "Expen_'enc_e/T raining” portion of the "Basic Event

"I Context" discussion.

Procedures

Not available 50
Incomplete 20
Available, but poor 5

Nominal

1

Insufficient Information

1

Step 1¢ RNO of CA-1.1 directs local operation of 1S18811A/B to be
performed once it has been determined that it cannot be opened
remotely. No additional procedures are required for a valve

manipulation. Assessed as "nominal”.

Ergonomics/HM!

Missing/Misleading 50 i ter
Poor 10

Nominal 1

Good 05

Insufficient Information 1

As identified in the "complexity” discussion for the execution task,
the valve is highly unique such that mistaking it for another valve is
a negligible concern, but the position the operator has to be in to
stroke the valve is challenging. The footing is narrow (about 2.5
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feet), semi-confined, and the handwheel is at face level, which
makes operation slow and difficult relative to a floor mounted valve
with the handwheel at waist level. During an accident, the area
may be at elevated temperature and radiation levels. While these
factors may be a cause for some discomfort and stress, they are
not expected to be prohibitive or even a large concern for 3"
MLOCA scenarios. Overall, this is considered to be an example of
relatively "poor" human-machine interface conditions.

Fitness for Duty

Unfit P(failure) = 1.0
Degraded Fitness 5
Nominal X |1
Insufficient Information 1

No fitness for duty issues have been identified. The nominal case
is used.

Work Processes

Poor 5
Nominal ‘ X {1
Good 0.5
Insufficient Information 0.5

For emergency situations, operator interviews performed on
11/10/2009 and 11/11/2009 indicate that there would be no
requirement to "dress-out" before entering the Auxiliary Building to
perform the manual valve stroke, which is well known to the
operators. With regard to access to the Auxiliary Building (high rad
area), the equipment operators would be required to obtain a key
from the MCR for entry. This is not an unusual situation and given
the proximity of the equipment operator ready room to the MCR, it
does not significantly impact the manipulation time for valve
operation. Radio communication would be available between the

"MCR and thé équipment operator. No work piocess issues have

been identified that would impact the performance of the manual
stroke of 1S18811A/B.

Action Probability:

9.9e-03 [Adjustment applied: 1.0E-3 * 1.0e+01 / (1.0E-3 * (1.0e+01 - 1) + 1)]
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PART lll. DEPENDENCY

Crew Tame Location Cues
no additional
Comgplete
|Ikﬂilﬂ
close in timo Complete
no additional
dillerent | Hoh
|kt Heh
same
no ackitkmal
same r High
{ attionat
ot close Sodesate
no adkditional
dillerent |
Iaklilﬂ Low
— — no additional
J Modete
|atﬂ'nd
close in time
oo additional
dillerent |
- | aai
lrent Moderate
no adkditional Low
[
| additional
not closa Low
no addtinnal
dillorent | Low
lﬂﬁ-ﬂ Low
—————————————————————————————————————————— Zero

Task Failure WITHOUT Formal Dependence:

9.9e-03

Task Failure WITH Formal Dependence:

9.9e-03
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1.0 PURPOSE & SCOPE

The purpose of this analysis is to evaluate the plant thermal hydraulic response and the
timing of key events following small and medium LOCAs with AFW available and
transients with concurrent loss of AFW. Four sets of accident sequences were
simulated with MAAP4.0.6 and the corresponding Byron/Braidwood MAAP4 parameter
file: containment spray sensitivity cases, RWST depletion analysis and 2 sets of
uncertainty analyses. The accident sequence initiators are a small LOCA, a medium
LOCA, and a transient with different configurations of ECCS, containment cooling and
AFW availability. This assessment determines RWST depletion timings and other
important key timings which are inputs to the human reliability analysis for this SDP and
evaluates alternative success paths such as low pressure recirculation for LOCAs

where RCS cooldown is 'successful.

