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U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555-001

Braidwood Station, Unit 1
Facility Operating License No. NPF-72
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, 1S18811 B, 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
1S18811 B 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 results of
our Root Cause Evaluation, the impact of the 1S18811 B 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,

David Gullott
Regulatory Assurance Manager
Braidwood Station

Attachments: (1) BW-SDP-003, Revision 1, "Braidwood Phase 3 SDP Evaluation of Failure
of 1 S18811 B to Fully Open"

(2) EC #377204, "Evaluate 1S18811 B Flow at Partial Opening"
(3) EC #377329, "Post SBLOCA Dose Rate Assessment for 1S1881 1A/B

Accessibility"
(4) 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

(5) EC #378180, "Analysis to Determine Back Flow from RWST to ECCS
Recirculation Sump While 1S1881 1A/B and 1S18812A/B are Open for Six
Minutes"

(6) ER 392870, "Accessibility of 1 S18811 B Following SBLOCA - Revised for
5.2 Inch Break," November 17, 2009

(7) ER 393342, "Accessibility of 1 S18811 B Following SBLOCA - Revised to
Include Potential ECCS Termination at RWST Empty"

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

This evaluation examines the risk significance associated with failure of 1S188111B
(ECCS Sump Recirculation M OV) to fully open (Reference 3).

2. BACKGROUND

On 6/24/2009, during performance of 1BwOSR 5.5.8.SI-7B "Safety Injection System
Containment Sump 1S18811B Valve Stroke Surveillance" & 1BwOSR 5.5.8.SI-2B "Train
B Safety Injection System Isolation Valve Indication Surveillance" 1S18811B failed to
fully open. The 1S 18811 B control board indication went dual, but nev er indicated full
open. Locally 1S 18811B was observed approximately 30 to 40 percent open.
Investigation found water in the actuator limit switch (LS) compartment, and it was
determined the actuator torque switch (TS) for the 1SI 8811B 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 was restored to operable status.

A review of past performance of the 1 S18811B valve indicated that the last tim e the valve
was stroked successfully was September 20, 2007 (Reference 3). The exact time of the
failure cannot be determined, however it can be determined that the failure occurred
between the times 1S18811 B was successfully stroked and when the failure was
discovered.

Based on the failure mode, the valve would have been capable of opening to the 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, fai lure of 1S18811B to fully open prevented 1S 18804B, 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-lock prior to closing 1SI8812B 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 operator actions.

3. ANALYSIS INPUTS

Fault Exposure Time

Reference 3 documents that 1S 18811B 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 Y2 * (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 ability 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 position indication for the valve,
the operators would be expected, per their training, to put the pump in pull-to-lock prior
to closing 1S188122B. Securing the RH pump is based on operator knowledge of the
potential to deprive the pum p of all suction sources if 1 S 18812B is closed without
1S18811 B being open. T his disables the train for the purposes of EC CS 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
1S1881 1B valve configuration showed that the A train valve was less likely to have water
intrusion in the control circuitry than the B train valve. An inspection of the 1S1881 1A
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. This is a conservative assumption.

Impact of Partial Opening of 1S1881 I B on-other Components

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

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

" 1CS009B: Failure of the 1S18811B 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 1S18811A/B

Regardless of the scenario, procedu ral direction for locally opening the S 18811 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. - : ....

Quantitative Credit for Locally Opening 1SI8811A/B

The condition of the 1 S18811 B 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 I 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 1S 18811A/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 normally 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 distort 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.

CREDIT operator recovery actions on ly if, on a plant-specific basis, the follow~ng
occur:

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 HFEs 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 EVALUATE 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 actions
d) degree of clarity of cues/i ndications
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 manipulation
j) necessity, adequacy, and availability 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 engineering 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 with failure of the 1S18811B valve to fully
open include:

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

* 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 S18811 valves to open
2. Failure of S18811B 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
8811 A/B valves.

An important dimension of these cutsets is that there are no additional com plicating
failures that would impede 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
plant thermal hydraulic conditions and time available to locally open the 1S18811B valve-,
to either restore the interloc k and enable 1S 18804B 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 Containment 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. This 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 development 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 Assumed1

Medium LOCA (2" - 3") 0 Yes
Medium LOCA (3" - 5.2") 2 No
Medium LOCA (3" - 5.2") 1 Assumed2

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:

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

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

" Small LOCA with no RCFCs available 3

" Medium LOCA with 1 or 0 RCFC trains available

Radiation Levels during Operator Action to Locally Open 1S18811 B
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.,
LOC(As->5.2"'ldiameter) 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
1 S18811 B
The expected temperature in the curved wall area 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 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 conservatively 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 time 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 RWST are secured. Reference 17
provides the analysis 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
Metric

Green (per
year)

ICDP <1E-6
ILERP4 <1E-7

White (per year) Yellow (per year) Red (per year)

1E-6 to 1E-5 1E-5 to 1E-4 >1E-4
1E-7 to 1E-6 1E-6 to 1E-5 >1E-5

Scope of Analysis

The scope of this assessment includes Internal Events, External Events (Fire and
Seismic) and LERF (internal events only), in accordance with Reference 2.

SDP Model

The current Braidwood Base 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 M OVs;
whereas the S18811 valve is a low pressure valve (maximum pressure would be
containment pressure just before failure - -1.00 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 Fi re PRA model Rev 6C5 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 1 E-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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5. EVALUATION AND RESULTS

Based on the inputs described in Section 3, a potential risk increase from the IS 18811 B
failing to fully open can be determi ned using the following assumptions:

1. Valve 1S18811 B 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 1S18811A.
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:

-. .nternal.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
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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 CDDF
but decreases the risk contribution from the failed valve.

* HEP for Locally Opening 1SI8811B
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 results 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 medium 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 limiting
medium LOCA break in the S PAR-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. The 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:

" Break-Sizes
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 tim ing 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 com puted risk for this S DP, the operators are
expected to secure the RH pum ps when they have dual indication on 1 S18811 B.
However, if they are unsuccessful in locally opening 1S 18811 B, 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 881 1B valve was found to be open sufficiently to allow full RH
flow (Reference 4), this action, though not proceduralized, would be successful 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.

* Hot Leq versus Cold Leaq Breaks
All LOCAs are assumed to be Hot Leg Breaks to m inimize the time for operator
response. Cold leg brea ks extend the time window for operator action by several
hours with a subsequent improvement in the credit provided for local recovery of
1S18811B.

* 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 Cooling with makeup to the RC S
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 small/medium LOCA scenarios. This action is not credited in this
analysis, which provides a small conservative bias to the results.

* Injection from VCT
Though not modeled, injection from the VCT will provide additional time to
maintain SI and CV injection for small/medium LOCA scenarios. This action is
not credited in this analysis, 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 depletion 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 co re damage.

7. CONCLUSION

Based in this evaluation, credit for operator action is warranted because:
1. Procedures are available and training provided to locally open valve(s)
2. Cues exist to trigger local operator actions
3. Environment conditions would allow access to valve(s)
4. Sufficient resources available to support opening the valve(s)
5. Sufficient time available to locally open 1S18811 valve(s)

Crediting Operator Action reduces the risk significance of the event to Green (low
importance to safety) In addition; there is sufficient conservatism in the evaluation to
account for uncertainties.

8. REFERENCES

1. T&RM ER-AA-600-1012, Rev. 8, Risk Management Documentation.
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1.0 HRA Overview

In order to assess the impact of the failure of the 1/2SI8811A/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 1/2SI8811A/B valve(s) to stroke.

Because the 1/2SI881 1A/B valve failure(s) occurred during the performance of the action to

transition to recirculation mode, the transition to cold leg recirculation 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 1/2SI8811A/B. For this evaluation, the
phase one of the response 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 two response for cases

that include failure of 1S1881.1A/B.

In order to account for the 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 small 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 M LOCA cases is based on a 5.2" break (per the referenced case from Appendix

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 actions 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 M LOCA break spectrum (breaks from 2" to 3") is more closely related to the 2" LOCA

scenarios than for the 5.2" MILOCA events. Because the SPAR-H HEP for the MILOCA scenario
is significantly impacted by the differences in the tim ing conditions over the full range of the

BW·SDP·003 Rev 1 APPENDIX A PageA3 

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 recover 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 1/2S18811A1B valve(s) to stroke. 

Because the 1/2S18811A1B valve failure(s) occurred during the performance of the a'ction to 
transition to recirculat ion 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 lB. For this evaluation, the 
phase one of the respon se is successful (inclusion of the failure to begi n the transition to 
recirculation mode with the failed 1S18811A1B valve would be non-mi nimal). 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 two response for cases 
that include failure of 1S188HA/B, 

In order to account for th e conditions under which the phase two response would be required, it 
is necessary to identify the acci dent 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 tim ing 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 M LOCA cases is based on a 5.2" break (per the referenced case from Appendix 
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 Ii mit 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 M LOCAs. The timing for breaks on the lower 
end of the M LOCA break spectrum (breaks from 2" to 3") is more closely related to the 2" LOCA 
scenarios than for the 5.2" M LOCA events. Because the SPAR-H H EP for the M LOCA scenario 
is significantly impacted by the differences in the tim ing conditions over the full range of the 



BW-SDP-003 Rev I APPENDIX A Page A4

MLOCA breaks, the MLOCA events have been parsed into two ranges to more accurately
represent the reliability of the operator response. The HE P 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 Exelon and the NRC quantify H EPs using different HRA 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 could be established is an obvious step to take when no other alternatives are
available to protect the core. In the simulator 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

1.1 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 oni
1/2SI8811A/B is required, and the second phase consists of the operator actions once the dual
indication condition on the valve(s) has been encountered. The following outline identifies the
individual operator actions that are included in each of the phases:

" Phase 1

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

* Phase 2

o Failure to locally open 1S18811A/B and complete the transition to cold leg
recirculation mode

The action to begin the swap to cold leg recirculation mode is taken in response to low RWST
level. The nominal action to swap to recirculation mode is applicable for the cases in which at
least one train of equipm ent is available. For cases in which cold leg recirculation is failed by
the 1S1881 1A/B valve(s), a separate HFE is required.

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.
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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 1S1881 1A/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 related 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 IE Action Description HRA Method HEP

1S18811B--BHPMOA

1SI8811BSSBHPMOA

1SI8811B3SBHPMOA

1SI8811BM-BHPMOA

1SI8811BMSBHPMOA

SLOCA

SLOCA

3" MLOCA

MLOCA

MLOCA

FAILURE TO OPEN VLV

1S18811B AFTER REMOTE

FAILURE (LOCAL-MANUAL,

SLOCA)

FAILURE TO OPEN VLV

1S18811B AFTER REMOTE

FAILURE (LOCAL-MANUAL,

SLOCA, SPAR-H)

FAILURE TO OPEN VLV

1SI8811B AFTER REMOTE

FAILURE (LOCAL-MANUAL,

3" MLOCA, SPAR-H)

FAILURE TO OPEN VLV

1S18811B AFTER REMOTE

FAILURE (LOCAL-MANUAL,

MLOCA)

FAILURE TO OPEN VLV

1SI8811B 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.OOE-03

9.10E-02

1.2 Treatment of the Cognitive Component for the Response to Dual Indication
on 1SI8811AIB
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Typically, both execution and diagnosis errors are 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 ilium inated (dual indication), it is recognized that the operators 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.

* 1S18811A/B interpreted as "NOT OPEN": operator directed to close 1S18812A/B, open
iS1881 1A/B locally, and establish cold leg recirculation.

* 1S1881 1A/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 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/1SI8804B valves

(bypasses interlock with 1S1881 1A/B) and the establishment of flow using the
SI/Charging pumps.

These paths are described in more detail below.

Scenario 1, 1S18811 A/B considered to be "not open" in ES-1.3 step 3c:

If the 1S1881 1A/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 S1881 1A
valve is closed. If it is determined to be "not closed", the RNO action is to close 1S 18812A,
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 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.

Scenario 2, 1S18811 A/B considered to be "owen" in ES-1.3 steD 3c:
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In the event that the 1S18811A/B valve(s) is believed/cons idered 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 IS 18811 A/B valves. For MLCOA events, this would allow injection
through the 1SI18809A/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 1S1881 1A/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 1S18804B
valves, which are smaller and more easily operated than the 1S18811A/B valves. Locally
stroking the 1CV8804A/1SI8804B valve would provide an alternate success path given that
suction would be available through the partially open 1S1881 1A/B valves.

In summary, from the point where dual indication on 1S1881 1A/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 wi ll be
established by opening either 1SI8811A/B or 1CV8804A/1158804B locally. Failure to interpret
the 1S1881 1A/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 orto 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 1SI8811AIB to Scenarios

Requiring Local Operation of 1CV8804AJ1SI8804B

While it is expected that the operators would progress through the proced ure path described i n
Scenario 1 (refer to Section 1.2) in the event of a mid-stroke failure of 1S1881 1A/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 1S1881 1A/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 HE P 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 1S18812A/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.

* Time to direct local valve operation: The median time to reach the direction to locally

open the 1CV8804A/1SI8804B valves is 5.6 minutes from 46% level in the RWST
(Byron/B raidwood 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 1S1881 1A/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 tim e for the 1 CV8804A/1 S 18804B local stroke
direction did not include a mid-stroke failure of 1S18811A/B, but simulator observations

on 11/10/2009 and 11/11/2009 showed a limited time was spent addressing the dual
indication (1 minute for run 1, 3 minutes for run 3).

" Valve location and accessibi lity: Both the 1S18811A/B and the 1 CV8804A/1SI8804B
valves are located in the same general area (364' elevation, curved wall area), so travel
time and access issues are essentially the same,

* Dose-rate: The dose-rates are bounded by the 1S18811A/B valves (The dose rate from
WVater within the 8" pipe should be legs th-ri the dose raTfs from the larger 24" sump
outlet piping, dose from the 24" sump line reduced by distance),

* Temperature: The temperatures around the valves would be equivalent (1CV8804A

located in CWA with 1S18811A/B) (1SI8804B located in SI pump room and the
temperature may be lower as the only water flowing through the SI pump room is RWST
water and SX water for the pump oil coolers),

* Manipulation time: The manipulation time for the 1 CV8804A/1SI8804B valve(s) is less
than the 24 minutes that are required to open the 1S18811A/B valve(s)
(1CV8804A/1SI8804B are 8 inch gate valves com pared to the 24" 1S18811A/B valves),

I

* ErQonomics: The 1CV8804A valve can be accessed from the floor while the 1S18804B
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. The labeling is clear

for both valve sets; however, -the 1S18811A/B valves are more unique in appearance.

* Actions subseauent to local valve operation: The actions to complete the transition to

recirculation mode are essentially equivalent for both scenarios. The exception is that

for Scenario 1, the 1CV8804A/1SI8804B 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 probability 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, which require bleed and feed for cooling in the dominant scenarios. Given that
the response to the failure of the 1S 18811 A/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 th e SLOCA event (due to
drindown issues), the difference in the time is not large enough to im pact 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 time frame for self review and S TA availability, the
time based recovery _credi t taken in the Exelon methodology is static apart from shift
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 Calculators application of T HERP,
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 multiplier 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 SLOCA initiating events with 1S18811A/B failure is also
applied to the transient initiati ng event scenarios. While there is a shorter amount of ti me from
the action cue to TAF 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 appropriate.
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TABLE 1-2

FLOW DIVERSION ANALYSIS

CASE DESCRIPTION1  CASE # RWST RWST TAF 3  CD4  46.7% 46.7% FLOW RUN TIME
46.7%2 9% TO 9% TO TAF DIVERSION

GPM / MIN

2" SLOCA, wAFW, 2CV, 2SI,
Cooldown @ .75 hr, 2 RCFC BBSDP17a 2.54 hr 3.57 hr 12.00 hr 15.91 hr 1.03 hr 9.46 hr 11891 / 7 min 24 hr
trains, Flow diversion

B&F, No AFW, 1 PORV, 1
Vent, 1CV, 1SI, 1 RCFC train, BBSDP25a 8.73 hr 11.94 hr 14.83 hr 16.35 hr 3.21 hr 6.10 hr 11891 /7 mi 24 hr
Porv & Vent Closed @ 9%,

Flow diversion
Notes:

1)
2)
3)
4)

See Appendix B for a complete case description.
Initial volume corresponds to Tech Spec minimum of 400500 gal
Top of active fuel exposure
Peak cladding temperature > 1800 F
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FLOW DIVERSION ANALYSIS 

CASE DESCRIPTION1 CASE # RWST RWST TAF3 CD4 46.7% 46.7% FLOW RUNTIME 
46.7%2 9% TO 9% TOTAF DIVERSION 

GPM/MIN 

2" 5LOCA, wAFW, 2CV, 251, 
Cooldown @ .75 hr, 2 RCFC BB5DP17a 2.54 hr 3.57 hr 12.00 hr 15.91 hr 1.03 hr 9.46 hr 1189117 min 24 hr 
trains, Flow diversion 

B&F, No AFW, 1 PORV, 1 
Vent, 1CV, 151,1 RCFC train, BB5DP25a 8.73 hr 11.94 hr 14.83 hr 16.35 hr 3.21 hr 6.10 hr 1189117 min 24 hr 
Porv & Vent Closed @ 9%, 
Flow diversion 

Notes: 
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" M LOCA 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 1/2SI881 1A/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:

* 5.2" LOCA, all equipment available, at ECCS Recirculation, both S 18811 valves open
34% of full stroke, but have dual indication. Valves can be locally opened. Containment
spray forced on (did not reach setpoint). (Run 1 (Crew 1), Run 3 (Crew 2))

* 5.2" 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) 1S1881 1A/B to be
"not open" when a dual indication situation exists,

2. The RH pump(s) would be tripped prior to closing 1S18812A/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
1S1881 1A/B that could be interpreted differently, but either interpretation 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 1S1881 1A/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 deem ed 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.sca!e is set so that time zero = 46% RWST level.

Table 2-2: Simulator Timing Summary

Event Run 1 Time (Crew Run 2 Time (Crew Run 3 Time (Crew Run 4 Time (Crew

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 entry on 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 seconds 98 seconds 98 seconds 98 seconds

present (assumed
to exist after

normal valve

stroke time

elapses)

Dual position 3 minutes 3 minutes 2 minutes 2 minutes

indication on

1S18811A/B
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identified

1S18812A/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 given to 11 minutes 9 minutes 10 minutes 4 minutes

operator to open
1S18811A/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 tQ.. (access to

established 1S18811B 1S18811B
prohibited, RH prohibited, so RH

was started on was started early
increasing core to check viability

exit temp) of injection path)
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3.0 Plant Walkdown of 1 S1881 1 B

In order to gain an understanding 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:

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

* Access requirements (keys, rad protection clothing)

• Lighting of the 1S18811A/B area

* Labeling of the valve

* Local valve position indication

" 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 1S18811 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 CalculatorTM 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 1/2Sl881 1A/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:

* Section 4.11: 1S18811B--BHP MOA, FAILURE TO OPEN VLV lS18811B AFTER
REMOTE FAILURE (LOCAL-MANUAL, SLOCA)

" Section 4.2: 1SI8811BSSBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER
REMOTE FAILURE (LOCAL-MANUAL, SLOCA, SPAR-H)

" Section 4.3: 1S18811BM-BHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER
REMOTE FAILURE (LOCAL-MANUAL, MLOCA)

* Section 4.4: 1SI8811BMSBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER
REMOTE FAILURE (LOCAL-MANUAL, MLOCA, SPAR-H)

" Section 4.5: 1SI8811B3SBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER
REMOTE FAILURE (LOCAL-MANUAL, 3" MLOCA, SPAR-H)
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4.1 1SI881IB--BHPMOA, FAILURE TO OPEN VLV 1SI8811B AFTER REMOTE FAILURE
(LOCAL-MANUAL, SLOCA)

,naiy.st.• DEM

Re.Date- 12/10/09

,'A rCgiti•e"Mbethdd -H1 CBDTM(THERP

•AnaljshisDaita46.s6d-• bwd-8811-121009. HRA (12/10/09, 1675264 Bytes)

Table 1: 1SI8811B--BHPMOA SUMMARY

`Anialylj;i Result i. l without Recovery with Recovery

1.4e-01 6.5e-03

-ý,Tbt 1, H6.5e-03

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 1S1881 1A/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 1S18811 A/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.

-1 S18811A/B interpreted as "NOT OPEN": operator directed to close 1S18812A/B, open 1 S18811A/B
locally, and establish cold leg recirculation.

- 1SI8811A/B interpreted as "OPEN": The RH pumps would remain running, 1S18812AJB directed to be
closed, and injection would be provided to the RCS via the 1 S18809A/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
1 CV8804A/1 S18804B valves (bypasses interlock with 1S18811 A/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, 1SI8811A/B considered to be "not open" in ES-1.3 step 3c:

If the 1S1881 1A/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 1S1881 1A 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 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 1S1881 1A. Step 3b closes 1S18812A, which would terminate a flow diversion, and step 3e
directs 1S18811A to be opened. Whether or not 1S1881 1A 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 1 BwCA-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 1S1881 1A/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 1S18809A/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 1 CV8804A and 1 S18804B valves, respectively. These valves are interlocked with
1 S18811 A/B and would not open with 1S18811 A/B in an intermediate position. The RNO for steps 5f and
5g direct local operation of valves 1 CV8804A and 1 S18804B valves, which are smaller and more easily
operated than the 1S18811A/B valves. Locally stroking the 1CV8804A/1SI8804B valvewould provide'an
alternate success path given that suction would be available through the partially open 1S18811 A/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 1S1881 1A/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
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closing 1S18812A/B and emergency coolant recirculation will be established by opening either
1S18811A/B or 1CV8804A/1SI8804B locally. No significant diagnosis is required to either close
1 S188112A/B or to open I S1881 1A/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-1 8.1 Involves failure of S18811 valve to open and exercises _BwCA-l.1

Scenario C-2.2 Involves failure of S18811 valve to open and exercises _BwCA-i.1

Scenario E-7.2 Involves failure of S18811 valve to open and exercises ES-1.3, Attachment A
to open valve

Scenario E-9.2 Involves failure of S18811 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 S18811 4vle~s"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 1 BwCA-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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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 SI881.~ valve to op~n 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 

Scenario 0765 Involves LBLOCA, transition to CL Recirc and local operation of OSX007 

Scenario 0811 Involvesfilih..ire of both Sl8811vafves'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 1 BwCA-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 1S18811B

Scenario 0931 OOB Evaluation of DB LBLOCA and failure of 1S18812 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 881 1A/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 11/2S1881 1A/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 thle piobability 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 1S1881 1A/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:
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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 successfully (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 1S1881 1A/B identified.

5. Operator action success criterion: Locally open 1S1881 1A/B and establish cold leg recirculation mode
prior RCS level reaching TAF.

Key Assumptions:

1) Failure of the 1S1881 1A/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
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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 1S18811 B 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 1 CV8804A/1 S18804B 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 1S18809A/B valves and the interlock's status would be inconsequential. However, no
direct credit is taken for operation of the RH pumps with the 1S1881 1A/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 1 S18809A/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 INTERVIEWSAND SIrMULATOR OBSERVATIONS:

For cases in which both the open ("0") 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 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 1S1881 1A 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 1S18811A in an undetermined state, closing
1S18812A would potentially isolate RH pump 1A from all viable suction sources'and RH pump lAwas
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
1S1881 1A cannot subsequently be opened, the RH pump is left in the tripped position (same as previous
case). Ultimately, either classification of the 1S1881 1A 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) 1 S18811 A/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 (1 S18811 A/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 1S1881 1A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1S1881 1A 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 1S18812A was closed.

- In ES-1.3, Attachment A, step 3e, 1 S1881 1A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1S18811 B 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 1S18811 A and B were considered to not be open such that they
could not support cold leg recirculation mode.

- In CA-I.1, step ic, 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 1S1881i1A/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 1iS18811 A/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
1S18811 A/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 1 S18811 A/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 1 S1881 1 A/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 1S1881 1A/B valves in a partially open condition even though
plant engineering calculations indicate that such an operation would be successful.

Manpower Requirements:

Operations: . I 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

I&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
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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: N/A

Performance Shaping Factors: N/A

Performance Shaping Factor Notes:

Failure of the 1 S1881 1 A/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

Tdelay 2.72 Hours T1/2 0.01 Seconds TM 37.50 Minutes

Irreversible
Cue DarnageState

t=O
Timin

q 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 1S1881 1A/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
1S1881 1A/B valves.

*The timing for thisaction iscomplicated 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 1 S1881 1 B 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 1S1881 1A/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 8811 B 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 akey 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 1 S1881 1 B (3 minutes), and the time to climb the ladder to reach the handwheel on 1 S1881 1 B (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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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 1 S1881 1A/B valve locally (accounts for completion of the action to begin the swap
to recirc and respond to the dual indication on 1 S1881 1A/B). In this case, that time includes the time to
reach 46% RWST level and the time required to reach step 1 c of BwCA-1I.1. B/B MAAP run BBSDP1 7a
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
1 S1881 1A/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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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 1 SI8811 AlB valve locally (accounts for completion of the action to begin the swap 
to recirc and respond to the dual indication on 1 SI8811 AlB). In this case, that time includes the time to 
reach 46% RWST level and the time required to reach step 1 c of BwCA-1.1. BIB MAAP run BBSDP17 a 
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 
1 SI8811 AlB 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

1SI8811B--BHPMOA

Table 2: 1S18811B--BHPMOA EXECUTION UNRECOVERED

me•rgen'cy ColantýRecirculatiohn - u,,*;ommDr!T 13gt
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ES-1.3, step 3a 

ES1.3, At A, s1 
RNO 

Execution Unrecovered 

1518811 B--BH PMOA 

! 
Table Z: lSI8811B--BHPMOA EXECUTION UNRECOVERED 

Place control switches for SVAG valves 480V bus feeds at 1PM06J in­
CLOSE 

EOM 

EOC 

EOC 

20-7b 

20-12 

20-12 

2 1.3E-3 
5 

5 1.3E-3 

4 1.3E-3 

Total Step HEP 

Perform the following: a. Manually or locally close RH Pump 1A suction 
from RWST isol valve: 1 SI8812A 

31 

The operators Step 4 of ES-1.3, Attachment A directs 
the same action for the "8" division. The "A" and "8" 
divisions are completely dependent. 

EOM 20-7b 2 1.3E-3 

EOC, 20-12 4 1.3E-3 

EOC 20-12 5 1.3E-3 

5 

Total Step HEP 

2.0e-02 

2.0e-02 
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Dispatch an operator to open at least one valve: -1SI8811A (364' U13
CWA), -1S18811B (364' X1 3 CWA)

CA-1.1, Step 1.c- - EOM 20-7b 1 4.3E-4

RNO

EOC 20-13 1 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.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

CA-1.1, Step 1.e flowpath established". Because the entire focus of 5

RNO the MCR is on the progress of opening the
1 S1881i1 AB valve, the continuous action statement

would not be overlooked.

EOM 20-7b 1 4.3E-4

Total Stop HEP 2.2e-03

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

EOM 20-7b 2 1.3E-3

OPEN RH to CCP isol valves - selection error EOC' 20-12 5 1.3E-3

CLOSE SI pump miniflow isolation valves - selection error EOC 20-12 4 1.3E-3

CLOSE SI pump miniflow isolation valves -manipulation error EOG 20-12 5 1.3E-3
5

CLOSE RH HX discharge crosstie valves - selection error EOC 20-12 4 1.3E-3

CLOSE RH HX discharge crosstie valves - selection error EOC 20-12 5 1.3E-3

OPEN SI and CCP suction header crosstie valves - selection EOC 20-12 4 1.3E-3

OPEN SI and CCP suction header crosstie valves - manipulation EOC 20-12 5 1.3E-3

OPEN RH to CCP iso1 valves - selection error EOC 20-12 4 1 .3E-3
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Dispatch an operator to open at least one valve: -1S18811A (364' U13 
CWA), -1S18811B (364'X13 CWA) 

5 
CA-1.1, Step 1.c- - EOM 20-7b 1 4.3E-4 
RNO 

EOC 20-13 1 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.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 

CA-1.1, Step 1.e 
flowpath established". Because the entire focus of 5 

RNO 
the MCR is on the progress of opening the 
1 S18811A1B valve, the continuous action statement 
would not be overlooked. 

- EOM 20-7b 1 4.3E-4 

; Total Step HEP 2.2e-03 

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

- EOM 20-7b 2 1.3E-3 

OPEN RH to CCP isol valves - selection error EOC 20-12 5 1.3E-3 

CLOSE SI pump miniflow isolation valves - selection error EOC 20-12 4 1.3E-3 

CLOSE SI pump miniflow isolation valves -manipulation error EOG 20-12 5 1.3E-3 
5 

CLOSE RH HX discharge crosstie valves - selection error EOC 20-12 4 1.3E-3 

CLOSE RH HX discharge crosstie valves - selection error EOC 20-12 5 1.3E-3 

OPEN SI and CCP suction header crosstie valves - selection EOC 20-12 4 1.3E-3 

OPEN SI and CCP suction header crosstie valves - manipulation EOC 20-12 5 1.3E-3 

OPEN RH to CCP isol valves - selection error EOC 20-12 4 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.

ES-I.3 STEP 6

EOM 20-7b 2 1.3E-3

CCP - selection EOC 20-12 4 1.3E-3

CCP - manipulation EOC 20-12 5 1.3E-3

SI - selection EOC 20-12 4 1.3E-3

5

Si - manipulation EOC 20-12 5 1.3E-3

I
Total Step HiEP 3.3e-u0

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

EXEC RECOV - that the execution stress factors applied to the 5 5e-2

ICR execution subtasks are not applied to the execution
recovery factor.

-EOM 20-7b 2 1.3E-3

Total Step HEP 5.0e-02
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Total Step HEP 5.7e-Q2 
, 

START ECCS PUMPS AS NECESSARY CD assigned between cent charging pumps. CD 
assign~d between Sl pumps. 

- EOrv'! 20-7b 2 1.3E-3 

CCP - selection 
, 

EOC 20-12 4 1.3E-3 
5 

ES-1.3 STEP 6 
CCP - manipulation EOC 20-12 5 1.3E-3 

I 

SI - selection EOC 20-12 4 1.3E-3 

Si - manipulation EOO 20-12 5 1.3E-3 

Total Step HEP 3.3e-02 

-
EXEC REOOV - 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 

EXEO REOOV-
that the execution stress factors applied to the 5 5e-2 

lOR 
execution subtasks are not applied to the execution 
recoverY factor. 

- EOM 20-7b 2 1.3E-3 

Total Step HEP 5.0e-Q2 
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Execution Recovery

1S18811B--BHPMOA

Table 3: 1SI8811B--BHPMOA EXECUTION RECOVERY

-~" -ý.Condl:HEPF Ttlfr-
Z'Act ion,~ -J el

ES-1.3, step 3a Place control switches for SVAG valves 480V bus feeds at .0

I PM06J in - CLOSE 2.0e-02 1.0e-03

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

ES1.3, At A, sI Perform the following: a. Manually or locally close RHPump 2.0e-02 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-I.1, Step 1.c- Dispatch an operatorto open at least one valve: -1SI8&11A 8.7e-03 1.9e-05

RNO (364' U13 CWA), -1S18811B (364' X13 CWA)

CA-1.1, Step 1.e When one train is restored, then return to procedure and step in 2.2e-03 ZD 2.2e-03
RNO effect.

ES-1.3 Step 5 ALIGN SI AND CENT CHG PUMPS FOR COLD LEG 5.7e-02 2.9e-03

RECIRCULATION

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

,• :•'? -!••• .•:.:'•: :,• '•', , .,°•" (,',•" :• • ,••,• •.-•.• : .•', :•;:•••'da, h~cvceo-ver,.,,- ••l4e0d-':: -z. ,`1 ;•- ::•'••T tdlRbi Y6 e •:. . . ..6.e 3••
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Execution Recovery 

1518811 B--BHPMOA 

Table 3: lSI8811B--BHPMOA EXECUTION RECOVERY 

ES-1.3, step 3a Place control switches for SVAG valves 480V bus feec!s at 
1 PM06J in - CLOSE 

ES1.3, At A, s1 
RNO 

CA-1.1, Step 1.c­
RNO 

ES-1.3 Step 5 

ES-1.3 STEP 6 

EXEC RECOV - ICR EXEC RECOV - ICR 

Perform the following: a. Manually or locally close RHPump 
1A suction from RWST isol valve: 1S18812A 

EXEC RECOV - ICR EXEC RECOV - ICR 

Dispatch an operator to open at least one valve: -1SI8~11A 
(364' U13 CWA), -1S188118 (364' X13 CWA) 

CA-1.1. Step 1.e When one train is restored. then return to procedure and step in 
RNO effect. 

ALIGN SI AND CENT CHG PUMPS FOR COLD LEG 
RECIRCULATION 

EXEC RECOV - ICR EXEC RECOV - ICR 

START ECCS PUMPS AS NECESSARY 

EXEC RECOV - ICR EXEC RECOV - ICR 
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2.0e-02 1.0e-03 

5.0e-02 lD 5.0e-02 

2.0e-02 1.0e-03 

5.0e-02 lD 5.0e-02 

8.7e-03 1.ge-05 

2.2e-03 lD 2.2e-03 

5.7e-02 2.ge-03 

5.0e-02 lD 5.0e-02 

3.3e-02 1.7e-03 

5.0e-02 lD 5.0e-02 
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4.2 ISI8811BSSBHPMOA, FAILURE TO OPEN VLV 1SI8811B AFTER REMOTE
FAILURE (LOCAL-MANUAL, SLOCA, SPAR-H)

Analyst: DEM

.Rev. Date'.: - . 12/10/09

•Reviewer::,• .. .:

Cognitive Method.: - SPAR-H

Ana•lsis Database:!ýi bwd-8811-121009.HRA (12/10/09,1675264 Bytes)

Table 4: 1S18811BSSBHPMOA SUMMARY

Analysis Re suits Cognitive Execution

Failure Probability•': !.A 0.Oe+00 9.9e-03

STotail HEP, 9.9e-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 1S1881 1A/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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4.2 1518811 BSSBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER REMOTE 
FAILURE (LOCAL-MANUAL, SLOCA, SPAR-H) 

OEM 

12/10109 

SPAR-H 

_ ~n~!ysi~!cD~tab,:~~~l,:;(~a 
< !:;. :','" ~:-:.;:: .;t~ .. ::~ 

bwd-8811-121009.HRA (12/10109,1675264 Bytes) 

Table 4: lSI8811BSSBHPMOA SUMMARY 

Cognitive Execution 

O.Oe+OO 9.ge-03 

Braidwood 

Initiating Event: 

SLOCA 

Basic Event Cont~xt: 

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 1 S18811A1B 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 1S18811A/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 1 S18809A/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/1 S18804B 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, 1S1881 1A/B considered to be "not open" in ES-1.3 step 3c:

If the I S18811 A/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 1S1881 1A 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 is step 4 transfers to Step 7, which in turn transfers to
BwCA-1-1 where step Ic directs local closure of 1 S1881 1A/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 1S18811Ato 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 1 BwCA-1.1 occurs and the direction to perform the local
stroke of 1 S18811A/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 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 1S18809A/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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- 1 S18811A1B interpreted as "NOT OPEN": operator directed to close 1 SI8812A1B, open 1 S18811A1B 
locally, and establish cold leg recirculation. 

- 1S18811A1B interpreted as "OPEN": The RH pumps would remain running, 1S18812A1B directed to be 
closed, and injection would be provided to the RCS via the 1 S18809A1B 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 
1 CV8804A11 SI8804B valves (bypasses interlock with 1 SI8811 AlB) and the establishment of flow using 
the Sl/Charging pumps. 

These paths are described in more detail below: 

Scenario 1, 1 S18811A1B considered to be "not open" in ES-1.3 step 3c: 

If the 1 S18811A1B 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 1 S18812A, 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 1 SI8811A1B. 

If the opposite interpretation of the 1S18811A1B 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 1 SI8811 A to be opened. Whether or not 1 SI8811 A 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 1 BwCA-1.1 occurs and the direction to perform the local 
stroke of 1 SI8811 AlB is given. 

Scenario 2, 1 SI8811 AlB considered to be "open" in ES-1.3 step 3c: 

In the event that the 1 SI8811 AlB valve( s) is believed/considered to be "open" in ES-1.3 step 3c, step 3d 
directs closure of the 1 S18812A1B 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 
1 S18811A1B valves. For MLCOA events, this may allow injection through the 1 S18809A1B 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 SIICharging 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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1 S1881 1 A/B and would not open with 1S18811 A/B in an intermediate position. The RNO for steps 5f and
5g direct local operation of valves 1 CV8804A and 1 S18804B valves, which are smaller and more easily
operated than the 1S18811A/B valves. Locally stroking the 1CV8804A/1SI8804B valve would provide an
alternate success path given that suction would be available through the partially open 1S1881 1A/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-I.1 would be followed where local operation of the 1S1881 1A/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/1 SI8804B locally. No significant diagnosis is required to either close
1S18812A/B or to open 1S18811 A/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 S18811 valve to open and exercises _BwCA-1.1

Scenario C-2.2 Involves failure of S18811 valve to open and exercises _BwCA-1 .1

Scenario E-7.2 Involves failure of S18811 valve to open and exercises ES-1.3, Attachment A
to open valve

Scenario E-9.2 Involves failure of S18811 valve to open and exercises ES-1.3, Attachrment 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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1 SI8811 AlB and would not open with 1 SI8811 AlB in an intermediate position. The RNO for steps 5f and 
5g direct local operation of valves 1 CV8804A and 1S18804B valves, which are smaller and more easily 
operated than the 1 S18811A1B valves. Locally stroking the 1 CV8804A11 SI8804B valve would provide an 
alternate success path given that suction would be available through the partially open 1 S18811A1B 
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 10sUunavailable, the continuous action statement to transfer to 
BwCA-1.1 would be followed where local operation of the 1 S18811A1B valve(s) would be directed. 

In summary, from the point where dual indication on 1S18811A1B 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 1 S18812A1B and emergency coolant recirculation will be established by opening either 
1 S18811A1B or 1 CV8804A11 SI8804B locally. No significant diagnosis is required to either close 
1 S18812A1B or to open 1 SI8811 AlB; these actions are directed as a matter of course in a procedure path 
that has already been initiated. 

EXPERIENCEITRAINING: 

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

For IL T: 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 ofSI8811 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 1 BwCA-11.3

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

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 1S18812 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 881 1A/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 11/2SI881 1A/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 1S18811A/B is not
specifically addressed, but general traihingc-0vers 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 ("0") 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 1S1881 1A 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 1S1881 1A was considered "not closed" and the RNO action to close
1S18812A was reached, it was recognized that with 1S18811A 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 1S1881 1A 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) 1S18811 A/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 (1S1881 1A/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 1S1881 1A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1S18811 A 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, AttachmentA, -step 1. Consequiently, RH pump 1A was tripped before 1S18812A was closed.

- In ES-1.3, Attachment A, step 3e, 1S18811 A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1S18811 B 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 1S1881 1A and B were considered to not be open such that they
could not support cold leg recirculation mode.

- In CA-1.1, step 1 c, 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 1S1881 1A/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 1S1881 1A/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
1S1881 1A/B valves offered a potential success path to restore cold leg recirculation, the RH pump would
not be started until it was verified that 1S1881 1A/B was full open. For simulator runs2 and 4, which were
run on the same days, a local check of the 1S18811 A/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 1S1881 1A/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 1S18811 B 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 1S1881 1A/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 1 S18811 A/B identified.

5. Operator action success criterion: Locally open 1S1881 1A/B and establish cold leg recirculation mode
prior RCS level reaching TAF.

6. Key Assumptions: 1) Failure of the 1S1881 1A/B valve in the intermediate position is assumed to result
in the shutdown of RH pump 1 A/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
1S18811 B had opened approximately 34 full stroke, adequate flow would have been available to perform
swap to recirculation mode without action to locally open 1S18811 B. It should be noted that with the
1S1881 1A/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 1S18809A/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 1S1881 1A/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 1 S18809A/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 1 CV8804A/1 S18804B is required for success
in all small LOCAs.
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Timinc.

T Sw 12.00 Hours

T 2.58 Hoursdela~y
I T1/2

8.00 Minutes T M 37.50 Minutes

CueI
Irreversible

DamageState

t=o]i Timin

Q 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 1 S1881 1 A./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 1 S1881 1 B 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 1S18811 A/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 1 S1881 1A/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 BBSDP1 7a indicates that the time to reach 46.7% RWST level is 2.54 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
11/11/2009, 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 8811 B 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 1S18811 B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S18811 B (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). - -. "..

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).

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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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 1 Sl8811 B (3 minutes), and the time to climb the ladder to reach the handwheel on 1 SI8811 B (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). - - . ~-

T(sw): The time for RCS level to reach TAF is used as the end of the system window for this action. BIB 
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) I 2 = 8 min). - ... '. 

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 I

Diaqnosis HEP:

0.Oe+00

PART II. ACTION

Diagnosis :

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

Time available >= 5x the time required X 0.1

Time available >= 50x the time required 0.01

Insufficient Information 1

Refer to the timing analysis.

Stress/Stressors Extreme X 5

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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Minimum level of dependence for recovery: ZD 

PART I. DIAGNOSIS 

No Part I 

Diagnosis HEP: 

O.Oe+OO 

. PART II. ACTION 

(recommended choice Time available is - the time required 
based on timing 

10 

information in bold) Nominal time 

Stress/Stressors 

Time available >= 5x the time required X 0.1 

Time available >= 50x the time required 0.01 

Insufficient Information 

Refer to the timing analysis. 

Extreme X 5 

High 2 

Nominal 1 

Insufficient Information 1 

The scenario to which this action is applied is a Small LOGA 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 881 1A/B valves are
actuated. The failure of the I S1881 1A/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 115

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"
1S1881 I 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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Complexity 

While the LOGA 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 
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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 8811 AlB valves are 
actuated. The failure of the 1S18811A1B 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 EGR 392870 indicates that the expected dose rate for 
a medium LOGA, which would bound the SLOGA 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'''-stre'ss is cho'sen to account for the difficult 
working conditions, even though many hours would be available to 
perform the manipulation before the core would be jeopardized. 

Highly complex 5 

Moderately complex X 2 

Nominal 

Insufficient Information 

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 
LOGA evolution could contribute to some discomfort during the 
operation, but it is not expected to be prohibitive in any way for the 
SLOGA 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 'f\" and "B" 
1S18811 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 X 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 X 1

Insufficient Information 1

Step Ic RNO of CA-1. 1 directs local operation of 1S1881 IA/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 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 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
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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. 
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Insufficient Information 1 

Step 1 c RNO of CA-1. 1 directs local operation of 1 S/8811 AlB 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 X 10 

Nominal 1 
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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 
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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 1S1881 1A/B.

Action Probability:

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

PART I1l. DEPENDENCY
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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 

c-:-_._'--". . . .. .. _--- --
Insufficient Information 0.5 

For emergency situations, operator interviews performed on 
1111012009 and 1111112009 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 1 SI8811 AlB. 

Action Probability: 

9.ge-03 [Adjustment applied: 1.OE-3 * 1.Oe+011 (1.OE-3 * (1.Oe+01 - 1) + 1)] 

PART III. DEPENDENCY 
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Im - I-

-Z"

Task Failure WITHOUT Formal Dependence:

9.9e-03

Task Failure WITH Formal Dependence:

9.9e-03
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Task Failure WITHOUT Formal Dependence: 

9.ge-03 

Task Failure WITH Formal Dependence: 
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4.3 1SI881IBM-BHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER REMOTE
FAILURE (LOCAL-MANUAL, MLOCA)

Ana~st:~ ~ DEM

R•e.R , Date:•. Y : 12/10/09

CgtvM d CBDTM/THERP

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

Table 5: 1SI8811BM-BHPMOA SUMMARY

Anaysissus without Recovery with Recovery

6.7e-02 6.0e-03

,Total :HEPf,- 6.0e-03

,Error'Factorv-'. 5

Related Human Interactions:

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

Initial Cue:

Procedure direction - CA-1.1, step ic, RNO

Recovery Cue:

Cue:

Procedures require the operators to confirm that the S1881 1A/B valve is open during recirculation
alignment.

Decree of Clarity of Cues & Indications:
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4.3 1518811BM-BHPMOA, FAILURE TO OPEN VLV 1518811B AFTER REMOTE 
FAILURE (LOCAL-MANUAL, MLOCA) 

OEM 

12/10109 

Table 5: lSI8811BM-BHPMOA SUMMARY 

:ErrorFactor:.~"'\, f>v",~ 
.:; \::>:':r~::~~\ '{,~:.:~; :<~,j<, .ii~(~·.' .~.,;;<:~'~;<-"~J 

Related Human Interactions: 

without Recovery 

6.7e-02 

with Recovery 

6.0e-03 

6.0e-03 

5 

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

Initial Cue: 

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

Recoverv Cue: 

12/22/2009 

Procedures require the operators to confirm that the S18811A1B 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:

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 1 S1881 1A/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.

- 1 S18811A/B interpreted as "NOT OPEN": operator directed to close 1S18812A/B, open 1 S18811A/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 1 S18809A/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/1 S18804B valves (bypasses interlock with 1 S1881 1A/B) and the establishment of flow using
the SI/Charging pumps.

These paths are described in more detail below:

Scenario 1, 1 S1881 1A/B considered to be "not open" in ES-1.3 step 3c:
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Average 

Procedures: 

Cognitive: Not Selected 

Execution: BwCA-1.1 (Loss of Emergency Coolant Recirculation) Revision: 202 
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Cognitive Procedure: 

Step: Not Applicable 

Instruction: 

erocedure 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 1 S18811A1B 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. 

- 1 S18811A1B interpreted as "NOT OPEN": operator directed to close 1 SI8812A1B, open 1 S18811A1B 
locally, and establish cold leg recirculation. 

- 1 S18811A1B interpreted as "OPEN": The RH pumps would remain running, 1 S18812A1B directed to be 
closed, and injection would be provided to the RCS via the 1 S18809A1B 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 
1 CV8804A11 SI8804B valves (bypasses interlock with 1 SI8811 AlB) and the establishment of flow using 
the Sl/Charging pumps. 

These paths are described in more detail below: 

Scenario 1, 1 S18811A1B considered to be "not open" in ES-1.3 step 3c: 
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If the 1S18811 A/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 1S1881 1A valve is closed. If it is
determined to be "not closed", the RNO action is to close 1 S188112A, 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 lc directs local closure of 1 S1881 1A/B.

If the opposite interpretation of the 1S1881 1A/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 1S1881 1A. Step 3b closes 1S18812A, which would terminate a flow diversion, and step 3e
directs 1S18811 A to be opened. Whether or not 1S18811 A 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 1 BwCA-1.1 occurs and the direction to perform the local
stroke of 1 S18811 A/B is given.

Scenario 2, 1S1881 1A/B considered to be "open" in ES-1.3 step 3c:

In the event that the 1 S1881 1A/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 1SI18809A/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 1 CV8804A and 1 S18804B 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 1 CV8804A and 1 S18804B valves, which are smaller and more easily
operated than the 1S18811A/B valves. Locally stroking the 1CV8804A/lSI8804B valve would provide an
alternate success path given that suction would be available through the partially open 1S1881 1A/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 1S1881 1A/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/1SI8804B locally. No significant diagnosis is required to either close
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If the 1 SI8811 AlB 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 1 S18812A, 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 1 SI8811A1B. 

If the opposite interpretation of the 1S18811A1B 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 1 SI8811 A to be opened. Whether or not 1 SI8811 A 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 1 BwCA-1.1 occurs and the direction to perform the local 
stroke of 1 SI8811 AlB is given. 

Scenario 2, 1 S18811A1B considered to be "open" in ES-1.3 st'ep 3c: 

In the event that the 1 S18811A1B valve(s) is believed/considered to be "open" in ES-1.3 step 3c, step 3d 
directs closure of the 1 S18812A1B 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 
1 SI8811 AlB valves. For MLCOA events, this may allow injection through the 1 S18809A1B 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 1 CV8804A and 1 SI8804B valves, respectively. These valves are interlocked with 
1 SI8811 AlB and would not open with 1 SI8811 AlB in an intermediate position. The RNO for steps 5f and 
5g direct local operation of valves 1 CV8804A and 1 SI8804B valves, which are smaller and more easily 
operated than the 1 S18811A1B valves. Locally stroking the 1 CV8804A11 SI8804B valve would provide an 
alternate success path given that suction would be available through the partially open 1 SI8811 AlB 
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 1 S18811A1B valve(s) would be directed. 

In summary, from the point where dual indication on 1 SI8811 AlB 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 1 S18812A1B and emergency coolant recirculation will be established by opening either 
1 SI8811 AlB or 1 CV8804A11 SI8804B 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 S18811 valve to open and exercises _BwCA-1.1

Scenario C-2.2 Involves failure of S18811 valve to open and exercises _BwCA-1.1

Scenario E-7.2 Involves failure of S18811 valve to open and exercises ES-1.3, Attachment A
to open valve

Scen-ario E-9-2 involves failure of S18811 valve to open and exercises ES-1.3, Attachrnent 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 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 1 BwCA-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 1S18811B

Scenario 0931 OOB Evaluation of DB LBLOCA and failure of 1S18812 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 881 1A/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 11/2SI881 1A/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 1S1881 1A/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 .tocold leg recirculation on low RWST level fails due to failure of 1S18811 Bto 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 1S18811 B valve in the intermediate position is assumed to resultin the shutdown of RH
pump 1 B 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 1 B and completing the transition to cold leg recirculation. 2) Exelon calculation
EC#377204 indicates that if the 1S18811 B had opened approximately 34 full stroke, adequate flow would
have been available to perform swap to recirculation mode without action to locally open 1 S1881 1 B. It
should be noted that with the 1 S18811 A/B valve in an intermediate position, the interlock with
1 CV8804A/1 S18804B 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 1S18809A/B valves and the interlock's status would be inconsequential. However, no direct
credit is taken for operation of the RH pumps with the 1S1881 1A/B valves in the intermediate position.

Operator Interview Insights:

OPERATOR INTERVIEWS AND SIMULATOR OBSERVATIONS:

For cases in which both the open ("0") 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 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 1 S1881 1A 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 1S18811A in an undetermined state, closing
1S18812A would potentially isolate RH pump 1A from all viable suction sources and RH pump IA 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
1S1881 1A cannot subsequently be opened, the RH pump is left in the tripped position (same as previous
case). Ultimately, either classification of the 1S1881 1A 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) 1 S18811 A/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 (1S1881 1A/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 1 S18811 A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1S18811 A 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 1S18812A was closed.

- In ES-1.3, Attachment A, step 3e, 1S1881 1A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1SI8811 B 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 1SI8811A and B were considered to not be open such that they
could not support cold leg recirculation mode.

- In CA-1.1, step Ic, both 1S1881 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 adual indication condition on 1S1881 1A/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 1S1881 1A/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 1S1881 1A/B was full open. For simulator runs 2 and 4, which were
run on the same days, a local check of the 1S18811 A/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 credit is
taken for operating the RH pumps with the 1S1881 1A/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

I&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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-I-
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: N/A

Performance Shaping Factors: N/A

Performance Shaping Factor Notes:

Failure of the 1S1881 1A/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 2.73 Hours
SW

T delay 54.90 Minutes T112 0.01 Seconds TM 32.50 Minutes

Irreversible
Cue DamageState

t=O
Timin

q 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 1 518811 A/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
1 S18811A/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 1S18811 B 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 1S1881 1A/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 8811 B 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 triavTelV 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 1 S1881 1 B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S18811 B (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 1 S18811A/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 1I 18811 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 1 S18809A/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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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 1 SI8811 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 1 S18809A1B 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 BBSDP1 5a 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 1SI8811A/B valve locally (accounts for completion of the action to begin the swap
to recirc and respond to the dual indication on 1 S1881 1A/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. BIB 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
1S1881 1A/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 miriuqtes +_10.5 minutes =.54.9 minutes

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: 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

IS18811BM-BHPMOA

Table 6: 1SI8811BM-BHPMOA EXECUTION UNRECOVERED
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ES-1.3, step 3a 

ES1.3, At A, s1 
RNO 

: a: 
from RWST isol valve: 1S18812A 

! 

12/22/2009 

Execution Unrecovered 

1518811 BM·BHPMOA 

Table 6: lSI8811BM-BHPMOA EXECUTION UNRECOVERED 

EOM 
5 

EOO 20-12 5 1.3E-3 

4 

Total Step HEP 2.0e-02 

4 of ES-1.3, Attachment A directs 

divisions are completely dependent. 