20 ACCEPTANCE CRITERIA

21 PURPOSE OF USING DETERMINISTIC ANALYSIS

The assessment of plant response under postulated severe accident scenarios is a
complex integrated evaluation. The primary system and containment responses are
sensitive to the calculated pressures, temperatures, flows, and event timings. These
parameters also affect the operator action timings, the radionuclide release timings, and

the mitigating system performance assessments. Therefore, the proper plant-specific

..~.characterization of the. severe .accident progression is. important to.the realistic

representation of the plant and highly desirable for the PRA assessment. These

deterministic calculations provide the following information:

¢ The time for core coolant boiloff;
¢ The time for core damage and RPV breach;

e The pressures and temperatures for various accident scenarios in
the pressurizer, steam generator, and containment;

e The times to reach these pressures and temperatures which are
key to the assessment of potential success paths and recovery
actions.
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2.2 DESCRIPTION OF MAAP

The Modular Accident Analysis Program (MAAP), an integral systems analysis
computer code for assessing severe accidents, was initially developed during the
Industry Degraded Core Rule-Making (IDCOR) Program. At the completion of IDCOR,
ownership of MAAP was transferred to EPRI. Subsequently, the code evolved into a
major analytical tool (MAAP 3.0B) for supporting the plant specific Individual Plant
Examinations (IPEs) requested by NRC Generic Letter 88-20. Furthermore, MAAP
3.0B was used as the basis to model the Ontario Hydro CANDU designs. As the
attention of plant-specific analyses was expanded to include accident management
evaluations, the scope of MAAP (its design basis) was expanded to include the
necessary models for accident management assessments. Through support by the U.S.
Department of Energy (DOE), the MAAP4 design basis was further extended to include
the Advanced Light Water Reactor (ALWR) designs currently being developed by the:
reactor vendors. MAAP4 has also been expanded to represent the VVER designs used

in Finland and central Europe.

MAAP is a computer code that simulates light water reactor system response to
accident initiation events. The code is currently the priméry tool used by all US utilities
to support their PRA analysis needs. MAAP4 is currently being maintained by EPRI
with a users group that represents over 50 organizations. In addition, there have been
substantial interactions with the NRC to familiarize them with MAAP, its capabilities and
limitations, in order to minimize any questions relating to the use of the code for future

applications. - ..ot ¢ e e e man L e

Again, the purpose of MAAP4 is to provide an accident analysis code that can be used
with confidence by the nuclear industry in all phases of severe accident studies,
including accident management, for current reactor/containment designs and for
ALWRs. MAAP4 includes models for the important accident phenomena that might
occur within the primary system, in the containment, and/or in the auxiliary/reactor
building. For a specified reactor and containment system, MAAP4 calculates the

progression of the postulated accident sequence, including the disposition of the fission
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products, from a set of initiating events to either a safe, stable state or to an impaired
containment condition (by overpressure or over temperature) and the possible release

of fission products to the environment.

23 PWR PRIMARY SYSTEM THERMAL HYDRAULICS

The PWR primary system model calculates the thermal hydraulic conditions in the
reactor pressure vessel, the hot legs, the cold legs and the primary side of the steam
generators. (The pressurizer is treated in a separate model.) The primary system is
divided into two loops, the “broken” loop and the “unbroken” loop. The user specifies
how many actual loops are in each loop in the model, and which loop contains the surge
line to the pressurizer. (The terms “broken” and “unbroken” are misnomers in that
breaks can be modeled in either or both of the loops; they are carryovers from earlier,

more restrictive versions of the code.)

There are sixteen gas nodes in the model: the core, upper plenum, broken and
unbroken hot legs, broken and unbroken hot and cold leg tubes for U-tube steam
generators, broken and unbroken candy cane and tubes for once-through steam
generators (OTSGs), broken and unbroken cross-over (intermediate) legs, broken and
unbroken cold legs, downcomer and reactor dome. There are six water pools: the core,
broken and unbroken cold leg tubes, broken and unbroken cross-over legs and
downcomer. In addition, there are nineteen primary system structural heat sinks, which
are modeled as two-dimensional slabs. Because the number of gas volumes is larger

..than the number of water pools, a pool can occupy several gas volumes. ...

When steam first forms in the reactor coolant loops during a MAAP4 calculation, the two
phases are assumed to be homogeneously mixed. If the main (reactor) coolant pumps
are operating, water flow rates between the primary system pools are adjusted so that
the individual void fractions match the system average void fraction, and energy is
transferred between the pools so that the water and gas are all at a uniform temperature

and pressure. The same treatment is used if the internal gas velocities are sufficiently
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high to cause water entrainment, as occurs during the early phase of a large break loss-
of-coolant accident (LOCA).

Once the pumps have stopped running and the void fraction is less than a user-
specified criterion for phase separation, the same well-mixed treatment is used to model
natural circulation in a simple manner. Because the PWR thermal-hydraulic model does
not explicitly account for the conservation of momentum, which would require a
substantially more complex model, it does not calculate natural circulation flow rates.
Hence, during this phase the heat transfer from the primary system to the steam

generators is based on a user-supplied heat transfer coefficient.

When the void fraction exceeds the user-specified criterion for phase separation, the
gas and water pools are no longer assumed to be intimately mixed, and are treated
separately in a gas-over-water ¢onfiguration. For these conditions the gas in each node
can have a unique temperature, distinct from the pool temperature. When the water
level is above the elevation of the reactor pressure vessel (RPV) inlet and outlet
nozzles, it is assumed that there is enough water in the primary system to permit free
communication between the core, intermediate leg and downcomer pools, with a
common collapsed water level. As the water level continues to drop, the pools are

uncoupled and water spills from one pool to another.

The thermal-hydraulic model calculates water transport, gas transport, steaming, and
heat transfer to the structures that interface with the secondary side and the
contalnment Condensatlon |s modeled |n certam cnrcumstances steam can condense
on eold gmergency core coohng system (ECCS) water |njected |nto the cold Ieg and
onto the inside surface of steam generator tubes if the secondary side still contains
water. Once the accident progresses to core uncovery, the level of detail in the
calculations increases, and the modeling includes such phenomena as natural

circulation of superheated gases in the vessel and in the hot leg (counter-current flow).

At each time step, the code calculates the influx of water through rhakeup flow,

accumulator flow, and high pressure, low pressure and charging pump injection
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systems, as appropriate. It also calculates water and gas flow from the primary system
through breaks, steam generator tube ruptures (SGTRs) and other user-specified
openings, as well as fluid transport between the primary system and the pressurizer via

the surge line.

2.4 - PWR PRESSURIZER THERMAL HYDRAULICS

The pressurizer is modeled as a single control volume, with one water pool and one gas
node. The water and gas can be at different temperatures (which are also distinct from
the primary system fluid temperatures). Calculations of the thermal-hydraulic conditions
in the pressurizer account for evaporation, condensation, steam stripping due to steam
and non-condensable gases sparging through the water pool, and water and gas
exchange with the primary system via the surge line and with the containment through
relief valves and safety valves Mass and energy contrlbutlons from pressurizer sprays

and heaters, and heat transfer to structures are also included.

25 CORE

The core model predicts the thermal-hydraulic behavior of the core and the water and
gas contained within the core bounda'ry and the response of core components during all
phases of a sequence. The calculations are performed on a nodal basis. Users can
specify up to fifty axial rows and seven radial rings (channels); typically thirteen to thirty-
three axial rows (ten to thirty for the active core, two below the active core for the core
_ support plate and the lower tie plate and lower gas plenum, and one above the active
core for the upper tie plate and upper gas plenum) and five to seven radial rings provide

adequate resolution.

The code tracks the mass, energy and temperature of the following constituents in each
node:

e Fuel (UO2)
e Cladding (Zr, ZrO2, stainless steel, steel oxide)
e Fuel canister (Zr, ZrO2)
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¢ Control blade (B4C, stainless steel, steel oxide)

¢ Control rod or water rod (Ag-In-Cd or B4C, stainless steel, steel
oxide, Zr, ZrO2)

e Structural materials (Zr, ZrO2, stainless steel, steel oxide)
Input quantities include the initial masses of the different materials, the geometry of the

constituents, and axial and radial peaking factors.

The initial core power is speCiﬁed by the user. Decay power is determined from the
ANSI/ANS decay heat correlation [1].

Consistent with the models in the rest of the primary system, a single temperature is
calculated for the entire water pool contained in the core, but individual gas
temperatures and steam and hydrogen fractions are calculated for each core node.
-Auxiliary calculations are used to estimate the elevation where the coolant reaches

saturation.

The dominant intra-nodal heat transfer processes between the fuel, cladding, fuel
canisters, control blades, control or water rods, structural materials and coolant are
calculated. The code also calculates conduction and convection heat transfer between
nodes (axially and radially), radial thermal radiation between neighboring nodes and

radiation to vessel internal structures.

In addition to calculating water flow into the bottom of the core from the lower plenum
and water and steam out of the top of the core, the code models upper head injection

systems.

MAAP4 contains a diverse and detailed set of models for calculating the oxidation of
core constituents and their melting and subsequent transport. Detailed information

about these models can be found in the MAAP4 User’'s Manual [2].