EOM 2 1.3E-3 5 

EOC 20-12 4 1.3E-3 
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Dispatch an operator to open at least one valve: -1S18811 A (364' U13
CWA), -1 SI8811B (364' X1 3 CWA)

CA-1.1, Step 1.c-
RNO

When one train is restored, then return to procedure and step in effect. 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 MCR is on the progress of opening the
1 S1881 iA/B valve, the continuous action statement
would not be overlooked.

5
CA-1.1, Step i.e
RNO

EOM 20-7b 4.3E-4

Total Step HEP 2.2e-03

CHECK AT LEAST ONE CNMT SUMP RECIRC FLOWPATH
ESTABLISHED

When CA-1.1 returns the operators to ES-1.3 after
1S18811AJB 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.

ES-1.3, Al" A
Step 7

5

:al Step HEP 2.0e-02

EXEC RECOV - ICR See Section 4.4 of the HRA Notebook for further

EXEC RECOV - information. This execution recovery factor is applied

ICR to the ir~dividual execution steps with a dependence 5 0.1
IR-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
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I 

Dispatch an operator to open at least one valve: -1 SI8811A (364' U13 
CWA), -1S18811B (364' X13 CWA) 

., 

CA-1.1, Step 1.c- EOM 20-7b 1 4.3E-4 
5 -

RNO 
EOC 20-13 1 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.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 

CA-1.1, Step 1.e 
f10wpath established". Because the entire focus of 5 

RNO 
the MC~~ is on the progress of opening the 
1 S18811A1B valve, the continuous action statement 
would not be overlooked. 

- EOM 20-7b 1 4.3E-4 

". 
Total Step HEP 2.2e-03 

CHECK AT LEAST ONE CNMT SUMP RECIRC FLOWPATH When CA-1.1 returns the operators to ES-1.3 after 
ESTABLISHED 1 S18811A1B 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. 

5 
ES-1.3, ATT A 
Step 7 - EOM 20-7b 2 1.3E-3 

EOC 20-12 3 1.3E-3 

EOC 20-12 5 1.3E-3 , 
,( 
", 

Total Step HEP 2.0e-02 

EXEC RECOV - ICR See Section 4.4 of the HRA Notebook for further .. 
information. This execution recovery factor is applied 

EXEC RECOV-
ICR 

to the inpividual execution steps with a dependence 5 0.1 
, 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 
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recovery factor. 

- EOM I 20-7b 

J 
2 

I 
1.3E-3 

Total Step HEP 1.0e-Q1 

I I I 
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Execution Recovery

1SI8811BM-BHPMOA

Table 7: 1SI8811BM-BHPMOA EXECUTIONRECOVERY

'Critical.Steip No Rcvr tpN ction-: ~'CondHEP~T-otal fr.H.kE P (Cnt) H 9P0 (Re~c) 'Dep;-
* R -Step!

ES-1.3, step 3a r Place control switches for SVAG valves 480V bus feeds at 2.0e-02 2.0e-03
1PM06J in - CLOSE

EXEC RECOV - ICR EXEC RECOV - ICR 1.0e-O1 ZD 1.0e-01

ES1.3, At A, sl Perform the following: a. Manually or locally close RH Pump 2.0e-02 2.0e-03
RNO 1A suction from RWST isol valve: 1S18812A

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

CA-I.1, Step 1.c- Dispatch an operator to open at least one valve: -1S18811A 8.7e-03 1.9e-0
RNO (364' U13 CWA), -1SI881IB (364' X13 CWA)

CA-1.1, Step 1.e When one train is restored, then return to procedure and step in 2.2e-03 ZD 2.2e-03
RNO effect.

ES-1.3, ATT A Step CHECK AT LEAST ONE CNMT SUMP RECIRC FLOWPATH 2.0e-02 2.0e-03
7 ESTABLISHED

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

'~- ~. 7Toal nreovred~- Q6;e.O$~ '~.'*~. ~ *~~'ZTtal Recovered:>ý$ 6O-O30
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Execution Recover:y 

1518811 BM-BHPMOA 

Table 7: lSI8811BM-BHPMOA EXECUTION'RECOVERY 

ES-1.3, step 3a Place control switches for SVAG valves 480V bus feeds at 
1 PM06J in - CLOSE 

ES1.3, At A, s1 
RNO 

CA-1.1, Step 1.c­
RNO 

ES-1.3, ATT A Step 
7 

EXEC RECOV - ICR 

EXEC RECOV - ICR 

CA-1.1, Step 1.e 
RNO 

EXEC RECOV - ICR 

Perform the following: a. Manually or locally close RH Pump 
1A suction from RWST isol valve: 1S18812A 

EXEC RECOV - ICR 

Dispatch an operator to open at least one valve: -1S18811A 
(364' U13 CWA), -1S18811B (364' X13 CWA) 

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

CHECK AT LEAST ONE CNMT SUMP RECIRC FLOWPATH 
ESTABLISHED 

EXEC RECOV - ICR EXEC RECOV - ICR 
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2.0e~2 2.0e~3 

1.0e-01 ZD 1.0e-01 

2.0e~2 2.0e~3 

1.0e-01 ZD 1.0e-01 

8.7e~3 1.ge~5 

2.2e-03 ZD 2.2e-03 

2.0e~2 2.0e~3 

1.0e-01 ZD 1.0e-01 
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4.4 1SI881IBMSBHPMOA, FAILURE TO OPEN VLV 1SI8811B AFTER REMOTE
FAILURE (LOCAL-MANUAL, MLOCA, SPAR-H)

Ana~st: ,- ~ EM

Rev.•Date ': ` 12/10/09

:iCognitive Method- :,ý SPAR-H

-Analysis Diatabase-:* -• bwd-8811-121009.HRA (12/10/09, 1675264 Bytes)

Table 8: 1S18811BMSBHPMOA SUMMARY

Analysis Resilts'. Cognitive Execution

FaiIUr'P6b'rbability 0.Oe+00 9.1 e-02

[Tota. __.1.1-1__ 9.1 e-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 1S1881 1A/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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4.4 1SI8811BMSBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER REMOTE 
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12/10109 

i'~()glJit!ve ~~~h~tJ:~~ci~ 
'.:.,.:'·;r ..... ~ .. : .. ~:.:;~ .. ::~:::~~,;.-! '."~>,; ~ 

SPAR-H 

bwd-8811-121009.HRA (12/10109, 1675264 Bytes) 

Table 8: lSI8811BMSBHPMOA SUMMARY 

Cognitive Execution 

O.Oe+OO 9.1e-02 :.~~ihi.r~l~~~~~~,iIi~.f,~ ~ 
- ~"'''-4 ; _ -?,:.:;t. l"~ ,4-1"" ~,:=>( "7 

9.1e-02 

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 1 S18811A1B 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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- 1 S18811A/B interpreted as "NOT OPEN": operator directed to close 1SI18812A/B, open 1S18811A/B
locally, and establish cold leg recirculation.

- 1S1881 1A/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 I S18809A/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/1 S18804B valves (bypasses interlock with 1S1881 1A/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 1 S188 1 A/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 1S1881 1A 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 is step 4 transfers to Step 7, which in turn transfers to
BwCA-1-1 where step 1c directs local closure of 1S1881 1A/B.

If the opposite interpretation of the 1S1881 1A/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 1S18811 A. Step 3b closes 1 S18812A, 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 1 BwCA-1.1 occurs and the direction to perform the local
stroke of 1 S1881 1A/B is given.

Scenario 2, 1 S1881 1A/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 1S18809A/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 1 CV8804A and 1 S18804B valves, respectively. These valves are interlocked with
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1 S1881 1 A/B and would not open with 1S18811 A/B in an intermediate position. The RNO for steps 5f and
5g direct local operation of valves 1 CV8804A and 1 S18804B valves, which are smaller and more easily
operated than the 1 S18811A/B valves. Locally stroking the 1CV8804A/1SI8804B valve would provide an
alternate success path given that suction would be available through the partially open 1S1881 1A/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 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/1SI8804B locally. No significant diagnosis is required to either close
1S18812A/B or to open 1S18811 A/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 S18811 valve to open and exercises _BwCA-l.1

Scenario C-2.2 Involves failure of S18811 valve to open and exercises _BwCA-1.1

Scenario E-7.2 Involves failure of S18811 valve to open and exercises ES-1i.3, Attachment A
to open valve

Scenario E-9:2 Involves failure of S18811 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
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1 SI8811 AlB and would not open with 1 SI8811 AlB in an intermediate position. The RNO for steps 5f and 
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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 1 BwCA-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

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 1S18812 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 881 1A/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 11/2SI8811A/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 1S18811 A/B valves. Addressing the dual indication on 1 S18811 A/B is not
s.pecificaliy addr es sed 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 ("0") 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 1S1881 1A 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 1S1881 1A 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 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
1S1881 1A cannot subsequently be opened, the RH pump is left in the tripped position (same as previous
case). Ultimately, either classification of the 1S1881 1A 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) 1 SI8811 A/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 isnot 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 (1 S18811 A/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 1SI8811A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1SI881i1A 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 1 S18812A was closed.

- In ES-1.3, Attachment A, step 3e, 1SI8811 A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1SI8811 B 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 1S1881 1A/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 1S1881 1A/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
1 S1881 1A/B valves offered a potential success path to restore cold leg recirculation, the RH pump would
ndt-be started until it was-verified that 1 S188 1A/B was full open. For simulator runs 2-and 4, which were-
run on the same days, a local check of the 1 S1881 1A/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 1S1881 1A/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 1S1881 1A/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 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: 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 1S18811 B 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 to ensure-adequate EGCS injection performed. - -

EP-1 action to depressurize and cooldown not required due to impact of break

Transition to recirculation mode started

Failure of 1 S1881 1A/B identified.

5. Operator action success criterion: Locally open 1S1881 1A/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 1 S18812A/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 ofthe Valve beford restarting RH pump 1A/B and -

completing the transition to cold leg recirculation. 2) Exelon calculation EC#377204 indicates that if the
1S18811 B had opened approximately 34 full stroke, adequate flow would have been available to perform
swap to recirculation mode without action to locally open 1S18811 B. It should be noted that with the
1 S18811 A/B valve in an intermediate position, the interlock with 1 CV8804A/1 S18804B 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 1S18809A/B valves and the
interlock's status would be inconsequential. However, no direct credit is taken for operation of the RH
pumps with the 1S1881 1A/B valves in the intermediate position.
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Timing:

12/22/2009

T 2.73 Hours

T delay 46.90 MinutesI Tl12 8.00 Minutes T 32.50 Minutes
TM3

-I -I - I

Irreversible
DamageStateCueI

t=o Timin

a 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_1 S1881 1 A/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
1 S1881 1A/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 1S18811 B 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 1S1881 IA/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 1 S1881 1A/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(/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 BBSDP1 5a 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 3c of ES-1.3: Run1= 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 8811 B 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 1S18811 B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S18811 B (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 1S1881 1A/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 1S1881-1-valvethat 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 1 S18809A/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 BBSDP1 5a 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, RunA..= 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 I. DIAGNOSIS

No Part I

Diagnosis HEP:

O.Oe+00

PART II. ACTION

Pr P Fs,,'... x PSF Levels • - o. Multiplier for '•

4 Diacgnosis4

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 X 1

Time available >= 5x the time required 0.1

Time available >= 50x the time required 0.01

Insufficient Information 1

Refer to the timing analysis.

Stress/Stressors Extreme X 5

High 2

Nominal 1
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Insufficient Information I 11

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 S1881 IA/B
valves is checked. The failure of the 1S1881 IA/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 theexpeCtbd d6se rate f6r a mediumi 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

Manuai 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
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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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 S/8811 AlB 
valves is checked. The failure of the 1S/8811A1B 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 T AF 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'expectea dose rate Tor a nfedium LOCAwould be 1,444 
mRemlhr. 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 mlRem 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 
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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"
1S18811 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" portion of the "Basic Event
..- Context" discussion.

Procedures Not available 50

Incomplete 20

Available, but poor 5

Nominal X 1

Insufficient Information 1

Step Ic RNO of CA-1. I directs local operation of 1S1881 IA/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 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 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 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.

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 equipmrnt doperator. No work process issues have
been identified that would impact the performance of the manual
stroke of 1S1881 lA/B.

Action Probability:

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

II -Tm ad .d

_ C-

.dd--

I- 
P~d..-

madftormAl Iml- an

Task Failure WITHOUT Formal Dependence:

9.1 e-02

Task Failure WITH Formal Dependence:

9.1 e-02
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PART III. DEPENDENCY 
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4.5 1SI8811B3SBHPMOA, FAILURE TO OPEN VLV 1S18811B AFTER REMOTE
FAILURE (LOCAL-MANUAL, 3" MLOCA, SPAR-H)

Analyst: DEM

Rev. ate:12/10/09

Revie~wer:;, .,. •"

,Cognitiv Method:, SPAR-H

Analys'isDatabase: bwd-8811-121009.HRA (12/10/09, 1675264 Bytes)

Table 9: 1SI8811B3SBHPMOA SUMMARY

Anjalysis Results:, K Cognitive Execution

ý Failure Probability '- 0.Oe+00 9.9e-03

TotaIiHEP. 9.9e-03

Plant:

Braidwood

Initiatinq 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 1S1881 1A/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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Cognitive Execution 
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cases, however, there are conditions that preclude the applicability of one of these components of the 
HEP. 

For scenarios in which the 1 S18811A1B 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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- 1 S18811A/B interpreted as "NOT OPEN": operator directed to close 1S18812A/B, open 1S18811A/B
locally, and establish cold leg recirculation.

- 1 S1881 1 A/B interpreted as "OPEN": The RH pumps would remain running, 1I 18812A/B directed to be
closed, and injection would be provided to the RCS via the 1 S18809A/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
1 CV8804A/1 S18804B valves (bypasses interlock with 1S18811 A/B) and the establishment of flow using
the SI/Charging pumps.

These paths are described in more detail below:

Scenario 1, 1S1881 1A/B considered to be "not open" in ES-1.3 step 3c:

If the1 S1881 1A/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 1S1881 1A 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 is step 4 transfers to Step 7, which in turn transfers to
BwCA-1 -1 where step I c directs local closure of 1 S18811 A/B.

If the opposite interpretation of the 1S881 1A/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 1.S18811A 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 1 BwCA-1.1 occurs and the direction to perform the local
stroke of 1 S18811A/B is given.

Scenario 2, 1 S1881 1A/B considered to be "open" in ES-1.3 step 3c:

In the event that the 1S1881 1A/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 1S18809A/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 1 CV8804A and 1 S18804B valves, respectively. These valves are interlocked with
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. · ....... ~i .. ' 

Scenario 2, 1 S18811A1B considered to be "open" in ES-1.3 step 3c: 

In the event that the 1 S18811A1B valve(s) is believed/considered to be "open" in ES-1.3 step 3c, step 3d 
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1S1881 1A/B and would not open with 1S1881 1A/B in an intermediate position. The RNO for steps 5f and
5g direct local operation of valves 1 CV8804A and 1 S18804B valves, which are smaller and more easily
operated than the 1SI8811A/B valves. Locally stroking the 1CV8804A/1SI8804B valve would provide an
alternate success path given that suction would be available through the partially open 1 S1881 1A/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 1S1881 1A/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/1SI8804B 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 S18811 valve to open and exercises _BwCA-1.1

Scenario C-2.2 Involves failure of S18811 valve to open and exercises _BwCA-1.1

Scenario E-7.2 Involves failure of S18811 valve to open and exercises ES-1.3, Attachment A
to open valve

Scenario E-9.2 Involves failure ofS18811 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
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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 1 BwCA-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 1S18812 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 881 1A/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 11/2SI881 IA/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
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a "nominal training" case.

OPERATOR INTERVIEWS AND SIMULATOR OBSERVATIONS:

For cases in which both the open ("0") and the closed ("-") position indictors are simultaneously
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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 1S18811 A 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 1S1881 1A 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
1S1881 1A cannot subsequently be opened, the RH pump is left in the tripped position (same as previous
case). Ultimately, either classification of the 1S1881 1A 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) 1 S18811 A/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-I1.3, 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 (1 S18811 A/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 1S18811 A/B valve(s).

- In the RNO step of ES-1.3, Attachment A, step 1, the 1 S18811 A 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', RHlpump iA was tripped bef61i SI8812A was closed.

- In ES-1.3, Attachment A, step 3e, 1iS18811 A was considered to not be open such that it could not
support cold leg recirculation mode.

- In ES-1.3, Attachment A, step 6e, 1S1881i1 B 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 1S1881 1A 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 1S1881 1A/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 1S1881 1A/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
1S18811 A/B valves offered a potential success path to restore cold leg recirculation, the RH pump would
not be started until it was verified that 1S1881 1A/B was full open. For simulator runs 2 and 4, which were.
run on the same days, a local check of the 1S1881 1A/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 1S18811 A/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 1S1881 1A/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 (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 1 S1881 1 B 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 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 1 SI8811A/B identified.

5. Operator action success criterion: Locally open 1S1881 1A/B and establish cold leg recirculation mode
prior RCS level reaching TAF.

6. Key Assumptions: 1) Failure of the 1S18811A/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 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
1 S1881 1 B had opened approximately 34 full stroke, adequate flow would have been available to perform
swap to recirculation mode without action to locally open 1 S1881 1 B. It should be noted that with the
1SI8811A/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 1S18809A/B valves and the
interlock's status would be inconsequential. However, no direct credit is taken for operation of the RH

pumps with the 1S1881 1A/B valves in the intermediate position.
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Timing:

T 6.96 Hours
SW

Tdelay 2.04 Hours T 1/2 8.00 Minutes TM 32 50 Minutes

Irreversible
Cue DamageState

t=0
Timin

q 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 1S1881 1A/B valve.s 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
1 S1881 1A/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 1 S1881 1 B 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 1S1881 1A/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 1S1881 1A/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. BIB 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
11/11/2009, 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
2.00 hr + 0.04 hr = 2.04 hr.

T(m): The time required to manually stroke the 8811 B 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 1S18811 B (3 minutes), and the time to climb the ladder to reach the handwheel on 1S18811 B (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 1S18811A/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.1S1881 1 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 1 S18809A/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
-8minutes, Run-2 = 6 minutes,Run 3 = 8.minutes, Run 4 = 2 minutes. Because2 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 I

.Diagnosis HEP:

O.Oe+00

PART II. ACTION

PSF.s' PSF Levels' ., 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

Time available >= 5x the time required X 0.1

Time available >= 50x the time required 0.01

Insufficient Information 1

Refer to the timing analysis.

Stress/Stressors Extreme X 5

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 RWSTlow 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 881 1A/B valves are actuated. The failure
of the 1S1881 IA/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

Moderately complex X 2

Nominal 1

Insufficient Information 1

Manual operation of a valve is a straighiforwardttask 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"
1SI8811 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" portion of the "Basic Event
Context" discussion.

Procedures Not available 50

Incomplete 20

Available, but poor 5

Nominal X 1

Insufficient Information 1

Step Ic RNO of CA-1. I directs local operation of 1S1881 IA/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 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 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 the eqbip'mient operator. No work piý6c' ss issues have
been identified that would impact the performance of the manual
stroke of 1S1881 IA/B.

Action Probability:

9.9e-03 [Adjustment applied: 1.0E-3 * 1.0e+01 / (1.01E-3 * (1.0e+01 - 1) + 1)]
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PART Ill. DEPENDENCY

[o.M. 
Im

I-0-

----------- --- ----------- z-M

Task Failure WITHOUT Formal Dependence:
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Task Failure WITH Formal Dependence:

9.9e-03
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PART III. DEPENDENCY 
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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.

2.0 ACCEPTANCE CRITERIA

2.1 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;
* The pressures and temperatures for various accident scenarios in

the pressurizer, steam generator, and containment;

" 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 3.08) for supporting the plant specific Individual Plant

Examinations (IPEs) requested by NRC Generic Letter 88-20. Furthermore, MAAP

3.01 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 primary 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. -. .

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.

2.3 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

containment. Condensation is modeled in certain circumstances: steam can condense

on cold emergency core cooling system (ECCS) water injected into the cold leg 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 makeup 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 contributions from pressurizer sprays

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

2.5 CORE

The core model predicts the thermal-hydraulic behavior of the core and the water and

gas contained within the core boundary 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, ower 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:

" Fuel (U02)

* Cladding (Zr, ZrO2, stainless steel, steel oxide)

" 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)
" 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

" 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
" A loop 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 account 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 based on user-defined criteria. Leakage in or out of the containment is modeled

with normally 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 tailored to

plant engineers. Users can control phenomena through flags and uncertainty

parameters. The calculations are done in SI units; users have the option of specifying

that the input and/or output quantities be in either SI 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 the potential gradients.

The result is that the code execution time is generally several orders of magnitude

faster than problem time on a typical PC, and considerably faster than most comparable

codes.

In conjunction with designing the code so that it is fast running, the level of detail in the

models is commensurate with the level of precision required for anticipated PRA

applications. Furthermore, a central feature of the code's design philosophy is that the

level of detail in the models tends to increase as conditions in the plant become more

severe. To balance these characteristics, many of the key models incorporate input

parameters that allow users to investigate the sensitivity of the results to variations in

the calculations as a way of evaluating the potential impact on the results if more

complex, detailed models had been used. Examples of such parameters are the void
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fraction above which the phases separate in the PWR primary system (discussed

above), and a flag that indicates whether or not steam and water flows from the primary

system to the containment are assumed to be intimately mixed. The bulk of the

parameters that are used for uncertainty and sensitivity studies are in the Model and

Control sections of the parameter file.

2.9 MAAP4 DOCUMENTATION

The MAAP4 code is documented in the MAAP4 User's Manual [2], the Users Guide's

(i.e., the six sample parameter files) and the MAAP 4.0.6 Transmittal Document [3].

The User's Manual contains detailed information on how to prepare input files and

execute the code, and detailed descriptions of the models in the code, including

descriptions of the individual -subroutines and functions. It is currently distributed in

hardcopy form, and is undergoing a transition into electronic form. Components of the

manual are updated in conjunction with updates to the code. The manual is divided into

four volumes:

Volume I User Guidance

* Code installation and operation

" Input and output files

Volume II Code Structure and Theory

* Summary of models

Subroutine and function descriptions

Volume III Benchmarking

* Key benchmarks

* Plant benchmarks

* Integral experiment benchmarks

* Separate effects benchmarks

Volume IV Optional Features

0 MAAP4-GRAAPH graphical interface
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. MAAP4-DOSE code for radiological calculations

The User's Guides contain detailed descriptions and default values and ranges of the

input parameters included in the parameter file. The guides are essentially sample

parameter files, and can be used as templates for plant-specific parameter files. They

are distributed electronically.

A transmittal document accompanies each revision of the code. It contains information

on code installation and execution, summaries of the changes made to the code since

the previous revision, and discussions of the impact of the changes on the code results.

It is distributed electronically. The current version of the code is MAAP 4.0.6.

The source code is an additional documentation resource. It is available electronically

on an as-needed basis.

2.10 CODE VALIDATION

As mentioned above, MAAP was developed as part of the IDCOR Program. The

purpose of MAAP is to simulate the behavior of a light water reactor to a wide range of

accident conditions. Initial applications of the code were focused on modeling severe

accident progression in support of the Individual Plant Examinations (IPE). Later,

MAAP has been used to assess Level 1 PRA success criteria and general accident

timing.

In 1992, EPRI completed the MAAP Thermal Hydraulic Qualification and Application

'project (TR-100741). This effort identified'theaccident sequences of interest, important

thermal-hydraulic phenomena, and the MAAP parameters which control these

phenomena.

Data from separate effects tests, integral effects tests, actual plant data, and plant

predictions by other codes were all compared against MAAP. This project then used

the insights from the benchmark activity to provide utilities with application guidelines for

using MAAP.
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The following comparisons were included in the evaluation:

PWR Data Predictions

* Westinghouse 4-loop, LOOP

* Westinghouse 4-loop, reactor trip

Code Comparisons

* PWR-RETRAN
* Westinghouse 4-loop, loss of feedwater

* Westinghouse 4-loop, failed PORV

* Westinghouse 4-loop, SGTR

* Westinghouse 4-loop, SGTR with stuck secondary PORV

* Westinghouse 4-loop, reactor trip

* Westinghouse 4-loop, steam line break

" PWR-RELAP
* Westinghouse 4-loop, small LOCA

* Westinghouse 4-loop, small LOCA with loss of injection

" BWR-SAFE

* BWR/4, Stuck open relief valve w/o injection

* BWR/4, Stuck open relief valve with injection

* BWR/4, Loss of feedwater with injection

Integral Test Predictions

* PWR - Semiscale

* 0.5%, 2.1% and 5% small break LOCAs

* 5% small LOCA
* SBO w and w/o stuck open PORV

. SGmTR(several cases)

* BWR - Full Scale Integral Simulation Test (FIST)
* Intermediate break LOCA w injection

* Failure to maintain level w/o injection at decay power
* Failure to maintain level w/o power shutdown

Separate Effect Test Predictions

• GE Vessel Blowdown Experiment

* EPRI PWR Safety Valve tests
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• Westinghouse 4-loop, SGTR with stuck secondary PORV 

• Westinghouse 4-loop, reactor trip 
• Westinghouse 4-loop, steam line break 

e PWR-REl:AP 
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• BWRl4, Stuck open relief valve wlo injection 
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Close agreement was obtained for the variety of comparisons. The study resulted in

several enhancements to MAAP and the development of application guidelines to assist

the users of the code.

The Applications Guidelines:

* Allow users to determine if MAAP is appropriate for sequence
under consideration

* Identify initiating events and accident scenarios

* Describe relevant MAAP models

" Provide guidance on setting up the calculation, sensitivity analysis,
and interpretation of results

• Identify limitations

The development of MAAP has also included other benchmarks to validate the

phenomenological models. The current MAAP Users Manual includes the following

comparisons:

• Hydrogen mixing experiments at HDR reactor in Germany

• CORA test facility at Karlsruhe, Germany

* TMI-2

* 1985 Davis-Besse Loss of main and auxiliary feedwater

* 1979 Oyster Creek trip with loss of feedwater

* 1979 Prairie Island Unit 1 SGTR

* Hydrogen mixing experiments at the Hanford Containment Systems
Test Facility (CSTF)

* Direct Containment Heating Integral Effects Tests (lET) in the
Containment Technology Test Facility

.. .. *Pacific Northwest Laboratory Ice Condenser Aerosol Tests .

• Waltz Mill Test Facility

2.11 CODE LIMITATIONS

The overall conclusion from the EPRI MAAP Thermal-Hydraulic Qualification Studies

was that MAAP had a wide range of applicability; however, a few limitations were

identified. In many instances, code limitations can be addressed with proper sensitivity

analysis to assure that the results are insensitive to any modeling deficiencies. The

-~." 
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current position on MAAP code limitations can be found on the secure MAAP4 web site.

That list of code limitations has been provided in Table 2-1.

Relative to Braidwood, this means that the minimum systems required to mitigate a

large break LOCA should be based on a source other than MAAP. In this case, plant

design basis analysis forms the basis for that success criteria.

The MAAP4 Applications Guidance Document to be released later in 2009 will include a

more detailed description of code limitations and methods to address them.
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TABLE 2-1
USE OF MAAP TO REPRESENT LEVEL I SUCCESS CRITERIA FOR THE CORE

ACCIDENT DEFINITION COMMENT

Double Ended Guillotine Cold Since the accident causes the flow to reverse initially, do not use MAAP
Leg Break until reflood is complete. Use DBA codes during this interval. After

reflood MAAP will track the accident sequences.

Double Ended Hot Leg Rupture Flow in the core does not reverse and MAAP can be used.

Large Break Cold Leg LOCA If the flow within the core is not reversed, MAAP will calculate the
but Less Than a DECL Break appropriate heat up and potential shutdown of the nuclear reaction;
(Leak-Before-Break) benchmark with LOFT FP-2 demonstrates the code capabilities.

Medium LOCA Since the flow does not reverse within the core, MAAP can be used for
such success criteria.

Small Break LOCA MAAP treats the behavior under small break LOCAs quite well. This is
evidenced by the successful benchmark with the TMI-2 accident
behavior. Also, the MAAP model has been successfully benchmarked
with the Prairie Island steam generator tube rupture.

Loss of Heat Sink Accidents MAAP represents the behavior of the core.under these conditions quite
well. This is best evidenced by the benchmarks with the Davis-Besse
Loss-of-feedwater event (PWR) and the Oyster Creek loss-of-feedwater
event (BWR).

Main Steam Line Break This is a rare initiating event for severe core damage, but the MAAP
model has been benchmarked with the Westinghouse MB-2 experiments
for steam generator response to loss-of-feedwater, MSLB, etc.

3.0 METHODOLOGY

An analysis was performed with MAAP4.0.6 using the existing Byron/Braidwood

parameter file [4, 5]. This version of the code and the plant parameter file are currently

. used to support the Byron and, Braidwood PRA. Multiple, cases were- performed to

investigate containment spray initiation and timing (Section 3.1). These were followed

by a set of cases to determine RWST depletion timing for specific LOCA and bleed and

feed scenarios (Section 3.2). A third and fourth set of cases were performed to

determine uncertainty with respect to modeling input (Section 3.3 and 3.4). References

for the case definitions are defined in Attachment 1.
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3.1 CONTAINMENT SPRAY SENSITIVITY

Containment spray sensitivities were performed to determine initiation times and

maximum containment pressures for varying sized breaks with 0, 1 and 2 trains of

RCFCs. Table 4-1 includes LOCA sizes and RCFCs configurations for cases BBSDP08

thru BBSDP14b. Information is reported for spray initiation and maximum containment

pressure for each case.

The features of the containment spray cases are as follows:

* LOCA initiated at time = 0

* RCPs tripped on RCS pressure < 1425 psig

* Containment spray initiated @ 20 psig containment pressure

e 2 CS pumps available and secured below 9% RWST level

* 0, 1 or 2 RCFC Trains available

* No containment leakage modeled

* 2 RH, 2 SI and 2 CV available

* Cooldown of 1000 F initiated @ 45 minutes

3.2 RWST DEPLETION SENSITIVITY

After feedback from observations of the simulator runs at Braidwood and review of the

Refueling Water Storage Tank Setpoints calculation [8] it was determined that the

affects of flow diversion through the 8812 valves should be explicitly accounted for in

the scenario timelines. The Braidwood design is such that the RWST water can be

diverted to the containment ECCS sump commencing when 8811 valves are opened on

low RWST level (level < 46.7%) and until the 8812 valves are closed. The diversion

rate is a function of a variety of factors including ECCS pump flows and containment

pressure. Such diversion can occur even with 8811 valves partially open. The flow

diversion rates from the RWST to the sump were developed separately [9] and

incorporated into the MAAP thermal hydraulic analyses for the LOCA and bleed and

feed cases. The RWST flow diversion calculation determined sump flows through the

8812 valves for a period of 6 minutes following the RWST reaching a level of 46.7%
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Containment spray sensitivities were performed to determine initiation times and 

maximum containment pressures for varying sized breaks with 0, 1 and 2 trains of 

RCFCs. Table 4-1 includes LOCA sizes and RCFCs configurations for cases BBSDP08 

thru BBSDP14b. Information is reported for spray initiation and maximum containment 

pressure for each case. 

The features of the containment spray cases are as follows: 

• LOCA initiated at time = 0 

• RCPs tripped on RCS pressure < 1425 psig 

• Containment spray initiated @ 20 psig containment pressure 

• 2 CS pumps av~ilable and secured below 9% RWST level 
_........ -... - -" .. _' 

• 0, 1 or 2 RCFC Trains available 

• No containment leakage modeled 

• 2 RH, 2 SI and 2 CVavailable 

• Cooldown of 1000 F initiated @ 45 minutes 

3.2 RWST DEPLETION SENSITIVITY 

After feedback from observations of the simulator runs at Braidwood and review of the 

Refueling Water Storage Tank Setpoints calculation [8] it was determined that the 

affects of flow diversion through the 8812 valves should be explicitly accounted for in 

the scenario timelines. The Braidwood design is such that the RWST water can be 
• _. ." J.. • •• " .. ~ , • 

diverted to the containment ECCS sump commencing when 8811 valves are opened on 

low RWST level (level < 46.7%) and until the 8812 valves are closed. The diversion 

rate is a function of a variety of factors including ECCS pump flows and containment 

pressure. Such diversion can occur even with 8811 valves partially open. The flow 

diversion rates from the RWST to the sump were developed separately [9] and 

incorporated into the MAAP thermal hydraulic analyses for the LOCA and bleed and 

feed cases. The RWST flow diversion calculation determined sump flows through the 

8812 valves for a period of 6 minutes following the RWST reaching a level of 46.7% 



BW-SDP-003 Rev. 2 Page B-19
Appendix B

with ECCS injecting. RWST depletion results were compiled for varying sized LOCAs

and the bleed and feed case.

Initial cases were run with MAAP4 to determine the time to 46.7% RWST level without

flow diversion. That timing was used as the 46.7% timing for each subsequent case.

The flow diversion from the PIPE-FLO analysis [9] was added to the subsequent cases

by reducing the initial RWST inventory to simulate additional inventory loss past 46.7%.

The cases that were performed to simulate closing the 8812 valves terminated the flow

diversion at 7 minutes after reaching an RWST level of 46.7%.

The features of the RWST depletion cases are as follows. Results are presented in

Table 4-2.

Medium 5.2" LOCA -_BBSDP15a

0 Medium 5.2" LOCA (0.148 ft2) located in the hot leg

* Initial RWST inventory = 400500 gal (Tech Spec Minimum)

* RWST flow diversion of 5236.5 gpm for 7 min after RWST reaches
46.7%

* Cooldown of 100°F per hour initiated @ 45 minutes

* RCPs tripped on RCS pressure < 1425 psig

& 3 Accumulators available

* 2 RH, 2 SI and 2 CV available

• RHR available for injection below shutoff head (-190 psia) and
secured 7 minutes after RWST reaches 46.7%

* 2 CS pumps available and secured below 9% RWST level

* All ECCS secured below 9% RWST level

* AFW modeled with 1 train (2 trains not needed)

* 2 RCFC trains (4 fan coolers) available

Small 2" LOCA - BBSDP17a

* Small 2" LOCA (0.022 ft2) located in the hot leg

" Initial RWST inventory = 400500 gal (Tech Spec Minimum)

* RWST flow diversion of 11891 gpm for 7 min after RWST reaches
46.7% (PIPE-FLO analysis for 2" break assumed RH operation.
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. .... ~ .-
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Since this results in a smaller flow diversion, the larger flow
diversion for a 0.86" break was conservatively used.)

0 Cooldown of 100°F per hour initiated @ 45 minutes
* RCPs tripped on RCS pressure < 1425 psig
• No Accumulators available
* 2 RH, 2 SI and 2 CV available
* RHR available for injection below shutoff head (-190 psia) and

secured 7 minutes after RWST reaches 46.7%
* 2 CS pumps available and secured below 9% RWST level
* All ECCS secured below 9% RWST level

• AFW modeled with 1 train (2 trains not needed)
• 2 RCFC trains (4 fan coolers) available

Medium 3" LOCA- BBSDPIa

* Medium 3" LOCA (0.049 ft 2 ) located in the hot leg

* Initial RWST inventory = 400500 gal (Tech Spec Minimum)

• RWST flow diversion of 7310 gpm for 7 min after RWST reaches
46.7% (PIPE-FLO results were not generated for a 3" break, the 2"
break flow diversion was conservatively assumed.)

* Cooldown of 100OF per hour initiated @ 45 minutes

* RCPs tripped on RCS pressure < 1425 psig

• No Accumulators available

• 2 RH, 2 SI and 2 CV available

• RHR available for injection below shutoff head (-190 psia) and
secured 7 minutes after RWST reaches 46.7%

* 2 CS pumps available and secured below 9% RWST level

o All ECCS'secured below 9% RWST level

* AFW modeled with 1 train (2 trains not needed)

* 2 RCFC trains (4 fan coolers) available

Small 0.86" LOCA - BBSDP18a

* Small 0.86" LOCA (0.004 ft2) located in the hot leg

* Initial RWST inventory = 400500 gal (Tech Spec Minimum)
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Since this results in a smaller flow diversion, the larger flow 
diversion for a 0.86" break was conservatively used.) 

• Cooldown of 100°F per hour initiated @ 45 minutes 

• RCPs tripped on RCS pressure < 1425 psig 
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• 2 RH, 2 SI and 2 CVavailable 
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Medium 3" LOCA -: BBSDP1.§a 

• Medium 3" LOCA (0.049 ft2) located in the hot leg 

• Initial RWST inventory = 400500 gal (Tech Spec Minimum) 

• RWST flow diversion of 7310 gpm for 7 min after RWST reaches 
46.7% (PIPE-FLO results were not generated for a 3" break, the 2" 
break flow diversion was conservatively assumed.) 

• Cooldown of 100°F per hour initiated @ 45 minutes 

• RCPs tripped on RCS pressure < 1425 psig 

• No Accumulators available 

• 2 RH, 2 SI and 2 CV available 

• RHR available for injection below shutoff head (-190 psia) and 
secured 7 minutes after RWST reaches 46.7% 

• 2 CS pumps available and secured below 9% RWST level 

• All ECCS'secured below 9% RWST level 

• AFW modeled with 1 train (2 trains not needed) 

• 2 RCFC trains (4 fan coolers) available 

Small 0.86" LOCA - BBSDP18a 

• Small 0.86" LOCA (0.004 ft2) located in the hot leg 

• Initial RWST inventory = 400500 gal (Tech Spec Minimum) 

- - - . - -':: 
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* RWST flow diversion of 11891 gpm for 7 min after RWST reaches
46.7%

* Cooldown of 100OF per hour initiated @ 45 minutes
* RCPs tripped on RCS pressure < 1425 psig
* No Accumulators available

* 2 RH, 2 SI and 2 CV available
* RHR available for injection below shutoff head (-190 psia) and

secured 7 minutes after RWST reaches 46.7%
* 2 CS pumps available and secured below 9% RWST level
* All ECCS secured below 9% RWST level
* AFW modeled with 1 train (2 trains not needed)
* 2 RCFC trains (4 fan coolers) available

Bleed & Feed - BBSDP25a

* Bleed and Feed, 1 Porv & 1 Reactor Head Vent (secured @ 9%
RWST Level)

* Initial RWST inventory = 400500 gal (Tech Spec Minimum)
* RWST flow diversion of 11891 gpm for 7 min after RWST reaches

46.7% (Since PIPE-FLO results were generated for bleed and feed
with a combined 2" LOCA, the flow diversion for the 0.86" case was
conservatively assumed for the bleed and feed case.)

• RCPs tripped on RCS pressure < 1425 psig
* No Accumulators available
* 1 SI and 1 CV available
a RHR available for injection below shutoff head (-190 psia) and

secured 7 minutes after RWST reaches 46.7%
2 CS pumps available and secured below 9% RWST level,.

* All ECCS secured below 9% RWST level
* No AFW available
* 1 RCFC train (2 fan coolers) available
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• RWST flow diversion of 11891 gpm for 7 min after RWST reaches 
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3.3 5.2" LOCA RWST DEPLETION UNCERTAINTY SENSITIVITIES

Multiple cases were developed to determine the sensitivity of the timing results to the

uncertainty of the MAAP input. Sensitivities identified in previous MAAP4 benchmark

studies included changes to the break flow, primary system void fraction, steam

generator natural circulation heat transfer coefficient, and the break location. Results

are presented in Table 4-3.

The changes and basis for each sensitivity case are as follows:

BBSDP1 5a

See Section 3.2 for base case description

BBSDP15Ial - Break Size Sensitivity

Same as BBSDP15a except:
* 10% increase in LOCA break size

From Reference 6: Section 2.3.2 Sensitivity Study Results for
"Variation in Break Area". The investigation to critical flow uncertainty
recommends a change to break flow area of 10%.

BBSDP15a2 - Primary System Void Fraction Sensitivity

Same as BBSDP15a except:
• VFSEP = 0.6 (base case = 0.5)

VFSEP is the void-fraction in-the primary system above which the two-
phase mixture characteristics no longer lead to the carrying of water
over the highest point in the reactor coolant system. Typically this is
the top of the steam generators for the inverted U-tube designs and the
top of the hot legs for the B&W designs. As a result, the phases
separate to a large degree. Two-phase natural circulation can still
continue but in a different manner, e.g., countercurrent reflux cooling
between the steam generators and the core. This parameter
influences the time at which the core is uncovered. It also affects the
void fraction of the break flow for primary system LOCA sequences. In
addition, the heat transfer to the secondary side is somewhat
influenced by this parameter. Values between 0.4 and 0.6 are typical
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Multiple cases were developed to determine the sensitivity of the timing results to the 

uncertainty of the MAAP input. Sensitivities identified in previous MAAP4 benchmark 

studies included changes to the break flow, primary system void fraction, steam 

generator natural circulation heat transfer coefficient, and the break location. Results 

are presented in Table 4-3. 

The changes and basis for each sensitivity case are as follows: 

BBSDP15a 

See Section 3.2 for base case description 

. BBSDP15a1 - Break Size Sensitivity 

Same as BBSDP15a except: 

• 10% increase in LOCA break size 

From Reference 6: Section 2.3.2 Sensitivity Study Results for 
"Variation in Break Area". The investigation to critical flow uncertainty 
recommends a change to break flow area of 10%. 

BBSDP15a2 - Primary System Void Fraction Sensitivity 

Same as BBSDP15a except: 

• VFSEP = 0.6 (base case = 0.5) 

VF-SEP is thevoid·,fraction inthe primarj system above which the two­
phase mixture characteristics no longer lead to the carrying of water 
over the highest point in the reactor coolant system. Typically this is 
the top of the steam generators for the inverted U-tube designs and the 
top of the hot legs for the B&W designs. As a result, the phases 
separate to a large degree. Two-phase natural circulation can still 
continue but in a different manner, e.g., countercurrent reflux cooling 
between the steam generators and the core. This parameter 
influences the time at which the core is uncovered. It also affects the 
void fraction of the break flow for primary system LOCA sequences. In 
addition, the heat transfer to the secondary side is somewhat 
influenced by this parameter. Values between 0.4 and 0.6 are typical 
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of the Flecht-Seaset tests (EPRI Report NP-3497 - Flecht-Seaset
experiment).

From Reference 7: The sensitivity of the primary system response to
the value of VFSEP should be evaluated routinely, as suggested in
Section 4 (Uncertainty and Sensitivity Analysis) of this document. And
from Reference 1 (parameter file guidance): Adjust for sequences and
sensitivity in conjunction with VFSEP for Level 1 and Level 2
sequences.

Values for the parameter were verified from 0.4 to 0.6 and the 0.6
resulted in the greatest RWST deletion times.

BBSDP15a3 - Steam Generator Natural Circulation Heat Transfer Coefficient
Sensitivity

Same as BBSDP15 except:

HTSTAG adjusted to 500 W/M**2-C (base case = 850.0 W/M**2-C)

HTSTAG is the natural circulation (reactor coolant pumps off) steam
generator primary side heat transfer coefficient when single- or two-
phase natural circulation is occurring in the coolant loops. Note that
the coolant velocity and void fraction distribution are not computed
under these conditions.

From Reference 4 (parameter file guidance): It is suggested that users
assess the sensitivity of the results to the value of HTSTAG for Level 1
sequences, using values between 425 and 2500 W/m**2-C. It has the
potential to have a limited affect on heat transfer to the steam
generator. -. - --

The lower end of the applicable range was selected to minimize
secondary side heat transfer and maximize ECCS demand resulting in
a more rapid RWST depletion.

BBSDP15a4 - Break Location Sensitivity

Same as BBSDP15a except:

. Changed break location from hot leg to cold leg

',' ." ,-:::... 
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of the Flecht-Seaset tests (EPRI Report NP-3497 - Flecht-Seaset 
experiment). 

From Reference 7: The sensitivity of the primary system response to 
the value of VFSEP should be evaluated routinely, as suggested in 
Section 4 (Uncertainty and Sensitivity Analysis) of this document. And 
from Reference 1 (parameter file guidance): Adjust for sequences and 
sensitivity in conjunction with VFSEP for Level 1 and Level 2 
sequences. 

Values for the parameter were verified from 0.4 to 0.6 and the 0.6 
resulted in the greatest RWST deletion times. 

BBSDP15a3 - Steam Generator Natural Circulation Heat Transfer Coefficient 
_ Sensitivity 

Same as BBSDP15 except: 

• HTSTAG adjusted to 500 W/M**2-C (base case = 850.0 W/M**2-C) 

HTSTAG is the natural circulation (reactor coolant pumps off) steam 
generator primary side heat transfer coefficient when single- or two­
phase natural circulation is occurring in the coolant loops. Note that 
the coolant velocity and void fraction distribution are not computed 
under these conditions. 

From Reference 4 (parameter file guidance): It is suggested that users 
assess the sensitivity of the results to the value of HTSTAG for Level 1 
sequences, using values between 425 and 2500 W/m**2-C. It has the 
potential to have a limited affect on heat transfer to the steam 

. :" generator: - , ':. -",.,,- ",-', :',-, ",", " .. " 

The lower end of the applicable range was selected to minimize 
secondary side heat transfer and maximize ECCS demand resulting in 
a more rapid RWST depletion. 

BBSDP15a4 - Break Location Sensitivity 

Same as BBSDP15a except: 

• Changed break location from hot leg to cold leg 

. ," .' .... - "-
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3.4 2" LOCA RWST DEPLETION UNCERTAINTY SENSITIVITIES

Multiple cases were developed to determine the sensitivity of the timing results to the

uncertainty of the MAAP input. Sensitivities included changes to the break flow, primary

system void fraction, steam generator natural circulation heat transfer coefficient, and

the break location. Results are presented in Table 4-4.

The changes and basis for each sensitivity case are as follows:

BBSDP1 7a

See Section 3.2 for base case description

BBSDP17a1 - Break Size Sensitivity

Same as BBSDP17a except:
* 10% increase in LOCA break size

Refer to Section 3.3 for parameter description.

BBSDP17a2 - Primary System Void Fraction Sensitivity

Same as BBSDP17a except:
. VESEP= 0.6 (basecase= 0.5)

Refer to Section 3.3 for parameter description.

BBSDP17a3 - Steam Generator Natural Circulation Heat Transfer Coefficient
Sensitivity

Same as BBSDP17a except:
* HTSTAG adjusted to 500 W/M**2-C (was 850.0 W/M**2-C)
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Multiple cases were developed to determine the sensitivity of the timing results to the 

uncertainty of the MAAP input. Sensitivities included changes to the break flow, primary 

system void fraction, steam generator natural circulation heat transfer coefficient, and 

the break location. Results are presented in Table 4-4. 

The changes and basis for each sensitivity case are as follows: 

BBSDP17a 

See S-Eiction 3.2 forbase case description 

BBSDP17a1 • Break Size Sensitivity 

Same as BBSDP17a except: 

• 10% increase in LOCA break size 

Refer to Section 3.3 for parameter description. 

BBSDP17a2 • Primary System Void Fraction Sensitivity 

Same as BBSDP17a except: 
. ~. VFSEP' ~ 'O.a {base case ~ . 0.5) . 

Refer to Section 3.3 for parameter description. 

~ .~ ' . 

BBSDP17a3 • Steam Generator Natural Circulation Heat Transfer Coefficient 
Sensitivity 

Same as BBSDP17a except: 

• HTSTAG adjusted to 500 W/M**2-C (was 850.0 W/M**2-C) 
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Refer to Section 3.3 for parameter description.

BBSDP17a4 - Break Location Sensitivity

Same as BBSDP17a except:

, Changed break location from hot leg to cold leg

BW-SDP-003 Rev. 2 
Appendix B 

Refer to Section 3.3 for parameter description. 

BBSDP17a4 - Break Location Sensitivity 

Same as BBSDP17a except: 

• Changed break location from hot leg to cold leg 
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TABLE 4-1
CONTAINMENT SPRAY SENSITIVITY

I RCFC CONT SPRAYS MAX CONT SIMULATIONC # TRAINS 2  INITIATE PRESSURE3  TIME

BBSDP08 5.2' 2 NA 30.7 psia 1 HR

BBSDP08a 5.2' 1 NA 33.4 psia 1 HR

BBSDP08b 5.2" 0 14 min " 35.1 psia 1 HR

BBSDP09 4.5" 2 NA 30.1 psia 1 HR

BBSDP09a 4.5" 1 NA 33.3 psia 1 HR

BBSDP09b 4.5" 0 17 min 35.1 psia 1 HR

BBSDP1O0 4.0" 2 NA 29.5 psia 1 HR

BBSDP10a 4.0" 1 NA 33.1 psia 1 HR

BBSDP10b 4.0" 0 21 mn 35.1 psia 1 HR

BBSDP11a 3.5" 1 NA 32.8 psia 1 HR

BBSDP11b 3.5" 0 26 min 35.1 psia 1 HR

BBSDP12 3.0" 2 NA 27.9 psia 1 HR

BBSDP12a 3.0" 1 NA 32.4 psia 1 HR

BBSDP12b 3.0" 0 33 min 35.1 psia 1 HR

BBSDP13b 2.5" 0 48 min 35.1 psia 1 HR

BBSDP14 2.0" 2 NA 22.8 psia 2 HR

BBSDP14a 2.0" 1 NA 25.6 psia 2 HR

BBSDP14b 2.0" 0 1.7 hr 34.9 psia 2 HR
Notes:

1. LOCA area is increased by 10% to account for uncertainty (e.g. 5.2" is set to 5.45")
2. Each train contains 2 fan coolers with cooling water temperature of 1 OOF
3. Spray set point is 20 psig = 34.7 psia
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4.0 RESULTS 

CASE # 

BBSDP08 

BBSDP08a 

BBSDP08b 

BBSDP09 

BBSDP09a 

BBSDP09b 

BBSDP10 

BBSDP10a 

BBSDP10b 

BBSDP11a 

BBSDP11b 

BBSDP12 

BBSDP12a 

BBSDP12b 

BBSDP13b 

BBSDP14 

BBSDP14a 

BBSDP14b 
Notes: 

TABLE 4-1 
CONTAINMENT SPRAY SENSITIVITY 

LOCA SIZE1 RCFC CO NT SPRAYS MAXCONT 
TRAINS2 INITIATE PRESSURE3 

; 

5.2" 2 NA 30.7 psia 

5.2" 1 NA 33.4 psia 

5.2" 0 14 min I' 35.1 psia 

", 4.5" 2 NA 30.1 psia 

4.5" 1 NA 33.3 psia 

4.5" 0 17 min 35.1 psia 

4.0" 2 NA 29.5 psia 

4.0" 1 NA 33.1 psia 

4.0" 0 21 min 35.1 psia 

3.5" 1 NA 32.8 psia 

3.5" 0 26 min 35.1 psia 

3.0" 2 NA 27.9 psia 

3.0" 1 NA 32.4 psia 

3.0" 0 33 min 35.1 psia 

2.5" 0 48 min 35.1 psi a 

2.0" 2 NA 22.8 psi a 

2.0" 1 NA 25.6 psi a 

2.0" 0 1.7 hr 34.9 psia 

1. LOCA area is increased by 10% to account for uncertainty (e.g. 5.2" is set to 5.45") 
2. Each train contains 2 fan coolers with cooling water temperature of 100F 
3. Spray set point is 20 psig = 34.7 psia 
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SIMULATION 
TIME 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

1 HR 

2 HR 

2 HR 

2 HR 
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TABLE 4-2
RWST DEPLETION ANALYSIS

CASE DESCRIPTION1  CASE # RWST RWST TAF3  CD4  46.7% 46.7% FLOW SIMULATION
46.7%2 9% ITO 9% TO TAF DIVERSION TIME

GPM / MIN

5.2" MLOCA, wAFW, 2CV, 2SI, BBSDP15a 44 min 1.86 hr 2.73 hr 3.48 hr 1.12 hr 1.99 hr 5237 / 7 min 6 hr
Cooldown @ .75 hr, 2 RCFC
trains, flow diversion for 7 min.

3" MLOCA, wAFW, 2CV, 2SI, BBSDP16a 2.00 hr 3.08 hr 6.96 hr 8.74 hr 1.08 hr 4.96 hr 7310 / 7 min 12 hr
Cooldown @ .75 hr, 2 RCFC
trains, flow diversion for 7 min.

2" SLOCA, wAFW, 2CV, 2SI, BBSDP17a 2.54 hr 3.57 hr 12.00 hr 15.91 hr 1.03 hr 9.46 hr 11891 / 7 min 24 hr
Cooldown @ .75 hr, 2 RCFC
trains, flow diversion for 7 min.

.86" SLOCA, wAFW, 2CV, 2SI, BBSDP18a 5.23 hr 8.00 hr 28.21 hr 30.45 hr 2.77 hr 22.98 hr 11891/7 min 36 hr
Cooldown @ .75 hr, 2 RCFC
trains, flow diversion for 7 min.

B&F, NoAFW, 1 PORV, 1 BBSOP25a 8.73 hr 11.94 hr 14.83 hr 16.35 hr 3.21 hr 6.10 hr 11891/7 min 24 hr
Vent, iCV, 1SI, 1 RCFC train,
Porv & Vent Closed @ 9%, flow
diversion for 7 min.

Notes:
1) See Section 3.2 for 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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CASE DESCRIPTION1 

5.2" MLOCA, wAFW, 2CV, 2SI, 
Cooldown @ .75 hr, 2 RCFC 
trains, flow diversion for 7 min. 

3" MLOCA, wAFW, 2CV, 2SI, 
Cooldown @ .75 hr, 2 RCFC 
trains, flow diversion for 7 min. 

2" SLOCA, wAFW, 2CV, 2SI, 
Cooldown @ .75 hr, 2 RCFC 
trains, flow diversion for 7 min . 

. 86" SLOCA, wAFW, 2CV, 2SI, 
Cooldown @ .75 hr, 2 RCFC 
trains, flow diversion for 7 min. 

B&F, No AFW, 1 PORV, 1 
Vent, 1 CV, 1 SI, 1 RCFC train, 
Porv & Vent Closed @ 9%, flow 
diversion for 7 min. 

Notes: 

CASE # 
" 

BBSDP15a 

BBSDP16a 

"1 
, 

BBSDP17a 

BBSDP18a 

BBSOP25a 

1) See Section 3.2 for complete case description 

TABLE 4-2 
RWST DEPLETION ANALYSIS 

RWST RWST TAF3 CD4 

46.7%2 9% , 

44 min 1.86 hr 2.73 hr 3.48 hr 

2.00 hr 3.08 hr 6.96 hr 8.74 'hr 

2.54 hr 3.57 hr 12.00 hr 15.91 hr 

5.23 hr 8.00 hr 28.21 hr 30.45 hr 

'. 

8.73 hr 11.94 hr 14.83 hr 16.35 hr 

.. 
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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46.7% 46.7% FLOW SIMULATION 
TO 9% TOTAF DIVERSION TIME 

GPM/MIN 

1.12 hr 1.99 hr 5237/7 min 6 hr 

1.08 hr 4.96 hr 731017 min 12 hr 

1.03 hr 9.46 hr 1189117 min 24 hr 

2.77 hr 22.98 hr 1189117 min 36 hr 

3.21 hr 6.10 hr 11891/7 min 24 hr 
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TAIDI I= A_'

5.2" LOCA WITH RWST DEPLETION
-UIS

UNCERTAiNTY SENSiTiViTY

CASE DESCRIPTION1  CASE # RWST RWST TAF3  CD4  46.7% 46.7% FLOW SIMULATION
46.7%2 9% T09% TOTAF DIVERSION TIME

GPM/MIN

5.2" MLOCA, wAFW, 2CV, BBSDP15a 45 min 1.86 hr 2.73 hr 3.48 hr 1.12 hr 1.99 hr 5236.5 / 7 min 6 hr
2SI, 2CS, Cooldown @ .75 hr,
2 RCFC train, flow diversion
for 7 min

10% LOCA increase BBSDP15a1 41 min 1.76 hr 2.50 hr 3.20 hr 1.07 hr 1.81 hr 5236.5 / 7 min 6 hr

VFSEP/ VFCIRC BBSDP1 5a2 45 min 1.86 hr 2.73 hr 3.48 hr 1.12 hr 1.99 hr 5236.5 / 7 min 6 hr

HTSTAG BBSDP15a3 45 min 1.85 hr 2.72 hr 3.46 hr 1.11 hr 1.98 hr 5236.5 / 7 min 6 hr

Cold Leg BBSDP15a4 1.58 hr 2.68 hr 5.46 hr 6.28 hr 1.10 hr 3.88 hr 5236.5 / 7 min 12 hr
Notes:

1) See Section 3.3 for variable description
2) Initial volume corresponds to Tech Spec minimum of 400500 gal
3) Top of active fuel exposure
4) Peak cladding temperature > 1800 F

BW-SDP-003 Rev. 2 
Appendix B 

! TABLE 4-3 
5.2" tOCA WITH RWST DEPLETION UNCERTAINTY SENSITIVITY , 

CASE DESCRIPTION' CASE # RWST RWST TAF3 CD4 46.7% 46.7% FLOW 
,! 46.7%2 9% TO 9% TOTAF DIVERSION 

GPM/MIN 

5.2" MLOCA, wAFW, 2CV, BBSDP15a 45 min 1.86 hr 2.73 hr 3.48 hr 1.12 hr 1.99 hr 5236.5 I 7 min 
2SI, 2CS, Cooldown @ .75 hr, : 
2 RCFC train, flow diversion 
for 7 min 

10% LOCA increase BBSDP15a1 41 min 1.76 hr 2.50 hr 3.20 hr 1.07 hr 1.81 hr 5236.5/ 7 min 

VFSEP/ VFCIRC BBS~P15a2 45 min 1.86 hr 2.73 hr 3.48 hr 1.12 hr 1.99 hr 5236.5/7 min 

HTSTAG BBSDP15a3 45 min 1.85 hr 2.72 hr 3.46 hr 1.11 hr 1.98 hr 5236.5 / 7 min 

Cold Leg BBSDP15a4 1.58 hr 2.68 hr 5.46 hr 6.28 hr 1.10 hr 3.88 hr 5236.5/7 min 
Notes: 

1) See Section 3.3 for variable 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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SIMULATION 
TIME 

6 hr 

6 hr 

6 hr 

6 hr 

12 hr 
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TABLE 4-4
2" LOCA WITH RWST DEPLETION UNCERTAINTY SENSITIVITY

CASE DESCRIPTION1  CASE # RWST RWST TAF 3  CD4  46.7% 46.7% FLOW SIMULATION
46.7%2 9% TO 9% TO TAF DIVERSION TIME

GPM / MIN

2" MLOCA, wAFW, 2CV, 2SI, BBSDP17a 2.54 hr 3.57 hr 12.00 hr 15.91hr 1.03 hr 9.46 hr 11891 / 7 min 24 hr
2CS, Cooldown @ .75 hr, 2
RCFC train, flow diversionfor
7 min

10% LOCA increase BBSDP17a1 2.50 hr 3.53 hr 11.11 hr 14.62 hr 1.03 hr 8.61 hr 11891 / 7 min 24 hr

VFSEP/VFCIRC BBSDP17a2 2.54 hr 3.58 hr 12.21 hr 16.14 hr 1.04 hr 9.67 hr 11891 / 7 min 24 hr

HTSTAG BBSDP1 7a3 2.54 hr 3.58 hr 11.94 hr 15.83 hr 1.04 hr 9.40 hr 11891 / 7 min 24 hr

Cold Leg BBSDP17a4 2.54 hr 3.58 hr 22.85 hr 27.00 hr 1.04 hr 20.31 hr 11891 / 7 min 36 hr

Notes:
1) See Section 3.3 for variable 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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TABLE 4-4 
2" LOCA WITH RWST DEPLETION UNCERTAINTY SENSITIVITY 

CASE DESCRIPTION1 ·CASE# RWST RWST TAF3 CD4 46.7% 46.7% FLOW 
46.7%2 9% 

, 
TO 9% TOTAF DIVERSION 

GPM/MIN 

2" MLOCA, wAFW, 2CV, 2SI, BBSDP17a 2.54 hr 3.57 hr 12.00 hr 15.91'hr 1.03 hr 9.46 hr 1189117 min 
2CS, Cooldown @ .75 hr, 2 
RCFC train, flow diversionfor 
7 min 

10% LOCA increase BBSDR17a1 2.50 hr 3.53 hr 11.11 hr 14.62 hr 1.03 hr 8.61 hr 1189117 min 

VFSEPI VFCIRC BBSDp,17a2 2.54 hr 3.58 hr 12.21 hr 16.14 hr 1.04 hr 9.67 hr 1189117 min 

HTSTAG BBSD!:,,17a3 2.54 hr 3.58 hr 11.94 hr 15.83 hr 1.04 hr 9.40 hr 1189117 min 

Cold Leg BBSDP17a4 2.54 hr 3.58 hr 22.85 hr 27.00 hr 1.04 hr 20.31 hr 1189117 min 

Notes: 
1) See Section 3.3 for variable 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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SIMULATION 
TIME 

24 hr 

24 hr 

24 hr 

24 hr 

36 hr 
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5.0 CONCLUSIONS

Results from Table 4-1 demonstrate that containment sprays will not actuate if two

trains of RCFCs are available following small or medium LOCAs. Also, containment

sprays will not actuate for the small LOCA when a single train of RCFCs are available.

The RWST depletion cases in Table 4-2 model medium LOCAs with successful RCS

cooldown, loss of recirculation, all trains of ECCS available, and an RWST flow

diversion for 7 minutes. For the medium LOCA's, there is over 2 hours available from

46.7% (Lo-2) RWST level and a core water level at TAF. For small LOCAs with the

same configuration of ECCS and flow diversion, there is at least 9.5 hours available

from 46.7% (Lo-2) RWST level and a core water level at TAF.
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Results from Table 4-1 demonstrate that containment sprays will not actuate if two 

trains of RCFCs are available following small or medium LOCAs. Also, containment 

sprays will not actuate for the small LOCA when a single train of RCFCs are available. 

The RWST depletion cases in Table 4-2 model medium LOCAs with successful RCS 

cooldown, loss of recirculation, all trains of ECCS available, and an RWST flow 

diversion for 7 minutes. For the medium LOCA's, there is over 2 hours available from 

46.7% (Lo-2) RWST level and a core water level at TAF. For small LOCAs with the 

same configuration of ECCS and flow diversion, there is at least 9.5 hours available 

from 46.7% (Lo-2) RWST level and a core water level at TAF. 
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REFERENCES FOR CASE DEFINITIONS

INDEX CASE DEFINITION REFERENCE

1 Initial RWST Volume - 400500 gallons Tech Spec SR 3.5.4.3, Amendment 98.

2 Charging Pump Curves PSA-B-98-08, Rev. 2, 8/30/99.

1 Charging Pump: Table 25

2 Charging Pumps: Table 27

3 SI Pump Curves PSA-B-98-08, Rev. 2, 8/30/99, 1 SI: Table 21, 2 SI: Table 23

4 RH Pump Curves MAAP4 Parameter File Notebook, BB PRA-009, Rev 2, Jan 2008.

I RH Pump: Parameter File

2 RH Pumps: Double Parameter File Flow

5 RCP Trip @ Primary System Pressure of 1425 psig 1BwEP-0, Step 20, Rev. 202, WOG2.

6 Steam Generator Cool Down Cooldown @ 1 00°F after 45 1 BwEP-ES-1.2, Step 8a, Rev. 202, WOG2.
minutes

7 Containment Spray initiated @ 20 psig MAAP4 Parameter File Notebook, BB PRA-009, Rev 2, Jan 2008.

Parameter File

8 All ECCS Secured Below 9% RWST Level 1BwFEP-F:1.3, Rev. 200, WOG2.

9 RWST flow diversion Flows Analysis of RWST Back Flow to the Containment Sumps, Evaluation 2009-
13491, Revision 0.

10 1," Reactor Vent DWG M-60, Sheet 1 B, Rev BE.

11 Service Water for RCFCs - 1 00°F FSAR Table 6.2-56, Rev 11, Dec 2006.

12 46.7% RWST Level Refueling Water Storage Tank Setpoints, SITH-1, Rev 7, Sept 2007.

13 9% RWST Level Refueling Water Storage Tank Setpoints, SITH-1, Rev 7, Sept 2007.

14 LPI (RH) Secured 7 minutes Past 46.7% Simulator runs observed on 11/10/2009 and 11/11/2009.

15 PORV and Reactor Vent Secured Below 9% RWST Level 1BwFR-C.1, Step 8, Rev. 200, WOG2.

BW-SDP-003 Rev. 2 
Appendix B 
Attachment 1 

B-A1-2 

REFERENCES FOR CASE DEFINITIONS 

INDEX CASE DEFINITION REFERENCE 

1 Initial RWST Volume - 400500 gallons Tech Spec SR 3.5.4.3, Amendment 98. 

2 Charging Pump Curves PSA-B-98-08, Rev. 2, 8/30/99. 

1 Charging Pump: Table 25 

2 Charging Pumps: Table 27 

3 SI Pump Curves PSA-B-98-08, Rev. 2, 8/30/99, 1 SI : Table 21, 2 SI : Table 23 

4 RH Pump Curves MAAP4 Parameter File Notebook, BB PRA-009, Rev 2, Jan 2008. 

1 RH Pump: Parameter File 

2 RH Pumps: Double Parameter File Flow 

5 RCP Trip @ Primary System Pressure of 1425 psig 1 BwEP-O, Step 20, Rev. 202, WOG2. 

6 Steam Generator Cool Down Cooldown @ 100°F after 45 1 BwEP-ES-1.2, Step 8a, Rev. 202, WOG2. 
minutes 

7 Containment Spray initiated @ 20 psig MAAP4 Parameter File Notebook, BB PRA-009, Rev 2, Jan 2008. 

Parameter File 

8 All ECCS Secured Below 9% RWST Level 1BwFEP-F:1.3, Rev. 200, WOG2. 

9 RWST flow diversion Flows Analysis of RWST Back Flow to the Containment Sumps, Evaluation 2009-
13491, Revision o. 

10 1" Reactor Vent DWG M-60, Sheet 1 B, Rev BE. 

11 Service Water for RCFCs - 100°F FSAR Table 6.2-56, Rev 11, Dec 2006. 

12 46.7% RWST Level Refueling Water Storage Tank Setpoints, SITH-1, Rev 7, Sept 2007. 

13 9% RWST Level Refueling Water Storage Tank Setpoints, SITH-1, Rev 7, Sept 2007. 

14 LPI (RH) Secured 7 minutes Past 46.7% Simulator runs observed on 11/10/2009 and 11/11/2009. 

15 PORV and Reactor Vent Secured Below 9% RWST Level 1 BwFR-C.1, St~p 8, Rev. 200, WOG2. 
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1. INCORRECT ALPHA FACTOR FOR 1SI8811 VALVES

A review of the alpha factor for event 1 S1881 1A-B-CMVCC indicated that the
value used was a 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).
Therefore, the alpha factor for this event was changed to 1.58E-02, which is
the value used in the 6D model for other RH valves based on Reference 1.

" These changes were made to the Rev 6D reliability database (A6D.RR)
and saved as file A6D2.RR. The database was then loaded into the A6D
cutset files and saved as file A6D2.cut.

" Note that the current version of the NRC CCF database (Reference 2) has
different CCF parameters for RH valves. The impact of this is investigated
as sensitivity in Appendix E.

New Baseline Values
The new baseline C DF and LERF values are provided below:

Configuration 6D2- 6D. 60 -

All CDF 2.08E-5/yr 2.11E-5/yr
A12 CDF 2.11E-5/yr 2.13E-5/yr
All LERF 2.41E-6/yr 2.41E-6/yr
A12 LERF 2.42E-6/yr 2.42E-6/yr

2. Model Review Requirements

Given the limited changes that were made to the model, the model review can be limited
to a review of the data change m ade in Section 1.

3. SOFTWARE USED

CAFTA 5.3 (EX0007572)
* PRAQUANT 5.Oa (EX0007583)
* QRECOVER 2.3c (EX0007637)

• FORTE 2.2f (EX0003553) ..
* BW-SDP-003 App C Files R1.zip 1,393 KB, 11/23/09 12:10P M

6. REFERENCES

1. U.S. Nuclear Regulatory Commission, "CCF Parameter Estimations, 2003
Update", http://nrcoe.inl.gov/results/CCF/ParamEst2OO3/ccfparamest.htm, May
2006.

2. U.S. Nuclear Regulatory Commission, "CCF Parameter Estimations, 2007
Update", http://nrcoe.inl.gov/results/CCF/ParamEst2007/ccfparamest.htm,
September 2008.

BW-SDP-003 Rev 1 APPENDIXC Page C2 

1. INCORRECT ALPHA FACTOR FOR 1518811 VALVES 

A review of the alpha factor for event 1 818811A-B-CMVCC indicated that the 
value used was a alpha factor that is applied in the model for High Pressure 
Injection MOVs; whereas the 818811 valve is a low pressure valve (maximum 
pressure would be containment pressure ju~t before failure - -100 psig). 

_ Therefore, the alpha factor for this event was changed to 1.58E-02, which is 
the value used in the 60 model for other RH valves based on Reference 1. 

• These changes were made to the Rev 60 reliability database (A60.RR) 
and saved as file A602.RR. The database was then loaded into the A60 
cutset files and saved as file A602.cut. 

• Note that the current version of the NRC CCF database (Reference 2) has 
different CCF parameters for RH valves. The impact of this is investigated 
as sensitivity in Appendix E. 

New Baseline Values 
The new baseline C OF and LE RF values are provided below: 

Confiquration -- 602- .- 6D .-

A11 COF 2.08E-5/vr 2.11 E-5/vr 
A12 COF 2.11 E-5/vr 2.13E-5/yr 
A11 LERF 2.41 E-6/vr 2.41 E-6/vr 
A12 LERF -, 2.42E-6/vr 2.42E-6/vr 

2. Model Review Requirements 

Given the limited changes that were made to the model, the model review can be limited 
to a review of the data change made in Section 1. 

3. SOFTWARE USED 

• CAFTA 5.3 (EX0007572) 
• PRAQUANT 5.0a (EX0007583) 
• QRECOVER 2.3c (EX0007637) 

. -e _ FORTE 22f (EX0003553) 
• BW-SOP-003 App C Files R1.zip 1,393 KB, 11/23/0912:10PM 

6. REFERENCES 

1. U.S. Nuclear Regulatory Commission, "CCF Parameter Estimations, 2003 
Update", http://nrcoe.inl.gov/results/CCF/ParamEst2003/ccfparamest.htm, May 
2006. 

2. U.S. Nuclear Regulatory Com mission, "CCF Parameter Estimations, 2007 
Update", http://nrcoe.inl.gov/results/CCF/ParamEst2007/ccfparamest.htm , 
September 2008. 
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1. PURPOSE

This evaluation examines the risk significance from internal events associated with
failure of 1S1881 1B (ECCS Sump Recirculation MOV) to fully open.

2. EVALUATION

Impact of failure with No Recovery

The SDP evaluation was performed assuming that 1S18811B opened sufficiently to pass
adequate flow to the RH pump; however, based on dual position indication, it i s further
assumed that the control room staff would secure the pump to prevent the possibility of
pump damage, in accordance with their training. This was modeled by replacing basic
event 1S18811B ---- MVCC with event 1S18811BFAILED (probability = 1.0). In addition, as
the potential for common cause failure can not be ruled out, basic event 1S1881 1A-B -
CMVCC was replaced with basic event 1SI881 lAB CCF (probability = 1.58E-02; the
basic event probability divided by the random failure rate). [Replacem ents were
performed by modifying the base model flag files. The flag files were renamed
A11D_1SI8811BFAILED.caf and A11D_I SI8811BFAILED.caf ]. Model revision 6D2
(see Appendix C), which is the 6D model of record (MOR) modified to reflect a correction
to the S 18811 common cause failure alpha factor, was then quantified to determine the
instantaneous change in-CDF and LEIRF 1 .

The results are provided below.

SDP Base Case - 1SI18811B Failed with NO credit for Local Opening2

Delta (SDP Base Case - Rev
Case Truncation Frequency 6D2 Base Case)
A11C SDP 1.OOE-10 1.66E-04 1.45E-04
A12D SDP 1.OOE-10 1.67E-04 1.46E-04
A11L SDP 1.OOE-1 1 4.28E-06 1.87E-06
A12L SDP 1.OOE-11 4.30E-06 1.88E-06

Rev 6D2 Base Case
A11C 1.OOE-10 2.08E-05
Al2C 1.OOE-10 2.11E-05
A11L 1.OOE-11 2.41 E-06
A12L- - 1.OOE-11 2.42E-06"

Although a newer model of record, 6E1 is now in effect, the new MOR includes the AF cross-tie mod,

which was not operational during the time frame of interest to this evaluation.
2 See Files 1S18811 B SDP R1, Sheet "SDP-No Credit for Recovery", R6D1_1S18811 BR1-NO
RECOVERY.qnt and R6D1_1S18811 BR1 - No Recovery.CUT

BW-SOP-003 Rev 1 

1. PURPOSE 

This evaluation exam ines the risk significance from internal events associated with 
failure of 1 SI8811 B (EGGS Sump Recirculation MOV) to fully open. 

2. EVALUATION 

Impact of failure with No Recovery 

Page 02 

. The SOP evaluation was performed assuming that 1 SI8811 B opened sufficiently to pass 
adequate flow to the RH pump; however, based on dual position indication, it i s further 
assumed that the control room staff would secure the pump to prevent the possibility of 
pump damage, in accordance with their training. This was modeled by replacing basic 
event 1S18811 B----MVGG with event 1S18811BFAILEO (probability = 1.0). In addition, as 
the potential for common cause failure can not be ruled out, basic event 1SI8811A-B­
GMVGG was replaced with basic event 1S18811ABGGF (probability = 1.58E-02; the 
basic event probability div ided by the random failure rate). [Replacem ents were 
performed by modifying the base model flag files. The flag files were renamed 
A11 0_1S18811 BFAILEO.caf and A 11 0_1S18811 BFAILEO.caf]. Model revision 602 
(see Appendix G), which is the 60 model of record (MOR) modified to reflect a correction 
to th~L~J8~1~ cgmmon c_ause failure alpha factor, was then qlJ2ntified to de1~rmine the 
instantaneous change in GOF and LERF1. 

The results are provided below. 

SOP Base Case - 1S18811B Failed with NO credit for Local Opening2 

Delta (SOP Base Case - Rev 
Case Truncation Frequency 602 Base Case) 
A11C SOP 1.00E-10 1.66E-04 1.45E-04 
A120 SOP 1.00E-10 1.67E-04 1.46E-04 
A11L SOP 1.00E-11 4.2BE-06 1.B7E-06 
A12L SOP 1.00E-11 4.30E-06 1.BBE-06 

Rev 602 Base Case 
A11C 1.00E-10 2.0BE-05 
A12C 1.00E-10 2.11 E-05 
A11L 1.00E-11 2.41E-06 
A12L --- 1.00E-11 2.42E-06" 

1 Although a newer model of record, 6E1 is now in effect, the new MOR includes the AF cross-tie mod, 
which was not operational during the time frame of interest to this evaluation. 
2 See Files 1S18811B SOP R1, Sheet "SOP-No Credit for Recovery", R601_1SI8811BR1-NO 
RECOVERY.qnt and R601_1 SI8811 BR1 - No Recovery.CUT 
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Internal Events
ACDF ICDP

(/year)
4

1.46E-04 1.29E-04

LERF 323.5 8.86E-01 1.87E-06 IJ1.66E-06

Recovery - Small LOCA and Long Term Bleed and Feed Only

A review of the dominant cutsets from the non-recovere d case (Appendix I) identified
that the major risk contributors were Long Term Bleed and Feed (with 1 Train of ECCS
failed), Small LOCAs with either all equipment available or 1 train ECCS failed and
Medium LOCAs with either all equipment available or 1 train ECCS failed. Since there is
procedural direction in 1BwCA-1.1 to locally open the sump recirculation valves
(S18811), local recovery can be credited. Appendix A documents the human error
probability (HE P) associated with this action. Basic event 1S18811 B-SBHPMOA in the
non-recovered cutsets was assigned the HEP of 6.5E-03. Based on the results
developed in Appendix B, however, containment spray would only be expected to
actuate for a 2" diameter break if no RCECs are available. One train of RCFCs is
sufficient for small LOCAs to prevent CS actuation. The un-recovered cutsets were
reviewed and it was determined that there were no sequences with fai lure of either
S18811 valve that would result in failure of both trains of RCFCs. Therefore, these
sequences are considered negligible and an HE P was not developed for these c utsets.

This was accomplished using recovery file QRX-1S1881 1B FAILED.txt and then changing
the probability of event IS 18811 B-SB HPMOA to 6.5E-03 in the recovered cutset file.

The cutsets were then reviewed to determine if the were any new dependenci es
introduces through the addition of the recovery action. With one exception, all other
operator actions with the recovered cutsets were actions sufficient removed in time and
also occurred prior to the operator action to transition to E CCS recirculation. Therefore,
these actions have zero dependency on the act ion to locally open 1S 18811 B. The one
exception was 1SISUMPVLV-HMVOA, which is the action to manual open the valves
from the control room do to failure of the open signal to the valve. Failure of this action is
assumed to have complete dependence with the local action to open the valve. As a
result, localýrecovery was removed from this cutset.

3 See Section 3.0, Main Report, for calculation of the exposure days that includes 2 days repair time.
4 Average between All and A22 configurations
5 See Section 3.0, Main Report, for calculation of the exposure days that includes 2 days repair time.
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Exposure Period Internal Events 
Days Fraction" ilCDF ICDP 

Metric (/year)4 

GDF 323.5~ 8.86E-01 1.46E-04 1.29E-04 

LERF 323.5 8.86E-01 1.87E-06 1.66E-06 

Recovery - Small LOCA and Long Term Bleed and Feed Only 

A review of the dom inant cutsets from the non-recovere d case (Appendix I) identified 
that the major risk contributors were Long Term Bleed and Feed (with 1 Train of ECCS 
failed), Small LOGAs with either all equipment available or 1 train EGGS failed and 
Medium LOCAs with either all equipment available or 1 train ECCS failed. Since there is 
procedural direction in 1BwCA-1.1 to locally open the sum p recirculation valves 
(SI8811), local recovery can be credited. Appendix A documents the human error 
probability (HE P) associated with this action. Basic event 1S18811 B-SBHPMOA in the 
non-recovered cutsets was assigned the HEP of 6.SE-03. Based on the results 
developed in Appendix B, however, containment spray would only be expected to 
actuate for a 2" diameter break if no RCEGs are available. One train of-RGFCs is 
sufficient for small LOCAs to prevent GS actuation. The un-recovered cutsets were 
reviewed and it was determined that there were no sequences with fai lure of either 
SI8811 valve that would result in failure of both trains of RCFCs. Therefore, these 
sequences are considered negligible and an HE P was not developed for these c utsets. 

This was accomplished using recovery file QRX-1SI8811BFAILED.txt and then changing 
the probability of event 1SI8811B-SBHPMOA to 6.SE-03 in the recovered cutset file. 

The cutsets were then reviewed to determ ine if the were any new dependenci es 
introduces through the addition of the recovery action. With one exception, all other 
operator actions with the recovered cutsets were actions sufficient removed in time and 
also occurred prior to the operator action to transition to E CCS recirculation. Therefore, 
these actions have zero dependency on the act ion to locally open 1 S 18811 B. The one 
exception was 1SISUMPVLV-HMVOA, which is the action to manual open the valves 
from the control roo m do to fai lure of the open signal to the valve. Failure of this action is 
assumed to have com plete dependence with the local action to open the valve. As a 
result, local'-recovery was removed from this cutset. . .~ ... " "'.' , " -'. 

3 See Section 3.0, Main Report, for calculation of the exposure days that includes 2 days repair time. 
4 Average between A 11 and A22 configurations 
5 See Section 3.0, Main Report, for calculation of the exposure days that includes 2 days repair time. 
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The results are provided below.

SDP Base Case - 1 S1881 1 B Failed with credit for Local Openingdurina Small LOCA and B&F Only 6

Case Truncation Frequency Delta
A11C SDP 1.O0E-10 3.66E-05 1.57E-05
A12D SDP 1.00E-10 3.68E-05 1.58E-05
A11L SDP 1.00E-11 2.54E-06 1.29E-07
A12L SDP 1.OOE-11 2.55E-06 1.29E-07

Exposure Period Internal Events

Days Fraction 2 ACDF ICDP

Metric 
(/year)7

CDF 323.5 8.86E-01 1.58E-05 1.40E-05

LERF 323.5 8.86E-01 1.29E-07 1.14E-07

Recovery,- Medium LOCA, Small LOCA and Long Term -Bleed -and Feed .

With failure of the iS188111B (with no credit for local recovery), medium LOCAs become
a significant contributor to CDF. Additional T-H analyses were performed (see Appendix
B) to determine the LOCA conditions under which Containment Spray would actuate.
This was needed for this evaluation as CS spray actuation significantly accelerates
depletion of the RWS T inventory and reduces the tim e 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 dev elop additional accident sequences and separate
Human Error Probabilities (HEPs) based on the number of RCFC trains that are
available. This is seen in the developm ent 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 development of the HEP. ,

Therefore, additional modeling detail for medium LOCAs was considered to determine
how many RCFCs are required to prevent CS actuation. However, if only 1 Train of

.:%ýRCFCs (2 individual units) operates, CS is-expected to actuate, especially forthelarge
end of the break size. For break sizes in the 2" - 3" diameter range, CS spray may or
may not actuate with-1 Train of RCFCs. If neither train of RCFCs is available, then CS
actuation is expected to occur. Therefore, the SDP evaluation includes this additional
modeling detail by using different HEP s, depending on the status of the RCF Cs.

To support the HRA analysis, additional T-H analysis were performed (see Appendix B)
to determine the LOCA conditions under which Containment Spray would actuate. This

6 See Files 1S18811B SDP R1, Sheet "SDP-SLOCA Recovery Only", R6D1_lSI8811BR1-SLOCA

RECOVERY ONLY.qnt and R6Dl_1 S1881 1 BR1 - SLOCA Recovery Only.CUT.

7 Average between All and Al 2 configurations
8 See Section 3.0, Main Report, for calculation of the exposure days that includes 2 days repair time.
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The results are provided below. 

SOP Base Case - 1518811 B Failed with credit for Local Opening 
during Small LOCA and B&F Onl~6 

Case Truncation Frequency Delta 
A11C SOP 1.00E-10 3.66E-05 1.57E-05 
A120 SOP 1.00E-10 3.68E-05 1.58E-05 
A11L SOP 1.00E-11 2.54E-06 1.29E~07 

A12L SOP 1.00E-11 2.55E-06 1.29E-07 

Exposure Period Internal Events 
Days Fraction ;< ACDF ICDP 

Metric (/yearf 

COF 323.5~ 8.86E-01 1.S8E-OS 1.40E-OS 

LERF 323.5 8.86E-01 1.29E-07 1.14E-07 

Recevery,.. Medium LOCA, Small LOCA and Long Term-Bleed 'and Feed 

With failure of the 1 S 18811 B (with no credit for local recovery) , medium LOCAs become 
a significant contributor to COF. Additional T-H analyses were performed (see Appendix 
B) to determine the LOCA conditions under which Containment Spray would actuate. 
This was needed for this evaluation as CS spray actuation signi ficantly accelerates 
depletion of the RWS T inventory and reduces the tim e 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 accident sequences and separate 
Human Error Probabilities (HEPs) based on the number of RCFC trains that are 
available. This is seen in the developm ent 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 development of the HEP. 

Therefore, additional modeling detail for medium LOCAs was considered to determine 
how many RCFCs are required to prevent CS actuation. However, if only 1 Train of 

';'; 'R6FCs (2 individual units) operates, CS is 'expected to actuate, especii:myfor the'large 
end of the break size. For break sizes in the 2" - 3" diameter range, CS spray mayor 
may not actuate with·1 Train of RCFCs. If neither train of RCFCs is available, then CS 
actuation is expected to occur. Therefore, the SOP evaluation includes this additional 
modeling detail by using different HEP s, depending on the status of the RCF Cs. 

To support the HRA analysis, additional T -H analysis were performed (see Appendix B) 
to determine the LOCA condit,ions under which Containment Spray would actuate. This 

6 See Files 1S18811 B SDP R1, Sheet "SDP-SLOCA Recovery Only", R6D1_1SI8811BR1-SLOCA 
RECOVERY ONL Y,qnt and R6D1_1 SI8811 BR1 - SLOCA Recovery Only.CUT. 

7 Average between A 11 and A 12 configurations 
8 See Section 3,0, Main Report, for calculation of the exposure days that includes 2 days repair time. 
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was needed for this evaluati on as CS spray actuation significantly reduces the time
available to the operators to establish ECCS recirculation. The base PRA model
conservatively assumed that CS would always actuate for Medium LOCAs to simplify the
model to avoid developing separate Human Error Probabilities (HEPs) dependant on the
number of RCFC trains that are available. The T-H analysis performed in Appendix B
resulted in the following 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 9

Medium LOCA (2" - 3") 0 Yes
Medium LOCA (3" - 5.2") 2 No
Medium LOCA (3" - 5.2") 1 Assumed10

Medium LOCA (3" - 5.2") 0 Yes

Based on these results, potential timel ines for human failure events were developed
based on time available to take the action:

* Small LOCA with 1 or more RCFC trains available
" Medium LOCA with Both RCFC trains available
0

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

* Small LOCA with no RCFCs available 1"
* Medium LOCA with 1 or 0 RCFC trains available

The HEP for medium LOCAs without CS spray actuation are developed in Appendix A.
With CS spray actuation and the draining of RW ST inventory to the sump during the time
when both the S 18811 and S18812 valves are open, it is conservatively assumed that
there is insufficient time to locally open the S1881 1A/B valves. These conditions are
applied based on cutset review to the action 1S 1881 1B-MBHPMOA as follows:

Medium LOCA with both RCFC trains available (No CS actuation) - 6.OE-03
uMedium LoCAwith 1 or 0 R,-FC trains available (CS actuation) - 1.0

This was accomplished by adding event 1S18811B-MBHPMOA (probability = 6.OE-3)to
all medium LOCA cutsets with failure of 1S18811. Then event 1SI11B-MLADJUST
(probability = 1.0/6.0E-03 = 166.7) was added to those cutsets with 1S 18811B-
MBHPMOA that also fail 1 train of RC FCs (i.e., cutsets with loss of a DC or AC train or
loss of 1 train of RCFC actuation). This eliminates credit for the action to locally open
1S18811 A/B for these cutsets.

9 Actual analysis shows no CS actuation, but CS is assumed to actuate as Containment pressure is -2 psia
below the CS setpoint10 Actual analysis shows no CS actuation, but CS is assumed to actuate as Containment pressure is within

-2 psia psia of the setpoint
"This HEP was not developed as there were no cutsets prior to crediting recovery that had this condition
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was needed for this evaluati on as CS spray actuation significantly reduces the tim e 
available to the operators to establish ECCS recirculation. The base PRA model 
conservatively assumed that CS would always actuate for Medium LOCAs to simplify the 
model to avoid developing separate Human Error Probabilities (HEPs) dependant on the 
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Based on these results, potential timel ines for human failure events were developed 
based on time available to take the action: 

• Small LOCA with 1 or more RCFC trains available 
• Medium LOCA with Both RCFC trains available 
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Credit is not given for local operation of the 881 1A/B valves in cases where CS is 
assumed to actuate: 

• Small LOCA with no RCFCs available 11 

• Medium LOCA with 1 or 0 RCFC trains available 

The HEP for medium LOCAs without CS spray actuation are developed in Appendix A. 
With CS spray actuation and the draining of RW ST inventory to the sum p during the time 
when both the SI8811 and SI8812 valves are open, it is conservatively assumed that 
there is insufficient time to locally open the S18811A1B valves. These conditions are 
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all medium LOCA cutsets with failure of 1S18811. Then event 1S111 B-MLADJUST 
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9 Actual analysis shows no CS actuation, but CS is assumed to actuate as Containment pressure is -2 psia 
below the CS setpoint 
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The results are provided below.

SDP Base Case - 1 S1881 1 B Failed with credit for Local OpeningFollowina MLOCA. SLOCA. and B&F 12

Case Truncation Frequency Delta
A11C SDP 1.00E-10 2.16E-05 7.90E-07
A12D SDP 1.O0E-10 2.19E-05 8.19E-07
A11L SDP 1.00E-1 1 2.42E-06 9.90E-09
A12L SDP 1.OOE-11 2.43E-06 9.90E-09

Exposure Period Internal Events

Days Fraction ' ACDF ICDP

Metric 
(/year)13

CDF 323.5T' 8.86E-01 8.05E-07 7.13E-07
LERF 323.5 8.86E-01 9.90E-09 8.77E-09

The following files were used in this evaluation:

BW-SDP-003 App D Files Rl.zip, 3,586kb, 12/17/09, 10:57amf

3. SOFTWARE USED

0

S

0

CAFTA 5.3 (EX0007572)
PRAQUANT 5.Oa (EX0007583)
QRECOVER 2.3c (EX0007637)
FORTE 2.2f (EX0003553)

12 See File 1S18811B SDP RI, Sheet "SDP-Full Recovery", R6Dl_1SI8811BR1-LOCA & B&F.qnt and

R6Dl_1SI8811BR1 - R6D1_1SI8811BR1 - LOCA & B&F Recovery.CUT

13 Average between All and A12 configurations
14 See Section 3.0, Main Report, for calculation of the exposure days that includes 2 days repair time.
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The results are provided below. 

SOP Base Case - 1518811 B Failed with credit for Local Opening 
Following MLOCA, SLOCA, and B&F12 

Case Truncation Frequency Delta 
A11C SOP 1.00E-10 2.16E-05 7.90E-07 
A120 SOP 1.00E-10 2.19E-05 B.19E-07 
A11L SOP 1.00E-11 2.42E-06 9.90E-09 
A12L SDP 1.00E-11 2.43E-06 9.90E-09 

Exposure Period Internal Events 
Days Fraction ~ .dCDF ICDP 

Metric (/year)13 

COF 323.5 '4 8.86E-01 8.05E-07 7.13E-07 
LERF 323.5 8.86E-01 9.90E-09 8.77E-09 

The following files were used in this evaluati on: 

BW'::SDP~003 App 0 Files R1.tip, 3,586kb, 12/17/09, 10:57am 

3. SOFTWARE USED 

• CAFTA 5.3 (EX0007572) 
• PRAQUANT 5.0a (EX0007583) 
• QRECOVER 2.3c (EX0007637) 
• FORTE 2.2f (EX0003553) 

12 See File 1S18811B SOP R1, Sheet "SOP-Full Recovery", R601_1S18811 BR1-LOCA & B&F.qnt and 
R601_1S18811 BR1 - R601_1S18811BR1 - LOCA & B&F Recovery.CUT 

13 Average between A11 and A12 configurations 
14 See Section 3.0, Main Report, for calculation of the exposure days that includes 2 days repair time. 
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1. PURPOSE

This Appendix evaluates the impact of different assumptions used in the SDP
evaluation. The scope of these evaluations are:

* Success Criteria for the number of Pzr PORVs required for Bleed and Feed
Cooling

* Use of the SPAR-H model versus the HRA Calculator for determining credit for
recovery of 1S1881 lB.

* Impact of not assuming common cause failure potential between 1S18811A/B

2. SUCCESS CRITERIA FOR THE NUMBER OF PZR PORVS REQUIRED
FOR BLEED AND FEED COOLING

The risk impacts of failure of 1S1881 1B to fully open include a significant contribution
from Loss of DC Bus 111 initiating events with random failures of the B AF pump
followed by successful Bleed and Feed using 1 Pzr PORV. A review of the NRC SPAR
model for Braidwood (Reference E2) identifi ed a different assumption related to Bleed
and Feed, specifically, that 2 Pzr PORVs are required for success.

For this sensitivity study, the R6D2 Fault tree (Master6DI PORV.caf) was revised by
-changing gate 1 RC-P ORV-1 -RQD to 1RC-PORV-2-RQD for all Bleed and Feed
scenarios that credit only 1 PORV for success.

The results of the SDP analysis using the revised requirement for requiring 2 Pzr PORVs
for Bleed and Feed is provided below:

2 PORVs Required Sensitivity Case - 1S18811B Partially
open with credit for Local Ooenina

Case Truncation Frequency Delta
A11C 1.OOE-10 8.50E-05 5.66E-07
Al 2C 1.OOE-1 0 8.56E-05 5.68E-07
A11L 1.OOE-11 5.24E-06 9.80E-09
A12L 1.OOE-11 5.26E-06 9.90E-09

2 PORV Require Base Case
A11C 1.OOE-10 8.44E-05
A12C 1.00E-10 8.51E-05
A11L 1.OOE-11 5.23E-06
A12L 1.OOE-11 5.25E-06

Exposure Period Internal Events

Days Fraction1  ACDF ICDP

Unit (/year)

CDF 323.5 8.86E-01 5.67E-07 5.02E-07

LERF 323.5 8.86E-01 9.85E-09 8.72E-09

1 Fraction = # days divided by 365.25 days/year, including 2 days repair time
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This Appendix evaluates the impact of different assumptions used in the SDP 
evaluation. The scope of these evaluations are: 

• Success Criteria for the number of Pzr PORVs required for Bleed and Feed 
Cooling 
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• Use of the SPAR-H model versus the HRA Calculator for determining credit for 
recovery of 1S18811B. 

• Impact of not assuming common cause failure potential between 1SI8811NB 

2. SUCCESS CRITERIA FOR THE NUMBER OF PZR PORVS REQUIRED 
FOR BLEED AND FEED COOLING 

The risk impacts of fail ure of 1 SI8811 B to fully open include a signific ant contribution 
from Loss of DC Bus 111 initiating events with random failures of the B AF pump 
followed by successful Bleed and Feed using 1 Pzr PORV. A review of the NRC SPAR 
model for Braidwood (Reference E2) identifi ed a different assum ption related to BI eed 
and Feed, specifically, that 2 Pzr PORVs are required for success. 

For this sensitivity study, the R6D2 Fault tree (Master6D_1 PORV.caf) was revised by 
·changing gate 1 RC-PORV-1-RQD to 1HC-PORV-2-RQD for all Bleed and Feed 
scenarios that credit only 1 PORV for success. 

The results of the SDP analysis using the revised requirement for requiring 2 Pzr PORVs 
for Bleed and Feed is provided below: 

2 PORVs Required Sensitivity Case -1S18811B Partially 
open with credit for Local Opening 

Case Truncation Frequency Delta 
A11C 1.00E-10 8.50E-05 5.66E-07 
A12C 1.00E-10 8.56E-05 5.68E-07 
A11L 1.00E-11 5.24E-06 9.80E-09 
A12L 1.00E-11 5.26E-06 9.90E-09 

2 PORV Require Base Case 
A11C 1.00E-10 8.44E-05 
A12C 1.00E71O 8.51 E-05 
A11L 1.00E-11 5.23E-06 
A12L 1.00E-11 5.25E-06 

Exposure Period Internal Events 
Days Fraction aCDF ICDP 

Unit (Iyear) 

CDF 323.5 8.86E-01 5.67E-07 5.02E-07 

LERF 323.5 8.86E-01 9.85E-09 8.72E-09 

1 Fraction = # days divided by 365.25 days/year, including 2 days repair time 
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The results of this sensitivity study show that with the revised Pzr PORV success
criterion, the risk impact of the 1S18811B failure is less than the impact using the base
Braidwood PRA model. This lower risk impact with this assumption can be explained by
recognizing that the risk impact with the current success criteria includes a significant
contribution from the Loss of DC Bus 111 Initiating Event. With the change in Pzr PORV
success criteria, the Loss of DC Bus 111 fails one Pzr PORV, and hence Bleed and
Feed. As a result, further failure of the 1S18811B valve has no impact on these scenarios
as they go to core damage due to failure create a bleed path, regardless of the status of
the S18811 valves.

Files Used:
BW-SDP-003 App E 2PORV Files.zip 3,104,784B, 12/11/09, 7:55pm

3. USE OF THE SPAR-H MODEL VERSUS THE HRA CALCULATOR

A sensitivity study was done to determine the impact of using a different human reliability
probability methodology (SPAR-H) rather the EPRI HRA Calculator which is the
methodology used in the Braidwood P RA. This different methodology was only applied
to the action to locally open the S18811 valves. Appendix A provides HEP values using
the SPAR-H methodology. These values were substituted into the SD P result file as
shown below:- - L.. '...

Basic Event Applied HRA Calc SPAR-H
1S18811B-SBHPMOA Small LOCAs 6.5E-03 9.9E-03
1S18811B-MBHPMOA Medium LOCAs-All RCFCs 6.OE-03 9.1E-02

Available
1SI11B-MLADJUST Medium LOCAs - Multiplier when 1 166.7 11.0

or more RCFC trains unavailable (1/9.1E-02)
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The results of this sensitivity study show that with the revised Pzr PORV success 
criterion, the risk impact of the 1 SI8811 B failure is less than the impact using the base 
Braidwood PRA model. This lower risk impact with this assumption can be explained by 
recognizing that the risk impact with the current success criteria includes a significant 
contribution from the Loss of DC Bus 111 Initiating Event. With the change in Pzr PORV 
success criteria, the Loss of DC Bus 111 fails one Pzr PORV, and hence Bleed and 
Feed. As a result, further failure of the 1S18811 B valve has no impact on these scenarios 
as they go to core dam age due to failure create a bleed path, regardless of the status of 
the SI8811 valves. 

Files Used: 
BW-SDP-003 App E 2PORV Files.zip 3,104,784B, 12/11/09, 7:55pm 

3. USE OF THE SPAR-H MODEL VERSUS THE HRA CALCULATOR 

A sensitivity study was done to determine the impact of using a different human reliability 
probability methodology (SPAR-H) rather the EPRI HRA Calculator which is the 
methodology used in the Braidwood P RA. This different methodology was only applied 
to the action to locall y open the S 18811 valves. Appendix A provides HE P values using 
the SPAR-H methodology. These values were substituted into the SD P result file as 
shQwn below:. -.. .. '.- . --. 

Basic Event Applied HRA Calc SPAR-H 
1S18811 B-SBHPMOA Small LOCAs 6.5E-03 9.9E-03 
1S18811 B-MBHPMOA Medium LOCAs - All RCFCs 6.0E-03 9.1E-02 

Available 
1S111 B-MLADJUST Medium LOCAs - Multiplier when 1 166.7 11.0 

or more RCFC trains unavailable (1/9.1 E-02) 
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The results of this sensitivity study are provided below:

SPAR Model versus HRAC

Case Truncation Frequency Delta
A11C SDP 1.OOE-10 2.33E-05 2.50E-06
A12D SDP 1.OOE-10 2.36E-05 2.53E-06
A11L SDP 1.OOE-1 1 2.44E-06 2.53E-08
A12L SDP 1.OOE-11 2.44E-06 2.38E-08

Rev 6D2 Base Case

A1DI CDF 1.OOE-10 4042 2.08E-05
A12D1. CDF 1.OOE-10 4221 2.11E-05
A11Di LERF 1.OOE-11 5162 2.41E-06
A12D1. LERF 1.OOE-11 5355 2.42E-06

Exposure Period Internal Events
Days Fraction2 ACDF ICDP/ILERP

(/year)
Unit
CDF 323'5 " 8.86E-Z01 2.52E-06 2.23E-06
LERF 323.5 8.86E-01 2.46E-08 2.17E-08

Use of the SPAR-H model results in slightly higher SDP results than the EPRI HRA
calculator.

Files Used:
BW-SDP-003 App E SPAR-H Files.zip 883,719B, 12/11/09, 8:16pm

2 Fraction = # days divided by 365.25 days/year, includinq 2 days repair time
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The results of this sensitivity study are provided below: 

SPAR Model versus HRAC 

Case Truncation Frequency Delta 
A11C SDP 1.00E-10 2.33E-05 2.50E-06 
A12D SDP 1.00E-10 2.36E-05 2.53E-06 
A11L SDP 1.00E-11 2.44E-06 2.53E-OS 
A12L SDP 1.00E-11 2.44E-06 2.3SE-OS 

Rev 6D2 Base Case 
A11D1 CDF 1.00E-10 4042 2.0SE-05 
A12D1 CDF 1.00E-10 4221 2.11 E-05 
A11D1 LERF 1.00E-11 5162 2.41 E-06 
A12D1 LERF 1.00E-11 5355 2.42E-06 

Exposure Period Internal Events 
Days Fraction" ACDF ICDP/ILERP 

(Iyear) 
Unit 
COF 323:5 '. 8.86E:-01 2.52E-06 2.23E-06 

LERF 323.5 8.86E-01 2.46E-08 2.17E-08 

Use of the SPAR-H model results in slightly higher SOP results than the EPRI HRA 
calculator. 

Files Used: 
BW-SDP-003 App E SPAR-H Files.zip 883,7198, 12/11/09, 8:16pm 

2 Fraction = # days divided by 365.25 days/year. including 2 days repair time 
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4. NO COMMON CAUSE FAILURE

As it is known that the 1S18811 A valve was not failed due to corrosion of the torque
switch, a sensitivity study was done to determine the impact of the assumption that a
common cause failure potential existed. This was done by setting the probability for
common cause failure of both S18811 valves back to its original value. The results are
presented below:

SDP Case - No Common Cause Failure
Case Truncation Frequency Delta
A11C SDP 1.OOE-10 2.13E-05 5.1OE-07
A12D SDP 1.OOE-10 2.16E-05 4.80E-07
A11L_ SDP 1.00E-1 1 2.42E-06 1.OOE-08
A12L SDP 1.OE-11 2.43E-06 1.OOE-08

Rev 6D1 Base Case
A11IDI CDF 4042 2.08E-05
A12D1 CDF 4221 2.11E-05
Al1D1i LERF 5162 2.41E-06
A12D1 LERF 5355 2.42E-06

Exposure Period Internal Events

Days Fraction3  ACDF ICDP

Unit (/year)

CDF 323.5 8.86E-01 4.95E-07 4.36E-07

LERF 323.5 8.86E-01 1.OOE-08 8.80E-09

The assumption that there is a common cause failure potential for
a significant conservatism (a factor of 2) to the results.

Files Used:

BW-SDP-003 App E No CCF.zip 882,226B, 12/12/09, 6:34am

5. CONCLUSIONS

The table below summarizes the results of the sensitivity analysis.

1S 18811 A introduces

Case IE SDP Result % Change
Base 7.13E-07 N/A
# PORVs 5.02E-07 -30%
SPAR-H 2.23E-06 213%
No CCF 4.36E-07 -39%

3 Fraction = # days divided by 365.25 days/year, including 2 days repair time
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4. NO COMMON CAUSE FAILURE 

As it is known that the 1S18811A valve was not failed due to corrosion of the torque 
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common cause failure of both SI8811 valves back to its original value. The results are 
presented below: 

SOP Case - No Common Cause Failure 
Case Truncation Frequency Delta 
A11C SOP 1.00E-10 2.13E-05 5.10E-07 
A120 SOP 1.00E-10 2.16E-05 4.BOE-07 
A11L SOP 1.00E-11 2.42E-06 1.00E-OB 
A12L SOP 1.00E-11 2.43E-06 1.00E-OB 

Rev 601 Base Case 
A1101 COF 4042 2.0BE-05 
A1201 COF 4221 2.11 E-05 
A1101 LERF 5162 2.41E-06 
A1201 LERF 5355 2.42E-06 -- ". 

Exposure Period Internal Events 
Oays Fraction~ ~COF ICOP 

Unit (/year) 

CDF 323.5 8.86E-01 4.95E-07 4.36E-07 

LERF 323.5 B.B6E-01 1.00E-OB B.BOE-09 

The assumption that there is a common cause failure potential for 1S18811A introduces 
a significant conservatism (a factor of 2) to the results. 

Files Used: 
BW-SDP-003 App E No CCF.zip 882,226B, 12/12/09, 6:34am 

5. CONCLUSIONS 

The table below summarizes the results of the sensitivity analysis. 

Case IE SOP Result 0% Change 
Base 7.13E-07 N/A 
# PORVs 5.02E-07 -30% 
SPAR-H 2.23E-06 213% 
NoCCF 4.36E-07 -39% 

3 Fraction = # days divided by 365.25 days/year. including 2 days repair time 
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SDP Sensitivity Cases

4.E-06

3.E-06
L-

2.E-06 -

1.E-06

1.E-07 ,

Base # PORVs SPAR-H No CCF

The following conclusions can be made from these sensitivity studies:

* Number of PORVs Required for Bleed and Feed
The number of PORVs required for Bleed and Feed in NOT a Key assumption.
Changing the success criteria to 2 PORVs required increases the baseline CDDF
but decreases the risk contribution from the failed valve.

* SPAR-H versus HRA Calculator
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 HE P using the SPAR-H model on the SDP results. Use of the
SPAR-H model does impact the results 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 limiting
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.

" No Common Cause Failure
It is known that there was no corrosion on the torque switch for 1S1881 1A, and
therefore, there was no actual common cause failure. The impact of not
assuming a common cause failure potential was evaluated. With this different
assumption, the SDP results are slightly reduced.
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but decreases the risk contribution fr am the failed valve. 