2.6 CONTAINMENT AND REACTOR / AUXILIARY BUILDING

The same model is used for the containment and the reactor/auxiliary building. It is a

generalized node and junction model The user can specify a maximum of 40
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compartment nodes, 200 distributed heat sinks, 200 lumped heat sinks and 200 flow

junctions. Five different types of flow junctions can be defined:

¢ A normally open flow path

e A normally closed flow path designed to fail open on a pressure
differential

¢ A flow path that simulates a vacuum breaker or a check valve
o Aloop seal flow path

¢ A normally closed flow path designed to fail when core debris in the
containment erodes the concrete more than a specified distance

Starting with the masses and energies of gas constituents and water in each
compartment, the code calculates thermodynamic properties. It then computes gas and
water flows between the compartments, heat transfer to internal and boundary heat
sinks, condensation and evaporation, and other phenomena using semi-implicit
"methods to account for inter-dependencies in a stable fashion. An optional subnodal
physics model can be employed to aécount for stratification due to non-homogeneous
gas properties within a compartment and for buoyant plume dispersion between
compartments. An unusual feature of the flow calculations is that they account not only
for unidirectional natural circulation of gas and water, but also for counter-current flow of

gas and water through large junctions.

Containment engineered safeguards systems are modeled, including sprays, gas
coolers, water heat exchangers, and hydrogen igniters and recombiners. Normally
closed flow paths are used to represent containment vulnerabilities, which can then fail

open bgsgd on qser-deﬁned criteria. Leakage in or out of the containment is modeled

with hérmally open flow paths.

2.7 FISSION PRODUCTS

MAAP4 contains models that calculate the release of fission products from the core and
relocated core material in-vessel, and from core debris ex-vessel. It also calculates the
transport and deposition of fission products in the primary system and in the

containment, and the release of fission products to the reactor/auxiliary building and the
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environment through containment leakage and failure paths. The code sorts the initial
masses of twenty-two fission product elements into thirteen groups and then tracks the
mass of each group in each of four physical states (vapor, aerosol, deposited on
surfaces and contained in corium) in the various components of the primary system and
containment. It also calculates the decay energy generated by each group in each
location. The fission product models are only applicable to Level 2 PRA calculations, so
they are not discussed further here. Detailed information about these models can be
found in the MAAP4 User's Manual [2].

2.8 COMPUTATIONAL STRUCTURE AND DESIGN PHILOSOPHY

The MAAP4 code is written primarily in Fortran, and can be run on a variety of computer
platforms, most commonly PCs The format of the input and output files is tallored to
plant engineers. Users can control phenomena through flags and uncertalnty
parameters. The calculations are done in Sl units; users have the option of specifying

that the input and/or output quantities be in either Sl or British units.

The code is modular, consisting of several hundred subroutines and functions which fall
into four categories. The high level routines include the main program, input and output
routines, data storage and retrieval routines and numerical integration routines. The
system and region routines set the flags that define the status of the various systems
and contain the differential equations for the conservation of the state variables,

principally the masses and energies of the constituents in the individual volumes. The

phenomenological routines contain the equations for determining the.rates-of-change of .. .. . .

the state variables within and between the individual volumes; these routines are the
core of the code. The property and utility routines generate physical properties and
perform mathematical operations. There is an overlying parallel structure between the

thermal-hydraulic routines and the fission product routines in the code architecture.

The equations in MAAP4 are essentially lumped parameter, non-linear, ordinary
differential equations in time. The overall calculation scheme proceeds as follows. First,

quantities such as pressure and temperature are calculated given the current values of
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the state variables (e.g., masses and internal energies). Next, the rates-of-change of the
state variables are determined by summing the contributions of each modeled
phenomenon. Then, new values of the state variables are obtained by integrating their
rates-of-change using a prospective time step. Finally, the fractional changes of key
state variables are assessed; if any exceed input criteria the time step is reduced and
the rates-of-change and integration calculations are repeated. The last step is
performed because some rates-of-change, e.g., those that are based on assumed

quasi-steady behavior, depend explicitly on the time step.

The models in MAAP4 have been designed so that the code is fast running. This is a
hallmark of MAAP. The primary means of achieving this objective are the use of quasi-
steady modeling wherever appropriate, relatively coarse nodalization, and the largest
possible time step consistent with the level of detail desired. Smaller values of the time
step are used when key quantities are rapidly changing and larger values are used
when conditions are relatively stable. The code also uses smaller time steps in some of
the localized primary system thermal-hydraulic calculations, eliminating the need for the
bulk of the calculations to be run with the smaller time steps. Other features that
contribute to the code’s speed are the use of tabularized results and correlations from
other computations rather than the incorporation of specific detailed calculations, and
non-uniform levels of nodalization that reflect the magnitudes of th