• SPAR-H versus HRA Calculator 
The Human Error Probabilities for locally opening 1 SI8811 B was quantified using 
the EPRI HRA Calculator. A sensitivity study was performed to evaluate the 
impact of the HE P using the SPAR-H model on the SOP results. Use of the 
SPAR-H model does impact the results significantly; however, the stair step 
nature of the SPAR-H methodology's ti me based recovery credit is not well 
suited for the medi um LOCA HEP quantification associated with this SOP. 
Because the time available for mitigating action (the system window) varies by 
several hours over the medium LOCA break spectrum, breaks on the sm aller end 
of the medium LOCA spectrum have significantly longer system windows than 
thc)s-e on the larger end. Use of the system window associated with the Ii miting 
medium LOCA break in the S PAR-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. 

• No 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. The impact of not 
assuming a common cause failure potential was evaluated. With this different 
assumption, the SOP results are slightly reduced. 
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Taking into account the sensitivity evaluations, the internal events contribution to the
SDP should be Green.

6. SOFTWARE & FILES USED

* CAFTA 5.3 (EX0007572)
* PRAQUANT 5.Oa (EX0007583)
* QRECOVER 2.3c (EX0007637)
* FORTE 2.2f (EX0003553)
" BW-SDP-003 App E Files R1.ZIP, 4,758Kb, 12/17/09, 10:10am

7. REFERENCES

El). U.S. Nuclear Regulatory Com mission, "CCF Parameter Estimations, 2007
Update", http://nrcoe.inl.gov/results/CCF/ParamEst2007/ccfparamest.htm,
September 2008.

E2). Standardized Plant Analysis Risk Model for Braidwood 1 & 2 (ASP PWR B),
Idaho National Laborato ry, Rev 3.31, June 2007

I BW-SDP-003 Appendix E Rev 2 Page E7 

Taking into account the sensitivity evaluations, the internal events contribution to the 
SOP should be Green. 

6. SOFTWARE & FILES USED 

• CAFT A 5.3 (EX0007572) 
• PRAQUANT 5.0a (EX0007583) 
• QRECOVER 2.3c (EX0007637) 
• FORTE 2.2f (EX0003553) 
• BW-SDP-003 App E Files R1.zIP, 4,758Kb, 12/17109, 10:10am 

7. REFERENCES 

E1). U.S. Nuclear Regulatory Com mission, "CCF Parameter Estimations, 2007 
Update", http://nrcoe.inl.gov/results/CCF/ParamEst2007/ccfparamest.htm, 
September 2008. 

E2). Standardized Plant Analysis Risk Model for Braidwood 1 & 2 (ASP PWR B), 
Idaho National Laborato ry, Rev 3.31, June 2007 



IBW-SOD-O3 Appendix E Rev 2ag Page E8;

RM DOCUMENTATION NO. BW-SDP-M Appdedix E REV: 2 PAGE NO. E&of 8&

STATION: Braidwood .

UNIT(S) AFFECTED: UNIT 1

TITLE:

. Braidwood Phase 3 SDP Evaluation of Failure of 1 S18811 B to Fully Open

Appendix E0, Sensitivity Studies

SUMMARY(include UREsa ncorporated}

This document evaluates the risk significance of failure of 1S188141B to fully open, as
documented in IR 934782..--"

Number of pages:.. TotI-9pajges.incli6dina this bage.
RM Document Level: Cateqory2. per ER-AA-600-1012

[ ] Review requiredafter periodic Update,,.

[ X.] Internal RM Documentation T.[ ]' External RM Documentation,

Electronic Calculation Data Files: (Program Name, Version, File Name exWtenslon/size/datelhourlmln)

See'Section 9 for Data Flies

Method of Review: [ X ] Detailed ]Alternate [IReview of External Document
This RM documentation supersedes: '_WA in its entirety.

Prepared by:, Ray Linthicum 0 _3___________ ____

Prinn Date

,Reviewed by: -Joe Edom 2- - -o~4, '
Print "JSign Date

Approved by: WAI/
Print Print 5IlQn DtDate

, ',c' 

BW'-SDP-003 ~~dl]( EReY;i~: .' 
, H",< ~ 

. . 

STATION: Braidwood 
'".,,",:,' > ,.", _ ?> .... , . :," ," ,". ~>':;-/:'." "e, 

. U~IT(S.} ~fEfTED:'~NIT 'V. 

TlTlE::;<>. 

" .,B~~I;dWOOd Pha~ 3 SDPEvaIU,8tiQn' Q1,~EiilU;~ ot2tSI88HBtoFUIIY.o~e~;;"~· 
~. _''.-, ,".' ' ,~~ . 'v '':. '.--:; > "i' < . 

::.." 

·'AppendlxEt;. sensiij~~:~iudle~ ... :.'tr;,/ 
SUMMARY (Iricltide UREslnCorpOmed}:~' '; .' ,. . ., .... " . >' .. ' ..... ,.':.. ,;:",.:.:' r ': '»~-~"~::, .. .- ",.,·'::~:-~<:~r'>. ,,';." .,' ...... ;.,.';'.-,,~, .. ; AI' .; •• :,~ ,,{.>,"';'<'{_ ;":'1 ,.~;:.:" 
This document evaluates th(:l risk-significance: offailure of 1 SI8811Btq fLilltqpen, as. . 
90cumented inIR934782.; "",','. ' , "... 

""'; / -

Number of pages,C: ..Totar9 pages .. including this page:~<;' 
..... , ,RM DOCument Level: Category'Z, per, EF.I~AA-600-1 01 :! .. " .. 

h' , <", 

~kth~r:,. Review;ix'/]eetailed . (.]Aliematit,] Re'i~~of External Doeument>3, .-
This RM documentatlonsupersed~~: ' ", NlA .... .' . " in its entiretY. 

::. L;:.:' ..:.~;,.,.. '. , ',;~~.;/,:;:~~{~~~;?:ti~' :~:: " ." ". ,'" ,~i';'~.~~~ ~.:-~z" 
Prepa~ed by: ROY'lImtalc~m . ' :::z'~ ~. .,/ '_ 

".' ._J~oe:;c",::..,~7"'~:;::,d.::,.~:.:.~:,,:,-:..,.:-:· .. -'c •• -: .•.. ~7 .. ---,-,-,-..,-.·.fJtlff!i;; .,.'~; ... ?~;~~=~ 
:, :NJit.'C:':,,, ,." .. ,.,~);::·i':;,:: ., 

"', .\ .,"'" . .;;;;;:....,..:-"'"""'~="" 
~·~~i~:f.:~~·~~:: < :~'" ,:'~ 



BW-SDP-003 Rev I Appendix F Page F1

Braidwood
PRA APPLICATION NOTEBOOK

BW-SDP-003

Revision 1

Braidwood Phase 3 SDP Evaluation of
Failure of 1S18811B to Fully Open

Appendix F

EOP Flow Chart

December 2009

CONTACTS BYRON Braidwood

Mark Melnicoff
Site Risk Mgmt Engineer N/A (815-417-4020)

Roy Linthicum (630-657-3846)
Young H. In (630-657-3858)

BW-SOP-003 Rev 1 Appendix F Page F1 

I 

Braidwood 
PRA APPLICATION NOTEBOOK 

BW-SDP-003 

Revision 1 

Braidwood Phase 3 SOP Evaluation of 
Failure of 1 SI8811 B to Fully Open 

Appendix F 

EOP Flow Chart 

December 2009 

CONTACTS I BYRON I Braidwood 

Mark Melnicoff 
Site Risk Mgmt Engineer N/A 

(815-417-4020) 

Corp_ Risk Mgmt Engineer 
Roy Linthicum (630-657-3846) 

Young H. In (630-657-3858) 

I 



BW.SDP-003 Rev I Appendix F Page F2

RM DOCUMENTATION NO. BW-SDP-003 Appdendix F REV: I PAGE NO. F2of 4

STATION: Braidwood

UNIT(S) AFFECTED: UNIT I

TITLE:

Braidwood Phase 3 SDP Evaluation of Failure of I S1881 1 B to Fully Open

Appendix F - EOP Flowchart

SUMMARY (Include UREs incorporated):

This document evaluates the risk significance of failure of 1S18811B to fully
open, as documented in IR 934782.

Number of pages: Total 4 oages, including this paae.
RM Document Level: Cateaorv 2. per ER-AA-600-1012

I I Review required after periodic Update

X I Internal RM Documentation [ I External RM Documentation

Electronic Calculation Data Files: (Program Name, Version, File Name
extension/size/date/hour/min)

N/A

Method of Review: [ X ] Detailed I ] Alternate [ ] Review of External Document
This RM documentation supersedes: N/A in its
entirety. ,

- I ./

Prepared by:

Reviewed by:

Approved by:

Roy Llnthicum

... Print-,

Young In I

Date

Data

Print

Print sign

8W·SDP·OO3 Rev 1 Appendix F PageF2 

I RM DOCUMENT A nON NO. BW-SDP-003 Appdendix F REV: I P AGE NO. F20f 4 

STATION: Braidwood 

UNIT(S) AFFECTED: UNIT 1 

TITLE: 

Braidwood Phase 3 SOP Evaluation of Failure of 1 SI8811 B to Fully Open 

Appendix F - EOP Flowchart 

SUMMARY (Include UREs incorporated): 

This document evaluates the risk significance of failure of 15188118 to fully 
open, as documented in IR 934782. 

Number of pages: Total 4 oaaes. including this oaae. 
RM Document level: ,_._ CategoQl: 21 eer ER-AA-600-1012 

[ J Review required after periodic Update 

[ X J Internal RM Documentation [ I External RM Documentation 

Electronic Calculation Data Files: (Program Name, Version, File Name 
extension/sizeldate/honr/min) 

N/A 

Method 21 Revi~w: (X J Detailed [ ] Alternate [ ] Review of External Document 
This RM documentation supersedes: N/A in its 
entirety. 

" /..~'.":/'/c. 
-'<'~-1i..P '""") i ! 

Prepared by: Roy Linthicum I _;~. f (r.~ I. /2( (..~ 

"r> • 
Print -~_SIQ~Z 1~1 " 

,',I 

Reviewed by: Young In I 

Print /Shtn/ Date 

Approved by: N/A I I 

Print sign Date 



BW-SDP-003 Rev I Appendix F Page F3

Operator Action Decision Tree

START

1BmEP-l
- SBOCA ~ StepS8- Should RH pumps be secured

*RCS 0325 psig
* Suction from RWST

Io'E.D' r" o YES
I'MBL6CAI I

Secure RH pumps

me ýBLS SomeSBLOC 11 Willbesuc essful"ilh.
ECCS Rccirculation
" 

S 
OC 

w"
Check for RCS cooldown and YES Go to 1 BwEP ES1.2 Post LOCA
depressurizatton Cooldown and Depressurizall

RCS pr --- r, 1115 plg

NO

NO

3c Chock both

l.a

I. flfoO NO

- - Attachment A: Check if RH pump 1 B
needs to be aligned to containment
sump:

*- - -. * Train B containment sum p isolation - - "

NO

YES

1mBwCA-I.1 Step 1

[Continued on next page]
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Operator Action Decision Tree 

START 

1 BwEP-1 
Step 8 - Should RH pumps be secured 

• ReS >325 psig 
• Suction from RWST 

Step 11 
Determine CL recire capability (both Train A and B) 

• Associated RH pump available 
• Associated 1S18811 lights lit 

Step 12 
Check for ReS cooldo'Ml and 

Step 13 - Check if transfer to CL Recife is required 
• RWST level <46% 
• ECCS in injection mode 

YES 

3e. Check both 
open 

1St8811A 
• 15188118 

NO 

Attachment A: Check if RH pump 1 B 
needs to be aligned to containment 
sump: 

• Train B containment sump isolation 

NEITHER 

YES 

NO 

Gota 1 BwCA1.1 

Go to 1BwEP ES1.2 Post LOCA 
Cooldown and Depressurization 

NO 

YES 

1 BwCA-1.1 Step 1 
-------------------

[Continued on next page] 
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[Continued from previous page]
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1. PURPOSE

This Appendix evaluates the im pact of the failure of 1I 18811 B on risk associated with fires at
Braidwood Unit 1.

2. FIRE EVALUATION

The fire risk impact was evaluated using the B raidwood Fire PRA model Revision 6C, with two
updates (Reference G2):

* The seal LOCA flag was set to a probability of 0.21 and
" The 'OR' gate under event 2AF -RCTRIP-INFLOW was changed to an 'AND' gate.

The following change was made to the base model prior to performing the evaluation:

• The probability of CCF of the 1S18811 valves (1S18811A-B-CMVCC)was changed to 4.11E-
5 to account for the correct alpha factor, as noted in Appendix C.

The following additional refinements were made to the fire scenario quantifications to eliminate
conservatism in the quantificati on of the scenarios whi ch contribute to the delta C DF associated
with this SDP:- .-..

* 1-1 (Containment Fire, bounding fire): A manual action to open RHR to CV pump valve
1CV8804A is credited using the HE P for the 1SI 8811 B valve (6.5E-3) which is bounding for
an operator action for valve 1CV8804A, as discussed in Appendix A.

* 5.6-1-E (DC Bus 1DC05E Fire) and 5.6-2-D (DC Buses 2DC03E AND 2DC05E Fire, which
causes loss of U2 to U1 DC crosstie): A non suppression probability of 3.65E-2 was .
included based on the panel being a vented low voltage panel (usi ng the same factor
employed for low voltage panels elsewhere in the fire PRA, per reference G2).

* 11.3-1-B (MCC 1AP21E Fire) and 1 1.5A-1-B (MCC 1AP25E Fire): these scenarios are split
into two scenarios, one to represent scenarios where spurious operations within the MCC
would occur (all potential spurious actuations are assumed to occur simultaneously in this
scenario) the other scenario addresses the m ore likely situation where the fire causes the
MCC to deenergize. A 0.1 split fraction is conservatively applied to the spurious operation
scenario and a 0.9 split fraction is applied for the com plement scenario where the M CCs
deenergize. For the 0.1 split fraction scenarios for 11.3- 1-B a circuit failure probability has
been applied for basic events associated w ith valves 1S1881 1A (0.67 on spurious close and
0.33 on' spurious open), lCV112B (0.67 on fails toclose and 0.33 on spurious close) and
1CC9413A (0.33 on spurious close). For the 0.1 split fraction scenario for 11.5A-1-B the
failure probability was set at 0.1 for valves 1AF005A and 1AF005B representing a screening
value failure probability for an operator action to position each valve.

This resulted in the following baseline fire CD F:

Configuration Base CDF Modified CDF
All 6.32E-5 5.21E-5
A12 6.17E-5 4.96E-5
Average 6.25E-5 5.09E-5
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The impact of the 1SI8811B failure was evaluated by making the following changes in the fire
model:

* Basic event 1S18811B ---- MVCC was revised to be 6.5E-03, except for cases where it was
already failed due to the fire. T his value is based on:

* The HEP for Small LOCAs developed in Appendix A. This represents failure (1.0)
times failure to locally recover the valve (6.5E-03)

* LOCAs associated with fires are limited to Small LOCA or Bleed and Feed scenarios,
with Small LOCA being the more time limiting.

" Since ECCS recirculation is reached several hours into the ev ent, the fire would be
extinguished prior to the need to locally open the valve. Therefore, additional
performance shaping factors are not used.

* For fires in the curved wall area whic h may prevent access to the 1S18811 B, the fire would
also fail 1S18811B due to fi re damage, therefore the recovery is not credited for this area.

* Basic event 1S1881 1A-B-CMVCC was revised to be 1.03E-04. T his value is based on:
* The alpha factor (1.58E-02) times the failure to locally recover the valves (6.5E-3).

* The quantification results for the fire scenarios with significant contributions to the delta CD F
were reviewed to confirm that the cutsets contributing to the delta CDF were not associated
with configurations where all containment fan coolers were lost consistent with the
assumption in the development of the 1S 18811B recovery factor that at least one fan cooler
is available for a-small LOCA.
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The impact of the 1 SI8811 B failure was evaluated by making the following changes in the fire 
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• The alpha factor (1.58E-02) times the failure to locally recover the valves (6.5E-3). 

• The quantification results for the fire scenarios wi th significant contributions to the delta CD F 
were reviewed to confirm that the cutsets contributing to the delta CDF were not associated 
with configurations where all containment fan coolers were lost consistent with the 
assumption in the developm ent of the 1 S 18811 B recovery factor that at least one fan cooler 
is available for a-small LOCA. 
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The results of the Fire SDP evaluation are provided below:

Fire

Truncation
Case Frequency Delta
Al 1 C SDP 1 E-09 5.25E-5 4.OE-7
A12C SDP 1E-09 4.97E-5 1.OE-7
Average 5.11E-5 2.5E-7

Rev 6C Base Case
AllC1 CDF 1E-09 5.21E-5
A12C1 CDF 1E-09 4.96E-5

Exposure Period Internal Events

Days Fraction' ACDF ICDPIILERP
(/year)

Unit
CDF 323.5 8.84E-01 2.5E-7 2.21 E-7

Files Used:
1S18811B_SODP_final.zip 5,168kb, 12/13/09, 4:09pm

3. SOFTWARE USED

0

0

0

0

CAFTA 5.2 (EX0007196)
PRAQUANT 4.Oa (EX0000197)
FORTE 2.2f (EX0003553)
FRANC32 3.Od (EX0006621)

4. REFERENCES

GI) Braidwood Fire PRA Model Revision 6C, Dated 5/22/08.

G2) Braidwood Fire Modeling Analysis, 6389-400-4, Rev 4 1/15/09

Fraction = # days divided by 365.25 days/year
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The results of the Fire SDP evaluation are provided below: 

Fire 

Truncation 
Case Frequency Delta 
A11C SDP 1E-09 5.25E-5 4.0E-7 
A12C SDP 1E-09 4.97E-5 1.0E-7 
Average S.11E-S 2.SE-7 

Rev 6C Base Case 
A11C1 CDF I 1E-09 I 5.21 E-5 
A12C1 CDF I 1E-09 I 4.96E-5 

Exposure Period Internal Events 
Days Fraction flCDF ICDPIILERP 

(Iyear) 
Unit 
CDF 323.5 8.84E-01 2.5E-7 2.21E-7 

Files Used: 
1 SI8811 B _SDP _final.zip 5,168kb, 12/13/09, 4:09pm 

3_ SOFTWARE USED 

• CAFTA 5.2 (EX0007196) 
• PRAQUANT 4.0a (EX0000197) 
• FORTE 2.2f (EX0003553) 
• FRANC32 3.0d (EX0006621) 

4. REFERENCES 

G1) Braidwood Fire PRA Model Revision 6C, Dated 5/22/08. 

G2) Braidwood Fire Modeling Analysis, 6389-400-4, Rev 41/15/09 

1 Fraction = # days divided by 365.25 days/year 
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1. PURPOSE

This Appendix performs a bounding evaluation of the impact of the failure of 1S18811B
on risk associated with seismic events at Braidwood Unit 1.

2. SEISMIC EVALUATION

Braidwood station does not have a seismic PRA model. To evaluate the risk from
seismic events, a bounding evaluation (based on Reference H1 and H 2) was performed
by assuming that all seismic induced LOCAs will result in core damage as a result of the
failed 1S 18811 B valve. This is considered bounding for the followi ng reasons:

* For failure of 1S1881 1B to result in a risk increase due to a seismic event, the RH
train must be available following the event. In this case, there is still the potential
to locally open the valve. Though the seismic event may increase the failure
probability of this recovery action, it should not be 1.0. Given that there is at least
2 hours available to open the valve (see Appendix B), the HEP values calculated
in Appendix A for internal events were multiplied by a factor of 10 for use in this
bounding evaluation.

* Given a seismic event, if the seismic event is sufficient to fail the RWST, the
impact of the partial opening of 1SI8811A/B will have no impact on the risk
assessment, as there will not be sufficient inventory for ECCS injection to
mitigate a seismically induced LOCA. This is accounted for in the seismic
evaluation.

* Given a seismic event, if the seismic event is sufficient to cause a loss of offsite
power and fail the E DGs, the impact of the partial opening o f 1S18811A/B will
have no impact on the risk assessment, as there will not be power available for
ECCS injection/recirculation. This is accounted for in the seismic evaluation.

The bounding seismic risk impact is calculated in "Seismic Event Tree - 1S18811 B. xls" in

the file specified below.

This resulted in a bounding seism ic ICDP of 1.9E-09.

Files Used:
BW-SDP-003 App H R1 Seismic.zip, 17KB, 12/15/09, 10:24am

3. REFERENCES

H1) NUREG-1488, "Revised Livermore Seismic Hazard Estimates for 69 Nuclear
Power Plant Sites East of the Rocky Mountains," April 1994.

H2) NUREG/CR-4550 "Analysis of Core Damage Frequency from Internal Events,"
U.S. Nuclear Regulatory Coin mission, (Vol. 3, Rev. 1) April 1990

H3) NUREG/CR-6544 "A Methodology for Analysing Precursors to Earthquake-
Initiated and Fire-Initiated Accident Sequences" March 1998
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RESULTS SUMMARY FOR BOUNDING SEISMIC RISK CONTRIBUTION FROM 1S18811B FAILURE

Delta CDF CONTRIBUTION BY EARTHQUAKE INTERVAL

EARTHQUAKE INTERVAL (cmlsls) % of
S-IE1 S-IE2 S4E3 S-IE4 S-1E5 S-IE6 S-IE7 S-IE8 S-IE9 S-IE10 CDF Total

-Seq. -Description 50-75 75-150 150 -250 250-300 300 -400 400-500 -500-650 650-800 -800-1000 > >1000 CDF _____

Seismic induced LOCA, common cause failure
Seg.3 of I S18811A/B w] Failure to recover I S18811AIB 0,OOE+00 0.OOE+00 3.41E-11 3.02E-11 4.31E-11 1.47E-11 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 1.22E-10 5.7%

Seismic induced Loop/LOCA, common cause
failure of 1S1881 1A/B w/ Failure to recover

Seq-5 1S18811A/B 0.00E+00 0.OOE+00 1.34E-11 5.09E-11 2.30E-10 3.20E-10 5.07E-10 3.79E-10 2.95E-10 2.27E-10 2.02E-09 94.3%
JTotal aCDF 0.00E+00 0.00E+00 4.75E-11 8.11E-11 2.73E-10 3.34E-10 5.07E-10 3.79E-110 2.95E-10 2.27E-10 2.14E-091
Fraction of Total CDF 0% 0% 2% 4% 13% 16% 24% 18% 14% 11%

(inlcuded in
Exposure Window (days): 323.5 delta CCDP

ICDP = I GREEN

ASSUMPTIONS
1) Only concerned about the delta risk, not total seismic risk
2) Recovery is assumed to be xl0 IE HEP, based on decreased accessibility but significant time (at least 2 hours) to restore valve

Page H1-1 of 15

BW-SDP-003 Rev 1 Appendix H Attachment HI 

RESULTS SUMMARY FOR BOUNDING SEISMIC RISK CONTRIBUTION FROM 1518811 B FAILURE 

Delta CDF CONTRIBUTION BY EARTHQUAKE INTERVAL 

EARTHQUAKE INTERVAL{cm/s/s) %of 
S-IE1 S-IE2 S-IE3 S-IE4 S-IE5 S-IES S-IE7 S-IES S-IE9 S-IE10 CDF Total 

Seq. Description 50 -75 75 -150 150 -250 250 - 300 300 -400 400 - 500 500 -S50 S50 -SOO SOO -1000 > 1000 CDF 

Seismic induced LOCA, common cause failure 
Seq. 3 of 1 S18811A1B wi Failure to recover 1 S18811A1B O.OOE+OO O.OOE+OO 3,41E-11 3.02E-11 4.31E-11 1.47E-11 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.22E-10 5.7% 

l:seismic induced Loop/LO(;A, common cause 
failure of lS18811A1B wi Failure to recover 

Seq 5 1S18811A1B O.OOE+OO O.OOE+OO 1.34E-11 5.09E-11 2.30E-10 3.20E-10 5.07E-10 3.79E-10 2.95E-10 2.27E-10 2.02E-09 94.3% 
Total4CDF O.OOE+OO O.OOE+OO 4.75E-11 8.11E-11 2.73E-10 3.34E-10 5.07E-10 3.79E-10 2.95E-10 2.27E-10 2.14E~9 

Fraction of Total CDF 0% 0% 2% 4% 13% 16% 24% 18% 14% 11% 

(inlcuded in 
Exposure Window (days): 323.5 delta CCDP 

ICDP = MI!iIilJilil GREEN 

ASSUMPTIONS 
1) Only concerned about the delta risk, not total seismic risk 
2) Recovery is assumed to be xl0 IE HEP. based on decreased accessibility but significant time (at least 2 hours) to restore valve 
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Seismic Successful Sequence
Event RWST LOCA LOOP EDGs Shutdown Number Endstate Frequency
S-1RWST I LOCA LOOP EDGs SHUTDN

1.OOE+00 __Seq._1 No Change

1.00E+00 1.OOE+00 Seq. 2 No Change
1.00E+00

0.00E+00 0.OOE+00 Seq. 3 CD O.OOE+00
1.OOE+00 Seq. 4 No Change

1.98 E-04 1.00E+001

6.07E-0OO5 O.E+00 Seq. 5 CD O.OOE+00
0.00E+00 Seq. 6 No Change

O.OOE+00 Seq.7 No Change

Total delta CDF O.OOE+00
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Seismic Successful Sequence 
Event RWST LOCA LOOP EDGs Shutdown Number Endstate Frequency 
S-IE1 RWST LOCA LOOP EDGs SHUTDN 

1.00E+OO ! Seq. 1 No Change -
1.00E+OO 1.00E+OO Seq. 2 No Change -

1.00E+OO I 
O.OOE+OO O.OOE+OO Seq. 3 CD O.OOE+OO 

, " 1.00E+OO Seq. 4 No Change -". 
1.98E-04 1.00E+OO I 

6.07E-05 I IO.OOE+OO Seq. 5 CD O.OOE+OO 
IO.OOE+OO Seq.S No Change -

O.OOE+OO Seq. 7 No Change -

Total delta CDF O.OOE+OO 
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Seismic No Successful Sequence
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency
S-RWST LOCA LOOP--]- EDGs S UTDN

1,00E+00 Seq. 1 No Change
1.00E+00 1.OOE+00 Seq. 2 No Change

9.86E-01

10.00E+00 Seq. 3 CD O.OOE+00
1.OOE+00 Seq. 4 No Change

1.61 E-04 1.00E+00

1.42E-02 .OOE+00 Seq. 5 CD O.OOE+00
O.OOE+00 Seq. 6 No Change

4.93E-07 Seq. 7 No Change

Total delta CDF O.OOE+00
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Seismic No LQCA Successful Sequence 
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency 
S-IE2 RWST LOCA LOOP EDGs SHUTDN 

1.00E+OO Seq. 1 No Change -
1.00E+OO 1.00E+OO Seq. 2 No Change -

9.86E-01 I 
O.OOE+OO O.OOE+OO Seq. 3 CD O.OOE+OO 

1.00E+OO Seq.4 No Change -
1.61 E-04 1.00E+OO I 

1.42E-02 O.OOE+OO Seq. 5 CD O.OOE+OO 
IO.OOE+OO Seq. 6 No Change -

., 

4.93E-07 Seq. 7 No Change -

Total delta CDF O.OOE+OO 
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Seismic NO LOCA Successful Sequence 
Event RWST Occu'rs LOOP EDGs Shutdown Number Endstate Frequency 
S-IE3 RWST LOCA LOOP EDGs SHUTDN 

9.99E-01 ! Seq. 1 No Change -
1.00E+00 9.99E-01 Seq. 2 No Change -

7.18E-01 I 
1.01 E-03 1.03E-03 Seq. 3 CD 3.41E-11 

9.99E-01 Seq. 4 No Change -
4.S8E-OS 1.00E+00 I 

2.82E-01 11.03E-03 Seq.S CD 1.34E-11 
3.27E-05 Seq.S No Change -

1.28E-04 Seq. 7 No Change -

Total delta CDF 4.75E-11 
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Seismic No LOCA Successful Sequence
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency

S RWST LOA LOOP EDGs SHUTDN

9,91E-01 Seq. 1 No Change

9.98E-01 9.99E-01 Seq. 2 No Change --
3.73E-01

19.30E-03 .d 102E-03 Seq. 3 CD 3.02E-1 1
9.99E-01 Seq. 4 No Change

6.27E-01 02E-03 Seq. 5 CD 5.09E-1 1
F7.5E-04 Seq. 6 No Change --

1.51 E-03 Seq. 7 No Change

Total delta CDF 8.11E-11
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seismic No LOCA SUCCc:;ISSful sequence 
Event RWST Occlirs LOOP EDGs Shutdown Number Endstate Frequency 
S-IE4 RWST LOCA LOOP EDGs SHU,TDN 

9.91E-01 Seq. 1 No Change -
9.98E-01 9.99E-01 Seq. 2 No Change --

3.73E-01 

9.30E-03 - 1.02E-03 Seq. 3 CD 3.02E-11 

9.99E-01 Seq. 4 No Change -
8.53E-06 9.99E-01 

6.27E-01 I 1.02E-03 Seq. 5 CD 5.09E-11 

F·05E-04 Seq. 6 No Change --
"' 

1.51 E-03 Seq. 7 No Change -

Total delta CDF 8.11E-11 
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Seismic INo LO ISuccessful Sequence
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency
S-IE5 RWST LOCA LOOP EDGs S HTD N7

9.68E-01 Seq.1 No Change
9.93E-01 9.99E-01 Seq. 2 No Change

3.20E-02 1.04E-03 Seq. 3 CD 4.31 E-11
9.99E-01 Seq. 4 No Change

8.33E-06 9.95E-01

8.43E-01 1.04E-03 Seq. 5 CD 2.30E-10
4.84E-03 Seq. 6 No Change

7.31E-03 Seq. 7 No Change

Total delta CDF 2.73E-1 0
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Seismic No LQCA Successful sequence 
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency 
S-IE5 RWST LOCA LOOP EDGs SHUTDN 

9.68E-01 I Seq. 1 No Change -
9.93E-01 9.99E-01 Seq. 2 No Change -

1.57E-01 I 
3.20E-02 1.04E-03 Seq. 3 CD 4.31 E-11 

9.99E-01 Seq. 4 No Change -
8.33E-06 9.95E-01 I 

8.43E-01 11.04E-03 Seq.S CD 2.30E-10 
4.84E-03 Seq. 6 No Change -

7.31E-03 Seq. 7 No Change -

Total delta CDF 2.73E-10 
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Seismic No LOCA Successful Sequence
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency

6RWST LOCA LOOP EDGs SHUSDN

9.11E-01 Seq. 1 No Change
9.71 E-01 4.9-29.99E-01 Seq. 2 No Change -

8.86E-02 1.12E-03 Seq.3 CD 1.47E-11

9.99E-01 Seq. 4 No Change
3.56E-06 9.75E-01

9.57E-01 1.12E-03 Seq. 5 CD 3.20E-10
2.52E-02 Seq. 6 No Change

2.89E-02 Seq. 7 No Change

Total delta CDF 3.34E-1 0
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Seismic No LOCA Successful Sequence 
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency 
S-IES RWST LOCA LOOP EDGs SHU,TDN 

~ 

9.11 E-01 Seq. 1 No Change -
9.71E-01 9.99E-01 Seq. 2 No Change -

4.29E-02 J 
8.8SE-02 1.12E-03 Seq. 3 CD 1.47E-11 

9.99E-01 Seq. 4 No Change -
3.5SE-OS 9.75E-01 I 

9.57E-01 1.12E-03 Seq.S CD 3.20E-10 

2.52E-02 Seq.S No Change -

" 
2.89E-02 Seq. 7 No Change -

,-

Total delta CDF 3.34E-10 
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Seismic I No Successful Sequence
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency

-7RWST LOCA LOOP EDGs SHUTDN_ _

7.77E-01 _ _ _ __ Seq.1 No Change
9.14E-01 9.99E-01 Seq. 2 No Change --

0.00E+00

2.23E-01 1.22E-03 Seq. 3 CD O.OOE+00
9.99E-O1 Seq. 4 No Change

2.24E-06 9.10OE-01
1.00E+0 1.22E-03 Seq. 5 CD 5.07E-10

99.0E-02 Seq. 6 No Change

8.61 E-02 Seq. 7 No Change

Total delta CDF 5.07E-1 0
a.
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Seismic NO LOCA Successful Sequence 
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency 
S-IE7 RWST LOCA LOOP EDGs SHUTDN 

7.77E-01 i Seq. 1 No Change -
9.14E~01 9.99E-01 Seq. 2 No Change --

O.OOE+OO I 
2.23E-01 1.22E-03 Seq. 3 CD O.OOE+OO 

9.99E-01 Seq. 4 No Change -
2.24E-06 9.10E-01 I 

1.00E+OO . 11.22E-03 Seq. 5 CD 5.07E-10 

19.00E-02 Seq. 6 No Change -

8.61 E-02 Seq. 7 No Change -

Total delta CDF 5.07E-10 
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Seismic No LOCA Successful Sequence
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency
S-98- RWST LOCA LOOP EDGs SHUTDN

6.30E-01 Seq. 1 No Change --

8.06E-01 9.98E-01 Seq. 2 No Change

3.70E-01 •1.81 E-03 Seq. 3 CD O.OOE+00
9.98E-01 Seq. 4 No Change

9.02E-07 7.76E-01

1.00E+00 1.81 E-03 Seq.5 CD 3.79E-10
22.2424E-01 Seq. 6 No Change

1.94E-01 Seq.7 No Change

Total delta CDF 3.79E-1 0
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Seismic No LOCA Successful Sequence 
Event RWST Occlirs LOOP EDGs Shutdown Number Endstate Frequency 
S-IEB RWST LOC.A LOOP EDGs SHUTDN 

6.30E-01 Seq. 1 No Change --
8.06E-01 9.98E-01 Seq. 2 No Change -

O.OOE+OO I 
3.70E-01 1.81E-03 Seq. 3 CD O.OOE+OO 

9.98E-01 Seq. 4 No Change -
9.02E-07 7.76E-01 I 

1.00E+OO I 11.81 E-03 Seq. 5 CD 3.79E-10 

12.24E-01 Seq. 6 No Change· -
" 

1.94E-01 Seq. 7 No Change -
, 

Total delta CDF 3.79E-10 
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Seismic No LOCA Successful Sequence
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency

9RWST LOCA LOOP EDGs SHUTDN

3.50E-01 Seq. 1 No Change --

6.53E-01 9.98E-01 Seq. 2 No Change

6.50E-01 2.38E-03 Seq. 3 CD O.OOE+00

9.98E-01 Seq. 4 No Change
4.99E-07 5.8 E-1f: ý 1

1.00E+00 2.38E-03 Seq. 5 CD 2.95E-10
4.1__15E-01 Seq. 6 No Change

3.47E-01 Seq.7 No Change --

Total delta CDF 2.95E-1 0
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Seismic No LOCA Successful sequence 
Event RWST Occlirs LOOP EDGs Shutdown Number Endstate Frequency 
5-IE9 RWST LOC;A LOOP EDGs SHUTDN 

, 
3.50E-01 . Seq. 1 No Change --

6.53E-01 9.98E-01 Seq. 2 No Change -
O.OOE+OO 

6.50E-01 2.38E-03 Seq. 3 CD O.OOE+OO 

9.98E-01 Seq. 4 No Change -
4.99E-07 5.85E-01 

1.00E+OO I 12.38E-03 Seq. 5 CD 2.95E-10 

14.15E-01 Seq. 6 No Change -

3.47E-01 Seq. 7 No Change --

Total delta CDF 2.95E-10 
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Seismic No LOCA Successful Sequence
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency
S-IE10 RWST LOCA LOOP EDGs SHUT N

-3.OOE-01 Seq. 1 No Change --

4.09E-01 9.97E-01 Seq. 2 No Change

1.30E+00 3.29E-03 Seq. 3 CD O.OOE+00
9.97E-01 Seq. 4 No Change

1.00E+00 3.29E-03 Seq. 5 CD 2.27E-10
6.9494E-01 Seq. 6 No Change

5.91 E-01 Seq. 7 No Change

Total delta CDF 2.27E-1 0
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seismic No LOCA successful sequence 
Event RWST Occurs LOOP EDGs Shutdown Number Endstate Frequency 
S-IE10 RWST LOCA LOOP EDGs SHUTDN 

-3.00E-01 Seq. 1 No Change --
4.09E-01 9.97E-01 Seq. 2 No Change -

O.OOE+OO I 
1.30E+OO 3.29E-03 Seq. 3 CD O.OOE+OO 

9.97E-01 Seq.4 No Change -
4.24E-07 3.06E-01 I 

1.00E+OO I 13.29E-03 Seq. 5 CD 2.27E-10 

16.94E-01 Seq.S No Change -

5.91 E-01 Seq. 7 No Change -

" 
" Total delta CDF 2.27E-10 
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BRAIDWOOD SEISMIC HAZARD CURVE

(Ref. NUREG-1488)

Seismic IntervalSeismic Interval Eceac
(Cm/s/s)Exceedance

(cm/s/s) Frequency (l/yr) Interval

50-75 1.98E-04 S-IE1

75- 150 1.61 E-04 S-IE2

150 -250 4.58E-05 S-1E3

250 - 300 8.53E-06 S-IE4

300 - 400 8.33E-06 S-IE5

400 - 500 3.56E-06 S-IE6

500 - 650 2.24E-06 S-IE7

650 - 800 9.02E-07 S-IE8

800 - 1000 4.99E-07 S-IE9

> 1000 4.24E-07 S-IE1O
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BRAIDWOOD SEISMIC HAZARD CURVE 

(Ref. NUREG-1488) 
.' 
L 

Seismic Interval 
Seismic Interval 

Exceedance 
(cm/s/s) 

Freauencv (1/vr) 
50 -75 1.9BE-04 

75 - 150 1.61 E-04 

150 -250 4.5BE-05 

250 - 300 B.53E-06 

300 - 400 B.33E-06 

400 - 500 3.56E-06 

500 - 650 2.24E-06 

650 - BOO 9.02E-07 

BOO - 1000 4.99E-07 

> 1000 4.24E-07 

Attachment Hi 

Interval 
S-IEl 

S-IE2 

S-IE3 

S-IE4 

S-IE5 

S-IE6 

S-IE7 

S-IEB 

S-IE9 

S-IElO 
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SEISMIC-INDUCED LOCA PROBABILITIES BY SEISMIC INTERVAL

Magnitude For Fragility
Calculation (Notes 1, 2, 3)

Seismic Large Small Total LOCA Recovery

Interval (cmls/s) (g) RVR La Medium LOCA P with S18811 Interval
(cm/s/s) LOCA LOCA Probability (Notes 4, 5)

50 - 75 63 0.064 Negligible Negligible Negligible Negligible OE+00 0E+00 S-IE1
75-150 113 0.115 Negligible Negligible Negligible Negligible OE+00 0E+00 S-IE2
150 -250 200 0.204 Negligible Negligible 1E-05 1E-03 1E-03 1.OE-03 ;-IE3
250 - 300 275 0.280 Negligible Negligible 3E-04 9E-03 9E-03 1.OE-03 S-IE4
300 - 400 350 0.357 Negligible 3E-05 2E-03 3E-02 3E-02 1.OE-03 S-IE5

400 - 500 450 0.459 3E-05 6E-04 8E-03 8E-02 9E-02 1.1 E-03 ;-IE6
500 - 650 575 0.586 3E-04 3E-03 2E-02 2E-01 2E-01 1.2E-03 S-IE7
650-800 725 0.739 2E-03 2E-02 5E-02 3E-01 4E-01 1.8E-03 S-IE8
800- 1000 900 0.918 1E-02 6E-02 9E-02 5E-01 7E-01 2.4E-03 S-lE9

> 1000 1200 1.224 7E-02 2E-01 2E-01 9E-01 1E+00 3.3E-03 S-IE10

NOTES:

1. Values less than 1 E-5 considered "Negligible"

2. Based on NUREG/CR-4550 V3, Rev 1, Part 3, Figure 4.26

3. Based on NUREG/CR-4550 V3, Rev 1, Part 3, Figure 4.27

4. Recovery is assumed to be x1 0 IE HEP, based on decreased accessibility but significant time (at least 2 hours) to restore valve

5. Recovery includes probability that 1SI8811A fails to fully open, given that 1SI8811B fails to fully open (alpha factor)
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SEISMIC-INDUCEI) LOCA PROBABILITIES BY SEISMIC INTERVAL 

Magnitude For Fragility 
Calculation (Notes 1, 2, 3) 

Seismic 
Large Small Total LOCA 

Recovery 
Interval (cm/s/s) (g) RVR Medium LOCA with 518811 Interval 
(cm/s/s) 

LOCA LOCA Probability 
(Notes 4,5) 

50 -75 63 0.064 Negligible Negligible Negligible Negligible OE+OO OE+OO S-IEl 
75 - 150 113 0.115 Negligible Negligible Negligible Negligible OE+OO OE+OO S-IE2 
150 -250 200 0.204 Negligible Negligible 1E-05 1E-03 1E-03 1.0E-03 S-IE3 
250 - 300 275 0.2BO Negligible Negligible 3E-04 9E-03 9E-03 1.0E-03 S-IE4 
300 - 400 350 0.357 Negligible 3E-05 2E-03 3E-02 3E-02 1.0E-03 S-IE5 
400 - 500 450 0.459 3E-05 6E-04 BE-03 BE-02 9E-02 1.1E-03 S-IE6 
500 - 650 575 0.5B6 3E-04 3E-03 2E-02 2E-01 2E-01 1.2E-03 S-IE7 
650 - BOO 725 0.739 2E-03 2E-02 5E-02 3E-01 4E-01 1.BE-03 S-IE8 

BOO - 1000 900 0.918 1E-02 6E-02 9E-02 5E-01 7E-01 2.4E-03 S-IE9 

> 1000 1200 1.224 7E-02 2E-01 2E-01 9E-01 1E+00 3.3E-03 S-IElO 

NOTES: 

1. Values less than 1 E-5 considered "Negligible" 

2. Based on NUREG/CR-4550 V3, Rev 1, Part 3, Figure 4.26 

3. Based on NUREG/CR-4550 V3, Rev 1, Part 3, Figure 4.27 

4. Recovery is assumed to be x1 0 IE HEP, based on decreased accessibility but significant time (at least 2 hours) to restore valve 

I 
5. Recovery includes probability th.at ISI8811A fails to fully open, given that ISI8811B fails to fully open (alpha factor) 

OJ 
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OFFSITE POWER & EDG SEISMIC FRAGILITIES BY SEISMIC INTERVAL

Magnitude For Fragility
Calculation

Seismic
SicIOffsite Power

Interval (cm/s/s) (g) EDG Fragility Interval(cmlss) •i Fragility

50 - 75 63 0.064 .T 6.07E-05 0.00E+00 5-IE1
75-150 113 0.115 1.42E-02 O.OOE+00 S-IE2

150 -250 200 0.204 2.82E-01 3.27E-05 S-1E3

250 - 300 275 0.280 6.27E-01 7.05E-04 S-IE4

300 - 400 350 0.357 8.43E-01 4.84E-03 S-IE5
400 - 500 450 0.459 9.57E-01 2.52E-02 5-1E6
500-650 575 0.586 1.00E+00 9.OOE-02 S-1E7
650 - 800 725 0.739 1.OOE+00 2.24E-01 S-1E8
800- 1000 900 0.918 1.00E+00 4.15E-01 S-IE9

> 1000 1200 1.224 1.OOE+00 6.94E-01 S-IE10

Ceramic Insulator seismic capacity data from NUREG/CR-4550
"Mr() Br Bu HCLPF

0.25 0.25 0.25 0.110

EDG seismic capacity data from NUREG/CR-4550

A Br Bu HCLPF
1 0.25 0.31 0.397

2.73E-08 1

0.25 0.31

NOTES:

1. Fragility (i.e., failure probability) = (D [In(A/Am)/f1C]. A is the g level in question.

Am is the median seismic capacity. Rc = (JuA2 + f1rA2)A0.5.

2. seismic fragility less than or equal to 1 E-7 set to 0.0

3. At a calculated value of >=0.99, the value 1.00 is printed by the cell equation.
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'. 
OFFSITE POWER & EDG SEISMIC FRAGILITIES BY SEISMIC INTERVAL . ~ 

Magnitude For Fragility 
Calculation 

Seismic 
Offsite Power 

Interval (cm/s/s) (g) 
" 

EDG Fragility Interval 
(cm/s/s) Fragility 

50 -75 63 0.064 '- 6.07E-05 O.OOE+OO S-IEl .' Ceramic Insulator seismic capacity data from NUREG/CR-4550 
75 - 150 113 0.115 :' 1.42E-02 O.OOE+OO S-IE2 Mfjgl Br Bu HCLPF 
150 -250 200 0.204 2.82E-01 3.27E-05 S-IE3 0.25 0.25 0.25 0.110 

250 - 300 275 0.280 6.27E-01 7.05E-04 S-IE4 

300 - 400 350 0.357 8.43E-01 4.84E-03 S-IE5 . EDG seismic capacity data from NUREG/CR-4550 

400 - 500 450 0.459 9.57E-01 2.52E-02 S-IE6 A!!!Jg} Br Bu HCLPF 
500 - 650 575 0.586 1.00E+00 9.00E-02 S-IE7 1 0.25 0.31 0.397 

650 - 800 725 0.739 1.00E+00 2.24E-01 S-IEB 2.73E-08 

800 - 1000 900 0.918 1.00E+00 4.15E-01 S-IE9 0.25 0.31 

> 1000 1200 1.224 1.00E+00 6.94E-01 S-IElO 

NOTES: 

1. Fragility (i.e., failure probability) = ell [In(AlAm)l~c]. A is the g level in question. 

Am is the median seismic capacity. ~c = (~uA2 + ~rA2)AO.5. 

2. seismic fragility less than or equal to 1 E-7 set to 0.0 

3. At a calculated value of >=0.99, the value 1.00 is printed by the cell equation. 
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RWST SEISMIC FRAGILITIES BY SEISMIC INTERVAL

Magnitude For Fragit
Calculation

Seismic
Interval (cm/s/s) (g) RWST Fragility Interval
(cm/s/s)
50-75 63 0.064 O.OOE+00 S-IE1

71- 1n 11 ' n 11' A QAP:-n7 c-I1j PW-QT eaimia l-j- pnr~i4 h~nan'i nn NHD1I(-I('O.ArAA
- I '" -4 I - Il" ]. -

150 -250 200 0.204. 1 .28E-04 S-IE3 Am (a)
150-250 200 0.204, 1.28E-04 5-1E3 Am (a)I I I I I Br

0.3
Bu HCLPF

0.35 0.376250-300 275 0.280; 1.51E-03 S-1E4 1.1
300-400 350 0.357 7.31E-03 S-IE5

400 - 500 450 0.459' 2.89E-02 S-1E6

500-650 575 0.586 8.61E-02 S-1E7

650 -800 725 0.739 1.94E-01 S-1E8

800-1000 900 0.918 3.47E-01 S-IE9

> 1000 1200 1.224; 5.91E-01 S-IE10

NOTES:

1. Fragility (i.e., failure probability) = (D [ln(A/Am)/Bc]. A is the g level in question.

Am is the median seismic capacity. Rc = (fluA2 + BlrA2)AO.5.

2. seismic fragility less than or equal to 1 E-7 set to 0.0

3. At a calculated value of >=0.99, the value 1.00 is printed by the cell equation.
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RWST SEISMIC FRAGILITIES BY SEISMIC INTERVAL 

Magnitude For Fragility 
Calculation 

Seismic 
Interval (cm/s/s) (g) RWST Fragility Interval 
tcm/s/s) 

50 -75 63 0.064 O.OOE+OO S-IEl 

75 - 150 113 0.115 4.93E-07 S-IE2 RWST seismic capacity based on NUREG/CR-6544 

150 -250 200 0.204 1.28E-04 S-IE3 A.!:n.Jgl Br Bu HCLPF 

250 - 300 275 0.280; 1.51E-03 S-IE4 1.1 0.3 0.35 0.376 

300 - 400 350 0.357 7.31E-03 S-IEs 

400 - 500 450 0.459 2.89E-02 S-IE6 

500 - 650 575 0.586 8.61 E-02 S-IE7 

650 - 800 725 0.739 1.94E-01 S-IEB 

800 - 1000 900 0.918 3.47E-01 S-IE9 l; 

> 1000 1200 1.224: 5.91E-01 S-IElO 

NOTES: 

. 1. Fragility (Le., failure probability) = <l> [In(AlAm)/13.c]. A is the g level in question. 

Am is the median seismic capacity. 13.c = (13.uA2 + r.l.rA2)AO.S. 

2. seismic fragility less than or equal to 1 E-7 set to 0.0 

3. At a calculated value of >=0.99, the value 1.00 is printed by the cell equation. 
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1. PURPOSE

Based on interactions with the NRC Senior Reactor Analysts, this Appendix evaluates
the impact of different assumptions used in the SDP evaluation. The scope of these
evaluations are:

* Impact of using Alpha Factors for "Pooled M OVs" versus "RH M OVs" for the
1S18811 Valves.

* Impact of requiring 10 minutes to close 1S 18812 valves versus 7 minutes
* Impact of different assumed cool down rates
* Impact of doubling the time it takes to local open 1S18811B
* Impact of using time to RWST 9% versus core uncovery (Top of Active Fuel) for

determining time available to open 1S1881 IB.

2. IMPACT OF USING ALPHA FACTORS FOR "POOLED MOVS" VERSUS
"RH MOVS" FOR THE 1S18811 VALVES

The NRC SPAR model uses the "Pooled MOy" common cause failure data for all MOVs.
This sensitivity study investigates the impact of changing the alpha factor for the S18811
valves to use the Pooled MOV alpha factor (2.28E-02) [Reference J1].

For this sensitivity study, the alpha factor for the S18811 valves was changed to 2.28 E-2
in both the base internal events model and the SDP case.

The results of the sensitivity analysis using the revised alpha factors are provided below:

Use of Pooled MOV Alpha Factor
Case Truncation Frequency Delta
A11C 1.OOE-10 2.20E-05 1.10E-06
A12C 1.OOE-10 2.22E-05 1.13E-06
A11L 1.OOE-11 2.42E-06 1.20E-08
A12L 1.OOE-11 2.43E-06 1.40E-08

Base Case - Pooled MOV CCF
A11C 1.OOE-1 0 2.09E-05
A12C 1.OOE-10 2.11E-05
A11L 1.OOE-11 2.41E-06

,A12L -1:.00EI 1 2.42E-06

Exposure Period Internal Events

Days Fraction' ACDF ICDP

Unit (/year)

CDF 323.5 8.86E-01 1.12E-06 9.88E-07

LERF 323.5 8.86E-01 1.30E-08 1.15E-08

The results of this sensitivity study show that using the Pooled MOV alpha factors rather
than the RH MOV alpha factor for the 1S18811 valves results in a slightly higher SDP

1 Fraction = # days divided by 365.25 days/year, including 2 days repair time
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1. PURPOSE 

Based on interactions with the NRC Senior Reactor Analysts, this Appendix evaluates 
the impact of different ass umptions used in the SOP eval uation. The scope of these 
evaluations are: 

• Impact of using Alpha Factors for "Pooled M OVs" versus "RH M OVs" for the 
1S18811 Valves. 

• Impact of requiring 10 minutes to close 1S18812 valves versus? minutes 
• Impact of different assumed cool down rates 
• Impact of doubling the time it takes to local open 1S18811 B 
• Impact of using time to RWST 9% versus core uncovery (Top of Active Fuel) for 

determining time available to open 1 SI8811 B. 

2. IMPACT OF USING ALPHA FACTORS FOR "POOLED MOVS" VERSUS 
"RH MOVS" FOR THE 1 SI8811 VALVES 

The NRC SPAR model uses the "Pooled MOV" common cause failure data for all MOVs. 
This sensitivity study investigates the impact of changing the alpha factor for the SI8811 
valves to use the Pooled M OV alpha factor (2.2 8E-02) [Reference J 1]. 

For this sensitivity study, the alpha factor for the SI8811 valves was changed to 2.28 E-2 
in both the base internal events model and the SOP case. 

The results of the sensitivity analysis using the revised alpha factors are provided below: 

Use of Pooled MOV Alpha Factor 
Case Truncation Frequency Delta 
A11C 1.00E-10 2.20E-05 1.10E-06 
A12C 1.00E-10 2.22E-05 1.13E-06 
A11L 1.00E-11 2.42E-06 1.20E-08 
A12L 1.00E-11 2.43E-06 1.40E-08 

Base Case - Pooled MOV CCF 
A11C 1.00E-10 2.09E-05 
A12C 1.00E-10 2.11 E-05 
A11L 1.00E-11 2.41 E-06 
A12L .. " .. -1 :00E-11 2.42E"06 

Exposure Period Internal Events 
Days Fraction 1 .6CDF ICDP 

Unit (/year) 

COF 323.5 8.86E-01 1.12E-06 9.88E-0? 

LERF 323.5 8.86E-01 1.30E-08 1.15E-08 

The results of this sensitivity study show that using the Pooled MOV alpha factors rather 
than the RH M OV alpha factor fo r the 1 SI8811 valves results in a slightly higher SO P 

1 Fraction = # days divided by 365.25 days/year, including 2 days repair time 
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result. Though the internal events SDP is still below the Green/White Threshold of 1 E-
06, the addition of fire and seism ic risk would result in a value slightly greater than 1 E-
06. It should be noted, however, that use of the RH M OV values is considered the
appropriate value to use as the 1S18811 valves see system conditions representative of
the RH system.

Files Used:
BW-SDP-003 App J Alpha Factor Files.zip 1,658,630B, 12/26/09, 9:48p m

3. IMPACT OF REQUIRING 10 MINUTES VERSUS 7MINUTES TO CLOSE
1SI8812 VALVES

This sensitivity investigates the impact of assuming it takes 10 minutes for the control
room staff to close the 1S18812 valves (stopping the flow diversion to Containment
Sump).

The HEPs for the local opening of 1 S1881 1 B were changed as follow s:

Initiator Base HEP Sensitivity
Time Available HEP Time Available HEP

Smalt LOCA -... 9.46 hours 6.5E-03 8.64 hours -. :6.5E-03
(BBSDP15a10)
Medium LOCA 1.99 hours 6.OE-03 1.79 hours 6.OE-03
(BBSDP17a10)

Use of 10 minutes versus 7 minutes as the time assumed to close the 1S18812 valves to
stop the flow diversion from the RWST to the Containment Sump does not result in a
change to the HEP used. This is a result of the step function of the HE P methodology
which uses discrete time intervals to adjust the HEPs. As the impact of the time windows
is small, there is no impact on the HEPs. Therefore, requiring 10 minutes versus 7
minutes to close the 1S18812 valves has no impact on the SDP results.

Files Used:
MAAP Case BBSDP15aIO
MAAP Case BBSDP17a1O
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result. Though the internal events SOP is still below the GreenlWhite Threshold of 1 E-
06, the addition of fire and seism ic risk would result in a value slightly greater than 1 E-
06. It should be noted, however, that use of the RH M OV values is considered the 
appropriate value to use as the 1 SI8811 valves see sy stem conditions representative of 
the RH system. 

Files Used: 
BW-SOP-003 App J Alpha Factor Files.zip 1,658,630B, 12/26/09, 9:48p m 

3. IMPACT OF REQUIRING 10 MINUTES VERSUS 7MINUTES TO CLOSE 
1S18812 VALVES 

This sensitivity investigates the impact of assuming it takes 10 minutes for the control 
room staff to close the 1S18812 valves (stopping the flow diversion to Containment 
Sump). 

The HEPs for the local opening of 1 SI8811 B were changed as follow s: 

Initiator Base HEP Sensitivity 
Time Available HEP Time Available HEP 

Smaltl:.OCA ........... 9.46 hours - 6.5E~03 .- 8.64 hours ._- :6.5E-03 
(BBSOP15a10) 
Medium LOCA 1.99 hours 6.0E-03 1.79 hours 6.0E-03 
(BBSOP17a10) 

.-

Use of 10 minutes versus 7 minutes as the time assumed to close the 1S18812 valves to 
stop the flow diversion from the RWST to the Containm ent Sump does not result ina 
change to the HEP used. This is a result of the step function of the HE P methodology 
which uses discrete time intervals to adjust the HEPs. As the impact of the time windows 
is small, there is no impact on the HEPs. Therefore, requiring 10 minutes versus 7 
minutes to close the 1S18812 valves has no impact on the SOP results. 

Files Used: 
MAAP Case BBSOP15a10 
MAAP Case BBSOP17a10 
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4. IMPACT OF DIFFERENT ASSUMED RCS COOLDOWN RATES

Sensitivity analyses were performed to investigate different assumptions for the RCS
cooldown rate. The base case analyses all assumed a prescribed cooldown rate of 100
OF/hr. The following sensitivity cases were executed:

Case BBSDP17aNC: 2" SLOCA with AFW, 2CV, 2SI, 2 RCFC trains, flow
diversion for 7 minutes, and without cooldown

Case BBSDP18a5O: .86" SLOCA with AFW, 2CV, 2SI, 2 RCFC trains, flow
diversion for 7 minutes, and 50 F/hr cooldown initiated at 45 minutes

The following provides the results of the selected sensitivity analyses:

CASE SCRIPTION1' CASE # IRWSTI RWST 9% 1 TAF3 C1 I 4  46.7% TO 46.7% TO
_________ 1_ _ j46.7%2j_ __[ J J 9% jTAF

2" SLOCA, wAFW, 2CV, 2SI, BBSDP17a 2.54 hr 3.57 hr 12.00 hr 15.91 hr 1.03 hr 9.46 hr
Cooldown @ .75 hr, 2 RCFC
trains, flow diversion for 7
min.

No cooldown BBSDP17aNC 2.54 hr 3.66 hr 5.45 hr 6.21 hr 1.12 hr 2.91 hr

.86" SLOCA, wAFW, 2CV, BBSDP18a 5.23 hr 8.00 hr 28.21 hr 30.45 hr 2.77 hr 22.98 hr
2SI, Cooldown @ .75 hr, 2
RCFC trains, flow diversion
for 7 min.

50F HR BBSDP18a50 5.23 hr 8.32 hr 28.82 hr 31.10 hr 3.09 hr 23.59 hr

Notes:
1) See Appendix B, Section 3.2 for complete case description
2) Initial volume corresponds to Tech Spec minimum of 400,500 gal
3) Top of active fuel exposure
4) Peak cladding temperature > 1800 *F

In both cases, a reduction in the cooldown rate results i n a slightly longer time period to
reach 9% RWST level. This is due to slightly higher RCS pressures yielding smaller
ECCS flow rates and a corresponding slower RWST depletion rate.

For the 5.2" break, no additional cooldown was assumed in the original analysis as the-
break flow provided a cooldown rate in ex cess of 100 °F/hr.

As a result, use of a 100 oF/hr cooldown rate is conservative with respect to RW ST flow
diversion and time available to locally open 1SI8811B.

Files Used:
MAAP Case BBSDP17aNC
MAAP Case BBSDP18a5O
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4. IMPACT OF DIFFERENT ASSUMED RCS COOLDOWN RATES 

Sensitivity analyses were performed to investigate different assumptions for the RCS 
cooldown rate. The base case analyses all assumed a prescribed cooldown rate of 100 
OF/hr. The following sensitivity cases were executed: 

Case BBSDP17aNC: 2" SLOCA with AFW, 2CV, 2SI, 2 RCFC trains, flow 
diversion for 7 minutes, and without cooldown 

Case BBSDP18a50: .86" SLOCA with AFW, 2CV, 2SI, 2 RGFG trains, flow 
diversion for 7 minutes, and 50 F /hr cooldown initi ated at 45 minutes 

The following provides the results of the selected sensitivity analyses: 

CASE OESCRIPTION1 CASE # RWST RWST9% TAF3 C04 46.7% TO 46.7% TO 
46.7%2 9% TAF 

2" SLOCA, wAFW, 2CV, 2SI, BBSDP17a 2.54 hr 3.57 hr 12.00 hr 15.91 hr 1.03 hr 9.46 hr 
Cooldown @ .75 hr, 2 RCFC 
trains, flow diversion for 7 
min. , -- .. . -. ~ .. ," .. . . 

No cooldown BBSDP17aNC 2.54 hr 3.66 hr 5.45 hr 6.21 hr 1.12 hr 2.91 hr 

.86" SLOCA, wAFW, 2CV, BBSDP18a 5.23 hr 8.00 hr 28.21 hr 30.45 hr 2.77 hr 22.98 hr 
2SI, Cool down @ .75 hr, 2 
RCFC trains, flow diversion 
for 7 min. 

50F HR BBSDP18a50 5.23 hr 8.32 hr 28.82 hr 31.10 hr 3.09 hr 23.59 hr 

Notes: 
1) See Appendix B, Section 3.2 for complete case description 
2) Initial volume corresponds to Tech Spec minimum of 400,500 gal 
3) Top of active fuel exposure 
4) Peak cladding temperature> 1800 OF 

In both cases, a reduction in the cooldown rate results ina slightly longer time period to 
reach 9% RWST level. This is due to slightly higher RCS pressures yielding smaller 
EGGS flow rates and a corresponding slower RWST depletion rate. 

For the 5.2" break, no additional cooldown was assumed in the original analysi s as the 
break flow provided a cooldown rate in ex cess of 100 °F/hr. 

As a result, use of a 100 ° F/hr cooldown rate is conservative with respect to RW ST flow 
diversion and time available to locally open 1S18811 B. 

Files Used: 
MAAP Case BBSDP17aNC 
MAAP Case BBSDP18a50 
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5. IMPACT OF DOUBLING THE TIME IT TAKES TO LOCALLY OPEN
1S18811B

This sensitivity study investigates the impact of doubling the time required (48 minutes
versus 24 minutes) to determine the sensitivity to adverse temperature conditions on the
SDP evaluation. Reference J3 notes that the tem perature in area is expected to be Iess
than 90F based on realistic assumptions in the area. In the worse case, design basis
assumptions would result in temperatures being less than 115F. Since the timing
estimates for manually stroking the valve were down at -75F, this sensitivity investigates
the impact of the higher temperatures resulting in a longer tim e being required to stroke
the valve open. Based on engineering judgment, it is not expected that these
temperatures would result in more than doubling the tim e required to locally stroke the
valve open.

The HEPs for the local opening of 1S18811B were changed as follow s:

Initiator Base HEP Sensitivity
Time Available HEP Time Available HEP

Small LOCA 9.46 hours 6.5E-03 9.06 hours 6.5E-03
Medium LOCA 1.99 hours 6.OE-03 1.59 hours 6.5E-03

;.;:- .. 
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This sensitivity study investigates the im pact of doubling the tim e required (48 minutes 
versus 24 minutes) to determine the sensitivity to adverse temperature conditions on the 
SOP evaluation. Reference J3 notes that the tern perature in area is expected to be less 
than 90F based on realistic assumptions in the area. In the worse case, design basis 
assumptions would result in temperatures being less than 115F. Since the timing 
estimates for manually stroking the valve were down at -75F , this sensitivity investigates 
the impact of the higher temperatures resulting in a longer tim e being requ ired to stroke 
the valve open. Based on engineerin g judgment, it is not expected that these 
temperatures would result in more than doubling the tim e required to locally stroke the 
valve open. 

The HEPs for the local opening of 1S18811 B were changed as follows: 

Initiator Base HEP Sensitivity 
Time Available HEP Time Available HEP 

Small LOCA 9.46 hours 6.5E-03 9.06 hours 6.5E-03 
Medium LOCA 1.99 hours 6.0E-03 1.59 hours 6.5E-03 
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The results of this sensitivity study are provided below:

x2 Time to Locally Open 1S18811B

Case Truncation Frequency Delta
A11C SDP 1.OOE-10 2.16E-05 8.01E-07
A12D SDP 1.OOE-10 2.19E-05 8.41E-07
A11L SDP 1.OOE-11 2.42E-06 1.03E-08
A12L SDP 1.OOE-11 2.43E-06 1.38E-08

Rev 6D2 Base Case
A11D1 CDF 1.OOE-10 2.08E-05
A12D1 CDF 1.OOE-10 2.11E-05
A11D1 LERF 1.OOE-11 2.41E-06
A12D1 LERF 1.OOE-11 2.42E-06

Exposure Period Internal Events

Days Fraction2 ACDF ICDP/ILERP
(/year)

Unit
CDF 323.5 8.86E-01' 8.21E-07 7.27E-07,
LERF 323.5 8.86E-01 1.21 E-08 1.07E-08

The impact of doubling the tim e required to locally open 1S 18811B is negligible and will
not impact the conclusions of the SDP evaluation.

Files Used:
BW-SDP-003 App J - x2 Local time.zip 863KB, 12/28/09, 8:37am
bwd-8811-1 21009-48m insens.HRA 1,675,264B, 12/29/09, 8:51 pm

2 Fraction = # days divided by 365.25 days/year, including 2 days repair time
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The results of this sensitivity study are provided below: 

x2 Time to Locally Open 15188118 

Case Truncation Frequency Delta 
A11C SDP 1.00E-10 2.16E-05 B.01E-07 
A12D SDP 1.00E-10 2.19E-05 B.41E-07 
A11L SDP 1.00E-11 2.42E-06 1.03E-OB 
A12L SDP 1.00E-11 2.43E-06 1.3BE-OB 

Rev 6D2 Base Case 
A11D1 CDF 1.00E-10 2.0BE-05 
A12D1 CDF 1.00E-10 2.11E-05 
A11D1 LERF 1.00E-11 2.41E-06 
A12D1 LERF 1.00E-11 2.42E-06 

Exposure Period Internal Events 
Days FractionL 

aCDF ICDP/llERP 
, (/year) 

Unit 
·CDF 323.5 8.86E-01· 8.21 E-07 {.27E~07· 

LERF 323.5 8.86E-01 1.21E-08 1.07E-08 

The impact of doubling the tim e required to locally open 1 S 18811 B is negligi ble and will 
not impact the conclusions of the SDP evaluation. 

Files Used: 
BW-SDP-003 App J - x2 Local time.zip 863KB, 12/28/09, 8:37am 
bWd-8811-121009-48minsens.HRA 1,675,264B, 12/29/09, 8:51pm 

2 Fraction = # days divided by 365.25 days/year. including 2 days repair time 
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6. IMPACT OF USEING TIME TO RWST 9% VERSUS CORE UNCOVERY (TOP OF
ACTIVE FUEL) FOR DETERMINING TIME AVAILABLE TO OPEN 1S18811B.

This sensitivity study investigates the impact of using the time to RWST 9% versus the
time to core uncovery for the tim e available in the HEP calculations.

The HEPs for the local opening of 1I 18811 B were changed as follow s:

Initiator Base HEP Sensitivity
Time Available HEP Time Available HEP

Small LOCA 9.46 hours 6.5E-03 1.03 hours 7.6E-02
Medium LOCA 1.99 hours 6.OE-03 1.12 hours 1.5E-02
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6. IMPACT OF USEING TIME TO RWST 9% VERSUS CORE UNCOVERY (TOP OF 
ACTIVE FUEL) FOR DETERMINING TIME AVAILABLE TO OPEN 1S18811B. 

This sensitivity study investigates the impact of using the time to RWST 9% versus the 
time to core uncovery for the tim e available in the HEP calculations. 

The HEPs for the local opening of 1 SI8811 B were changed as follow s: 

Initiator Base HEP Sensitivity 
Time Available HEP Time Available HEP 

Small LOCA 9.46 hours 6.SE-03 1.03 hours 7.6E-02 
Medium LOCA 1.99 hours 6.0E-03 1.12 hours 1.SE-02 



BW-SDP-003 Appendix J Rev 0 Page J8

The results of this sensitivity study are provided below:

Time Limited by RWST 9%

Case Truncation Frequency Delta
A11C SDP 1.OOE-10 3.08E-05 1.OOE-05
A12D SDP 1.OOE-10 3.12E-05 1.02E-05
A11L SDP 1.OOE-1 1 2.54E-06 1.29E-07
Al 2L SDP 1.OOE-1 1 2.55E-06 1.34E-07

Rev 6D2 Base Case
A11Di CDF 1.OOE-10 2.08E-05
A12D1 CDF 1.OOE-10 2.11E-05
A11D1 LERF 1.OOE-11 2.41E-06
A12D1 LERF 1.OOE-11 2.42E-06

Exposure Period Internal Events

Days Fraction3 ACDF ICDPIILERP
(/year)

Unit
CDF 323.5 8.86E-01 1.01E-05 8.94E-06

LERF 323.5 8.86E-01 1.32E-07 1.17E-07

Basing the time available on the time required to reach 9% in the RWST has a
significant impact on the SDP. However, as noted in Reference J2, no adverse
environment conditions are expected as a result of terminating all ECCS injection until
the core becomes uncovered. Therefore, it is appropriate to use time to core uncovery,
rather than the time to RWST 9% as the time window for locally opening 1S18811 B.

Files Used:
RD61_1S 18811B R1 - RWST 9.zip 1,187,794B, 12/29/09, 4:25pm
bwd-8811-121009-9%s ens.HRA 1,675,264B, 12/29/09, 8:51pm

Fraction = # days divided by 365.25 days/year, including 2 days repair time

BW-SDP-003 Appendix J Rev 0 Page J8 

The results of this sensitivity study are provided below: 

Time Limited by RWST 9% 

Case Truncation Frequency Delta 
A11C SOP 1.00E-10 3.OBE-05 1.00E-05 
A12D SOP 1.00E-10 3.12E-05 1.02E-05 
A11L SOP 1.00E-11 2.54E-06 1.29E-07 
A12L SOP 1.00E-11 2.55E-06 1.34E-07 

Rev 602 Base Case 
A11D1 CDF 1.00E-10 2.0BE-05 
A12D1 CDF 1.00E-10 2.11 E-05 
A11D1 LERF 1.00E-11 2.41 E-06 
A12D1 LERF 1.00E-11 2.42E-06 

Exposure Period Internal Events 
Days Fraction~ ACDF ICDP/ILERP 

(Iyear) 
Unit 
COF" 323.5 8.86E-01 1.0fE-05 8. 94E::'06 

LERF 323.5 8.86E-01 1.32E-07 1.17E-07 

Basing the time available on the time required to reach 9% in the RWST has a 
significant impact on the SOP. However, as noted in Reference J2, no adverse 
environment conditions are expected as a result of terminating all ECCS injection until 
the core becomes uncovered. Therefore, it is appropriate to use time to core uncovery, 
rather than the time to RWST 9% as the time window for locally opening 1S18811 B. 

Files Used: 
R061_1S18811BR1 - RWST 9.zip 1,187,794B, 12/29/09, 4:25pm 
bWd-8811-121009-9%sens.HRA 1 ,675,264B, 12/29/09, 8:51 pm 

3 Fraction = # days divided by 365.25 days/year. including 2 days repair time 
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7. SUMMARY

The table below summarizes the results of the sensitivity analysis.

Case IE SDP Result % Change
Base 7.13E-07 N/A
Pooled MOV CCF 9.88E-07 39%
10 minutes to Close 1S18812 Valves 7.13E-07 0%
RCS Cooldown Rates 7.13E-07 0%
2x Time to Locally Open 1S18811B 7.27E-07 2%
Time Available based on RWST 9% 8.94E-06 1154%

8. SOFTWARE & FILES USED

" CAFTA 5.3 (EX0007572)
* BW-SDP-003 App J Files RO.ZIP, 3,722Kb, 12/29/09, 8:53pm

9. REFERENCES

J1). U.S. Nuclear Regulatory Commission, "CCF Parameter Estimations, 2005
Update", http://nrcoe.inl.gov/results/CCF/ParamEst2005/ccfparamest. htm,
September 2008.

J2). ER 393342 "ACCESSIBILITY OF 1S18811B FOLLOWING SBLOCA -
REVISED TO INCLUDE POTENTIAL ECCS TERMINATION AT RWST
EMPTY"

J3) 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"
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1. REASON FOR EVALUATION / SCOPE

In accordance with Issue Report #934782 valve 1 S1881 1 B, Containment Sump
Isolation Valve, failed to fully stroke open during surveillance testing. Valve
1 S1881 1 B was being stroked in accordance with Operating Surveillance
procedures 1BwOSR 5.5.8.SI-7B, Safety Injection System Containment Sump
1S18811 B Valve Stroke Surveillance, and 1 BwOSR 5.5.8.SI-2B, Train B Safety
Injection System Isolation Valve Indication Surveillance. During the open stroke
the valve opened approximately 35 percent and stopped as indicated by valve
stem position. Control Room valve position indicating lights were both lit (dual
indication), indicating the breaker was not in a tripped condition. Troubleshooting
in accordance with work order #1245941 found that the torque switch inside the
limit switch compartment was no longer functional due to corrosion. The
corrosion was due to water intrusion into the limit switch compartment that was
apparent after the actuator limit switch compartment cover was removed.

Based on the nature of the torque switch failure the 1S18811 B valve traveled
open until the open torque switch bypass circuit transferred from the torque
switch. Due to the stuck open side torque switch contacts the valve stopped at
approximately 35 percent open. The open bypass limit switch is set during
diagnostic testing and is required to be set anywhere between 30 and 40
percent.

The 1S18811B valve is normally closed and required to open during the
recirculation phase of Emergency Core Cooling to provide water from the
containment sump to the Residual Heat Removal (RHR) and Containment Spray
(CS) pumps. The 1S18811 B valve is safety related and seismic category I. The
valve is required to open to maintain adequate flow and NPSH for the RHR and
CS pumps. This evaluation will determine whether the valve could pass design
RHR pump flow at the actual opening percentage for the valve.

This EC supercedes EC#376161 in its entirety. This EC removes Containment
Spray flow and incorporates conservative assumptions for flow and head loss
through the 1S18811 B valve.

2. DETAILED EVALUATION

The first step is to determine the actual percentage the 1S18811 B valve opened
based on the open bypass setting. The last diagnostic test was performed
05/17/06 in accordance with work order #695341. The following information was
taken from the diagnostic test review, the design drawing (reference 5) and the
MIDAS Data Sheet (reference 7):
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In accordance with Issue Report #934782 valve 1 SI8811 8, Containment Sump 
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CS pumps. This evaluation will determine whether the valve could pass design 
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2. DETAILED EVALUATION 

The first step is to determine the actual percentage the 1 SI8811 8 valve opened 
based on the open bypass setting. The last diagnostic test was performed 
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The time (t=) values were taken from the diagnostic testing data. The internal
actuator limit switch assembly and valve stem are driven from the actuator
gearing and the open bypass and open limit contacts are controlled from this
assembly. Due to being driven from actuator gearing these contacts actuate at
exactly the same stem position from stroke to stroke. The only variation in these
times from stroke to stroke is the time related to contact wipe that is measured in
thousandths of a second.

When the actuator is demanded to open the motor starts (t=0) and the actuator
gearing starts to move. After hammer blow occurs and stem thread lash is taken
up the stem starts to move taking up disk t-head clearance prior to disk
unwedging. At t=1.814 the disk unwedges from the valve seat and starts to
travel open. At t=4.889 the disk travels approximately 0.75 inches and starts to
uncover the port allowing flow to occur. At t=96.608 the valve disk has traveled
to the full open (backseated) position. Although the disk will be out of the flow
stream prior to contacting the backseat the backseat stem position was
conservatively chosen. The 1 S1881 1 B open limit was set at 97 percent of the full
backseat stroke therefore the open limit time was adjusted to account for the
stem traveling to the backseat position.

Disk Unwedging Time (diagnostic label 09) t = 1.814 seconds (Reference 4)
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The time (t=) values were taken from the diagnostic testing data. The internal 
actuator limit switch assembly and valve stem are driven from the actuator 
gearing and the open bypass and open limit contacts are controlled from this 
assembly. Due to being driven from actuator gearing these contacts actuate at 
exactly the same stem position from stroke to stroke. The only variation in these 
times from stroke to stroke is the time related to contact wipe that is measured in 
thousandths of a second. 

When the actuator is demanded to open the motor starts (t=O) and the actuator 
gearing starts to move. After hammer blow occurs and stem thread lash is taken 
up the stem starts to move taking up disk t-head clearance prior to disk 
unwedging. At t=1.814 the disk unwedges from the valve seat and starts to 
travel open. At t=4.889 the disk travels approximately 0.75 inches and starts to 
uncover the port allowing flow to occur. At t=96.608 the valve disk has traveled 
to the full open (backseated) position. Although the disk will be out of the flow 
stream prior to contacting the backseat the backseat stem position was 
conservatively chosen. The 1818811 B open limit was set at 97 percent of the full 
backseat stroke therefore the open limit time was adjusted to account for the 
stem traveling to the backseat position. 

Disk Unwedging Time (diagnostic label 09) t = 1.814 seconds (Reference 4) 
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Contactor Dropout at Full Open (diagnostic label 017) t = 93.709 seconds
(Reference 4)
Open Bypass Time t= 36.385 seconds (diagnostic label 012) (Reference 4)
Open limit setting (percent of stroke) = 97% (Reference 4)

Internal valve diameter = 22.6 inches (Reference 5)
Stroke time (seat to backseat) = 93.709 / 0.97 = 96.608 seconds
Stroke length = 23.56 inches (Reference 7)
Stem speed = 23.56 inches / 96.608 seconds = 0.2439 inches/sec
Stroke length to start uncovering port = 0.75 inches (conservative value based on
reference 9)
Time to start uncovering port = 0.75 inches / 0.2439 inches / sec = 3.075
seconds

Stem travel time after uncovering port t = 96.608 - 3.075 - 1.814 = 91.719
seconds
Open bypass travel time t = 36.385 -3.075 - 1.814 = 31.496 seconds

Bypass as a percent of full stroke = 31.496 / 91.719 = 34.34 percent

The second step is to determine the head loss through the 1S18811 B at 34.34
percent open during the maximum expected flow rate scenario. Only the RH
pump flow will be considered due to the CS pump flowpath interlocks not being
made up at a partial opening position.

RH Pump Flow = 5000 gpm (Reference 2, Maximum)
Lowest RHR NPSH Margin = 3.7 ft (Reference 2)

Cv of Valve at approximately 30 percent open = 5000 (Reference 3, conservative

value based on actual open percentage of 34.34%)

Total Maximum Flow (Q) = 5000 gpm

Resistance Coefficient K = 891 (d) 4 / Cv 2 = 891 (22.60) 4 / (5000)2 = 9.298
(Reference 1, Equation 3-16)

d = Valve internal diameter = 22.60 in (Reference 5)

Head Loss hL = 0.00259 K Q 2 /d 4 = 0.00259 (9.298) (5000)2 /22.60 4 = 2.308 ft
(Reference 1, Equation 3-14)

Therefore, comparing the RHR NPSH margin of 3.7 ft with the head loss through
a partially open valve of 2.31 ft indicates there is margin to ensure adequate
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NPSH with 1S18811 B partially open at approximately 34.34 percent. Additional
margin is available however not included in this evaluation as follows:

1. The original Net Positive Suction Head (NPSH) analysis (Reference 2)
calculates the head loss through the containment sump piping. This piping
contains valve 1S18811 B and therefore, the portion of the loss attributed to
1S18811 B may be subtracted from the loss calculated based on a partially
open valve yielding slightly greater margin.

2. The original Net Positive Suction Head (NPSH) analysis (Reference 2) utilizes
NPSH required values based on conservative max pump flow values vs those
flow values utilized in reference 6. This yields higher required NPSH values
and decreases the margin between required and available NPSH. Using the
lower flow rates (RHR only) will lower the required NPSH decreasing the
required NPSH and increasing the margin between the required and available
NPSH.

3. Residual Heat Removal pump flow of 5000 gpm used in this analysis is
conservative relative to actual maximum flow rate determined during
preoperational testing (Reference 2).

4. The Cv value vs percent open for 1S18811 B was obtained from the
manufacturer (reference 3). Discussions with the manufacturer determined
that this Cv chart was constructed from testing performed on two gate valves
of different sizes and configurations and was not a specific Cv chart for the
1S18811 B model valve. A Cv of approximately 5000 was chosen from this
chart to conservatively bound the Cv value at 34.34 percent. This value was
compared with gate valve Cv values determined using two other sources.
The calculations using the referenced sources provided below determined
that the Cv provided by the manufacturer is conservative.

Cv calculation utilizing reference #1

Utilizing methodology for gate valve with wedge disk and Equivalent Length In
Pipe Diameters (Page A-30)

One half open (50%) L/D = 160
One-quarter open (25%) L/D = 900

Equivalent Lengths L and L/D and Resistance Coefficient K (Page A-31)

One half open (50%) K = 1.8

One-quarter open (25%) K = 10.3

Equivalents of Resistance Coefficient K and Flow Coefficient Cv (Page A-32)
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contains valve 1818811 B and therefore, the portion of the loss attributed to 
1818811 B may be subtracted from the loss calculated based on a partially 
open valve yielding slightly greater margin. 

2. The original Net Positive 8uction Head (NP8H) analysis (Reference 2) utilizes 
NP8H required values based on conservative max pump flow values vs those 
flow values utilized in reference 6. This yields higher required NP8H values 
and decreases the margin between required and available NP8H. Using the 
lower flow rates (RHR only) will lower the required NP8H decreasing the 
required NP8H and increasing the margin between the required and available 
NP8H. 

3. Residual Heat Removal pump flow of 5000 gpm used in this analysis is 
conservative relative to actual maximum flow rate determined during 
preoperational testing (Reference 2). 

4. The Cv value vs percent open for 1818811 B was obtained from the 
manufacturer (reference 3). Discussions with the manufacturer determined 
that this Cv chart was constructed from testing performed on two gate valves 
of different sizes and configurations and was not a specific Cv chart for the 
1818811 B model valve. A Cv of approximately 5000 was chosen from this 
chart to conservatively bound the Cv value at 34.34 percent. This value was 
compared with gate valve Cv values determined using two other sources. 
The calculations using the referenced sources provided below determined 
that the Cv provided by the manufacturer is conservative. 

Cv calculation utilizing reference #1 

Utilizing methodology for gate valve with wedge disk and Equivalent Length In 
Pipe Diameters (Page A-30) 

One half open (50%) UD = 160 
One-quarter open (25%) UD = 900 

Equivalent Lengths Land UD and Resistance Coefficient K (Page A-31) 

One half open (50%) K = 1.8 
One-quarter open (25%) K = 10.3 

Equivalents of Resistance Coefficient K and Flow Coefficient Cv (Page A-32) 



Evaluate 1S18811 B Flow at Partial Opening EC#377204
Page 5 of 10

One half open (50%) Cv = 11382

One -quarter open (25%) Cv = 4758

Cv at approximately 34.34 percent open = 7249

It should be noted that the Cv value above falls between 25 and 50 percent and
due to the shape of the Cv curve the actual value at 34.34% would be slightly
lower than this value.

Cv calculation utilizing reference #8

Utilizing the attached curve labeled "Hydraulic (Tau) Characteristics of Valves"
the Tau value at 34.34% open yields a Tau value of approximately 0.15.

Tau = Cv / Cvu

Cv = Tau x Cvu

Cv = Flow coefficient at partial opening of 34.34%
Cvu = Flow coefficient at full open of 39836 (Reference 5)

Cv = 0.15 x 39836 = 5975

3. CONCLUSIONS/FINDINGS

The results of this evaluation indicate that NPSH margin exists with a partially
open 1S18811B valve ensuring that adequate accident flows (RHR) can be
provided during the recirculation phase of a design basis Loss of Coolant
Accident.

4. REFERENCES

1. Crane Technical Paper 410, Flow of Fluids through Valves, Fittings, and
Pipe, 1969

2. Design Analysis BYR06-058 / BRW-06-0035-M, NPSHA for RHR & CS
During Post LOCA Recirculation, Revision 1A

3. Vendor Contact Form dated 07/09/09, Flowserve Corporation Chart of
Approximate Flow Coefficient (Cv) vs. Percent (%) Open, Size 24,
Pressure Class 300 Flex Wedge Gate Valve, Drawing 77920.
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2. Design Analysis BYR06-058 1 BRW-06-0035-M, NPSHA for RHR & CS 
During Post LOCA Recirculation, Revision 1 A 

3. Vendor· Contact Form dated 07/09/09, Flowserve Corporation Chart of 
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4. Work order # 695341 Diagnostic Test dated 05/17/06 and file E:\MIDAS
on Ksqzkfs01 \ Quicklook Data \ Braidwood \ Unit 1 \ 1 SI \ 1 S18812B \
06a0arew (Opened with Quicklook software)

5. Vendor Design Drawing 77920, Revision F
6. Design Analysis BYR06-029 / BRW-06-0016-M, SI/RHR/CS/CV System

Hydraulic Analysis in Support of GSI-191, Revision 3
7. MIDAS Data Sheet BRA-i S18811 B Revision 3
8. Hydraulic Design Handbook, McGraw-Hill, Copyright 1999
9. Vendor Contact Form dated 10/05/09, reference dimension from disk fully

seated to point of just uncovering valve port, Size 24, Pressure Class 300
Flex Wedge Gate Valve, Drawing 77920.

HU-AA-1 212 Technical pre-job brief performed 07/9/09 for EC#376161. ITP
review is not required.
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ER-AA-2030
Revision 8

Pago 29 of 47

ATTACHMENT 2
VENDOR CONTACT FORM

Purposa of Contact (Problem DBec ription):

Valve ISIBS1115 fl.led to fully open during survelilance tasting end an evaluation is bcirg performed
to deternine "ho flowthat could pasou hrough the valv in a palta~y open state. To determinethe
flow through a partially open valve a flow coefficient (Cv) vs percent open curve is required.

Assistanca Requested:

Provide an approximate ,-low oaefficient (Cv) vs percent open .urve for Borg Werner Valve, Size 24
Inch, Presoure Class 300 FleWedWge Gate Valve, NVD - Drawing 77920.

Guidance Provided (attach additionaJ sheets aa needed):

The atached curve of approximate 'low coefficient (Cv) vs percent open ucovides the Cv at various
percentages of valve opening for the valve listed on drawving 77920,

Recommandation Provided (attach additional sheets as needed):

Uti:ize the attached curve for approximate f:ow coefficient (Cv) vw pe.wnt open for Borg Werner
Vawv, 8iza 2z inch, Presure Ciass K00 Rlay Wedge Gat 'Vaiva, Drawing 7T920.

Prepared by; Floyd Sentslnger I ;'<Y ti,-t.,fli GO7NJ9/
Print9d NdA. I s$rnXn

Organization: . Rlparva Corp.

PhoneiFax; 9".9-531-=32o0 1 tg-s3-33g

Evaluate lSI8811B Flow at Partial Opening 
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PurpCM of Cantlet (Problem Descriptionl: 

ER-AA·2Q3D 
Revi$ion a 

Page 29 of 47 

EC#377204 
Page 8 of 10 

Valve 1516811 B fal!ed !o fu 11'1 open durlng Gurvel ila:1 ce tasting and an evaluation is bei"'a performe{! 
to determine 1h~ flow that could l:Ia$G througn the VOlWa in 11 part'a"y open state. To detefmine the 
flow th!Ough a partially open valve a flow ooefficiellt (e\l) '.IS ~rGent open curve i5 requilOld. 

Assistancs RGquestecl: 

Provide an approximate Mw ooefficient (Cv) V5 percent open tlUr\'e for Sorg Warnar Valve, Siz~ 24 
Inch, Prese\Jre ClaeG sao FlexW~e C.hlteVe\le, NVD - Drelwir.g 7792C. 

Guidance Provided (Bnach additional aneets u n~e<i): 

The attaehsd euf~e of appro;(j m all!! 'low coefficient (CV) \IS pe rcent open oral/ides the Cv at various 
perrentages Qf voalye opening for the "21ve listed an drlW/ing 77920, 

R!IIcommandlltJon Provided (attach additional sheets as needed): 

lJtj:ize tile attaohed rlJlVe for approximate f:ow coefficient (ev) V6 pe:-cent open fur Borg WOImer 
Va;ve, 8ize 2«. inch, Pre!l&ure (;ia&s :.uu FlallVojedge Gam Vaiv8, Drawing 77920. 

Prepilred by; 



Evaluate 1S1881 1B Flow at Partial Opening

Approximate Flow Coefficient (Cv) vs. Per Cent (%) Open,
Size 24, Pressure Class 300 Flex Wedge Gate Valve, NVD - Drawing 77920

EC#377204
Page 9 of 10
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Evaluate lSI8811B Flow at Partial Opening 

Approximate Flow Coerlicient ICv) vs, Per Cent (%) Open, 
Size 24. Pressure Class 300 Flex Wedne Gate Valve, NVD • Drawing 11920 
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ER-AA-2030
Rreiis~on 0

Page211 uf 40

ATTACHMENT 2
VENDOR CONTACT FORM

tr urpoSO OT u011n1ar-1 tIra rntom uescriptionp:
Vave ,1S18811 Bfailedto fullyopen du&1'119 s-rveilkince testing ar.d an evaluaiion is beirc, perfbrmad
ý, daetermine the flow lhal• couid pass through fie valve iq a partially open state. To deThinne the

Amount of pat uncovered with a partially open valve the arhount of disk travel to move from the fully
seated position to E ppmition of juat Flarting to uncover the ParU .s. requested., T'hi inforn.mtlon wth the
distance ttav.led aftmr. ,ncoveiir. the D-I .will te used to determlihz the percGnt of vai.e c.ening.

Assistance Requested:

Provide r.n approximate d~slan me ýoon a full closed,•6eated p-ceition to a poeltion cf just sMa ni nr to
,4ncavor tthe port for Borg Waner Valve, Size 24 inch, Pre•&s u Cagss 300 Flex Wedge Gate Valve,
NVD - Drawing 77920ý

Guidance Provided {attach additional sheetý.as needed);

The oi.tance ffoar a fulI dlcsedrtseated ý-nsition to a position of just star'lng to un.ovsr ihr portfor
Borv Wanmcr Wiave. Size. 24 inch, PressuJre Class 300 Flex Wedga Gato Valve, NVD - Drawing 77920
is apprcximately 548,imcn,

Rocommendatlon Provided (attach additional eheets ar. noedid):

See guidanoe provided above.

Pfeaparod by: Flo~d flensiigr 9F i-~ J ~¼ .ateX

Organization:~ F I ot- ip, C or p.

tCIC5,'09.

PhonelFax- q119-831-32003 I 91 9-Bl -33159
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PlIrpOSQ of COl'ltaet (Problom Description): 

ER·AA·2030 
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Valve 1 S 18811 B fai ledlCJ fu IIYQpen dlifi 1'113 s'LITvsiliance 1'3Stil1g a r,d an evaluation is beit',;; petform ed 
ji;: q"tNrnine tha.flow Ihatwuld pass through Fie '/alve in a partially open slat(!). To deteiillii1e the 
amount of pert uncovered with a partially open valve the <llilOunt of disk tra'lel 10 Ino','e 'frent the fully 
seated ;:-oeitlon to 6, pt:-6ilion of jtl:ot51artillg 10 uncx:ver the part isreq'Jested. Thl$ inform"tlon with the 
dist<lnc.; ttavGlan Ilft'l'lr dnCO'lerir.;; tile p::>:t vi'iU ce used to determln" the percent of ','af'ie cr;ening, 

AsslaUlilce Requ6s,te-d: 

Pro~ide [iP <lIJpr(lX'imale d:slan~ef'olTl a fullcloseclfsealed p'c-aitionla a po~itiol'l of jlJst sfur,ing to 
unCOI,,','r U1e port for Borg WarnerVatile, Siz.e 24 inch, Pre!;su,a C'as.s 300 FlexlNedge Gate Valve, 
NVD" Dra ..... ing 77920. . 

GuidatlC8 Provided {attach adi:litiorialljfieet~i!$ nseded): 

Tile d.i5nmce fro:n a fuJI dc~edfs&atad ;::.~sition toa pas ilion of jllst atartlng to u l'1covar :t1G port f:lr 
Borf21Narncr Va~ .. e, Size 2A inch, Press'JrB.Class 300 flexV'iejge Gat-e Valve, NVD· Drawing 77920 
is'apprc:<imately 518.ir.:::n, . 

Rocommendatlof1 Provided (attachad(jitional oheetti a~ MDdod): 

Seeguir.1anceprovkied abo'\~. 

Proparod by: 

a rganizatio n: Flo'~'{~r""I?C""o",r.t:p:..., ______ _ 

Pho 1-3:20i)! 911;J-831 <~368 
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Engineering Change PitDt:1/020

EC Number
Status/Date
Facility
Type/Sub-type:

0000377329 000
CLOSED 11/04/2009
BRW
EVAL MECH 1l1l111l1111llll1ll1llll11111l1l11lll11lllll1l111111illlll1lllllll1l11l1llillllll

Print Date: 12/30/2009

Page: 1

EC Title: POST SBLOCA DOSE RATE ASSESSMENT FOR 1S18811A/B ACCESSIBILITY

Mod Nbr : KWI: SR KW2: KW3: KW4: KW5:

Master EC
Outage
WO Required
Adv Wk Appvd:
Auto-Advance:
Caveat Outst:
Resp Engr
Location

N
N
N

Y

THOMAS

Work Group :
Alert Group:
Image Addr
Alt Ref.
Priority
Department

COLE

A8952DER
Temporary
Aprd Reqd Date:
Exp Insvc Date:
Expires On
Auto-Asbuild
Discipline

N

07/04/2012
N

MlsoeDate PassPort Name
110-PREPARE EC 10/09/2009 BRZZC COLE THOMAS

Evaluation prepared by Thomas Mscisz (see PDF file in Evaluation Details
for signature)

120-REVIEW EC 10/09/2009 ZIOCm MOKIJEWSKI CHARLES
Detailed, Independent Review of the dose assessment by Jessica DeLaRosa

(see PDF file in Evaluation Details for signature).

AROVED
APPROVED

APPROVED

A detailed, independent review of the EC for administrative requirements
was performed by C. Mokijewski, Braidwood Site Engineering.

240-ITPR-EPR 10/09/2009 BRZRB BELAIR RAYMOND APPROVED
The Consequence Risk Factors in Attachment 2 of HU-AA-1212
have been reviewed for applicability and all were of LOW or N/A
severity level. Therefore, this EC will be prepared, reviewed, and
approved using existing process reviews.

300-APPROVE EC 10/09/2009 BRZRB BELAIR RAYMOND APPROVED
Evaluation approved by Jeffrey Esterman (see PDF file in Evaluation
Details
for signature)

Per CC-AA-309-101, documenting a DAR review in a Technical Evaluation is
at
the discretion of the approving Manager. No DAR was included with the
evaluation performed by Corporate Engineering. However, based on a review
of the evaluation, all appropriate topics have been covered. Thus, no DAR
will be included with this EC.

900-ARCHIVE EC 11/04/2009 BRZEF RIORDAN GAIL CLOSED

Units

BRW NA
DeNcrintion

NOT APPLICABLE

Engineering Change Print Date: 

Exel EC Number : 
Status/Date : 
Facility : 

0000377329 000 
CLOSED 11/04/2009 
BRW 

Type/Sub-type: EVAL MECH 

111111111111111111111111111111111111111111111111111111111111111111111111111 Page: 1 

EC Title: POST SBLOCA DOSE RATE ASSESSMENT FOR 1S18811A/B ACCESSIBILITY 

Mod Nbr : 

Master EC : 

Outage : 

WO Required : 

Adv Wk Appvd: 
Auto-Advance: 
Caveat Outst: 
Resp Engr : 

Location : 

Milestone 
110-PREPARE EC 

KW1: SR KW2: KW3: 

N Work Group : 

N Alert Group: A8952DER 
N Image Addr : 

Alt Ref. : 

Y Priority : 

Department : 

THOMAS COLE 

PassPort 
10/09/2009 BRZZC 

~ 

COLE 

KW4: KW5: 

Temporary : 

Aprd Reqd Date: 
Exp Insvc Date: 
Expires On : 

Auto-Asbuild : 

Discipline : 

THOMAS 
Evaluation prepared by Thomas Mscisz (see PDF file in Evaluation Details 
for signature) , 

120-REVIEW EC 10/09/2009 ZIOCM MOKIJEWSKI CHARLES 
Detailed, Independent Review of the dose assessment by Jessica DeLaRosa 

(see PDF file in Evaluation Details for signature). 

A detailed, independent review of the EC for administrative requirements 
was performed by C. Mokijewski, Braidwood Site Engineering. 

12/30/2009 

n~ 

N 

07/04/2012 
N 

Reg By 

APPROVED 

APPROVED 

240-ITPR-EPR 10/09/2009 BRZRB BELAIR RAYMOND APPROVED 
~he Consequence Risk Factors in Attachment 2 of HU-AA-1212 
have been reviewed for applicability and all were of LOW or N/A 
severity level. Therefore, this EC will be prepared, reviewed, and 
approved using existing process reviews. 

300-APPROVE EC 10/09/2009 BRZRB BELAIR RAYMOND 
Evaluation approved by Jeffrey Esterman (see PDF file in Evaluation 
Details 
for signature) 

Per CC-AA-309-101, documenting a DAR review in a Technical Evaluation is 
at 

APPROVED 

the discretion of the approving Manager. No DAR was included with the 
evaluation performed by Corporate Engineering. However, based on a review 
of the evaluation, all appropriate topics have been covered. Thus, no DAR 
will be included with this EC. 

900-ARCHIVE EC 11/04/2009 BRZEF RIORDAN GAIL CLOSED 

Units 

~ llni.t. 
BRW NA 
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Engineering Change

EC Number 0000377329 000
Status/Date CLOSED 11/04/2009
Facility BRW
Type/Sub-type: EVAL MECH

i11lllillli 1i1liii 11lilli 1i1iillililllli 1iili 1l1li 1ii 1ll lii i liill

Print Date: 12/30/2009

Page: 2

Systems

Fa= System Descrintion
BRW -- NO SYSTEM IMPACT

Planning/Scheduling Information

Planning Start : Level of Effort:

Plannina Event FromDate ThruDate
100-PREP EVAL

Cross References

Ref. Sub-
Te Number Number Descrintion
ER 0000392325 DETERMINE ACCESSIBILITY OF 1S18811B FOLLOWING
ER 0000391371 REQUEST ECR TO VALIDATE ACCESSIBILITY OF 1S188
AS 00946391 0100 REQUEST ECR TO VALIDATE ACCESSIBILITY OF 1S188
AS 00946391 0300 Document Exelon Review of Applicability of Wes
AR 00934782 1S18811B FAILED TO STROKE FULL OPEN DURING SUR

Engineering Change Comments

Comments Last Updated By: ZIOCM Last Updated Date: 10/09/2009

Originator: JAMES T PETTY Supv Contacted: Smith, Panici, Graves
Condition Description:
Request is to validate accessibility of 1SI8811A/B (from a dose
perspective
when attempting to transfer to cold leg recirc following a SBLOCA, a small
medium break LOCA, or an event that essentially equates to a SBLOCA (e.g.,
RCP Seal failure or stuck open PORV).
Immediate actions taken:
Discussed with Engineering Director and other engineering personnel.
Recommended Actions:
ECR
Operable Basis:
Reportable Basis:
Reviewed by: RANDALL L RAHRIG 07/27/2009 21:21:09 CDT
Reviewer Comments:
This is an administrative issue that does not identify an equipment
deficiency on installed plant equipment.
......................

(7/30/09 DL) Per MRC, Engineering to present completed ECR/EC to MRC for
review.
++++++.++++++++++++++++
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Planning Start 

Planning Eyent 
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Cross References 
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From Date Thru Date 

Sub-
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ER 0000392325 DETERMINE ACCESSIBILITY OF 1SI8811B FOLLOWING 
ER 0000391371 REQUEST ECR TO VALIDATE ACCESSIBILITY OF 1SI88 
AS 00946391 0100 REQUEST ECR TO VALIDATE ACCESSIBILITY OF 1SI88 
AS 00946391 0300 Document Exelon Review of Applicability of Wes 
AR 00934782 1SI8811B FAILED TO STROKE FULL OPEN DURING SUR 

Engineering Change Comments 

Congn!ii!nts Last Updated By: ZIOCM Last Updated Date: 10/09/2009 

Originator: JAMES T PETTY 
Condition Description: 

Supv Contacted: Smith, Panici, Graves 

Request is to validate accessibility of 1SI8811A/B (from a dose 
perspective 
when attempting to transfer to 
medium break LOCA, or an event 
RCP Seal failure or stuck open 
Immediate actions taken: 

cold leg recirc following a 
that essentially equates to 
PORV) . 

SBLOCA, a small 
a SBLOCA ( e . g . , 

Discussed with Engineering Director and other engineering personnel. 
Recommended Actions: 
ECR 
Operable Basis: 
Reportable Basis: 
Reviewed by: RANDALL L RAHRIG 07/27/2009 21:21:09 CDT 
Reviewer Comments: 
This is an administrative issue that does not identify an equipment 
deficiency on installed plant equipment. 
++++++++++++++++++++++ 

(7/30/09 DL) Per MRC, Engineering to present completed ECR/EC to MRC for 
review. 
+++++++++++++++++++++++ 



Braidwood Technical Evaluation
EC 377329
10/06/2009
Page 1 of 2

(Text excerpt from Dose Rate Assessment PDF file attached. Westinghouse LTR-LIS-09-
597 PDF file attached.)

Technical Evaluation

Braidwood Station

Determine Local Dose Rates for Manual Operation of Valve 1SI881 1B
During a Small Break LOCA

Reason For Evaluation / Scope:

This Technical Evaluation is performed to demonstrate acceptable local area dose rates if plant
personnel are required to access the area in order to manually operate the 1S18811 B valve after
a small break LOCA (SBLOCA).

This evaluation is applicable to both Byron and Braidwood Stations.

Detailed Evaluation:

The 1SI881 1B valve (ECCS Sump Recirculation MOV) is attached to a 24" OD schedule 40
pipe. The valve is enclosed in a "can" made of 3/8" thick steel (Drawing M- 195). However,
since the can has openings in it, credit for this shielding is not taken. Lead blankets are
wrapped around sections of the pipe. However, since these are temporary (with limited weight
restrictions), shielding credit is not taken. From Drawing M-230, the center of the valve
is situated on the pipe at approximately 4 feet after the pipe exits the wall. At a distance of
approximately 10 feet from the center of the valve on the other side, the pipe curves 90 degrees
to the right, with 14 feet of pipe angled back towards the valve area before dropping below the
floor elevation. Therefore, the geometry is broken into two cases for MicroShield. Case I
calculates a dose rate at the valve operator due to the piping on either side of the valve (pipe
sections corresponding to 4 feet to the left and 10 feet to the right of the valve center). Case 2
calculates the dose rate due to the 14 feet of pipe that is angled back towards the valve (see
sketch excerpted from Drawing M-230, Sheet 1). The dose receptor location was chosen at 1
foot from the outside of the pipe. This corresponds to the typical definition of a general area
dose rate. Note that the Unit 2 valve is situated in a similar (albeit reverse) location with
respect to the piping. Therefore, this evaluation also pertains to Unit 2.

The source term assumed inside the pipe is due to the maximum activity allowed by Technical
Specifications. This activity is 60 uCi/gm Dose Equivalent Iodine-131 and 603 uCi/gm Dose
Equivalent Xenon-133 (TS 3.4.16 from TSTF-490 Submittal using DEX-133). This is a
reasonable assumption since no fuel damage is expected during a SBLOCA (Westinghouse
LTR-LIS-09-597).

Braidwood Technical Evaluation 
EC 377329 
10/0612009 
Page 1 of2 

(Text excerpt/rom Dose Rate Assessment PDF file attached. Westinghouse LTR-LIS-09-
597 PDF file attached.) 

Technical Evaluation 

Braidwood Station 

Determine Local Dose Rates for Manual Operation of Valve lS18811B 
During a Small Break LOCA 

Reason For Evaluation / Scope: 

This Technical Evaluation is performed to demonstrate acceptable local area dose rates if plant 
personnel are required to access the area in order to manually operate the IS18811B valve after 
a small break LOCA (SBLOCA). 

This evaluation is applicable to both Byron and Braidwood Stations. 

Detailed Evaluation: 

The IS18811B valve (ECCS Sump Recirculation MOV) is attached to a 24" OD schedule 40 
pipe. The valve is enclosed in a "can" made of 3/8" thick steel (Drawing M- 195). However, 
since the can has openings in it, credit for this shielding is not taken. Lead blankets are 
wrapped around sections of the pipe. However, since these are temporary (with limited weight 
restrictions), shielding credit is not taken. From Drawing M-230, the center of the valve 
is situated on the pipe at approximately 4 feet after the pipe exits the wall. At a distance of 
approximately 10 feet from the center of the valve on the other side, the pipe curves 90 degrees 
to the right, with 14 feet of pipe angled back towards the valve area before dropping below the 
floor elevation. Therefore, the geometry is broken into two cases for MicroShield. Case I 
calculates a dose rate at the valve operator due to the piping on either side of the valve (pipe 
sections corresponding to 4 feet to the left and 10 feet to the right of the valve center). Case 2 
calculates the dose rate due to the 14 feet of pipe that is angled back towards the valve (see 
sketch excerpted from Drawing M-230, Sheet 1). The dose receptor location was chosen at 1 
foot from the outside of the pipe. This corresponds to the typical definition of a general area 
dose rate. Note that the Unit 2 valve is situated in a similar (albeit reverse) location with 
respect to the piping. Therefore, this evaluation also pertains to Unit 2. 

The source term assumed inside the pipe is due to the maximum activity allowed by Technical 
Specifications. This activity is 60 uCi/gm Dose Equivalent Iodine-131 and 603 uCi/gm Dose 
Equivalent Xenon-133 (TS 3.4.16 from TSTF-490 Submittal using DEX-133). This is a 
reasonable assumption since no fuel damage is expected during a SBLOCA (Westinghouse 
LTR-LIS-09-597). 



Braidwood Technical Evaluation
EC 377329
10/06/2009
Page 1 of 2

MicroShield Results:

Case 1: 1323 mR/hr

Case 2: 121 mR/hr

TOTAL: 1444 mR/hr

As a sensitivity study, Case 1 was re-performed without the noble gas contribution (Case 3).
The resultant dose rate was only 1 mR/hr less. Therefore, it can be said that noble gas activity
is not a significant contributor to the total dose rate from this piping carrying ECCS water
during a SBLOCA.

Conclusion:

The total dose rate at the valve operator is calculated to be 1444 mR/hr. The metal "can"
surrounding the valve and lead blanket shielding on the pipe, although not credited, will result
in dose rates less than those calculated here.

References:

1. Drawing M-195, Rev. AK

2. Drawing M-230, Sheet 1, Rev. U

3. Technical Specification 3.4.16 (from TSTF-490 Submittal using DEX-133)

4. Westinghouse LTR-LIS-09-597

Attachments:

Attachment A: MicroShield Output for Case 1 (2 pages)
Attachment B: MicroShield Output for Case 2 (2 pages)
Attachment C: Sketch Excerpted from Drawing M-230, Sheet 1 (1 page)
Attachment D: MicroShield Output for Sensitivity Study Case 3 (2 pages)

"BRW Tech Eval CCE-09-97.pdf
377329.pdf"

MicroShield Results: 

Case 1: 1323 mRIhr 

Case 2: 121 mRIhr 

TOTAL: 1444 mRIhr 

Braidwood Technical Evaluation 
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10/0612009 
Page 1 of 2 

As a sensitivity study, Case 1 was re-performed without the noble gas contribution (Case 3). 
The resultant dose rate was only 1 mRlhr less. Therefore, it can be said that noble gas activity 
is not a significant contributor to the total dose rate from this piping carrying ECCS water 
during a SBLOCA. 

Conclusion: 

The total dose rate at the valve operator is calculated to be 1444 mRlhr. The metal "can" 
surrounding the valve and lead blanket shielding on the pipe, although not credited, will result 
in dose rates less than those calculated here. 

References: 

1. Drawing M-195, Rev. AK 

2. Drawing M-230, Sheet 1, Rev. U 

3. Technical Specification 3.4.16 (from TSTF-490 Submittal using DEX-133) 

4. Westinghouse LTR-LIS-09-597 

Attachments: 

Attachment A: MicroShield Output for Case 1 (2 pages) 
Attachment B: MicroShield Output for Case 2 (2 pages) 
Attachment C: Sketch Excerpted from Drawing M-230, Sheet 1 (1 page) 
Attachment D: MicroShield Output for Sensitivity Study Case 3 (2 pages) 
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Westinghouse Proprietary Class 2

(0Westinghouse Westinghouse Electric Company
Nuclear Services

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

Ms. Annie Wong Direct tel: 412-374-4901
Exelon Nuclear Direct fax: 412-374-3257
4300 Winfield Road e-mail: garofafd@westinghouse.com
Warrenville, IL 60555

Our ref: CCE-09-97

September 25, 2009

EXELON NUCLEAR
BRAIDWOOD UNIT 1

Transmittal of LTR-LIS-09-597: "Small Break LOCA (SBLOCA) Rod
Burst Evaluation Supporting Justification of Past Operation (JPO) of Braidwood Unit 1 (CCE)"

Dear Ms. Wong:

Per Reference 1, Exelon Nuclear has requested Westinghouse to perform an evaluation to determine the
maximum number of rods that would burst following a Small Break Loss of Coolant Accident (SBLOCA)
at Braidwood Unit 1. Per discussion with A. Wong of Exelon, a sump suction valve was stuck in the
closed position earlier in the current operating cycle; if the signal to switchover to cold leg recirculation
would have been generated, an operator would have had to manually open the valve to ensure adequate
emergency core cooling system (ECCS) flow. For a SBLOCA transient in this scenario, assuming that all
rods in the core burst would result in unacceptable radiological dose. Exelon has therefore requested
Westinghouse to determine the maximum number of rods that would burst following a SBLOCA in order
to support a Justification of Past Operation (JPO) determination with respect to radiological dose for
Braidwood Unit 1. The SBLOCA scenario to be considered is a break size up to 2 inch equivalent
diameter with a failure of one train of ECCS.

SBLOCA Evaluation

The current SBLOCA analysis-of-record (AOR) for Braidwood Unit 1 is documented in References 2 and
3. A SBLOCA evaluation of reduced ECCS flow was performed in Reference 4, with additional
qualitative evaluations documented in References 5 and 6. Hot rod and hot assembly average rod burst
was observed to occur for a 1.75-inch break in the Reference 4 supporting calculations.

Since this effort is intended to support a JPO, a qualitative evaluation based on References 2 to 6 is
performed herein to show that using more realistic assumptions would result in no rod burst following a
SBLOCA less than or equal to 2-inches in diameter.

In order for hot rod or hot assembly average rod burst to occur during a SBLOCA (for fuel with ZIRLOTM
cladding), the cladding temperature must reach a specific burst temperature, which varies with time as a

e) Westinghouse 

Ms. Annie Wong 
Exelon Nuclear 
4300 Winfield Road 
Warrenville,IL 60555 

Westinghouse Proprietary Class 2 

Westinghouse Electric Company 
Nuclear Services 
P.O. Box355 
Pittsburgh, Pennsylvania 15230-0355 
USA 

Direct tel: 412-374-4901 
Direct fax: 412-374-3257 

e-mail: garofafd@westinghouse.com 

Our ref: CCE-09-97 

September 25,2009 

EXELON NUCLEAR 
BRAIDWOOD UNIT 1 

TransmittalofLTR-LIS-09-597: "Small Break LOCA (SBLOCA) Rod 
Burst Evaluation Supporting Justification of Past Operation (JPO) of Braidwood Unit 1 (CCE)" 

Dear Ms. Wong: 

Per Reference 1, Exelon Nuclear has requested Westinghouse to perform an evaluation to determine the 
maximum number of rods that would burst following a Small Break Loss of Coolant Accident (SBLOCA) 
at Braidwood Unit 1. Per discussion with A. Wong of Exelon, a sump suction valve was stuck in the 
closed position earlier in the current operating cycle; if the signal to switchover to cold leg recirculation 
would have been generated, an operator would have had to manually open the valve to ensure adequate 
emergency core cooling system (ECCS) flow. For a SBLOCA transient in this scenario, assuming that all 
rods in the core burst would result in unacceptable radiological dose. Exelon has therefore requested 
Westinghouse to determine the maximum number of rods that would burst following a SBLOCA in order 
to support a Justification of Past Operation (JPO) determination with respect to radiological dose for 
Braidwood Unit 1. The SBLOCA scenario to be considered is a break size up to 2 inch equivalent 
diameter with a failure of one train ofECCS. 

SBLOCA Evaluation 

The current SBLOCA analysis-of-record (AOR) for Braidwood Unit 1 is documented in References 2 and 
3. A SBLOCA evaluation of reduced ECCS flow was performed in Reference 4, with additional 
qualitative evaluations documented in References 5 and 6. Hot rod and hot assembly average rod burst 
was observed to occur for a 1.75-inch break in the Reference 4 supporting calculations. 

Since this effort is intended to support a JPO, a qualitative evaluation based on References 2 to 6 is 
performed herein to show that using more realistic assumptions would result in no rod burst following a 
SBLOCA less than or equal to 2-inches in diameter. 

In order for hot rod or hot assembly average rod burst to occur during a SBLOCA (for fuel with ZIRLOTM 
cladding), the cladding temperature must reach a specific burst temperature, which varies with time as a 
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function of the differential pressure across the cladding. By crediting more realistic assumptions, the
SBLOCA cladding temperatures can be reduced, minimizing the likelihood for rod burst to occur.

ANS-5.1-1979 + 2a Uncertainty Decay Heat

The NOTRUMP Evaluation Model (EM) uses the ANS-5.1-1971 + 20% decay heat model consistent with
10 CFR 50 Appendix K requirements. A more realistic decay heat model (ANS-5.1-1979 + 2a
uncertainty) would result in less core boil-off and shorter, shallower core uncoveries. This would
significantly lower cladding temperatures, thereby reducing the likelihood that burst temperatures would
be reached at any point during the SBLOCA transient.

Cycle-Specific Core Design Data

The SBLOCA analyses documented in References 2-4 were performed assuming a conservatively high
axial offset and maximum peaking factor and assembly average power values.

Per Reference 7, the maximum axial offset predicted to occur for the current Braidwood Unit 1 operating
cycle (Cycle 15) is +3.23%, significantly lower than the value of +13% used in the Braidwood Unit 1
SBLOCA analyses (see p. 6.1.1-2 of Reference 2). Modeling a reduced axial offset would result in lower
power generation in the upper part of the core, resulting in lower calculated cladding temperatures and a
lower likelihood for burst to occur.

A review of the Braidwood Unit 1 calculations performed in support of the Reference 4 evaluation shows
that rod burst is only observed to occur for burnups greater than 45 GWD/MTU. Per the most
conservative FAH Bumdown Credit Limit provided by the Westinghouse Core Engineering (CE) group in
Reference 8 (extra 10%), the FAH bumdown credit at 45 GWD/MTU would be calculated as follows:

FAH (45 GWD/MTU) = 1.160 - 6.OOE-06 * 45000 MWD/MTU = 0.89, or an 11% reduction in FAH.

Since the 1.04 minimum ratio of FAH / PHA still applies, this 11% reduction could also be directly applied
to PH. The FAH and PH values assumed in the SBLOCA analysis are 1.7 and 1.514 (see Table 6.1.1-1 of
Reference 2), respectively, and when reduced by 11% results in FAH and PHA values of 1.513 and 1.347.
Like the reduction in axial offset, this reduction in FAH and PHA would result in lower calculated cladding
temperatures and a lower likelihood for burst to occur.

Realistic ECCS Flows

The ECCS flows used in the Braidwood Unit 1 SBLOCA analyses are minimum safeguards flows, and
reflect maximum pump degradation, maximum resistances, etc.; these flows were also conservatively
reduced in References 2-4 by 5% or 7% per Exelon's request. These minimum safeguards flows are
appropriate for Appendix K SBLOCA analysis purposes, but do not reflect realistic ECCS flows.
Additional ECCS flow would result in better core cooling, shorter core uncovery periods and lower
cladding temperature results.

Additionally, it is noted that the ECCS recirculation phase flows used in the Reference 4 supporting
calculations were superseded by higher flows evaluated in References 4 and 5. An examination of the
recirculation phase intact loop flows evaluated in Reference 5 reveals that they are actually higher than
the original flows used in the AOR. Therefore, the cladding temperature transients are more reasonably
portrayed by the results presented in References 2 and 3, which did not exhibit rod burst for any of the
beginning-of-life (BOL) cases described therein. Burnup studies were not performed for the limiting
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function of the differential pressure across the cladding. By crediting more realistic assumptions, the 
SBLOCA cladding temperatures can be reduced, minimizing the likelihood for rod burst to occur. 

ANS-5.1-1979 + 2(1 Uncertainty Decay Heat 

The NOTRUMP Evaluation Model (EM) uses the ANS-5.1-1971 + 20% decay heat model consistent with 
10 CFR 50 Appendix K requirements. A more realistic decay heat model (ANS-5.1-1979 + 2cr 
uncertainty) would result in less core boil-off and shorter, shallower core uncoveries. This would 
significantly lower cladding temperatures, thereby reducing the likelihood that burst temperatures would 
be reached at any point during the SBLOCA transient. 

Cycle-Specific Core Design Data 

The SBLOCA analyses documented in References 2-4 were performed assuming a conservatively high 
axial offset and maximum peaking factor and assembly average power values. 

Per Reference 7, the maximum axial offset predicted to occur for the current Braidwood Unit 1 operating 
cycle (Cycle 15) is +3.23%, significantly lower than the value of + 13% used in the Braidwood Unit 1 
SBLOCA analyses (see p. 6.1.1-2 of Reference 2). Modeling a reduced axial offset would result in lower 
power generation in the upper part of the core, resulting in lower calculated cladding temperatures and a 
lower likelihood for burst to occur. 

A review of the Braidwood Unit 1 calculations performed in support of the Reference 4 evaluation shows 
that rod burst is only observed to occur for bumups greater than 45 GWDIMTU. Per the most 
conservative F 6H Bumdown Credit Limit provided by the Westinghouse Core Engineering (CE) group in 
Reference 8 (extra 10%), the F 6H bumdown credit at 45 GWDIMTU would be calculated as follows: 

F6H (45 GWDIMTU) = 1.160 - 6.00E-06 * 45000 MWD/MTU = 0.89, or an 11% reduction in F6H. 

Since the 1.04 minimum ratio of F 6H I PHA still applies, this 11 % reduction could also be directly applied 
to PHA• The F6H and PHA values assumed in the SBLOCA analysis are 1.7 and 1.514 (see Table 6.1.1-1 of 
Reference 2), respectively, and when reduced by 11 % results in F 6H and PHA values of 1.513 and 1.347. 
Like the reduction in axial offset, this reduction in F 6H and PHA would result in lower calculated cladding 
temperatures and a lower likelihood for burst to occur. 

Realistic ECCS Flows 

The ECCS flows used in the Braidwood Unit 1 SBLOCA analyses are minimum safeguards flows, and 
reflect maximum pump degradation, maximum resistances, etc.; these flows were also conservatively 
reduced in References 2-4 by 5% or 7% per Exelon's request. These minimum safeguards flows are 
appropriate for Appendix K SBLOCA analysis purposes, but do not reflect realistic ECCS flows. 
Additional ECCS flow would result in better core cooling, shorter core uncovery periods and lower 
cladding temperature results. 

Additionally, it is noted that the ECCS recirculation phase flows used in the Reference 4 supporting 
calculations were superseded by higher flows evaluated in References 4 and 5. An examination of the 
recirculation phase intact loop flows evaluated in Reference 5 reveals that they are actually higher than 
the original flows used in the AOR. Therefore, the cladding temperature transients are more reasonably 
portrayed by the results presented in References 2 and 3, which did not exhibit rod burst for any of the 
beginning-of-life (BOL) cases described therein. Bumup studies were not performed for the limiting 
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break size(s) from References 2 and 3 since the PCTs were below 1700'F; at cladding temperatures below
1700'F, PCTs for rod burst cases would not be expected to exceed those observed at BOL. While
completion of burnup studies may show rod burst at higher burnups when using standard Appendix K
NOTRUMP EM assumptions, if the conservatisms described above were replaced with more realistic
treatments of decay heat, core design parameters and ECCS performance, PCTs would be sufficiently
reduced to prevent rod burst.

Conclusion

Based on the evaluation performed herein, elimination of conservatisms in the Braidwood Unit 1
SBLOCA analysis such as use of realistic decay heat, cycle-specific core design data and more realistic
ECCS flows would result in significantly reduced cladding temperature results and lower likelihood for
hot rod and/or hot assembly rod burst to occur. Therefore, it can be concluded that for the purposes of a
JPO safety significance determination, zero rods would burst following a SBLOCA for Braidwood Unit 1.

References

1. Exelon TSD, "SBLOCA Rod Burst Evaluation," September 21, 2009.
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4. CAE-07-49 / CCE-07-48, "Exelon Nuclear, Byron and Braidwood Units 1 & 2, Phase 2 Evaluation of
Reduced SI Flow During Recirculation Phase of ECCS," April 16, 2007.

5. CAE-08-49 / CCE-08-91, "Exelon Nuclear, Byron and Braidwood Units 1 & 2, Transmittal of
Evaluations for Final Reduced ECCS Flows (LTR-CRA-08-130 Attachments 1 and 2;
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If you have any questions, please contact me at 412-374-4901.

Very truly yours,

for

Frank D. Garofalo
Customer Projects Manager
Exelon Nuclear
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break size(s) from References 2 and 3 since the PCTs were below 1700°F; at cladding temperatures below 
1700°F, PCTs for rod burst cases would not be expected to exceed those observed at BOL. While 
completion of bum up studies may show rod burst at higher bumups when using standard Appendix K 
NOTRUMP EM assumptions; if the conservatisms described above were replaced with more realistic 
treatments of decay heat, core design parameters and ECCS performance, PCTs would be sufficiently 
reduced to prevent rod burst. 

Conclusion 

Based on the evaluation performed herein, elimination of conservatisms in the Braidwood Unit 1 
SBLOCA analysis such as use of realistic decay heat, cycle-specific core design data and more realistic 
ECCS flows would result in significantly reduced cladding temperature results and lower likelihood for 
hot rod and/or hot assembly rod burst to occur. Therefore, it can be concluded that for the purposes of a 
JPO safety significance determination, zero rods would burst following a SBLOCA for Braidwood Unit 1. 
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Technical Evaluation
Braidwood Station

Determine Local Dose Rates for Manual Operation of Valve 1SI8811B
During a Small Break LOCA

Reason For Evaluation / Scope:

This Technical Evaluation is performed to demonstrate acceptable local area dose rates if plant
personnel are required to access the area in order to manually operate the 1 S188 11 B valve after a
small break LOCA (SBLOCA).

This evaluation is applicable to both Byron and Braidwood Stations.

Detailed Evaluation:

The 1S1881 1B valve (ECCS Sump Recirculation MOV) is attached to a 24" OD schedule 40 pipe.
The valve is enclosed in a "can" made of 3/8" thick steel (Drawing M-195). However, since the can
has openings in it, credit for this shielding is not taken. Lead blankets are wrapped around sections of
the pipe. However, since these are temporary (with limited weight restrictions), shielding credit is
not taken. From Drawing M-230, the center of the valve is situated on the pipe at approximately 4
feet after the pipe exits the wall. At a distance of approximately 10 feet from the center of the valve
on the other side, the pipe curves 90 degrees to the right, with 14 feet of pipe angled back towards the
valve area before dropping below the floor elevation. Therefore, the geometry is broken into two
cases for MicroShield. Case I calculates a dose rate at the valve operator due to the piping on either
side of the valve (pipe sections corresponding to 4 feet to the left and 10 feet to the right of the valve
center). Case 2 calculates the dose rate due to the 14 feet of pipe that is angled back towards the
valve (see sketch excerpted from Drawing M-230, Sheet 1). The dose receptor location was chosen
at 1 foot from the outside of the pipe. This corresponds to the typical definition of a general area
dose rate. Note that the Unit 2 valve is situated in a similar (albeit reverse) location with respect to
the piping. Therefore, this evaluation also pertains to Unit 2.

The source term assumed inside the pipe is due to the maximum activity allowed by Technical
Specifications. This activity is 60 uCi/gm Dose Equivalent Iodine-I131 and 603 uCi/gm Dose
Equivalent Xenon-133 (TS 3.4.16 from TSTF-490 Submittal using DEX-133). This is a reasonable
assumption since no fuel damage is expected during a SBLOCA (Westinghouse LTR-LIS-09-597).

MicroShield Results:

Case 1: 1323 mR/hr
Case 2: 121 nR/hr
TOTAL: 1444 mR/hr

As a sensitivity study, Case 1 was re-performed without the noble gas contribution (Case 3). The
resultant dose rate was only 1 mR/hr less. Therefore, it can be said that noble gas activity is not a
significant contributor to the total dose rate from this piping carrying ECCS water during a SBLOCA.

Technical Evaluation 
Braidwood Station 

Braidwood Technical Evaluation 
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Determine Local Dose Rates for Manual Operation of Valve IS18811B 
During a Small Break LOCA 

Reason For Evaluation I Scope: 

This Technical Evaluation is perfonned to demonstrate acceptable local area dose rates if plant 
personnel are required to access the area in order to manually operate the 1 SIS S11 B valve after a 
small break LOCA (SBLOCA). 

This evaluation is applicable to both Byron and Braidwood Stations. 

Detailed Evaluation: 

The 1 SIS811B valve (ECCS Sump Recirculation MOV) is attached to a 24" OD schedule 40 pipe. 
The valve is enclosed in a "can" made of3/S" thick steel (Drawing M-195). However, since the can 
has openings in it, credit for this shielding is not taken. Lead blankets are wrapped around sections of 
the pipe. However, since these are temporary (with limited weight restrictions), shielding credit is 
not taken. From Drawing M-230, the center of the valve is situated on the pipe at approximately 4 
feet after the pipe exits the wall. At a distance of approximately 10 feet from the center of the valve 
on the other side, the pipe curves 90 degrees to the right, with 14 feet of pipe angled back towards the 
valve area before dropping below the floor elevation. Therefore, the geometry is broken into two 
cases for MicroShield. Case I calculates a dose rate at the valve operator due to the piping on either 
side of the valve (pipe sections corresponding to 4 feet to the left and 10 feet to the right of the valve 
center). Case 2 calculates the dose rate due to the 14 feet of pipe that is angled back towards the 
valve (see sketch excerpted from Drawing M-230, Sheet 1). The dose receptor location was chosen 
at 1 foot from the outside of the pipe. This corresponds to the typical definition of a general area 
dose rate. Note that the Unit 2 valve is situated in a similar (albeit reverse) location with respect to 
the piping. Therefore, this evaluation also pertains to Unit 2. 

The source tenn assumed inside the pipe is due to the maximum activity allowed by Technical 
Specifications. This activity is 60 uCilgm Dose Equivalent Iodine-131 and 603 uCilgm Dose 
Equivalent Xenon-133 (TS 3.4.16 from TSTF-490 Submittal using DEX-133). This is a reasonable 
assumption since no fuel damage is expected during a SBLOCA (Westinghouse LTR-LIS-09-597). 

MicroShield Results: 

Case I: 1323 mRlhr 
Case 2: Jil mRlhr 
TOTAL: 1444 mRlhr 

As a sensitivity study, Case I was re-perfonned without the noble gas contribution (Case 3). The 
resultant dose rate was only 1 mRlhr less. Therefore, it can be said that noble gas activity is not a 
significant contributor to the total dose rate from this piping carrying ECCS water during a SBLOCA. 
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Conclusions / Findin2s:

The total dose rate at the valve operator is calculated to be 1444 mR/hr. The metal "can" surrounding
the valve and lead blanket shielding on the pipe, although not credited, will result in dose rates less
than those calculated here.

References:

1. Drawing M-195, Rev. AK
2. Drawing M-230, Sheet 1, Rev. U
3. Technical Specification 3.4.16 (from TSTF-490 Submittal using DEX-133)
4. Westinghouse LTR-LIS-09-597

Attachments:

Attachment A: MicroShield Output for Case 1 (2 pages)
Attachment B: MicroShield Output for Case 2 (2 pages)
Attachment C: Sketch Excerpted from Drawing M-230, Sheet 1 (1 page)
Attachment D: MicroShield Output for Sensitivity Study Case 3 (2 pages)
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The total dose rate at the valve operator is calculated to be 1444 mRlhr. The metal "can" surrounding 
the valve and lead blanket shielding on the pipe, although not credited, will result in dose rates less 
than those calculated here. 
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File Ref:
Date:

By:
Checked:

Case
Description:

Geometry: 7 -

Title: ISI 8 811B3l(
14 ft of Pipe With-Valve on it
Cylinder Volume - Side Shields

kz

Source Dimensions
Height 426.72 cm 14 ft 0.0 in
Radius 28.735 cm 11.3 in

Dose Points
X

# 1 60.96 cm
2 ft

X
121.92 cm

4 ft

0

Shield Name
Source
Transition
Air Gap
Wall Clad

Shields
Dimension Material
39.09 ft 3  Water

Air
Air

.057 ft Iron

0 cm
0.0 in

Density
1
0.00122
0.00122
7.86

-X

Nuclide
1-131
Xe-133

Source Input
Grouping Method : Actual Photon Energies

s becuerels uCi/CM3 Ba/cm3

6.6415e+001 2.4574e+012 6.0000e+001 2.2200e+006
6.6747e+002 2.4696e+013 6.0300e+002 2.2311e+007

ý0. 0041
10. 0043
,0. 0295
10. 0298
!0. 0306
0 . 031
10.0336
!0 .035
0. 0796
0. 0802
ý0 081

Buildup
The material reference is : Wall Clad

Integration Parameters
Radial
Circumferential
Y Direction (axial)

10
10
20

Activity
-photonsls-ec

1.352e+10
1. 517e+12
3. 310e+10
6. 140e+10
3 .369e+12
6.239e+t12
2. 183e+10
2.239e+12
5.348e+10
6. 434e+10
9. 010e+12

Fluence Rate
MeV/cm2 /sec
No Builduo
0.O00e+00
0.O00e+00
1.008e-49
6.680e-48
2. 304e-42
1.198e-40
6.084e-34
4.445e-28
2.478e-01
3.450e-01
5. 931e+01

Results
Fluence Rate
MeV/cm 2 /sec
With Buildup

3.876e-24
4.540e-22
7.335e-23
1.376e-22
7.792e-21
1.4463e-20
5.723e-23
6.248e-21
4.620e-01
6.469e-01
1.121e+02

Exposure Rate

No Buildup

0.O00e+00
0.O00e+00
1.055e-51
6.768e-50
2.148e-44
1.080e-42
4.328e-36
2.816e-30
3.928e-04
5.455e-04
9.343e-02

Exposure Rate

With BuilduD
2. 889e-24
3 .243e-22
7. 676e-25
1. 394e-24
7 .263e-23
1. 319e-22
4. 071e-25
3.958e-23
7.325e-04
1 . 023e-03
1.766e-01
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1 File Ref: 
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Case Title: lSI88llB~!e:i) 
Description: 14 ft of Pipe wi~ Valve on it 

Geometry: 7 - Cylinder Volume - Side Shields 

Date: 
By: 

Checked: 

Source DLmensions 
Height 
Radius 

426.72 em 14 ft 0.0 in 
28.735 cm 11.3 in 

Nuclide 
I-131 
Xe-133 

Dose Points 

# 1 
~ 

60.96 em 
2 ft 

'1. 
121.92 em 

4 ft 

Shield Name 
Source 
Transition 
Air Gap 
Wall Clad 

Shields 
Dimension Material 
39.09 tt 3 Water 

Air 
Air 

.057 ft Iron 

Source Input 
Grouping Method : Actual Photon Energies 

curies becquerels uCi/cm 3 Bq/em 3 

6.6415e+001 2.4574e+012 6.0000e+001 2.2200e+006 
6.6747e+002 2.4696e+013 6.0300e+002 2.2311e+007 

Buildup 
The material reference is : wall Clad 

Integration Parameters 
Radial 10 
Circumferential 10 
Y Direction (axial) 20 

Results 

z. 
o em 

0.0 in 

Density 
1 
0.00122 
0.00122 
7.86 

A!;;;tiyit~ Fly~n!;;;~ Rgt~ FllJen!;;;~ Rgt~ J:;XIlQ:;iy:t:~ Rate g~Q:;iJ.u;:e Rgt~ 
I M.eY ~hQtQn:;il..~e!:: M~:S[I..!::1l 2 L §~!:: MeVL!;;;m l L;!~!:: mRLht" mRLhr 
i NQ Byj,lduD With Byildu:Q NQ auilQ,u~ )1ith Byildu~ I 

\0.0041 1.352e+10 O.OOOe+OO 3.876e-24 O.OOOe+OO 2.88ge-24 
:0.0043 1.517e+12 O.OOOe+OO 4.540e-22 O.OOOe+OO 3.243e-22 
10.0295 3.310e+10 1.008e-49 7.335e-23 1. 055e-51 7.676e-25 
'10.0298 6.140e+10 6.680e-48 1. 376e-22 6.768e-50 1.394e-24 
~O. 0306 3.36ge+12 2.304e-42 7.792e-21 2.148e-44 7.263e-23 
\0.OJ1 6.23ge+12 1.198e-40 1. 463e-20 1.080e-42 1. 31ge-22 
'0.0336 2.183e+10 6.084e-34 5.723e-23 4.328e-36 4.071e-25 
:0.035 2.23ge+12 4.445e-28 6.248e-21 2.816e-30 3.958e-23 
0.0796 5.348e+10 2.478e-01 4.620e-01 3.928e-04 7.325e-04 
0.0802 6.434e+10 3.450e-01 6.46ge-01 5.455e-04 1.023e-03 
10.081 9.010e+12 5.931e+01 1.121e+02 9.343e-02 1.766e-01 



Page
DOS File:
Run Date:
Run Time:
Duration:

EnercrvMeV

0.1772
0. 1777
0,2843
0.3258
0.3294
0.3645
0.503
0.637
0.6427
0.7229

2
8811B-1.MS5
October 6, 2009
4:15:01 PM
00: 00: 02

/ ec~h~rd & 3773--17~
M~c~'~yt~A

Activity
nhotons/sec

6.508e+09
1. 758e+10
1. 487e+11
6. 162e+09
5 . 662e+09
1. 994e+12
8. 859e+09
1. 784e+11
5 .395e+09
4 .429e+10

Fluence Rate
MeV/cm 2 /sec
No Builduo
5.304e+01
1.448e+02
4. 945e+03
2. 838e+02
2.676e+02
1.188e+05
1.066e+03
3.523e+04
1.085e+03
1.137e+04

Fluence Rate
MeV/cm 2 /sec

With Buildup
1. 805e+02
4. 936e+02
2 .004e+04

1. 164e+03
1. 097e+03
4. 869e+05
4 .137e+03

1. 269e+05
3 .895e+03

3 .904e+04

Exposure RatemR./hr
No Buildup
9.103e-02
2.486e-01
9.311e+00
5.436e-01
5.131e-01
2.300e+02
2.092e+00
6.850e+01
2.109e+00
2.186e+01

Exposure Rate
mR/hr

With Buildup
3. 098e-01
8 .477e-01

3 .775e+01
2. 229e+00
2. 105e+00
9. 426e+02
8. 120e+00
2 .467e+02

7. 569e+00
7 .508e+01

TOTALS: 2.504e+13 1.733e+05 6.840e+05 3. 354e+02

I 
I 

Page 2 
~OS File: 8811B-1. MS5 
Run Date: October 6, 2009 Tec.h f?Jai e'C 3773,;)..'1 
Run Time: 4:15:01 PM 

A- Hzt.c~ me V\ 1: A I • 

00:00:02 ?urat~on: 
I 
I 
En~~gy: A~tijlit::l FIJJ~n~~ Rat~ FJ.JJ~n~~ Rg!;,~ E~Q~yr~ Rgt§ E2Q;2Q§yre Rgt~· 

M.eY tlhQtQn§L§~~ MS1~L~rn4L§~~ M~~L~rn2 Li1~~ rnR/hr rnRLht: 
NQ Byildu:Q With·Byildu};l NQ Byil,g,JJ:Q With Byilg,Y:Q 

0.1772 6.508e+09 5.304e+01 1.805e+02 9.103e-02 3.098e-01 
!0.1777 1.758e+10 1. 448e+02 4.936e+02 2.486e-01 8.477e-01 
i 0.2843 1.487e+11 4.945e+03 2.004e+04 9.311e+00 3.775e+01 

0.3258 6.162e+09 2.838e+02 1.164e+03 5.436e-01 2.22ge+00 
: 0.3294 5.662e+09 2.676e+02 1.097e+03 5.131e-01 2.105e+00 
i 0.3645 1.994e+12 1.188e+05 4.86ge+05 2.300e+02 9.426e+02 
i 0.503 8.85ge+09 1.066e+03 4.137e+03 2.092e+00 8.120e+00 
! 0.637 1. 784e+11 3.523e+04 1. 26ge+05 6.850e+01 2.467e+02 
i 0.6427 5.395e+09 1.085e+03 3.895e+03 2.10ge+00 7.56ge+00 
,0.7229 4.42ge+10 1.137e+04 3.904e+04 2.186e+01 7.508e+01 
i 

1.733e+05 6.840e+05 3.354e+02 (i23e+§) ITOTALS: 2.504e+13 
I 



MicroShield v5.03 (5.03-00095)
PECO Energy

Page :1
DOS File: 8811B-2.MS5 r5J) e-. aj
Run Date: October 6, 2009
Run Time: 4:15:28 PM rIc- Men
Duration: 00:00:02

File Ref:
Date:

By:
Checked:

Case Title: 1SI8811B
Description: 14 ft of Pipe 9 fee rom valve
Geometry: 7 - Cylinder Volume - Side Shields

Source Dimensions
Height 426.72 cm 14 ft 0.0 in
Radius 28.735 cm 11.3 in

Dose Points

# 1 304.8 cm
10 ft 0.0 in

y
0 cm

0.0 in

Shield Name
Source
Transition
Air Gap
Wall Clad

Shields
Dimension 'Material
39.09 ft 3  Water

Air
Air

.057 ft Iron

0 cm
0.0 in

Density
1
0.00122
0.00122
7.86

NucidgI
1-131
Xe-133

Source Input
Grouping Method : Actual P1curies becauerels
6.6415e+001 2.4574e+012 6.
6.6747e+002 2.4696e+013 6.

hoton Energies
.0000e+001 2.2
0300e+002 2.2 200e+006

311e+007

ý,EnercrvMeV

0.0041
ý0. 0043
b0. 0295
Q.0298
0 .0306

0. 031
0.0336
0.035
0.0796
0.0802
0.081

Buildup
The material reference is : Wall Clad

Integration Parameters
Radial
Circumferential
Y Direction (axial)

10
10
20

ActivitLy
photons!sec

1.352e+10
1.517e+12
3.310e+10
6.140e+10
3.369e+12
6.239e+12
2.183e+10
2.239e+12
5.348e+10
6.434e+10
9.010e+12

Fluence Rate
MeV/cm2 /sec
No Buildup
0.000e+00
0.O00e+00
9.305e-51
6.102e-49
2.056e-43
1.060e-41
5.15le-35
3 .710e-29
2.401e-02
3.341e-02
5.'739e+00

Results
Fluence Rate
MeV/cm2/sec
With Buildup

2.863e-25
3.354e-23
5.418e-24
1.016e-23
5.755e-22
1.080e-21
4.228e-24
4.615e-22
4.478e-02
6.267e-02
1.085e+01

Exposure Rate

Ng Buildup
0.000e+00
0. O00e+00
9 .738e-53
6. 183e-51
1. 916e-45
9.554e-44
3. 664e-37
2.350e-31
3.806e-05
5.282e-05
9. 041e-03

Exposure Rate
mg/hr

With Buildup
2.134e-25
2.395e-23
5.670e-26
1,030e-25
5. 365e-24
9.741e-24
3.007e-26
2.924e-24
7.100e-05
9.909e-05
1. 710e-02

Page 
DOS File: 
Run Date: 
Run Time: 
Duration: 

I 

\ 
1 
!Ener~ 
I MeV : 
i 

'0.0041 
:0.0043 
:0.0295 
.0.0298 
0.0306 
:0. 031 
0.0336 
:0.035 
0.0796 
0.0802 
0.081 

1 

MicroShield vS.03 (5.03-00095) 
PECO Energy 

File Ref: 
8811B-2.MS5 
October 6, 2009 
4:15:28 PM 

Date: 
By: 

Checked: 
00:00:02 

Case Title: lS18811B~ 
Description: 14 ft of Pipe 9 ~am valve 
Geometry: 7 - Cylinder Volume - Side Shields 

Nuclide 
I-131 
Xe-133 

Source Dimensions 
Height 
Radius 

426.72 em 14 ft 0.0 in 
28.735 em 11.3 in 

Dose Points 
A Y.. 

#: 1 304.8 em 0 em 
10 ft 0.0 in 0.0 in 

Shields 

z. 
o em 

0.0 in 

Shield Name 
Source 
Transition 
Air Gap 
Wall Clad 

Dimension Material Density 
39.09 ft l Water 1 

Source :Input 

Air 0.00122 
Air 0.00122 

.057 ft Iron 7.86 

Grouping Method : Actual Photon Energies 
curies beequerels uCi/em 3 Bq/cm 3 

6.6415e+001 2.4574e+012 6.0000e+001 2.2200e+006 
6.6747e+002 2.4696e+013 6.0300e+002 2.2311e+007 

Buildup 
The material reference is : Wall Clad 

.:Integration Parameters 
Radial 10 
Circumferential 10 
Y Direction (axial) 20 

Results 
A~!;;iy:i!;;y Fl!Jen~e Bgte Fl!Jen~e Rgte E~QliIl.U:e RSltSl E;KQQliiYl::Sl RSlte 

phQtons(sec Mev(cml/se<; MeV/em3 /sec mR/hr mR/hr 
NQ :euild]Jl;2 ~ith BuilduD NQ By.ildu12 With ~1!ildUt2 

1.352e+10 O.OOOe+OO 2.863e-25 O.OOOe+OO 2.134e-25 
1. 517e+12 O.OOOe+OO 3.354e-23 O.OOOe+OO 2.395e-23 
3.310e+10 9.305e-51 5.418e-24 9.738e-53 5.670e-26 
6.140e+10 6.102e-49 1.016e-23 6.183e-51 1. 030e-25 
3.36ge+12 2.056e-43 5.755e-22 1.916e-45 5.365e-24 
6.23ge+12 1.060e-41 1.080e-21 9.554e-44 9.741e-24 
2.183e+10 5.151e-35 4.228e-24 3.664e-37 3.007e-26 
2.23ge+12 3.710e-29 4.615e-22 2.350e-31 2.924e-24 
S.348e+10 2.401e-02 4.478e-02 3.806e-05 7.100e-05 
6.434e+l0 3.341e-02 6.267e-02 5.282e-05 9.90ge-05 
9.010e+12 5.73ge+OO 1.085e+01 9.041e-03 1.710e-02 



Page
DOS File:
ýRun Date:
Run Time:
Duration:

2
8811B-2.MS5
October 6, 2009
4:15:28 PM
00:00:02

eeJ, ey0YJ ifrc 3-7 73

Enerry AtvtMeV htn/e

0.1772 6.508e+09
0.1777 1.758e+10
0.2843 1.487e+11
0.3258 6.162e+09
0.3294 5.662e+09
0.3645 1.994e+12
0.503 8.859e+09
0.637 1.784e+1i

0.6427 5.395e+09
0.7229 4.429e+10

TOTALS: 2.504e+13

Fluence Rate
MeV/cm 2 /sec
No Buildup
4.883e+00
1.333e+01
4.545e+02
2.608e+01
2.458e+01
1.091e+04
9.772e+01
3.224e+03
9.930e+01
1.039e+03

1.590e+04

Fluence Rate
MeV/cm 2 /sec

With BuilduD
1.669e+01
4.563e+01
1. 846e+03
1. 070e+02
1 .009e+02

4.466e+04
3 .766e+02

1 .148e+04

3. 525e+02
3 .522e+03

6.252e+04

Exposure Rate
mR/hr

No BuilduD
8.381e-03
2.289e-02
8.558e-01
4.995e-02
4.714e-02
2.113e+01
1.918e-01
6.268e+00
1.929e-01
1.998e+00

3.077e+01

Exposure RatemR/hr
With Buildup

2.864e-02
7.836e-02
3.477e+00
2.049e-01
1.934e-01
8.644e+01
7.393e-01
2.232e+01
6.849e-01
6.773e+00

i 
:Page 
DOS File: 
:Run Date: 
i T' :Run une: 
puration: 

I Enet:9:i 
~ 

0.1772 
0.1777 

I 0.2843 
0.3258 

I 0.3294 
0.3645 
0.503 

I 0.637 
0.6427 
0.7229 

, TOTALS: 
I 

2 
8811B-2.MS5 
October 6, 2009 
4:15:28 PM 
00:00:02 

A~ t i:~li t:l Fl]Jen~e Rgt~ 
IihQtQn~ L.se!; Me~lL.Qm 2 L Ii.l~!; 

NQ BJ.l.ildu~ 
6.508e+09 4.883e+00 
1.758e+10 1.333e+01 
1.487e+11 4.545e+02 
6.162e+09 2.608e+01 
5.662e+09 2.458e+01 
1.994e+12 1.091e+04 
8.85ge+09 9.772e+01 
1.784e+11 3.224e+03 
5.395e+09 9.930e+01 
4.42ge+10 1.03ge+03 

2.504e+13 1.590e+04 

Flu~m~s: Rgt~ E~Q~nJr~ Rate E~QIi.lJ.n;:e Bgt~ 
MeV L.QID 2 L.s~!; rnRLhr mRLhr 
With B]Jild]J~ NQ :6l.l:ilQ.y~ With :6J.l.;i.ldu~ 

1. 66ge+01 8.381e-03 2.864e-02 
4.563e+01 2.28ge-02 7.836e-02 
1.846e+03 8.558e-01 3.477e+00 
1.070e+02 4.995e-02 2.04ge-01 
1.00ge+02 4,714e-02 1.934e-01 
4.466e+04 2.113e+01 8.644e+01 
3.766e+02 1.918e-01 7.393e-01 
1.148e+04 6.268e+00 2.232e+01 
3.525e+02 1. 92ge-01 6.84ge-01 
3.522e+03 1. 998e+00 6.773e+00 

6.252e+04 3.077e+01 ~10e:ov 
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ýage
OS File:
ýun Date:
ýun Time:
)uration:

MicroShield v5.03 (5.03-00095)
PECO Energy

1

October 6, 2009
4:15:58 PM o
00:00:01

File Ref:
Date:

By:
Checked:

Case Title: 1SIS811B Case 3
Description: 14 ft of Pipe With Va v o6n it - NO

Geometry: 7 - Cylinder Volume - Side Shields

z

Source Dimensions
Height 426.72 cm 14 ft 0.0 in
Radius 28.735 cm 11.3 in

X# 1 60.96

Dose Point

n 121.9 2 cm 0 cm
4 ft 0.0 in

ci
2 ft

_X

Source
Transition
Air Gap
Wall Clad

Shields
Dimensiona
39.09 ft 3  Water

Air
Air

.057 ft Iron

Density
1
0.00122
0.00122
7.86

Source Input
Grouping Method : Actual P1

curies becauerels
6.6415e+001 2.4574e+012 61-131

hoton Energies
UCi/em 2

.0000e+001 2.2 B2/0e3•200e+006

Buildup
The material reference is : Wall Clad

Integration Parameters
Radial
Circumferential
Y Direction (axial)

10
10
20

Energy Activity
MeV Dhotons/sec

0.0041 1.352e+10
0.0295 3.310e+10
0.0298 6.140e+10
0.0336 2.183e+10
0.0802 6.434e+10
0.1772 6.508e+09
0.2843 1.487e+11
0.3258 6.162e+09
0.3294 5.662e+09
0.3645 1.994e+12
0.503 8.859e+09
0.637 1.784eI11

Fluence Rate
MeV/cm 2 /sec
No Buildup
0.000e+00
1.008e-49
6.680e-48
6.084e-34
3.450e-01
5.304e+0l
4.945e+03
2.838e+02
2.676e+02
1.188e+05
1.066e+03
3. 523e+04

Results
Fluence Rate
MeV/cm 2 /sec

With Buildup
3.876e-24
7.335e-23
1.376e-22
5.723e-23
6.469e-01
1.805e+02
2.004e+04
1.164e+03
1.097e+03
4.869e+05
4.137e+03
1.269e+05

Exposure Rate
mn/hL

No Buildup
0.000e+00
1.055e-51
6.768e-50
4.328e-36
5.455e-04
9.103e-02
9.311e+00
5.436e-01
5.131e-01
2.300e+02
2.092e+00
6.850e+01

Exposure Ratemg/hr
With Buildu=

2.889e-24
7. 676e-25
1. 394e-24
4.071e-25
1 . 023e-03
3.098e-01
3.775e+0l
2.229e+00
2.105e+00
9.426e+02
8.120e+00
2.467e+02

I 

I 

~age 
)OS File: 
~un Date: 
{un Time: 
)uration: 
I 
I 
I 

i 

Enex;:gy 

MicroShield vS.03 (5.03-00095) 
PECO Energy 

1 
8811B-IA.MS5 
October 6, 2009 
4:15:58 PM 
00:00:01 

Ie.d, EvaJ lEe 377 3J..~ 
Pi ~hI\$\'\-t D 

File Ref: 
Date: 

By: 
Checked: 

Case Title: 1S18811B~S~ 
Description: 14 ft of Pipe With Va v on it - ~ NG

4 

Geometry: 7 - Cylinder Volume - Side Shields 

Source DLmensions 
Height 
Radius 

426.72 crn 14 ft 0.0 in 
28.735 em 11.3 in 

Dose Points 
K X. 

# 1 60 . 96 em 121. 92 em 
2 ft 4 ft 

Shield Name 
Source 
Transition 
Air Gap 
wall Clad 

Source Input 

Shields 
Dimension Material 
39.09 ftl Water 

Air 
Air 

.057 ft Iron 

Grouping Method : Actual Photon Energies 
Nuclide curies becquerels uCi/em 3 Bg/ern 3 

1-131 6. 6415e+001 2. 4574e+012 6. OOOOe+OOI 2. 2200e+006 

Buildup 
The material reference is : Wall Clad 

Integration Parameters 
Radial 10 
Circumferential 10 
Y Direction (axial) 20 

Results 

~ 
o cm 

0.0 in 

Density 
1 
0.00122 
0.00122 
7.86 

A~tivity FlY!iiln~!iil B.gt~ Flyen~~ Rg,t~ E~Q~YJ:::e Rat~ gz:QQsy,re Rate 
~ :ghotQn~L~e!;; MSl:slL~ml L~e~ Me~lL~m:l L~e~ mRLhr mRLhr 

NQ By;UQy:g With Byildu:Q NQ Ial.ilduD tUtll ~yildu12 
0.0041 1. 352e+l0 O.OOOe+OO 3.876e-24 O.OOOe+OO 2.88ge-24 
0.0295 3.310e+10 1.008e-49 7.335e-23 1.055e-51 7.676e-25 
0.0298 6.140e+10 6.680e-48 1.376e-22 6.768e-50 1. 394e-24 
0.0336 2.183e+10 6.084e-34 5.723e-23 4.328e-36 4.071e-25 
0.0802 6.434e+10 3.450e-Ol 6.46ge-01 5.455e-04 1.023e-03 
0.1772 6.508e+09 5.304e+01 1.805e+02 9.103e-02 3.098e-Ol 
0.2843 1. 487e+11 4.945e+03 2.004e+04 9.311e+00 3.775e+01 
0.3258 6.162e+09 2.838e+02 1.164e+03 5.436e-01 2.22ge+00 
0.3294 5.662e+09 2.676e+02 1. 097e+03 5.131e-01 2.105e+00 
0.3645 1.994e+12 1.188e+05 4.86ge+05 2.300e+02 9.426e+02 
0.503 8.85ge+09 1.066e+03 4.137e+03 2.092e+00 8.120e+OO 
0.637 1. 784e+11 3.523e+04 1.26ge+05 6.850e+01 2.467e+02 



Page : 2
DOS File: 8811B-lA.MS5
Run Date: October 6, 2009
Run Time: 4:15:58 PM
Duration: 00:00:01

7~~ch6 ~/ 1 J 7)3

Enerav
Mev

0.6427
0.7229

Activity
Dhotons/sec

5.395e+09
4.429e+10

Fluence Rate
MeV/cm2 /sec
No Buildup
1.085e+03
1.137e+04

1.731e+05

Fluence Rate
MeV/cm 2 /sec

with Buildup
3.895e+03
3.904e+04

6.834e+05

Exposure Rate
mR/hr

No BuilduD
2.109e+00
2.186e+01

3.350e+02

Exposure Rate
ma/hr

With Buildup
7. 569e+00
7.508e+01

(f322e+03TOTALS: 2.593e+12

Page 
DOS File: 
Run Date: 
Run Time: 
Duration: 

En~rm!: 
MeV 

0.6427 
0.7229 

i TOTALS: 

2 
8811B-1A.MS5 
October 6, 2009 
4:15:58 PM 
00:00:01 

a~tiyit::l Flu~n!:~ Rgt~ 
];;1b.QtQniiLii~~ M~jlL!:m2 L5~~ 

NQ BlJ i l du];;1 
5.395e+09 1.085e+03 
4.42ge+10 1.137e+04 

2.593e+12 1.731e+05 

I ec.h E'/ aJ t::- C 3 -; ") 3;l1 

A--~ VV\ t9Y\"t- D 

FllJ~n!:e Rgte ~;;:WQS1u:e Rate 
MeVL~m2L~~~ mRLn~ 

Witn :6lJ i ldlJ12 No alJild.u12 
3.895e+03 2.10ge+00 
3.904e+04 2.186e+Ol 

6.834e+OS 3.350e+02 

EAQQ~l.u:e Rate 
mRLnl:: 

With Buildu12 
7.S6ge+00 
7.508e+Ol 

~) 



ATTACHMENT 4

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

Braidwood Station

i\ 
ATTACHMENT 4 

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 

Braidwood Station 



Engineering Change

Company Name : EXELON GENERATION CO.,LLC

EC Numberi

Status/Date
Facility
Type/Sub-type:

0000378302 000
MODIFIED 12/30/2009
BRW BRAIDWOOD GENERATING STATION
EVAL MECH

Print Date: 12/30/2009Exelon
Page: 1

EC Tittle:

Mod: Nbr

Master EC
Outage
Wo Required
AdvWk Appv
Auto-Advanc
Caveat Outs
Resp Engr
Location

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
0000378302 KWI: SR KW2: KW3: KW4: KW5: EMERG

d:
e:
•t

N

N

N

Work Group :
Alert Group:
Image Addr
Alt Ref.

DEM
Temporary
Aprd Reqd Dat
Exp Insvc Dat
Expires On
Auto-Asbuild
Discipline

: N
e: 12/30/2009
e:

09/24/2012
: N
: DEM

Y

NICHOLAS

Priority : BH
Department : 08952

J RADLOFF

Units

BRW 011

Systems

Descript ion

UNIT ONE

DeAcrilVtion

AUX BLDG HVACBRW
System

VA

Engineering Change 
i 
I 

Company Name 

EC rumber 
Status/Date 

I 

Facility 
I 

Type/Sub-type: 

EXELON GENERATION CO.,LLC 

0000378302 000 
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Design Consideration Summary (DCS)
Page I of 7

Engineering Change Number: EC 378302 Rev.000

Purpose

The purpose of this evaluation is twofold. First, to determine a bounding ambient temperature and
relative humidity of the Unit 1 Spray Additive Tank Room and Pipe Penetration Area (i.e, U-I
Curved Wall Area) at floor Elevation 364' of the Auxiliary Building while a design basis accident
LOCA on Unit 1 has occurred and the 1S1881 1B valve fails to fully open. This bounding case
includes a loss of offsite power (LOOP) coincident with the LOCA. A second analysis presents a
realistic scenario considering actual plant operating history and operating configuration to
determine a maximum expected area temperature and relative humidity for the same LOCA with no
LOOP. The evaluation results will be used to support the Significant Determination Process (SDP)
final evaluation for the failed 1S18811 B valve.

Conclusion

The temperature and humidity for the Unit 1 Spray Additive Tank Room and Pipe Penetration Area
(Curved Wall Area) at floor Elevation 364' of the Auxiliary Building is presented in the table
below. The room conditions in this evaluation are only applicable for the conditions that are listed
above scope. The temperature and relative humidity remain bounded by the temperature and
humidity values listed in the UFSAR Table. 3.11-2

Accident Maximum Temperature (OF) Maximum Humidity (%RH)
Design LOOP/LOCA 114.1 27
Realistic LOCA only 90 52
UFSAR Table 3.77-2 130 8 - 70
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The purpose of this evaluation is twofold. First, to determine a bounding ambient temperature and 
relative humidity of the Unit 1 Spray Additive Tank Room and Pipe Penetration Area (i.e, U-l 
Curved Wall Area) at floor Elevation 364' of the Auxiliary Building while a design basis accident 
LOCA on Unit 1 has occurred and the ISI8811B valve fails to fully open. This bounding case 
includes a loss of offsite power (LOOP) coincident with the LOCA. A second analysis presents a 
realistic scenario considering actual plant operating history and operating configuration to 
determine a maximum expected area temperature and relative humidity for the same LOCA with no 
LOOP. The evaluation results will be used to support the Significant Determination Process (SDP) 
final evaluation for the failed ISI8811B valve. . 

Conclusion 

The temperature and humidity for the Unit 1 Spray Additive Tank Room and Pipe Penetration Area 
(Curved Wall Area) at floor Elevation 364' of the Auxiliary Building is presented in the table 
below. The room conditions in this evaluation are only applicable for the conditions that are listed 
above scope. The temperature and relative humidity remain bounded by the temperature and 
humidity values listed in the UFSAR Table. 3.11-2 

Accident Maximum Temperature (OF) Maximum Humidity (%RH) 
Design LOOPILOCA 114.1 27 
Realistic LOCA only 90 52 
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CC-AA- 102
ATTACHMENT 1

Design Attribute Review (DAR)
EC 378302 Rev.000 Page 2 of 7

When a topic is determined applicable, the box Z is checked, and the applicable topic is discussed. IF the
information is discussed in other note panels a reference to the documentation required is given in
accordance with the applicable procedures governing a particular Attribute.

Section D~esign ChangeAtrbe

4.1..1.IDENTIFY. Basic..SSC Functions. ....
Auxiliary Building Ventilation (VA) - The Auxiliary building HVAC (VA) is
designed to provide an adequate environment for personnel health, safety, and proper
functioning of equipment within the Auxiliary Building plant areas for normal and
abnormal events. The areas served include the Auxiliary Building and Fuel Handling
Building (FHB), but exclude the solid radwaste facilities control room, control room,
and laboratory areas within the Auxiliary Building. The VA system is designed to
maintain offsite radiological releases from the Auxiliary and FHB to within
acceptable limits during normal and abnormal plant conditions.

The Non-accessible Area Exhaust Filter Plenum Ventilation System filters air from
the area of the active Emergency Core Cooling System (ECCS) components during
the recirculation phase of a Loss Of Coolant Accident (LOCA). The Non-accessible
Area Exhaust Filter Plenum Ventilation System, in conjunction with other normally
operating systems, also provides environmental control of temperature in the ECCS
pump room area and lower levels of the Auxiliary Building. The VA system is safety
related.

The Auxiliary Building exhaust system is designed to run continuously during all
normal plant operations and exhaust auxiliary building air after filtering through
prefilter and HEPA filter banks. Provisions are also made to route the effluents from
non-accessible cubicles in the auxiliary building through charcoal adsorbers and
HEPA filters automatically on a safety injection signal from Unit 1 or 2 and manually
through a control switch in the main control room. On a loss-of-coolant accident
(LOCA), the auxiliary building supply and exhaust fans powered by the affected unit
are tripped. Two out of six charcoal booster fans are started to maintain negative
pressure in the auxiliary building and route the exhaust air from non-accessible
cubicles through the charcoal adsorber and upstream/downstream HEPA filters before
exhausting to the outdoor atmosphere.

FHB exhaust ventilation subsystem of VA is utilized to reduce gaseous iodine and
particulate concentrations in the exhaust air from the FHB which are potentially
present following a fuel drop accident, involving recently irradiated fuel.

4.1.4.2. IDENTIIFY Configuration Change saf.tyc,•assification. @

This EC is classified as safety related. The evaluation supports a safety related system
(VA).

4.1.4.3. IDENTIFY Seismic Classification of the SSC.

ATTACHMENT 1 
Design Attribute Review (DAR) 

EC 378302 Rev.OOO 

CC-AA-102 

Page 2 of7 

When a topic is determined applicable, the box [gI is checked, and the applicable topic is discussed. IF the 
information is discussed in other note panels a reference to the documentation required is given in 
accordance with the applicable procedures governing a particular Attribute. 

4.1.4.2. 

~ 

4.1.4.3. 

Auxiliary Building Ventilation (V A) - The Auxiliary building HV AC (V A) is 
designed to provide an adequate environment for personnel health, safety, and proper 
functioning of equipment within the Auxiliary Building plant areas for normal and 
abnormal events. The areas served include the Auxiliary Building and Fuel Handling 
Building (FHB), but exclude the solid radwaste facilities control room, control room, 
and laboratory areas within the Auxiliary Building. The VA system is designed to 
maintain offsite radiological releases from the Auxiliary and FHB to within 
acceptable limits during normal and abnormal plant conditions. 

The Non-accessible Area Exhaust Filter Plenum Ventilation System filters air from 
the area of the active Emergency Core Cooling System (ECCS) components during 
the recirculation phase of a Loss Of Coolant Accident (LOCA). The Non-accessible 
Area Exhaust Filter Plenum Ventilation System, in conjunction with other normally 
operating systems, also provides environmental control of temperature in the ECCS 
pump room area and lower levels of the Auxiliary Building. The VA system is safety 
related. 

The Auxiliary Building exhaust system is designed to run continuously during all 
normal plant operations and exhaust auxiliary building air after filtering through 
prefilter and HEPA filter banks. Provisions are also made to route the effluents from 
non-accessible cubicles in the auxiliary building through charcoal adsorbers and 
HEPA filters automatically on a safety injection signal from Unit 1 or 2 and manually 
through a control switch in the main control room. On a loss-of-coolant accident 
(LOCA), the auxiliary building supply and exhaust fans powered by the affected unit 
are tripped. Two out of six charcoal booster fans are started to maintain negative 
pressure in the auxiliary building and route the exhaust air from non-accessible 
cubicles through the charcoal adsorber and upstream/downstream HEP A filters before 
exhausting to the outdoor atmosphere. 

FHB exhaust ventilation subsystem of VA is utilized to reduce gaseous iodine and 
particulate concentrations in the exhaust air from the FHB which are potentially 
present following a fuel drop accident, involving recently irradiated fuel. 



CC-AA-102
ATTACHMENT 1

Design Attribute Review (DAR)
EC 378302 Rev.000 Page 3 of 7

Sefctbione sig Change Attribuite~

This EC is classified as seismic category 1. The evaluation involves seismic category I
system VA and Aux. Bldg.

4.1.5. PROVIDE the perfforance requirements and design conditions (including margin) of the SSC

z nede toevluae te hane fomthe existing to the moiidsstemns, structures, or

See Evaluation Details

4.1.6. DET~ERMjINEthe design requirements necessary to facilitate periodic surveillance testing and
0 ~ ~ __ acpactetnthtineesry for teCo nf iguration Change being considered.:

4.1.7. DETERMINE the C S

D- Configuration Change. ~ 'A'

4.1.8. IDENTIFY PWR Sump GL 2004-02 Program impcts Braidwod, Byronand' __n

E-1+

4.1.9. DETERMINEchanges requiredl toexissting Design Analysis or new parameters that require new
0 calculations or calculation revisions that are used to 6sasess the: acceptability6f a system or a

component fanction in meeting variodusphysical requirements. :' i-__ _

4.1.10. If Riedundancy, Diversity and Separation requirements are identified or affected, then REVIEW

the original design basis as well asay quent modifications.'. .-

4.1.11. IDENTIFY any Failure Effects requirements. (See Attachmenth , 1 ,

4.1.12. IDENTIFY, Fire Protection and Appenidix R Safe Shuitdown requiremns yL~n h

"Sc +++••nin'g'•++,:++ p-------------------emets, y usng

EJ "Srenigfor ApprovedFir Protection Pr~ogramir(AFPP)_Im'pact", Attachmenit 2. -

4.1.13. DETERMiINE anyMaterial requirements, such as material grade, product form, compatibility

El with existing or oth~er, new materials, galvanic ineato ewe ismlrmtl.special' ~6
weldinig material requirem-ents,~ critica prop'ierties, perforane characteristicsalternative

-nat'rials as well as any Material Suitabilita•re•rementssiisuichas cmipatibility, eletrical -

insiiulation properties, protectiv'e>c'oatingcorriosion resistance, mechanical'insuilation tc.
inecessary for the Configu-ration-Change. '

4.1.14. Determine environmental conditions a+n:d impacts.

Di

4.1.5. 

~ 

4.1.6. 

D 

4.1.7. 

D 

4.1.8. 

D 
4.1.9. 

D 

4.1.10. 

D 

4.1.11. 

D 
4.1.12. 

D 

4.1.13. 

D 

4.1.14. 

D 
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ATTACHMENT 1

Design Attribute Review (DAR)
EC 378302 Rev.000 Page 4 of 7

~Section Design Change Atrbt

4.1.15. DETERMINE if Environmental Qualification (EQ) of equipment is affected. (see Attachment

No adverse impact as discussed in EVAL DETAILS.

4.1.16. REYIEW theOperating Experience databases through the IINPO InternetSite oreqiantn
ED accor~dance with LS-AA-1 15:>- qiaenn

4.1.17. DETERMINE if the conifigurationchange may affectthe existingEquipmenti Performiance
D Information Exchange (EPIX) da.tabase.

4.1.18. DETERM• NE•ifthe; Configuration Chapge may. affettheexistingProbab Risk
D ~As~sessment' (PRA), Mitigating System Performance Inidex (MSPI) Basis Documnent PR

conftent, and shutdown risk mnodels by using the-----ngchclit----acmnt4

4.1.19. - EVALUATE if Sytem Operational Requiementshavve changed..

4.1.20. IDENTIFY a H

4.1.21. IDENTIFY procedure changes per direction in Atta~chment 9.

4.1.22. IDENTIFY any changes or additionial training requirements for various depaitments, per -

D directio-ninA-ttachm-en-9.

4.1.23. CONSIDER the functional and pihysic !system interface requirements, includin-gthe affec i o-
Cumlatve oleanes etwen hesubject system or component an daetor related support

systems, strucuressand comp6nents that may have been affected by t h Conf-igion Change ,

4.1.24. DETERMINE specialized layout and arrangement requirem~ents, such~ as protection from
normal ehicle tafficflowor physical location ' preferences that miimize plant operatingY
reqi•irements for; both the structures aid systems being modified, a a c e
that avoid susetbly for water hammeir an a acuu atfion. jan

4.1.16. 

D 

4.1.17. 

D 

4.1.18. 

D 

4.1.19. 

D 
4.1.20. 

D 
4.1.21. 

4.1.22. 

D 

4.1.23. 

D 

4.1.24. 

o 
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Page 5 of 7

4.1.26. DETERMINE theneed for walkdowns to look at accessibility to the work area(s) and any~
D special installaltonfconsiderations that. need to be addressed during design development.

4.1.27. FDETERMINE Accessibility fornimaintenance, repair and In-Service Inspectioni (SIJ a!1d III-
[] Service Testing,(IST), and the conditions und~er which these aictivities will b~e performed.

4.1.28. DETERMINE handlinig, storage, cleaning, and.shipping requirements,.as well as
0 trnspotobisite, reomisitento for items~ which require special handling durinig transit from

supplier tsiefrmietovenidor (for repair), or from siercevn to final paeeti h

plat

4.1.29. DETERMINE the~ effect of the Con~figu~ration Change on existin~g Emergency Plan or
D (environmental an~d dscharge monitoring that are usedto prevenlt undue risk to public health. and

safety.

4.1.30. DETERMINE Industrial Safety requirements such as restricting the use of dangerous materials,
D ~hazardous chemicals, escape provisions from enclosures, pertinent OSHIA requirements, and

gr~ounding of ,ele.ctrical systems.

4.1.31. DETERMIN'E impact on nuclear fuel, cre components, core design,; reactivity managemnent,F-1 ~criticality......olandaccountability f nuclear materials as well as transient ado acdn
an~alysis, by using Atta~chmnent 6. .

4.1.32. DETERMINE Load Path reqjuirements for inistallation, removal, and repa.irof equipmiient and
El epacm~ent of major componenits.;

4.1.26. 

o 

4.1.27. 

o 

4.1.28. 

o 

4.1.29. 

o 

4.1.30. 

o 

4.1.31. 

o 

4.1.32. 

o 

ATTACHMENT 1 
Design Attribute Review (DAR) 
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CC-AA-102
ATTACHMENT 1

Design Attribute Review (DAR)
EC 378302 Rev.000 Page 6 of 7

Section~ Design Change Attribute4
A~ppi~cable

4.1.33. IDENTIFY Mechanical System Characteristics where design limitsare placed on the
0 mechanical properties ~of a system orcmonns

4.1.34. IDENTIFY Chemistry requirements where limits are placed on 2the 'chemical properties
LI of a system or compnip ent based upnsftreliabilityi,ALARA, economics, or other

consideration~s.7

4.1.35. DENTIFY Electricalrequirementswherelimits are placed on the electrical propelties

4.1.36. IDENTIFY Instrument and Controlrequiiremni&ts, including digital technology
0 requirements.

4.1.37. IDENTIFY~ Sec~urity re~quiremelnts, such as site monitoring, alarm systemis', vehicle
III ~barrier systems, ecurity and Secuprity lighting. -

4.1.38. IDENTIFY.Civ~il/Stutrleqimnswhe design limits are placed on th~e
Fý structural properties'of a SSi uc s equipm~enit foundations and opnn supports.

•::, , ' ::.? ..... !..... .. .. ..... ........ .i .... ......... .. ." ..... ... .. . .'.:' ' ..... .... .... ... . =" ................................. . ...... .• ..."•" ..•: .' :• ; :. • =,:;... .. ........ ..

4.1.39. If the Configuration Change adds, relocates, o~r alters Seismic Category I mechanical
D and/or electrical components th~en ENSUJREtha te Seismic Dynamic ~Qualification

(SDIQ) of the~ components has been addressed per GC-AA-3~2O-0 1.

4.1.40. DETERMINE Personnel Requirements and Limitations such as the~ need for trade~
III specialists anid en~gineering experts as well as support personnel, such as Radiation

Chemnistry technicians, weding technicians with special expertise, use of specific
contractor or stationi procedures for installationi or the nieed for mock-ups for train~ing,
installation, or operation.j>~

4.1.41. LIST special procedures and installation specifications that apply, butare not part of the
Dý normal ins~tallation proced~ural direction.

.. .......................: ..... 2 ........... ,... ..... .. ... .,,.. ..........i!..!•!•.i .!•!.•!:: :i7 % ..::'.!.!:;...:. 2 ::. . : : :.: 2 :!:.:•!• : ! :.!.:. 1!: .•:.: (.i•!. ! .... .. ,?.• !'i•:ii : .,::!::;!i!. !•!!.!• :i,• .i! .•.•!i..i.3::!! ..!!:i: :.:i!!!,.. ?!• :!i!.•i

4.1.34. 
o 

4.1.35. 
o 

4.1.36. 
o 

4.1.37. 
o 

4.1.38. 

D 

4.1.39. 
o 

4.1.40. 

D 

4.1.41. 

D 
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ATTACHMENT 1

Design Attribute Review (DAR)
EC 378302 Rev.000 Page 7 of 7

Sections Desg Chng ttibt

4.1.2. DTER-INE Interfacing Department impact ofte-ofgrto Chjange, such asF--1 OperationsPlant Engineering, Training (including Plant Siimulator), Maintenance,

Reactor Engineering,i Radiation Protection and oth-er. (see Attachmients 10A through

4.1.43. CON4SIDER impact on License Reniewal/Life Ex~tension Projects that may be in
prcso may have already been approved. (see Attachment 11) __
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1. Reason for Evaluation/Scope:

The purpose of this evaluation is to determine a bounding expected ambient temperature and relative
humidity of the Unit 1 Spray Additive Tank Room and Pipe Penetration Area (i.e., U-1 Curved Wall
Area or CWA) at floor Elevation 364' of the Auxiliary Building based on different PRA scenarios
listed below in conjunction with the 1SI881 lB valve failing to fully open.

Also, for conservative measures, a calculation will be performed to determine the expected
temperature and relative humidity in the U-1 CWA during a LOOP/LOCA.

For comparison sake, Reference 4.9 states that 1SI881B is located in EQ zone A13C which has a
maximum temperature of 130F and relative humidity of 8 to 70%. Also, VA-101 Rev. 006B
"Auxiliary Building Energy Load for EL. 330'-0", 346'-0", 364'-0" and 383'-0" predicts a maximum
temperature in this room of 92.6 'F for normal operation. Neither of these conservative analyses are
invalidated or exceeded by this analysis.

This evaluation result will be used to support the Braidwood Phase 3 Significant Determination
Process (SDP) Evaluation of Failure of 1S1881 1B to Fully Open, BW-SDP-003. The piping heat
load contributions for this evaluation are based on the following scenarios:

* A small or medium break Loss of Coolant Accident has occurred on Braidwood U-1

The IA and 1B SI and CV pumps inject to the Reactor Coolant System taking suction from
the Refueling Water Storage Tank (RWST)

• The 1A and 1B Containment Spray (CS) pump does not actuate.

* Valve 1SI881 1B, 1B Containment Recirculation sump isolation, fails to stroke fully open and
stops at 34% open. Valve 1S1881 1A, 1A Containment Recirculation sump isolation, also
fails to open fully. Consequently, the CV and SI pumps are not switched over to the
Containment Recirculation sumps. Since the SI881 1A/B valves open partially, it is assumed
that both RH pumps are stopped and do not operate in long term recirculation to the RCS
Cold Leg until operator action is taken to fully open the 1S1881 1A/B valves and restart the
RH pumps. This scenario causes no significant increase in the heat load from piping located
in the CWA until the RH pumps are restarted.

Operations personnel are dispatched to the Auxiliary Building El. 364 ft, Curved Wall Area
(CWA), to open valve 1SI881 1B locally with the handwheel on the valve operator. The
bounding timeframe credited for operator response in the U-1 364' curved wall area is
assumed to be 13 hours which includes the time from receiving the SI signal to the time the
operator exits the U-1 364' curved wall area. The fluid temperatures that have been
evaluated are bounding because they are hottest since they are taken at about 30 minutes after
the accident for a Large Break LOCA scenario.

2. Inputs:

2.1 According to Reference 4.1 (page A2) and Ref. 4.5, the VA supply airflow to the Unit 1 Spray
Additive Tank Room and Pipe Penetration Area (Room #138) of Auxiliary Building Elevation
364' is 5343 cfm (ft3/min) for VA two fan operation (prior to modification D20-0-00-355
where main supply/exhaust fan blade angles were changed). The calculated maximum U-I
CWA temperature during normal operation is 92.6 'F based on a calculated heat load of
362,215 Btu/Hr (Ref. 4.5).

2.2 According to Reference 4.3, the temperature for supply air to the room is 106.3 'F. This
temperature conservatively includes additional heat load from maximum design outside air
temperature of 95 'F DB/78 'F WB with no credit taken for auxiliary building chillers or VA
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main supply/exhaust fans operating (i.e., LOOP/LOCA). The calculated heat load for the U-1
CWA during VA abnormal operation is 146,500 Btu/Hr.

2.3 U-1 CWA design ambient temperature limit during normal operation is 122 'F in accordance
with Reference 4.5. Per Ref. 4.9 and 4.1, The EQ ambient temperature limit for the U-1 CWA
is 130 'F during normal operation. Because the VA system was designed to maintain the area
below 122 'F, the maximum temperature limit for the area will be conservatively established
at 122 'F.

2.4 From Ref. 4.3, the Non-Accessible (NAC) Booster fan airflow is 48000 cfm/fan with two
NAC booster fans operating and supply airflow into the U-i 364' CWA is 4,911 cfm ( No
main supply/exhaust fans operating).

2.5 Based on Ref. 4.7, the VA summer operating lineup during this timeframe was one main
supply fan, one main exhaust fan, and one auxiliary building chiller operating. The highest
temperature recorded during operator rounds for the lB SI pump room did not exceed 90 'F.
The VA main supply fan air temperature to the Auxiliary Building was approximately 70 'F.

3. Assumptions:

3.1 For the LOOP/LOCA scenario, the Auxiliary Building Ventilation (VA) operating lineup is
assumed to be in booster-only fan lineup which includes one Fuel Handling Building (FHB)
booster fan and two Non-Accessible (NAC) booster fans running during maximum design
summer time conditions of 95 'F DB/78 'F WB. These air conditions correspond to an
enthalpy of 41.82 BTU/lb. This VA operating lineup and design temperature establishes a
conservative bounding condition during the LOOP/LOCA accident scenario by creating the
lowest possible supply airflows into the curved wall area with the highest ambient temperature
and humidity profiles for the U-1 CWA. (i.e., no credit taken for having auxiliary building
chillers available during summer or additional VA main supply/exhaust fans running). (Note
that the highest recorded air temperature during the summer of 2008 at the Morris Illinois
weather reporting station was 93 'F. Additionally, no day could be found where the
combination of daily high temperature and recorded dew point resulted in an air enthalpy that
exceeded 41.82 BTU/lb.)

3.2 Due to the short duration for the operator response into the curved wall area for the
aforementioned PRA scenarios and the expected slow conduction of heat into the U-I curved
wall area, the heat transmission load was assumed to be negligible, thus was not considered as
a design input into the overall heat load calculation.

3.3 There are no plant barrier impairments affecting the curved wall area configuration that could
change the ventilation configuration design airflows or flow path.

4. References

4.1 Calculation BRW-96-461-M, Rev. 002B, "Justification of EQ Zone Temperatures and
ALARA Minimum Airflow Requirements during VA Two-Fan operation".

4.2 EC 377814, Rev. 000 "Evaluate Temperature of the Curve Wall Area Aux. Bldg. Elev. 364',
Using Flow from Booster Fan Operation Only".

4.3 VA-102 Rev 003A "Aux. Bldg Energy Load Calculation for EL. 330', 346', 364', 383', 401'
and 426 in Abnormal Condition"

4.4 BW-SDP-003 "Braidwood Phase 3 SDP Evaluation of Failure of 1S1881 1B to Fully Open"
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chillers available during summer or additional V A main supply/exhaust fans running). (Note 
that the highest recorded air temperature during the summer of 2008 at the Morris Illinois 
weather reporting station was 93 of. Additionally, no day could be found where the 
combination of daily high temperature and recorded dew point resulted in an air enthalpy that 
exceeded 41.82 BTU/lb.) 

3.2 Due to the short duration for the operator response into the curved wall area for the 
aforementioned PRA scenarios and the expected slow conduction of heat into the U-l curved 
wall area, the heat transmission load was assumed to be negligible, thus was not considered as 
a design input into the overall heat load calculation. 

3.3 There are no plant barrier impairments affecting the curved wall area configuration that could 
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and 426 in Abnormal Condition" 

4.4 BW-SDP-003 "Braidwood Phase 3 SDP Evaluation of Failure of IS18811B to Fully Open" 
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4.5 VA-101 Rev. 006B "Auxiliary Building Energy Load for EL. 330'-0", 346'-0", 364'-0" and
383'-0".

4.6 Sargent & Lundy Mechanical Department Standard, MES-7.2, Piping Heat Losses - Insulated
and Uninsulated

4.7 Review of PI Temperature Trend Data, Operator Rounds Data, Plant Engineering VA System
Quarterly Walkdown Trend Data, and VA Operating Lineups for Auxiliary Building and U-1
CWA temperatures during timeframe of September 20, 2007 - June 24, 2009.

a. The VA main supply fan air temperature was approximately 70 'F during summer
time.

b. The Curved Wall Area did not exceed 90 'F during the entire time in question. This
was determined by reviewing daily temperature measurements of the 1B SI pump
room and 1B CV pump room which both receive air directly from the CWA.

c. VA lineup during summertime was one main supply/exhaust fan and one auxiliary
building chiller operating throughout summer.

4.8 Historical weather data obtained from http://www.wunderground.coin/ for Morris Illinois.

4.9 UFSAR Sec. 3.11, Table 3.11-2 - Environmental Design of Mechanical and Electrical
Equipment

5. Method of Analysis

Bounding LOOP/LOCA Calculation

The calculated temperature increase due to additional heat loads in the CWA will be estimated based
on conservative VA NAC booster fan airflow of 4,911 cfm.

The relationship Q = 1.05x At x CFM (Reference 4.1) will be used to determine the AT due to total
heat loads in the CWA during VA abnormal booster only fan operation.

The NAC booster fan airflow to the Unit 1 Spray Additive Tank and Pipe Penetration Area (U-1
364', 383', and 401' CWA - Room 138) is from Reference 4.3, page 110.

The total piping heat loads referenced in Ref. 4.3 calculation for room 138 are recalculated based on
actual LOOP/LOCA piping operational lineup configurations in the CWA. Refer to Attachment A
for a line by line disposition. Ref. 4.6 provides the guidance to calculate piping heat dissipation
(Btu/Hr) to the room 138 and documenting it in Attachment A (shown below).

Realistic U-1 CWA Ambient Temperature and Relative Humidity During PRA Scenarios

The VA main supply fan air temperature to the U-1 CWA is no more than 70 'F with an Auxiliary
Building chiller running. (Ref. 4.7)

The 1B SI pump room air temperature did not exceed 90'F for the period in question. (Ref. 4.7)

With a supply fan temperature of 70 'F, the air will be assumed to be saturated (100% RH) to
conservatively maximize the humidity level to the U-1 CWA. Based on plotting the initial state of
the air, the final relative humidity of the air can be determined knowing the final temperature (90'F)
and plotting the sensible heating process via the psychrometric chart.
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the air, the final relative humidity of the air can be determined knowing the final temperature (90°F) 
and plotting the sensible heating process via the psychrometric chart. 
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6. Numeric Analysis

Bounding LOOP/LOCA Calculation - Temperature of Unit I Spray Additive Tank & Pipe
Penetration (Room 138):

From Reference 4.3, the temperature for supply air to the U-I CWA room is conservatively
calculated at 106.3 OF. This temperature conservatively includes additional heat load from the
maximum outside design air conditions of 95 OF DB/78 OF WB.

Supply Air Temperature from Ref. 4.3 page 110

Piping Heat Loads:
(From Attachment A, Abnormal Operations)

Electric Heat Gain (Ref. 4.3-page 68)

Electric Lighting Heat Gain (Ref. 4.3-page 68)

Qabn = Qabp + QEIe + QL

Ts = 106.3 OF (Conservative)

Qabp = 3,052 (Btu/Hr)

QEIe = 32,765 (Btu/Hr)

QL = 4,555 (Btu/1-r)

Qabn = 40,372 (Btu/Hr)

The above abnormal operation piping heat load is recalculated in Attachment A tables, (shown
below) will be used along with NAC booster fan airflow into the room # 138 of 4911 cfm (input
2.4).

Based on the above, the AT is calculated using VA non-accessible booster fan airflow of 4911 cfm,
as shown below.

QAbn = 1.05x AT x CFM Boost (Reference 4.1)

Where:

QAbn = Sensible Heat (Btu/Hr)

AT = Temperature Difference (OF)

CFM Boost = Air Flow Supply to Rm. #138 with two NAC booster fans running (ft3 per Minute
- cfm)

CFM Boost = 4,911 cfm

AT = QAbn-

1.05x CFM Boost

AT= 7.8°1F

TCWA = Ts + AT TCWA = 114.1 OF
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The estimated conservative calculated temperature for the Unit 1 Spray Additive Tank Room and
Pipe Penetration Area during LOOP/LOCA would not have been more than:

TCWA = 114.1 OF

Using a psychrometric chart plotting initial and final temperatures determined that the final relative
humidity is approximately 27% RH based on 95 OF DB/78 OF WB entering air condition and 114.1
OF final temperature.

Final U-1 CWA RH = 27% RH

Final U-1 CWA TCWA = 114.1 °F

Realistic U-1 CWA Ambient Temperature and Relative Humidity During PRA Scenarios

Based on Reference 4.7, the PI temperature trend data for the 1B SI pump room was reviewed
during this timeframe. The highest recorded temperature recorded in the 1B SI pump room was 90
°F. This temperature can be utilized as a representative temperature data point for Room 138. This
is because air is exhausted from Room 138 into both the 1B SI pump room and 1B CV pump rooms,
eventually exhausting to the VA non-accessible exhaust filtration system. Because the 1B SI pump
is normally in standby condition (i.e., no additional cooling in the room), the temperature recorded
during operator rounds would be representative of the U-1 CWA ambient temperatures during
normal operation.

Because the RH pumps did not draw hot water from the containment sumps while the 1S1881 1A/B
valves are in a partially opened position during the PRA scenarios, no additional heat loads from RH
system piping would be credited in the U-1 CWA until the 1S1881 lAIB valves are fully opened.
Based on design input Ref. 2.1 and 2.2, the calculated heat load in the U-1 CWA (Room 138) under
abnormal conditions (i.e., LOOP/LOCA) is much lower than normal operating conditions. With the
RH pumps isolated, the calculated heat load during abnormal conditions becomes even lower (i.e.,
no additional piping heat load from RH pumps operating in containment recirculation mode).
Therefore, based on engineering judgment, the highest recorded temperature determined from the PI
data and operator rounds temperature trends recorded during normal operation in the summer time
would be expected to be representative of the highest ambient temperature condition that would be
seen during the PRA accident scenarios (i.e., LOCA only). The highest temperature data recorded
in the 1B SI pump room without the SI pump or room cooler operating was 90 °F based on
Reference 4.7. Therefore, this temperature can be considered to be representative of the highest
temperature in the U-1 CWA during the PRA accident scenarios of either a small break or medium
break LOCA.

Based on the following design inputs:

Initial supply air to the Auxiliary Building - 70 OF DB

Initial supply air relative humidity - 100% RH

Final exhaust air leaving U-1 CWA - 90 °F DB
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no additional piping heat load from RH pumps operating in containment recirculation mode). 
Therefore, based on engineering judgment, the highest recorded temperature determined from the PI 
data and operator rounds temperature trends recorded during normal operation in the summer time 
would be expected to be representative of the highest ambient temperature condition that would be 
seen during the PRA accident scenarios (i.e., LOCA only). The highest temperature data recorded 
in the IB SI pump room without the SI pump or room cooler operating was 90 OF based on 
Reference 4.7. Therefore, this temperature can be considered to be representative of the highest 
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break LOCA. 
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Initial supply air to the Auxiliary Building - 70 OF DB 

Initial supply air relative humidity - 100% RH 

Final exhaust air leaving U-l CWA - 90 OF DB 
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Pschrometric Chart Plotting Results (See Attachment B):

Final relative humidity for U-1 CWA - 52 % RH

Based on actual temperature trend data for the aforementioned timeframe of September 20,2007 -
June 24, 2009, the estimated temperature and relative humidity for the Unit 1 Spray Additive Tank
Room and Pipe Penetration Area would not have been more than:

Final U-1 CWA TCWA =90 'F

Final U-1 CWA Humidity =52% RH

7. Conclusion

BOUNDING LOOP/LOCA ACCIDENT SCENARIO

The temperature and relative humidity for the Unit 1 Spray Additive Tank Room and Pipe
Penetration Area (Curved Wall Area) at floor Elevation 364' of the Auxiliary Building is estimated
to not exceed 114.1 'F and 27% RH. The estimated temperature in this evaluation is only
applicable for the conditions that are listed in sections 1 through 3 of this evaluation.

REALISTIC CWA PRA ACCIDENT SCENARIOS

The temperature and relative humidity for the Unit 1 Spray Additive Tank Room and Pipe
Penetration Area (Curved Wall Area) at floor Elevation 364' of the Auxiliary Building is estimated
to not exceed 90 'F and 52% RH. The estimated temperature in this evaluation is only applicable
for the conditions that are listed in sections 1 through 3 of this evaluation.

In conclusion, the LOOP/LOCA and Realistic accident evaluation results remain below the
temperature and relative humidity values referenced in the UFSAR Sec. 3.11, and therefore, remain
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Attachment A
Piping Heat Load Calculation for Curved Wall Area

Piping Heat Loads
Calc for CWA. pdf

Evaluation 
EC 378302 Rev 000 Page 7 of8 

Attachment A 
Piping Heat Load Calculation for Curved Wall Area 

~
'. 

1, 
l""~ 

Piping Heat Loads 
Calc for CWA.pdf 



Evaluation
EC 378302 Rev 000

Attachment B
Psychrometric Chart Plot

Psychrormetric Chart
Plot. pdf

Page 8 of 8
Evaluation 

EC 378302 Rev 000 

Attachment B 
Psychrometric Chart Plot 

~ 
Psychrorretric Chart 

Plot. pdf 

Page 8 of8 



ATTACHMENT 5

EC 378180, "Analysis to Determine Back Flow from RWST to ECCS Recirculation
Sump While 1S18811A/B and 1S18812ANB are Open for Six Minutes"

Braidwood Station
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EC 378180 Revision 0
Design Considerations Summary

4.1.4.1 Identify Basic SSC Functions
The function of the Emergency Core Cooling System (ECCS) is to provide core cooling
and negative reactivity to ensure that the reactor core is protected after any of the
following accidents:

a. Loss Of Coolant Accident (LOCA), coolant leakage greater than the capability of
the normal charging system;

b. Rod ejection accident;
c. Loss of secondary coolant accident, including uncontrolled steam release or loss

of feedwater; and
d. Steam Generator Tube Rupture (SGTR).

The addition of negative reactivity is designed primarily for the loss of secondary coolant
accident where primary cooldown could add enough positive reactivity to achieve
criticality and return to significant power.

The ECCS consists of three separate subsystems: centrifugal charging (CV) high head,
Safety Injection (SI) (intermediate head), and Residual Heat Removal (RHR) (low head).
Each subsystem consists of two redundant, 100% capacity trains. The Safety Injection
accumulators are also part of the ECCS.

There are three phases of ECCS operation: injection, cold leg recirculation, and hot leg
recirculation. In the injection phase, water is taken from the Refueling Water Storage
Tank (RWST) and injected into the Reactor Coolant System (RCS) through the cold legs.
During the recirculation phase of LOCA recovery, RHR pump suction is transferred to
the containment recirculation sump. The RHR pumps then supply the suction of the CV
and SI pumps. Initially, recirculation is through the same paths as the injection phase, i.e.,
through the cold legs. After approximately 6.0 hours, the ECCS flow is shifted to the hot
legs.

Switchover of the suction of the RH pumps from the RWST to the Containment
Recirculation Sump is started when the RWST reaches the LO-2 water level,
approximately 46.7%. The isolation valves for the recirculation sumps, 1S1881 1A and
IS1881I B, open automatically and actions to switchover the suction of the CV and SI
pumps to the discharge of the RH pumps are completed manually from the Main Control
Room. These actions include isolating the RH pumps from the RWST by closing valves
1S18812A and 1S18812B after the flow path from the sumps has been verified.
Following the opening of the 1SI881 1A and B valves, a drain path to the recirculation
sumps from the RWST exists until the 1SI8812A and 1SI8812B valves are isolated.

The objective of EC 378180 is to determine the flow rate from the Refueling Water
Storage Tank (RWST) to the Containment Recirculation sumps (1A and IB), post Loss
of Coolant Accident (LOCA), during the time period the isolation valves for the RH
pumps from the RWST are open (Valves 1S18812A and 1SI8812B) and the isolation
valves for the suction of the RH pumps from the Containment Recirculation sumps
(Valves 1S1881 1A and 1S1881 IB) are partially open. The time period has been
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determined to be 6 minutes based on the time taken to close valves 1SI8812A and
1S18812B in a simulator scenario. The RWST outflow and resulting RWST level data
will be used in support of a Significance Determination Process to determine the safety
impact of the failure of valve 1SI881 1B to fully open (Reference Issue Report #934782).

4.1.4.2 Identify Configuration Change safety classification.
Although the activities to support a Significance Determination Process (SDP) are not
required to be safety related, EC 378180 is treated as safety related.
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Evaluation of RWST Backflow to the Containment Recirculation Sump

Background- ECCS System Operation:
The Emergency Core Cooling System (ECCS) is designed to cool the reactor core and
provide shutdown capability following the initiation of one of four different accident
conditions:

1. Pipe Break in the Reactor Coolant System (RCS), which causes a discharge larger
than what can be made up by the normal makeup system, up to and including the
instantaneous circumferential break of the largest piping in the RCS.

2. Rupture of a control rod drive mechanism causing a rod cluster control assembly
ejection accident.

3. Pipe breaks in the steam system, up to and including the instantaneous
circumferential break of the largest pipe in the steam system.

4. A Steam Generator tube rupture

The ECCS is comprised of the following subsystems:

1. High Head Safety Injection - Two (2) Centrifugal Charging pumps
2. Medium Head Safety Injection - Two (2) Safety Injection pumps
3. Low Head Safety Injection - Two (2) Residual Heat Removal (RHR) pumps
4. Safety Injection Accumulators

There are three phases of operation for the Emergency Core Cooling System (ECCS):
injection, cold leg recirculation, and hot leg recirculation. In the injection phase, all
pumps take suction from the Refueling Water Storage Tank (RWST) and inject into the
Reactor Coolant System (RCS) through the cold legs. When the RWST level decreases
to about 46.7%, the suction to the RHR pumps (A & B) is transferred to the containment
recirculation sumps (A & B). Valves manipulations are then made so that the RHR
pumps supply the suction of the CV and SI pumps. Initially, recirculation is through the
same paths as the injection phase, i.e., through the cold legs. After approximately 6.0
hours, the ECCS flow is injected to the RCS hot legs.

Switchover of the suction of the RHR pumps from the RWST to the Containment
Recirculation Sump is started when the RWST reaches the LO-2 water level,
approximately 46.7%. The isolation valves for the recirculation sumps, 1SI881 IA and
1S1881 1B, open automatically and actions to switchover the suction of the CV and SI
pumps to the discharge of the RH pumps are completed manually from the Main Control
Room. These actions include isolating the RHR pumps from the RWST by closing
valves IS18812A and IS18812B after the flow path from the sumps has been verified
(Reference 2). Following the opening of the 1SI881 1A and B valves, a drain path to the
recirculation sumps from the RWST exists until the 1SI8812A and 1S18812B valves are
isolated.

Reason for Evaluation/Scope:
During scheduled surveillance testing on 06/24/2009, the Safety Injection system
containment sump suction isolation valve (1S1881 IB) was stroked open. The control

EC 378180 Revision 0 
Evaluation of RWST Backflow to the Containment Recirculation Sump 

Background. ECCS System Operation: 
The Emergency Core Cooling System (ECCS) is designed to cool the reactor core and 
provide shutdown capability following the initiation of one of four different accident 
conditions: 

1. Pipe Break in the Reactor Coolant System (RCS), which causes a discharge larger 
than what can be made up by the normal makeup system, up to and including the 
instantaneous circumferential break of the largest piping in the RCS. 

2. Rupture of a control rod drive mechanism causing a rod cluster control assembly 
ejection accident. 

3. Pipe breaks in the steam system, up to and including the instantaneous 
circumferential break of the largest pipe in the steam system. 

4. A Steam Generator tube rupture 

The ECCS is comprised of the following subsystems: 

1. High Head Safety Injection - Two (2) Centrifugal Charging pumps 
2. Medium Head Safety Injection - Two (2) Safety Injection pumps 
3. Low Head Safety Injection - Two (2) Residual Heat Removal (RHR) pumps 
4. Safety Injection Accumulators 

There are three phases of operation for the Emergency Core Cooling System (ECCS): 
injection, cold leg recirculation, and hot leg recirculation. In the injection phase, all 
pumps take suction from the Refueling Water Storage Tank (RWST) and inject into the 
Reactor Coolant System (RCS) through the cold legs. When the RWST level decreases 
to about 46.7%, the suction to the RHR pumps (A & B) is transferred to the containment 
recirculation sumps (A & B). Valves manipulations are then made so that the RHR 
pumps supply the suction of the CV and SI pumps. Initially, recirculation is through the 
same paths as the injection phase, i.e., through the cold legs. After approximately 6.0 
hours, the ECCS flow is injected to the RCS hot legs. 

Switchover of the suction of the RHR pumps from the RWST to the Containment 
Recirculation Sump is started when the RWST reaches the LO-2 water level, 
approximately 46.7%. The isolation valves for the recirculation sumps, IS18811A and 
IS18811B, open automatically and actions to switchover the suction of the CV and SI 
pumps to the discharge of the RH pumps are completed manually from the Main Control 
Room. These actions include isolating the RHR pumps from the RWST by closing 
valves IS18812A and IS18812B after the flow path from the sumps has been verified 
(Reference 2). Following the opening of the IS18811A and B valves, a drain path to the 
recirculation sumps from the RWST exists until the IS18812A and IS18812B valves are 
isolated. 

Reason for Evaluation/Scope: 
During scheduled surveillance testing on 06124/2009, the Safety Injection system 
containment sump suction isolation valve (IS18811B) was stroked open. The control 



EC 378180 Revision 0
Evaluation of RWST Backflow to the Containment Recirculation Sump

board indication showed dual indication and never indicated a full open condition. At the
valve, observers saw an approximate 30-40% open condition. Upon further investigation,
water was found in the valve actuator limit switch compartment and the actuator torque
switch was severely corroded. Evidence indicated that water had entered the
compartment through an electrical conduit penetration. The torque switch and limit
switch components were replaced and the compartment and wiring were cleaned and
dried. On 06/26/2009, the valve was tested and restored to operable status.

The NRC has identified a preliminary yellow finding for this event (Reference IR
#988980). In response to the preliminary NRC finding, Braidwood applied the
Significance Determination Process (SDP) to the above event in accordance with the
guidance in procedure LS-AA-2002.

In support of the SDP activities, several scenarios have been evaluated for risk insights.
In these scenarios, the isolation valves for both Containment Recirculation Sumps,
1SI881 1A and 1S181 1B, are assumed to fail to open fully. This evaluation determines
the backflow from the RWST to the containment recirculation sumps during the selected
scenarios. The results of this evaluation will be used in the risk insight analyses, BW-
SDP-003.

Detailed Evaluation:
The details of the evaluation for the RWST backflow are provided in Sargent & Lundy
Evaluation 2009-13491 (Reference 3, attached to this EC).

The evaluation uses the ECCS hydraulic model developed in Reference 4 to make a
Best-estimate determination of the amount of water that would flow from the RWST to
the containment sumps at Braidwood Unit 1 during a six minute period starting at the
RWST LO-2 alarm during which the containment sump isolation valves, 1S1881 1A and
1S18811B, are both stuck in a partially open position while the 1SI8812A/B valves to the
RWST are open. Separate runs are made to determine the sensitivity of the RWST
backflow to the sump to changes to a number of selected parameters.

Boundary conditions from four different sump back flow scenarios are analyzed: 5.2 inch
LOCA, 2 inch LOCA, 0.86 inch LOCA, and a Bleed and Feed LOCA. The scenario
dependent boundary conditions are the RCS pressure, the Containment pressure, and the
sump water level. ECCS Pumps flow rates have been determined using the flow
coefficients of the ECCS throttle valves as determined using the results of the flow
balance tests performed during the most recently completed Braidwood Unit 1 refueling
outage, AIR14 and pump curves based on the most recent ASME Group A pump testing
for the Braidwood Unit 1 SI, CV, and RH pumps.

The PIPE-FLO hydraulic model of the Braidwood ECCS systems is taken from
Reference 4. This model documents the pipe lengths, diameters, schedules, elevations,
fittings, and component resistances for the flow balance test and sump back flow
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Best-estimate determination of the amount of water that would flow from the RWST to 
the containment sumps at Braidwood Unit 1 during a six minute period starting at the 
RWST LO-2 alarm during which the containment sump isolation valves, lS18811A and 
lS18811B, are both stuck in a partially open position while the lS18812AIB valves to the 
RWST are open. Separate runs are made to determine the sensitivity of the RWST 
backflow to the sump to changes to a number of selected parameters. 

Boundary conditions from four different sump back flow scenarios are analyzed: 5.2 inch 
LOCA, 2 inch LOCA, 0.86 inch LOCA, and a Bleed and Feed LOCA. The scenario 
dependent boundary conditions are the RCS pressure, the Containment pressure, and the 
sump water level. ECCS Pumps flow rates have been determined using the flow 
coefficients of the ECCS throttle valves as determined using the results of the flow 
balance tests performed during the most recently completed Braidwood Unit 1 refueling 
outage, A1R14 and pump curves based on the most recent ASME Group A pump testing 
for the Braidwood Unit 1 SI, CV, and RH pumps. 

The PIPE-FLO hydraulic model of the Braidwood ECCS systems is taken from 
Reference 4. This model documents the pipe lengths, diameters, schedules, elevations, 
fittings, and component resistances for the flow balance test and sump back flow 
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scenarios. The system line-ups for the flow balance test scenarios are also taken from
Reference 4.
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Sensitivity to Inputs:
Six cases are run to determine the sensitivity of the back flow rate to the containment
sumps to changes to a number of inputs. The 5.2 inch LOCA scenario with the RWST at
the LO-2 level is used as the base case. Each selected input is changed while the other
inputs are maintained the same as in the base case. The six inputs that are varied are:

" RWST Level - The RWST level is increased by one foot.
* Primary System Pressure - The primary system pressure is increased by 10%
* Containment Pressure - The containment pressure is decreased by 10%
" C, of valves 1S1881 1A/B - The Cvs of the partially open containment sump isolation

valves are increased by 1000
• ECCS pump curves - The pump curves of the SI, CV, and RH pumps are decreased by

3%.
" Pipe Resistance - The resistance of the most resistive pipe segments between the

RWST and the containment sumps, 1SI82AA/BA and 1S181AB/BB, are both decreased
by eliminating one elbow.

The results of the six runs are given below:

RWST Primary Containment IS1881 IA/B EC Pipe
Level System Pressure Cv CS Resistance
+ 1 ft Pressure - 10% + 1000 Pump - 1 elbow

+10% Curve
- 3%

Sump A Back Flow (gpm) 3012 2961 3289 2953 2976 3006
Sump B Back Flow (gpm) 3257 3204 3544 3194 3224 3255
Total Sump Back Flow (gpm) 6269 6165 6833 6147 6200 6261
Sump Back Flow - Increase 156 52 720 34 87 148
Over Base Case (gpm) I I

The sensitivity cases demonstrate how sump flow is affected by changes to the various
input parameters. Containment Pressure has the greatest effect; a 10% decrease in
pressure resulted in 10.5% increase in sump flow. Through discussion with the PRA
specialist, the variability of the output for the given changes in input does not a make
significant difference in the overall conclusions since they result in changes that are a
small fraction of the total lost inventory from the RWST and significant margin remains.
The effect of input variations will be further dispositioned in the significance
determination, BW-SDP-003.
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Sensitivity to Inputs: 
Six cases are run to determine the sensitivity of the back flow rate to the containment 
sumps to changes to a number of inputs. The 5.2 inch LOCA scenario with the RWST at 
the LO-2 level is used as the base case. Each selected input is changed while the other 
inputs are maintained the same as in the base case. The six inputs that are varied are: 

• RWST Level- The RWST level is increased by one foot. 
• Primary System Pressure - The primary system pressure is increased by 10% 
• Containment Pressure - The containment pressure is decreased by 10% 
• Cv of valves lSI8811NB - The Cvs of the partially open containment sump isolation 

valves are increased by 1000 
• ECCS pump curves - The pump curves of the SI, CV, and RH pumps are decreased by 

3%. . 

• Pipe Resistance - The resistance of the most resistive pipe segments between the 
RWST and the containment sumps, lSI82ANBA and lSI81ABIBB, are both decreased 
by eliminating one elbow. 

The results of the six runs are given below: 

RWST Primary Containment ISI8811AIB EC Pipe 
Level System Pressure Cv CS Resistance 
+Ift Pressure - 10% + 1000 Pump - I elbow 

+ 10% Curve 
-3% 

Sump A Back Row (gpm) 3012 2961 3289 2953 2976 3006 
Sump B Back Row (gpm) 3257 3204 3544 3194 3224 3255 
Total Sump Back Row (gpm) 6269 6165 6833 6147 6200 6261 
Sump Back Row - Increase 156 52 720 34 87 148 
Over Base Case (gpm) 

The sensitivity cases demonstrate how sump flow is affected by changes to the various 
input parameters. Containment Pressure has the greatest effect; a 10% decrease in 
pressure resulted in 10.5% increase in sump flow. Through discussion with the PRA 
specialist, the variability of the output for the given changes in input does not a make 
significant difference in the overall conclusions since they result in changes that are a 
small fraction of the total lost inventory from the RWST and significant margin remains. 
The effect of input variations will be further dis positioned in the significance 
determination, BW-SDP-003. 
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Conclusions/Findings:
The results of the analyses, including the RWST backflow, for each of the scenario that
was evaluated are provided in the tables below.

5.2 Inch LOCA
At Lo-2 After Three After Six Average Over
Alarm Minutes Minutes Six Minutes

RWST Level tfeet) 427.3 422.4 417.9
Primary System Pressure (psia) 29 28.5 28
Containment Pressure fsia) 19.2 19.15 19.1
Surer Water Level (feet) 2 2.4 2.9
RWST Flow (gpm) 13959 13100 12223 13091
Sum2 A Back Flow Lgm) 2933 2509 2069 2501
Sum2 B Back Flow (om) 3180 2738 2291 2735.5
Total Sum2 Flow (qmj 6113 5247 4360 5236.5

2 Inch LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level jfeet) 427.3 417.9
Primary System Pressure (psia) 115 111
Containment Pressure Losia) 18.8 18.7
Sump Water Level (feet) 1.5 2.4
RWST Flow (goml 13962 12279 13120.5
Sum2 A Back Flow (_arm) 3977 3105 3541
Sump B Back Flow (gum) 4227 3311 3769
Total Sump Flow (gqm) 8204 6416 7310

0.86 Inch LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level (feet) 427.3 418.0
Primary System Pressure (psia) 835 835
Containment Pressure (1sia) 17.3 17.3
Sumo Water Level jfeet) 1.3 2.2
RWST Flow (gem) 13740 12117 12928.5
Sum2 A Back Flow jgm), 6171 5383 5777
Sump- B Back Flow (gu}m) 6530 5697 6113.5
Total Sum2 Flow (gm). 12701 11080 11890.5

Feed and Bleed LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level (feet) 427.3 420.3
Primary System Pressure fpsia, 211 211
Containment Pressure (psia) 25.7 25.6
Sumo Water Level (feet) 2 2.6
RWST Flow (gem) 10511 8858 9684.5
Sump A Back Flow gpm). 4480 3677 4078.5
Sump B Back Flow (gom) 4741 3892 4316.5
Total Sum2 Flow gpm). 9221 7569 8395
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1.0 Purpose

Revision 3 of Calculation BYR06-029 1 BRW-06-0016-M, Reference 4.1, documents a hydraulic
model of the Byron and Braidwood ECCS systems. The model is used in the calculation to analyze
ECCS flow balance test and cold leg and hot leg recirculation scenarios.

The purpose of this evaluation is to use the hydraulic model developed in Reference 4.1 to make a
best estimate determination of the amount of water that would flow from the RWST to the
containment sumps at Braidwood Unit 1 during a six minute peniod starting at the RWST LO-2
alarm during which the containment sump isolation valves, 'SI8811A and 1S1881 1B, are both stuck
in a partially open position while the 1 S18812AJB valves to the RWST are simultaneously open.
Boundary conditions from four different sump back flow scenarios are analyzed: 5.2 inch LOCA, 2
inch LOCA, 0.86 inch LOCA, and a Bleed and Feed LOCA. The scenario dependent boundary
conditions are the RCS pressure, the Containment pressure, and the sump water level. The flow
rates will be determined using the Cvs of the ECCS throttle valves as determined using the results
of the flow balance tests performed during the most recently completed Braidwood Unit 1 refueling
outage, A'IR14 and pump curves based on the most recent ASME Group A pump testing for the
Braidwood Unit 1 SI, CV, and RH pumps. The ECCS throttle valves included in the flow balance
tests are the SI to Cold Leg (1S18822A-D) and CV to Cold Leg (1S18810A-D) throttle valves.

2.0 Inputs

2.1 The PIPE-FLO hydraulic model of the Braidwood ECCS systems is taken from Reference 4.1. This
model documents the pipe lengths, diameters, schedules, elevations, fittings, and component
resistances for the flow balance test and sump back flow scenarios. The system line-ups for the
flow balance test scenarios are also taken from Reference 4.1.

2.2 Data from the SI to cold leg and CV to cold leg flow balance tests from Braidwood Unit 1 refueling
outage AlRI4 is taken from Reference 4.2.

Table 2-1: A1R14 Flow Balance Test Data
RCS Cold L Flow (gpm)

RCP Seal Inj. Pump Discharge Pump Suction
Pump Loop Loop. Loop Loop or Miniflow Pressure Pressure

(gpm) (psiW) (psig)
1A CV 1"16.5 116 116.1; 116 80 (RCP seal) 840 18.4
1A SI 149.5 149.3 149.6 '150.04 32 (Miniflow) 832 20.2

2.3 Data from the most recent ASME Group A pump testing for the Braidwood Unit 1 SI, CV, and RH
pumps is taken from Reference 4.2.

Table 2-2: ASME Group A Pump Test Data
Flow Rate Differential Pressure

Pump (gpm) (paid)

1A CV 193 2490
Is CV 195 2459
1A SI 45 1513
IB SI 44.5 1462.5

1A RH 633.8 185.8
1B RH 596 190.3
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Revision 3 of Cal cui ali on BYROB-029 I BRW-06-001B-M, Reference 4.1, documents a hydraulic 
model of the Byron and Braidwood ECCS systems. The model is used in the calculation to analyze 
ECCS flow balance test and cold leg and hot leg recirculation scenarios. 

The purpose of this evaluation is to use the hydraulic model developed in Reference 4.1 to make a 
best estimate determination of the amount of water that would flow from the RWST to the 
containment sumps at Braidwood Unit 1 during a six minute period starting at the RWST LO-2 
alarm during which the containment sump isolation valves. 'ISI881'IA and 1S188'11B, are both stuck 
in a partially open position while the 1 S18812NB valves to the RWST are simultaneously open. 
Boundary conditions from four different sump back flow scenarios are analyzed: 5.2 inch LOCA, 2 
inch LOCA, 0.86 inch LOCA. and a Bleed and Feed LOCA. The scenario dependent boundary 
conditions are the RCS pressure, the Containment pressure, and the sump waler level. The flow 
rates will be determined using the C.s of the ECCS throttle valves as determined using the results 
of the flow balance tests performed during the most recently completed Braidwood Unit 1 refueling 
outage, A'lR14 and pump curves based on the most recent ASME Group A pump testing for the 
Braidwood Unit 1 SI. CV, and RH pumps. The ECCS throttle valves included in the flow balance 
tests are the 51 to Cold Leg (,1518822A-D) and CV to Cold Leg (1SI88'lOA-D) throttle valves. 

2.1 The PIPE-FLO hydraulic model of the Braidwood ECCS systems is taken from Reference 4.1. This 
model documents the pipe lengths, diameters, schedules, elevations, fittings, and component 
resistances for the flow balance test and sump back flow scenarios. The system line-ups for the 
flow balance tesl scenarios are also taken from Reference 4.1. 

2.2 Data from the 51 to cold leg and CV to cold leg now balance tests from Braidwood Unit '1 refueling 
outage A1R14 is taken from Reference 4.2. 

Table 2 l' A 1 RI 4 Flow Balance Test Data -
RCS Cold Lea Flow aDm) 

Loop Loop Loop Loop 
RCP S8allnj. Pump Discharge Pump Suction 

Pump or Mlniflow Pressure Pressure 
A 8 C 0 (aDm) (Dsla) (psla) 

1ACV \'16.5 116 116.1' 116 80 (RCP seal) 840 '18.4 
1ASI 149.5 149.3 149.6 '150.04 32 (Miniflow) 832 20.2 

2.3 Data from the most recent ASME Group A pump testing for the Braidwood Unit 1 51. CV, and RH 
pumps is taken from Reference 4.2. 

T 2 able -2: ASME Group A Pump Test Data 

Pump 
Flow Rate Differential Pressure 

(apm) (paid) 
1ACV 193 2490 
18CV 195 2459 
1ASI 4S 1513 
18 Sf 44.5 1462.5 
1ARH 633.8 185.8 
1BRH 596 190.3 
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2.4 The vendor pump curves for the Braidwood Unit 1 RH, SI, and CV pumps are taken from Sections
2.3.2, 2.3.4, and 2.3.5 of Reference 4.1.

Table 2-3: Vendor Pump Curves
RI A RH B SI A SIB CVA CV B

Flow Head Flow Head Flow Head Flow Head Flow Head Flow Head
-(gpm)! (ft) (gpm) (ft) (gpm) (qt) (gpm) (ft) (gpm) (ft) (gpm) (ft)

0 455 0 455 0 3580 0 3600 0 5850 0 6000
'1000 440 1000 432 50 3560 50 3580 100 5800 100 5900
2000 415 2000 400 150 3500 150 3500 '175 5650 175 5700
2500 400 2500 390 250 3360 250 3360 250 5300 250 5300
3000 390 3000 380 350 3100 350 3160 325 4700 325 4600
3500 375 3500 365 450 2760 450 2850 400 3900 400 3800
4000 350 4000 345 550 2370 550 2450 475 2900 475 2800
4500 320 4500 315 655 1900 655 2020 550 1750 550 1600
5000 295 5000 280

2.5 The system injection line-up used in the sump back flow scenarios are taken from highlighted

P&IDs transmitted in Reference 4.4.

2.6 The RWST Level at the LO-2 alarm is 427.3 feet per Section 3 of Attachment A of Reference 4.7.

2.7 The RWST volume per foot of height is 8351.6 gallons per foot per Section 3 of Attachment A of
Reference 4.7.

2.8 The flooded area of the containment floor conservatively used to minimize the containment flood
height is 12114 ft2 in Section 2.3.3 of Reference 4,8. With this area, the volume per foot of height of
the containment floor is 90618.8 gallons per foot (12-114 ft2 7.4805 gal/ft3 = 90618.8 gal/ft).

2.9 The following flow rates are to be used in the analysis of the back flow from the RWST to the
containment sumps per Reference 4.5.

RCP Seal Injection Flow = 80 gpm for two CV pumps
CV Miniflow Rate = 65 gpm for each CV pump
Safety Injection Miniflow Rate = 30 gpm for each SI pump

2.10 The B train containment sump isolation valve, 1 S18811 B, was determined to open 34.34 percent
during surveillance testing per page 3 of Reference 4.9. The Cv of the valve at this position is
conservatively determined to be 6000 using the Cv versus percent open graph from page 9 of
Reference 4.9. The C. is maximized for this analysis to conservatively maximize back flow to the
sump. Note that the C, used herein is greater (6000 vs. 5000) than that chosen in Reference 4.9
where a minimum C. was conservative.

2.11 The A train containment sump isolation valve, 1 S1881 1A, was determined to open 29.1 percent
during surveillance testing per page 3 of Reference 4.10. The Cv of the valve at this position is
conservatively determined to be 5000 using the C. versus percent open graph from page 9 of
Reference 4.10. The C, is maximized for this analysis to conservatively maximize back flow to the
sump. Note that the C, used herein is greater (5000 vs. 4000) than that chosen in Reference 4.10
where a minimum C. was conservative.
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2.4 The vendor pump curves for the Braidwood Unit '1 RH, SI, and CV pumps are taken from Sections 
2.3.2, 2.3.4, and 2.3.5 of Reference 4.1. 

Table 2-3: Vendor Pump Curves 
RHA RH B SIA SIB eVA eVB 

Flow Head Flow Head Flow Head Flow Head Flow Head Flow Head 
(gpm) (ttl (gpm) (ft) (gpm) (ft) igpm) ill (qpm) (ft) (gpm) (ft) 

0 455 0 455 0 3580 0 3600 0 5850 0 6000 
'1000 440 1000 432 50 3560 50 3580 100 5800 100 5900 
2000 415 2000 400 150 3500 150 3500 '175 5650 175 5700 
2500 400 2500 390 250 3360 250 3360 250 5300 250 5300 
3000 390 3000 380 350 3100 350 3160 325 4700 325 4600 
3500 375 3500 365 450 2760 450 2850 400 3900 400 3800 
4000 350 4000 345 550 2370 550 2450 475 2900 475 2800 
4500 320 4500 315 655 1900 655 2020 550 '1750 550 1600 
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2.5 The system injection line-up used in the sump back flow scenarios are taken from highlighted 
P&IDs transmitted in Reference 4.4. 

2.6 The RWST Level at the L0-2 alarm is 427.3 feet per Section 3 of Attachment A of Reference 4.7. 

2.7 The RWST volume per foot of height is 8351.6 gallons per foot per Section 3 of Attachment A of 
Reference 4.7. 

2.8 The flooded area of the containment floor conservatively used to minimize the containment flood 
height is 12114 tf in Section 2.3.3 of Reference 4,8, With this area, the volume per toot of height of 
the containment floor is 90618.8 gallons per foot ('12'1 '14 tf· 7.4805 gal/ttl = 90618.8 gal/ft), 

2.9 The following flow rates are to be used in the analysis of the back flow from the RWST to the 
containment sumps per Reference 4.5. 

RCP Seal Injection Flow = 80 gpm for two CV pumps 
CV Miniflow Rate = 65 gpm for each CV pump 
Safety Injection Miniflow Rate = 30 gpm for each 51 pump 

2.10 The B train containment sump isolation valve. 'IS18811B, was determined to open 34.34 percent 
during surveillance testing per page 3 of Reference 4.9. The Cy of the valve at this position is 
conservatively determined to be 6000 using the C. versus percent open graph from page 9 of 
Reference 4.9. The Cy is maximized for this analysis to conservatively maximize back flow to the 
sump. Note that the C. used herein is greater (6000 \IS, 5000) than that chosen in Reference 4,9 
where a minimum Cy was conservative. 

2.11 The A train containment sump isolation valve, '1 SI8811A, was determined to open 29. 'I percent 
during surveillance testing per page 3 of Reference 4.10. The C. of the valve at this position is 
conservatively determined to be 5000 using the Cy versus percent open graph from pege 9 of 
Reference 4.10. The C. is maximized for this analysis to conservatively maximize back flow to the 
sump. Note that the C. used herein is grealer (5000 vs. 4000) than that chosen in Reference 4.10 
where a minimum C. was conservative. 
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2.12 The primary system pressure, containment pressure, and initial sump water level for each of the
four subject LOCA scenarios are provided in Reference 4.6 and documented in Table 2-4.

Table 2-4: LOCA Scenario Bounda Conditions
Primary System Containment Containment Water
Pressure (psia) Pressure (psia) Level' (feet)

5.2 Inch LOCA at LO-2 Alarm 29 19.2 2
5.2 Inch LOCA After Six Minutes 28 19.1 _

2 Inch LOCA at LO-2 Alarm 115 18.8 1.5
2 Inch LOCA After Six Minutes 111 18.7

0.86 Inch LOCA at LO-2 Alarm 835 "17.3 1.3
0.86 Inch LOCA After Six Minutes 835 17.3 _

Bleed & Feed at LO-2 Alarm 211 25.7 2
Bleed & Feed After Six Minutes 211 25.6 -

Note 1: [he containment water level is the water level above the containment floor. From •Section
6.6.1 of Reference 4.1, the containment floor is at elevation 377.0 feet while the containment sump
piping is at an elevation of 368.2 feet. Therefore, the level input into PIPE-FLO for the containment
sumps is 8.8 feet (377-368.2=8.8) greater than the level shown in Table 2-4.

3.0 Assumptlons

3.1 It is assumed that there has been no change in pump performance or system hydraulic resistance
since the last flow balance and pump tests. This is consistant with Assumption 3.3.1 of Reference
4.1

3.2 The assumptions found in Reference 4.1 that were used to create the hydraulic model are also
assumed in this evaluation.

3.3 It is assumed that the change in density due to the range of RWST temperatures and boron
concentrations present during the A1R14 flow balance tests has negligible impact on the
determination of the throttle valve Cvs. Consequently, Equation 1 does not account for the density
ratio between actual and standard water temperatures.

4.0 References

4.1 BYRO6-029 / BRW-06-0016-M, Revision 3, SI/RHR/CS/CV System Hydraulic Analysis In Support of
GSI-191.

4.2

4.3

4.4

4.5

4.6

4.7

DIT-BRW-2009-0078, Revision 0, dated 11-30-09, and Rev. 1, dated 12-9-09, see Attachment A.

PIPE-FLO Version 8, Engineered Software Incorporated (S&L Program No. 03.7.100-8.0).

DIT-BRW-2009-0079, Revision 0, dated 12-4-09, see Attachment B.

DIT-BRW-2009-0080, Revision 0, dated 12-7-09, see Attachment C.

DIT-BRW-2009-0082, Revision 0, dated 12-8-09, see Attachment D.

SITH-1. Refueling Water Storage Tank (RWST) Level Setpoints, Major Revision 7, up to and
including Minor Revision 7A.
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2.12 The primary system pressure, containment pressure, and initial sump water level for each of the 
four subject LOCA scenarios are provided in Reference 4.6 and documented in Table 2-4. 

Table 2-4: LOGA S cenario Bounda" Conditions 
Primary System Containment Containment Woter 
Pressure (pSiS) Pressure (psia) level' (feet) 

5.2 Inch LOCA at l0-2 Alarm 29 19.2 2 
5.2 Inch LOCA After Six Minutes 28 19.1 -
2 Inch lOCA all0-2 Alarm 115 18.8 1.5 
2 Inch LOCA After Six Minutes 111 18.7 -
0.86 Inch LOGA at lO-2 Alarm 835 '17.3 1.3 
0.86 Inch LOGA After Six Minutes 835 '17.3 -
Bleed & Feed at LO-2 Alarm 211 25.7 2 
Bleed & Feed After Six Minutes 211 25.6 -

Note 1: The cont8lnment water level IS the water level above the containment floor. From Section 
6.6.1 of Reference 4.1, the containment floor is at elevation 377.0 feet while the containment sump 
piping is at an elevation of 368.2 feet. Therefore, the level input into PIPE-FLO for the containment 
sumps is 8.8 feet (377-368.2=8.S) greater than the level shown in Table 2-4. 

3.0 Assumptions 

3.'1 It is assumed that there has been no change in pump performance or system hydraulic resistance 
since the last flow balance and pump tests. This is consistant with Assumption 3.3.1 of Reference 
4.1 

3.2 The assumptions found in Reference 4.1 that were used to create the hydraulic model are also 
assumed in this evaluation. 

3.3 It is assumed that the change in density due to the range of RWST temperatures and boron 
concentrations present during the A 1R14 flow balance tests has negligible impact on the 
determination of the throttle valve Cys. Consequently, Equation 1 does not account for the density 
ratio between actual and standard water temperatures. 

4.0 References 

4.1 BYR06-{)29! BRW-06-0016-M, Revision 3, SIIRHRlCS/GV System Hydraulic Analysis In Support of 
G51-191. 

4.2 DIT-BRW-2009-0078, Revision 0, dated 1'1-30-09, and Rev. 1, dated 12-9-09, see Attachment A. 

4.3 PIPE-FLO Version 8, Engineered Software Incorporated (S&L Program No. 03.7.100-8.0). 

4.4 DIT-BRW-2009-o079, Revision 0, dated 12-4-09, see Attachment B. 

4.5 DIT-BRW-2009-00S0, Revision 0, dated 12-7-{)9, see Attachment C. 

4.6 DIT-BRW-2009-0082, Revision 0, dated 12-8-09, see Attachment D. 

4.7 5ITH-1, Refueling Water Storage Tank (RWST) Level Setpoints, Major Revision 7, up to and 
including Minor Revision 7 A. 
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4.8 SI-90-01, Minimum Containment Flood Level, Major Revision 9, up to and including Minor Rev. 9C.

4.9 EC#377204, Evaluate 1SI881 1B Flow at Partial Opening.

4.10 EC#378112, Evaluate ISI8811A Flow at Partial Opening.

5.0 Methodology

5.1 Determination of Cvs from AIR14

Four flow balance tests are done each refueling outage at Braidwood. Two of these are the CV to
cold leg and the SI to cold leg tests. The results of these tests include the flow rate through each
injection leg (A-D), the pump suction and discharge pressures, and the seal injection or miniflow
flow rates if any. The results from the most recently completed refueling outage at Braidwood Unit
1, A1R'I4, are shown in Input 2.2.

To determine the Cvs of the throttle valves as they were set in Al R14, the results of the flow
balance tests are used as inputs into modified versions of the corresponding flow balance test
scenario models from Reference 4.1. Specifically, the pump suction and discharge pressures are
set in the model for the pumps in operation during that test, the flow rate through each injection leg
is set at a control valve representing the throttle valve for each leg, and the seal injection or miniflow
flow rates are set as boundary condition demands.

One of the outputs from the flow balance test model is the pressure drop across each throttle valve
needed to establish the flow measured in that test. These throttle valve pressure drops can be used
in conjunction with their flow rates and Equation 1 to determine each of their C.s.

C. = Q Equation 1

where: C, = valve flow coefficient
Q = the valve flow (gpm)
AP = the valve pressure drop (psi)

5.2 Modification of Vendor Pump Curves

To account for pump degradation or enhancement, the vendor curves for the RH, SI, and CV
pumps (Input 2.4) are modified to agree with the latest ASME pump test results (Input 2.3). This is
done by multiplying the pump curve developed head by a factor until it equals the developed head
measured in the ASME test at the tested flow rate.

5.3 Back Flow to the Containment Sumps From the RWST

The rate of flow from the RWST to the Containment Sumps is calculated for four LOCA scenarios
using the hydraulic model developed in Reference 4.1. The back flow occurs during the transition
from injection to recirculation mode when the sump isolation valves (1SI881 1A/B) stall in a partially
open position. The open flow paths are the injection mode paths from the RWST through the RH,
SI, and CV pumps to the cold legs as documented in Reference 4.4 with the addition of the back
flow path through 1S1881 lA/B to the containment sumps. The analyzed back flow scenarios begin
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4.8 SI-90-01, Minimum Containment Flood Level, Major Revision 9, up to and including Minor Rev. 9C. 

4.9 EC#3n204, Evaluate 1S18811B Flow at Partial Opening. 

4.10 EC#3781 '12, Evaluate 'IS1881 'IA Flow at Partial Opening, 

5,0 Methodology 

5:1 Determination of CyS from AIR14 

Four noVo' balance tests are done each refueling outage at Braidwood. Two of these are the CV to 
cold leg and the SI to cold leg tests. The results of these tests indude the flow rate through each 
injection leg (A-D), the pump suction and discharge pressures, and the seal injection or mininow 
flow rates if any, The results from the most recently completed refueling outage at Braidwood Unit 
1, A1R14, are shown in Input 2,2, 

To determine the C.s of the throttle valves as they were set in A1R14, the rasults of the flow 
balance tests are used as inputs into modified versions of the corresponding flow balance test 
scenario models from Reference 4,1, Specifically, the pump suction and discharge pressures are 
set in the model for the pumps in operation during that test, the flow rate through each injection leg 
is set at a control valve representing the throttle valve for each leg, and the seal injection or miniflow 
flow rates are set as boundary condition demands. 

One of the outputs from the flow balance test model is the pressure drop across each throttle valve 
needed to establish the flow measured in that test. These throttle valve pressure drops can be used 
in conjunction with their flow rates and Equation 1 to determine each of their C-s, 

C=~ . & 

where: C. = valve flow coefficient 
Q = the valve flow (gpm) 
;lP = the valve pressure drop (psi) 

5.2 Modification of Vendor Pump Curves 

Equation 1 

To account for pump degradation or enhancement, the vendor curves for the RH, 51, and CV 
pumps (Input 2.4) are modified to agree with the latest ASME pump test results (Input 2,3), This is 
done by multiplying the pump curve developed head by a factor until it equals the developed head 
measured in the ASME test at the tested flow rate, 

5.3 Back Flow to the Containment Sumps From the RWST 

The rate of flow from the RWST to the Containment Sumps is calculated for four LOCA scenarios 
using the hydraulic model developed in Reference 4:1, The beck flow occurs during the transition 
from injection to recirculation mode when the sump isolation valves (1SI8S'11A1B) stall in a partially 
open position, The open flow paths are the injection mode paths from the RWST through the RH, 
SI, and CV pumps to the cold legs as documented in Reference 4.4 with the addition of the back 
flow path through 1S18811A1B to the containment sumps, The analyzed back flow scenarios begin 
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when the RWST reaches the LO-2 level and end six minutes later. The boundary conditions which
are changed for each scenario are the primary system pressure, the containment pressure, and the
initial containment sump water level from Input 2.12. After six minutes, the RWST and containment
sump water levels are iteratively adjusted using the average calculated flow rate over the six minute
duration and their volume versus level relations documented in Inputs 2.7 and 2.8. The use of the
average flow over the six minute duralion is justified by running a case at three minutes for one of
the LOCA scenarios and comparing the three minute results to the average from the six minute
duration. The Cvs of the partially open 1S1881 IA/B valves are taken from Inputs 2.10 and 2.11.

5.4 Sensitivity to Inputs

In response to a request from Exelon, the sensitivity of the back flow rate to the containment sumps
to changes in six inputs will be determined by running a set of sensitivity cases. These PIPE-FLO
cases will be created by starting with the LOCA scenario with the largest break size and modifying
one parameter per case.

5.5 Identification of Software

The hydraulic models are created using PIPE-FLO Ver. 8, Reference 4.3. PIPE-FLO is a computer
code designed to perform steady-state analyses of single phase hydraulic systems.

Sargent & Lundy L.L.C. Software Configuration Control Details:

Controlled File Detail for PIPE-FLO (S&L Program No. 03.7.100-8.0)
Type: 2 Status: 0 Effective Date: 09-21-2004

Controlled File Path: \\SNLVS5\SYS3\OPS$\IP10080\

All computer runs are made on Sargent and Lundy L.L.C. PC No. ZD5955.

5.6 Acceptance Criteria

The results of this evaluation are used as input into other evaluations and calculations. As such,
there are no acceptance crteria for this evaluation.
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when the RWST reaches the L0-2 level and end six minutes later. The boundary conditions which 
are changed for each scenario are the primary system pressure, the containment pressure, and the 
initial containment sump water level from Input 2.12. After six minutes, the RWST and containment 
sump water levels are iteratively adjusted using the average calculated flow rate over the six minute 
duration and their volume versus level relations documented in Inputs 2.7 and 2.8. The use of the 
average flow over the six minute duration is juslified by running a case at three minutes for one of 
the LOCA scenarios and comparing the three minute results to the average from the six minute 
duration. The Cvs of the partially open 1518811 NB valves are taken from Inputs 2.10 and 2.11. 

5.4 Sensitivity to Inputs 

In response to a request from Exelon, the sensitivity of the back flow rate to the containment sumps 
to changes in six inputs will be determined by running a set of sensitivity cases. These PIPE-FLO 
cases will be created by starting with the LOCA scenario with the largest break size and modifying 
one parameter per case. 

5.5 Identification of Software 

The hydraulic models are created using PIPE-FLO Ver. 8, Reference 4.3. PIPE·FLO is a computer 
code designed to perform steady-state analyses of single phase hydraulic systems. 

Sargent & Lundy L.L.C. Software Configuration Control Details: 

Controlled File Detail for PIPE-FLO (S&L Program No. 03.7.100-8.0) 
Type: 2 Status: 0 Effective Dale: 09-21-2004 

Controlled File Path: \\SNLVS5\SYS3\OPS$\PIPWOaO\ 

All computer runs are made on Sargent and Lundy L.L.C. PC No. ZD5955. 

5.6 Acceptance Criteria 

/ 

The results of this evaluation are used as input into other evaluations and calculations. As such, 
there are no acceptance criteria for this evaluation. 
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6.0 CalculatIons

6.1 Cvs from A1 R14

Two flow balance test scenarios from Reference 4.1 are modified as described in Section 5.1 to
determine the throttle valve C~s that correspond to the measurements taken in A1R14. Since the
C,s of the throttle valves are independent of the pump used in the flow balance test, either the A
train or the B train test data can be used herein. However, to be consistent with Reference 4.1, the
SI A and CV A pump suction and discharge pressures were used in the SI to cold leg and CV to
cold leg flow balance test models. The valve flow rates, valve pressure drops, and valve Cvs
calculated using Equation 1 are shown in Tables 6-1 through 6-2. The PIPE-FLO output for these
runs can be found in Attachment E.

Table 6-1: SI to Cold Leo - Ref. 4.1 Case 1A
Loop Flow (gpm) Pressure Drop (psi) CV

A 149.5 687.4 5.702
B 149.3 671.6 5.761
C '149.6 714.1 5.598
D 150.04 712.7 5.620

Table 6-2: V to Cold Le - Ref. 4.1 Case 4A
Loop Flow (gpm) Pressure Drop (psi) C

A 116.5 540.4 5.012
B 116 462.2 5.396
C 116.1 551.3 4.945
D 116 595.2 4.755

6.2 Modified Pump Curves

The vendor pump curves are modified to match the latest ASME pump test results in Attachment G.
The resulting modified pump curves that are used in the hydraulic models described in the next
section can be found in Table 6-3.

Table 6-3: Pump Curves Modified to Match Latest ASME Pump Test Data
RH A RH E SIA SI B CVA CV B

Flow Head Flow Head Flow Head Flow Head Flow Head Flow Head
(gpm) (ft) (gpm) (ft) (gpm) (ft) (gpm) (ft) _(gpmI (fl) (gqpml (ft)

0 437.9 0 452.8 0 3509.2 0 3391.8 0 6039.3 0 6087.2
1000 423.5 1000 429.9 50 3489.6 50 3372.9 100 5987.7 100 5985.7
2000 399.4 2000 398.1 150 3430.8 150 3297.6 175 5832.9 175 5782.8
2500 385.0 2500 388.1 250 3293.5 250 3165.7 250 5471.5 250 5377.0
3000 375.4 3000 378.2 350 3038.7 350 2977.2 325 4852.1 325 4666.8
3500 360.9 3500 363.2 450 2705.4 450 2685.2 400 4026.2 400 3855.2
4000 336.9 4000 343.3 550 2323.1 550 2308.3 475 2993.9 475 2840.7
4500 308.0 4500 313.5 655 1862.4 655 1903.2 550 "180.6 550 1623.3
5000 283.9 5000 278.6
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Two flow balance test scenarios from Reference 4.1 are modified as described in Section 5.1 to 
determine the throttle valve e.s that correspond to the measurements taken in A1R14. Since the 
CyS of the throttle valves are independent of the pump used in the flow balance test, either the A 
train or the B trein test data can be used herein. However. to be consistent with Reference 4.". the 
51 A and CV A pump suction and discharge pressures were used in the 51 to cold leg and CV to 
cold leg flow balance test models. The valve flow rates, valve pressure drops, and valve C.s 
calculated using Equation 1 are shown in Tables 6-1 through 6-2. The PIPE-FLO output for these 
runs can be found in Attachment E. 

Table 6-1: 51 to Cold Leg - Rf C e.4 .. , ase 1A 
Loop Flow (gpm) Pressure Drop (psi) Cy 

A 149.5 687.4 5.702 
B 149.3 671.6 5.761 
C '149.6 7"4.1 5.598 
0 150.04 712.7 5.620 

Tbl62CVt CIdL a e - 0 0 -~ - Rf41C 4A e. ase 
Loop Flow (gpm) Pressure Drop (psi) e. 

A 116.5 540.4 5012 
B 116 462.2 5.396 
C 116.1 551.3 4.945 
0 116 595.2 4.755 

6.2 Modified Pump Curves 

The vendor pump curves are modified to match the latest ASME pump test results in Attachment G. 
The resulting modified pump curves that are used in the hydraulic models described in the next 
section can be found in Table 6-3. 

T Table 6-3: Pump Curves Modified to Match Latest ASME Pump est Data 
RHA RHB SIA SIB eVA eVB 

Flow Head Flow Head Flow Head Flow Head Flow Head Flow Head 
I (gpm) (tt) I (gpm) (ttl (gpm) (tt) (gpm) (ttl . (gpm) (tt) (gpm) (tt) 

0 437.9 0 452.8 0 3509.2 0 339'1.8 0 6039.3 0 6087.2 
1000 423.5 1000 429.9 50 3489.6 50 3372.9 "00 5987.7 100 5985.7 
2000 399.4 2000 398.1 150 3430.8 150 3297.6 '175 5832.9 175 5782.8 
2500 385.0 2500 388.1 250 3293.5 250 3165.7 250 5471.5 250 5377.0 
3000 375.4 3000 378.2 350 3038.7 350 2977.2 325 4852.1 325 4666.8 
3500 360.9 3500 363.2 450 2705.4 450 2685.2 400 4026.2 400 3855.2 
4000 336.9 4000 343.3 550 2323.1 550 2308.3 475 2993.9 475 2840.7 
4500 308.0 4500 313.5 655 1862.4 655 1903.2 550 1806.6 550 1623.3 
5000 283.9 5000 278.6 
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6.3 Back Flow to the Containment Sumps From the RWST

Two PIPE-FLO cases are run for each of the four LOCA scenarios, one when the RWST is at the
LO-2 level, the other six minutes later. An additional case is run for the 5.2 inch LOCA case at three
minutes. The output from these files can be found in Attachment F. The flow paths for the 5.2 and 2
inch LOCA scenarios with all SI, CV, and RH pumps injecting are as documented in Attachment B.
The flow paths in the 0.86 inch LOCA scenario has been modified to reflect the inability of the RH
pumps to inject to primary system pressure of 835 psia. Similarly, the flow paths in the Bleed and
Feed LOCA scenario have been modified to reflect no injection by the RH pumps. In this scenario,
the primary system pressure of 211 psia is below the potential discharge head of the RH pumps
which indicates a possibility of injection. However, the corresponding pump flow rate is low enough
for the RH miniflow valves (RH61 0 and RH61 1) to open. Once the RH miniflow valves are open, the
pump flow rate increases and its developed head decreases until injection is no longer possible.

The RWST and containment sump water levels are iteratively calculated using the average RWST
flow rate over the six minute duration from Table 7-1 and Inputs 2.6, 2.7, and 2.8. For example in
the last iteration, the six minute RWST level in the 5.2 inch LOCA scenario is 427.3 ft - (13091 gpm
* 6 min) / 8351.6 gal/ft = 417.9 feet and the six minute containment sump water level in the 5.2 inch
LOCA scenario is 2 It + (13091 gpm * 6 min) / 90618.8 gal/ft = 2.9 feet. The use of the average
RWST flow rate to adjust the water levels is justified with a PIPE-FLO case run at three minutes for
the 5.2 inch LOCA scenario. As can be seen in Table 7-1, the calculated RWST flow at three
minutes is only 9 gpm different from the average calculated for the six minute duration.

6.4 Sensitivity to Inputs

In response to a request from Exelon, six cases are run to determine the sensitivity of the back flow
rate to the containment sumps to a set ot inputs. The 5.2 inch LOCA scenario with the RWST at the
LO-2 level is used as the base case. The six inputs that are varied are:

" RWST Level - The RWST level is increased by one foot.
* Primary System Pressure - The primary system pressure is increased by 10%
" Containment Pressure - The containment pressure is decreased by 10%
" Cv of valves 1SI8811 A/B - The C(s of the partially open containment sump isolation valves

are increased by 1000
* ECCS pump curves - The pump curves of the SI, CV, and RH pumps are artificially

decreased by 3%. The pump curves in this case are adjusted without also repeating the flow
balance test cases described in Section 5.1. This represents a scenario which is outside of
the analyzed design basis as defined in Reference 4.1. See Assumption 3.1 of this
evaluation and Assumption 3.3.1 in Reference 4.1.

" Pipe Resistance - The resistance of the most resistive pipe segments between the RWST
and the containment sumps, 1SI82AA/BA and 1 SI81AB/BB, are both decreased by
eliminating one elbow.

The PIPE-FLO output can be found in Attachment H. The 3% degraded pump curves are in
Attachment I.
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6.3 Back Flow to the Containment Sumps From the RWST 

Two PIPE-FLO cases are run for each of the four LoeA scenarios, one when the RWST is at the 
L0-2 level, the other six minutes later. An additional case is run for the 5.2 inch LOCA case at three 
minutes. The output from these files can be found in Attachment F. The flow paths for the 5.2 and 2 
inch lOCA scenarios with al/ SI, CV, and RH pumps injecting are as documentad in Attachment 6. 
The flow paths in the 0.86 inch LoeA scenario has been modified to reflect the inability of the RH 
pumps to inject to primary system pressure of 835 psia. Similarty, the now paths in the Bleed and 
Feed LoeA scenario have been modified to reflect no injection by the RH pumps. In this scenario, 
the primary system pressure of 211 psia is below the potential discharge head of the RH pumps 
which indicates a possibility of injection. However, the corresponding pump flow rate is low enough 
for the RH miniflow valves (RH6'10 and RH611) to open. Once the RH miniflow valves are open, the 
pump flow rate increases and its developed head decreases until injection is no longer possible. 

The RWST and containment sump water levels are iteratively calculated using the average RWST 
flow rate over the six minute duration from Table 7-" and Inputs 2.6, 2.7, and 2.8. For example in 
the last iteration, the six minute RWST level in the 5.2 inch LOCA scenario is 427.3 ft - (13091 gpm 
• 6 min) 18351.6 gal/ft = 417.9 feet and the six minute containment sump water level in the 5.2 inch 
LoeA scenario is 2 ft + (13091 gpm • 6 min) 190618.8 gal/ft:: 2.9 feet. The use of the average 
RWST flow rate to adjust the water levels is justified with a PIPE-FLO case run at three minutes for 
the 5.2 inch LoeA scenario. As can be seen in Table 7-1, the calculated RWST flow at three 
minutes is only 9 gpm different from the average calculated for the six minute duration. 

6.4 Sensitivity 10 Inputs 

In response to a request from Exelon, six cases are run to determine the sensitivity of the back flow 
rate to the containment sumps to a set of inputs. The 5.2 inch lOCA scenario with the RWST at the 
L0-2 level is used as the base case. The six inputs that are varied are: 

• RWST Level - The RWST level is increased by one foot. 
• Primary System Pressure - The primary system pressure is increased by 10% 
• Containment Pressure - The containment pressure is decreased by 10% 
• C. of valves '1518811AIB - The c.s of the partially open containment sump isolation valves 

are increased by 1000 
• ECC5 pump curves - The pump curves of the 51, CV, and RH pumps are artifiCially 

decreased by 3%. The pump rurves in this case are adjusted without also repeating the flow 
balance test cases described in Section 5.1. This represents a scenario which is outside of 
the analyzed design basis as defined in Reference 4.1. See Assumption 3.1 of this 
evaluation and Assumption 3.3.1 in Reference 4.1. 

• Pipe Resistance - The resistance of the most resistive pipe segments between the RWST 
and the containment sumps, '15182AA16A and 15181AB/BB, are both decreased by 
eliminating one elbow. 

The PIPE-FLO output can be found in Attachment H. The 3% degmded pump curves are in 
Attachment I. 
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7.0 Results

The back flow rates from the RWST to the Containment Sumps for the four LOCA scenarios can be
found in Tables 7-1 through 7-4.

Table 7-1: 5.2 Inch LOCA
At Lo-2 After Three After Six Average Over
Alarm Minutes Minutes Six Minutes

RWST Level (feet) 427.3 422.4 417.9
Primary System Pressure (psia) 29 28.5 28
Containment Pressure (psia) 19.2 19.15 19.1
Sump Water Level (feet) 2 2.4 2.9
RWST Flow (qpm) 13959 13100 12223 13091
Sump A Back Flow (gpm) 2933 2509 2069 2501
Sump B Back Flow (gpm) 3180 2738 2291 2735.5
Total Sump Flow (gpm) 6113 5247 4360 5236.5

Table 7-2: 2 Inch LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level (feet) 427.3 417.9
Primary System Pressure (psia) 115 111
Containment Pressure (psia) 18.8 18.7
Sump Water Level (feet) 1.5 2.4
RWST Flow (gpm) 13962 12279 13120.5
Sump A Back Flow (gpm) 3977 3105 3541
Sump B Back Flow (gpm) 4227 33'11 3769
Total Sump Flow (qpm) 8204 6416 7310

Table 7-3: 0.86 Inch LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level (feet) 427.3 418.0
Primary System Pressure (psia) 835 835
Containment Pressure (psia) 17.3 17.3
Sump Water Level (feet) 1.3 2.2
RWST Flow (gpm) 13740 12117 12928.5
Sump A Back Flow (gpm) 6171 5383 5777
Sump B Back Flow (gpm) 6530 5697 6113.5
Total Sump Flow gypm) 12701 11080 11890.5

Table 7-4: Bleed and Feed LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level (feet) 427.3 420.3
Primary System Pressure (psia) 211 211
Containment Pressure (psia) 25.7 25.6
Sump Water Level (feet) 2 2.6
RWST Flow (gpm) 10511 8858 9684.5
Sump A Back Flow (gpm) 4480 3677 4078.5
Sump B Back Flow (gpm) 4741 3892 4316.5
Total Sump Flow (gpm) 9221 7569 8395
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The back flow rates from the RWST to the Containment Sumps for the four LOCA scenarios can be 
found in Tables 7-1 through 7-4. 

Table 7-1· 5 2 Inch LOCA 
At Lo-2 After Three After Six Average Over 
Alarm Minutes Minutes Six Minutes 

RWST level (feet) 427.3 422.4 417.9 
Primary System Pressure (psia) 29 28.5 28 
Containment Pressure (psia) 19.2 19.15 19.1 
Sump Water level (feet) 2 2.4 2.9 
RWST Flow (opm) 13959 13100 12223 13091 
Sump A Back Flow (gpm) 2933 2509 2069 2501 
Sump B Back Flow (gpm) 3180 2738 2291 2735.5 
Total Sump Flow (opm) 6113 5247 4360 5236.5 

Table 7-2' 2 Inch LOCA 
At Lo-2 After Six Average Over 
Alarm Minutes Six Minutes 

RWST level (feet) 427.3 417.9 
Primary System Pressure (psial 115 111 
Containment Pressure (psia) 18.8 18.7 
Sump Water leveljfeetj 1.5 2.4 
RWST Flow (gpm) 13962 12279 13·120.5 
Sump A Back Flow (opml 3977 3105 3541 
Sump B Back Flow (opm) 4227 33·11 3769 
Total Sump Flow (opml 8204 6416 7310 

Table 7-3· 0 86 Inch LOCA 
At lo-2 After Six Average Over 
Alarm Minutes Six Minutes 

RWST level (feet) 427.3 418.0 
Primary System Pressure (psia) 835 835 
Containment Pressure (psia) 17.3 17.3 
Sump Water level (feet) 1.3 2.2 
RWST Flow (gpm) 13740 12117 12928.5 
Sump A Back Flow (gpm) 6171 5383 5777 
Sump B Back Flow (gpm I 6530 5697 6113.5 
Total Sump Flow (opm) 12701 11080 11890.5 

Table 7-4' Bleed and Feed LOCA 
At lo-2 After Six Average Over 
Alarm Minutes Six Minutes 

RWST level (feet) 427.3 420.3 
Primary System Pressure (psial 2·11 211 
Containment Pressure (psial 25.7 25.6 
Sump Water level (feet) 2 2.6 
RWST Flow (gpm) 10511 8858 9684.5 
Sump A Back Flow (Qllm) 4480 3677 4078.5 
Sump B Back Flow (opm) 4741 3892 4316.5 
Total Sump Flow{gpml 9221 7569 8395 
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7.1 Sensitivity to Inputs

The results to the sensitivity cases can be found in Table 7-5. The base case results for the 5.2 inch
LOCA scenario with the RWST at LO-2 level are in Table 7-1.

Table 7-5: Sensitivity to Inputs
RWST Primary Containment 1S188 IAIN ECCS Pipe
Level System Pressure C. Pump Resistance

+1 foot Pressure -10% +1000 Curve - 1 elbow
+10% -3%91'

RWST Level (feet) 428.3 427.3 427.3 427.3 427.3 427.3
Prmary System Pressure (psia) 29 31.9 29 29 29 29
Containment Pressure (psia) 19.2 19.2 17.28 19.2 19.2 19.2
Sump Water Level (feet) 2 2 2 2 2 2
RWST Flow (qpm) 14115 13951 14644 13991 13936 14108
Sump A Back Flow (qpm) 3012 2961 3289 2953 2976 3006
Sump 8 Back Flow (gpm) 3257 3204 3544 3194 3224 3255
Total Sump Flow (gpm) 6269 6165 6833 6147 6200 6261
Sump Back Flow Increase Over 156 52 720 34 87 148
Base Case (gpm)

1. Note that this case represents a scenario which is outside of the analyzed design basis as defined in
Reference 4.1. See Section 6.4.

8.0 Attachments

Attachment A - DIT-BRW-2009-M078, Reference 4.2
Attachment B - DIT-BRW-2009-0079, Reference 4.4
Attachment C - DIT-BRW-2009-0080, Reference 4.5
Attachment D - DIT-BRW-2009-0082, Reference 4.6
Attachment E- PIPE-FLO Output- A1R14 FBT Cases
Attachment F - PIPE-FLO Output - Sump Back Flow Cases
Attachment G - Modified Pump Curves
Attachment H - PIPE-FLO Output - Sensitivity cases
Attachment I - 3% Degraded Pump Curves for Sensitivity Case

A1-A3
B11-815
C1-C1
D'I-D1
E1-E28
F1-F126
Gt-G6
HI-H60
I1-11

The embedded file of the entire Sargent & Lundy evaluation #2009-13491 is provided
below:

2009-13491.pdf
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1.0 Purpose

Revision 3 of Calculation BYR06-029 / BRW-06-0016-M, Reference 4.1, documents a hydraulic
model of the Byron and Braidwood ECCS systems. The model is used in the calculation to analyze
ECCS flow balance test and cold leg and hot leg recirculation scenarios.

The purpose of this evaluation is to use the hydraulic model developed in Reference 4.1 to make a
best estimate determination of the amount of water that would flow from the RWST to the
containment sumps at Braidwood Unit 1 during a six minute period starting at the RWST LO-2
alarm during which the containment sump isolation valves, 1S1881 1A and 1S18811 B, are both stuck
in a partially open position while the 1S18812A/B valves to the RWST are simultaneously open.
Boundary conditions from four different sump back flow scenarios are analyzed: 5.2 inch LOCA, 2
inch LOCA, 0.86 inch LOCA, and a Bleed and Feed LOCA. The scenario dependent boundary
conditions are the RCS pressure, the Containment pressure, and the sump water level. The flow
rates will be determined using the Cvs of the ECCS throttle valves as determined using the results
of the flow balance tests performed during the most recently completed Braidwood Unit I refueling
outage, Al R14 and pump curves based on the most recent ASME Group A pump testing for the
Braidwood Unit I SI, CV, and RH pumps. The ECCS throttle valves included in the flow balance
tests are the SI to Cold Leg (1SI8822A-D) and CV to Cold Leg (1SI8810A-D) throttle valves.

2.0 Inputs

2.1 The PIPE-FLO hydraulic model of the Braidwood ECCS systems is taken from Reference 4.1. This
model documents the pipe lengths, diameters, schedules, elevations, fittings, and component
resistances for the flow balance test and sump back flow scenarios. The system line-ups for the
flow balance test scenarios are also taken from Reference 4.1.

2.2 Data from the SI to cold leg and CV to cold leg flow balance tests from Braidwood Unit 1 refueling
outage AIR14 is taken from Reference 4.2.

Table 2-1: A1R14 Flow Balance Test Data
I RCS Cold Leg Flow (gpm)

RCP Seal Inj. Pump Discharge Pump Suction
PumpLoop Loop Loop Loop or Miniflow Pressure PressurePup A B C D (sg

(gpm) - (psig) (psig)
1A CV 116.5 116 116.1 116 80 (RCP seal) 840 18.4
1A Sl 149.5 149.3 149.6 150.04 32 (Miniflow) 832 20.2

2.3 Data from the most recent ASME Group A pump testing for the Braidwood Unit I SI, CV, and RH
pumps is taken from Reference 4.2.

Table 2-2: ASME Group A Pump Test Data
Flow Rate Differential Pressure

Pump (gpm) (psid)
1A CV 193 2490
1B CV 195 2459
1A SI 45 1513
1B Sl 44.5 1462.5
1A RH 633.8 185.8
1B RH 596 190.3
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Revision 3 of Calculation BYR06-029 / BRW-06-0016-M, Reference 4.1, documents a hydraulic 
model of the Byron and Braidwood ECCS systems. The model is used in the calculation to analyze 
ECCS flow balance test and cold leg and hot leg recirculation scenarios. 

The purpose of this evaluation is to use the hydraulic model developed in Reference 4.1 to make a 
best estimate determination of the amount of water that would flow from the RWST to the 
containment sumps at Braidwood Unit 1 during a six minute period starting at the RWST LO-2 
alarm during which the containment sump isolation valves, 1SIS811A and 1SIS811B, are both stuck 
in a partially open position while the 1SIS812A1B valves to the RWST are simultaneously open. 
Boundary conditions from four different sump back flow scenarios are analyzed: 5.2 inch LOCA, 2 
inch LOCA, 0.S6 inch LOCA, and a Bleed and Feed LOCA. The scenario dependent boundary 
conditions are the RCS pressure, the Containment pressure, and the sump water level. The flow 
rates will be determined using the Cys of the ECCS throttle valves as determined using the results 
of the flow balance tests performed during the most recently completed Braidwood Unit 1 refueling 
outage, A1 R14 and pump curves based on the most recent ASME Group A pump testing for the 
Braidwood Unit 1 SI, CV, and RH pumps. The ECCS throttle valves included in the flow balance 
tests are the SI to Cold Leg (1SIS822A-D) and CV to Cold Leg (1SIS810A-D) throttle valves. 

2.0 Inputs 

2.1 The PIPE-FLO hydraulic model of the Braidwood ECCS systems is taken from Reference 4.1. This 
model documents the pipe lengths, diameters, schedules, elevations, fittings, and component 
resistances for the flow balance test and sump back flow scenarios. The system line-ups for the 
flow balance test scenarios are also taken from Reference 4.1. 

2.2 Data from the SI to cold leg and CV to cold leg flow balance tests from Braidwood Unit 1 refueling 
outage A1R14 is taken from Reference 4.2. 

Table 2-1: A1R14 Flow Balance Test Data 
RCS Cold Leg Flow (gpm) 

Loop Loop Loop Loop 
RCP Seal InJ. Pump Discharge Pump Suction 

Pump or Mlniflow Pressure Pressure 
A B C D (gpm) (pslg) (Ilslg) 

1ACV 116.5 116 116.1 116 SO{RCP sean 840 18.4 
1A SI 149.5 149.3 149.6 150.04 32 (Miniflow) 832 20.2 

2.3 Data from the most recent ASME Group A pump testing for the Braidwood Unit 1 SI, CV, and RH 
pumps is taken from Reference 4.2. 

Ta bl 2 ASME e 2- : Group A Pump Test Data 

Pump Flow Rate Differential Pressure 
(gpm) Cpsid) 

1ACV 193 2490 
1BCV 195 2459 
1A 51 45 1513 
1B 51 44.5 1462.5 
1ARH 633.8 185.8 
1BRH 596 190.3 
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2.4 The vendor pump curves for the Braidwood Unit 1 RH, SI, and CV pumps are taken from Sections
2.3.2, 2.3.4, and 2.3.5 of Reference 4.1.

Table 2-3: Vendor Pump Curves

RH A RH B Sl A SI B CV A CV B
Flow Head Flow Head Flow Head Flow Head Flow Head Flow Head

(gpm) (ft) (gpm) (ft) (gpm) (ft) (gpm) (ft) (gpm) (ft) (p ) (ft)

0 455 0 455 0 3580 0 3600 0 5850 0 6000
1000 440 1000 432 50 3560 50 3580 100 5800 100 5900
2000 415 2000 400 150 3500 150 3500 175 5650 175 5700
2500 400 2500 390 250 3360 250 3360 250 5300 250 5300
3000 390 3000 380 350 3100 350 3160 325 4700 325 4600
3500 375 3500 365 450 2760 450 2850 400 3900 400 3800
4000 350 4000 345 550 2370 550 2450 475 2900 475 2800
4500 320 4500 315 655 1900 655 2020 550 1750 550 1600
5000 295 5000 280 1

2.5 The system injection line-up used in the sump back flow scenarios are taken from highlighted

P&IDs transmitted in Reference 4.4.

2.6 The RWST Level at the LO-2 alarm is 427.3 feet per Section 3 of Attachment A of Reference 4.7.

2.7 The RWST volume per foot of height is 8351.6 gallons per foot per Section 3 of Attachment A of
Reference 4.7.

2.8 The flooded area of the containment floor conservatively used to minimize the containment flood
height is 12114 ft2 in Section 2.3.3 of Reference 4.8. With this area, the volume per foot of height of
the containment floor is 90618.8 gallons per foot (12114 ft2 * 7.4805 gal/ft3 = 90618.8 gal/ft).

2.9 The following flow rates are to be used in the analysis of the back flow from the RWST to the
containment sumps per Reference 4.5.

RCP Seal Injection Flow = 80 gpm for two CV pumps
CV Miniflow Rate = 65 gpm for each CV pump
Safety Injection Miniflow Rate = 30 gpm for each SI pump

2.10 The B train containment sump isolation valve, 1S18811B, was determined to open 34.34 percent
during surveillance testing per page 3 of Reference 4.9. The C, of the valve at this position is
conservatively determined to be 6000 using the C, versus percent open graph from page 9 of
Reference 4.9. The C, is maximized for this analysis to conservatively maximize back flow to the
sump. Note that the C, used herein is greater (6000 vs. 5000) than that chosen in Reference 4.9
where a minimum C, was conservative.

2.11 The A train containment sump isolation valve, 1S1881 1A, was determined to open 29.1 percent
during surveillance testing per page 3 of Reference 4.10. The C, of the valve at this position is
conservatively determined to be 5000 using the C, versus percent open graph from page 9 of
Reference 4.10. The Cv is maximized for this analysis to conservatively maximize back flow to the
sump. Note that the C, used herein is greater (5000 vs. 4000) than that chosen in Reference 4.10
where a minimum C, was conservative.
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during surveillance testing per page 3 of Reference 4.10. The Cy of the valve at this position is 
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2009-13491
Revision 0

11329-147
Page 5 of 11

2.12 The primary system pressure, containment pressure, and initial sump water level for each of the
four subject LOCA scenarios are provided in Reference 4.6 and documented in Table 2-4.

Table 2-4: LOCA Scenario Boundar Conditions
Primary System Containment Containment Water
Pressure (psia) Pressure (psia) Level' (feet)

5.2 Inch LOCA at LO-2 Alarm 29 19.2 2
5.2 Inch LOCA After Six Minutes 28 19.1 _

2 Inch LOCA at LO-2 Alarm 115 18.8 1.5
2 Inch LOCA After Six Minutes 111 18.7 _

0.86 Inch LOCA at LO-2 Alarm 835 17.3 1.3
0.86 Inch LOCA After Six Minutes 835 17.3 _

Bleed & Feed at LO-2 Alarm 211 25.7 2
Bleed & Feed After Six Minutes 211 25.6

Note 1: The containment water level is the water level above the containment floor. From Section
6.6.1 of Reference 4.1, the containment floor is at elevation 377.0 feet while the containment sump
piping is at an elevation of 368.2 feet. Therefore, the level input into PIPE-FLO for the containment
sumps is 8.8 feet (377-368.2=8.8) greater than the level shown in Table 2-4.

3.0 Assumptions

3.1 It is assumed that there has been no change in pump performance or system hydraulic resistance
since the last flow balance and pump tests. This is consistant with Assumption 3.3.1 of Reference
4.1

3.2 The assumptions found in Reference 4.1 that were used to create the hydraulic model are also
assumed in this evaluation.

3.3 It is assumed that the change in density due to the range of RWST temperatures and boron
concentrations present during the A1RI4 flow balance tests has negligible impact on the
determination of the throttle valve Cvs. Consequently, Equation 1 does not account for the density
ratio between actual and standard water temperatures.

4.0 References

4.1 BYR06-029 / BRW-06-0016-M, Revision 3, SI/RHR/CS/CV System Hydraulic Analysis In Support of
GSI-191.

4.2 DIT-BRW-2009-0078, Revision 0, dated 11-30-09, and Rev. 1, dated 12-9-09, see Attachment A.

4.3 PIPE-FLO Version 8, Engineered Software Incorporated (S&L Program No. 03.7.100-8.0).

4.4 DIT-BRW-2009-0079, Revision 0, dated 12-4-09, see Attachment B.

4.5 DIT-BRW-2009-0080, Revision 0, dated 12-7-09, see Attachment C.

4.6 DIT-BRW-2009-0082, Revision 0, dated 12-8-09, see Attachment D.

4.7 SITH-1, Refueling Water Storage Tank (RWST) Level Setpoints, Major Revision 7, up to and
including Minor Revision 7A.
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4.8 SI-90-01, Minimum Containment Flood Level, Major Revision 9, up to and including Minor Rev. 9C.

4.9 EC#377204, Evaluate 1S18811B Flow at Partial Opening.

4.10 EC#378112, Evaluate 1S18811A Flow at Partial Opening.

5.0 Methodology

5.1 Determination of Cvs from Al R14

Four flow balance tests are done each refueling outage at Braidwood. Two of these are the CV to
cold leg and the SI to cold leg tests. The results of these tests include the flow rate through each
injection leg (A-D), the pump suction and discharge pressures, and the seal injection or miniflow
flow rates if any. The results from the most recently completed refueling outage at Braidwood Unit
1, A1R14, are shown in Input 2.2.

To determine the Cvs of the throttle valves as they were set in Al R14, the results of the flow
balance tests are used as inputs into modified versions of the corresponding flow balance test
scenario models from Reference 4.1. Specifically, the pump suction and discharge pressures are
set in the model for the pumps in operation during that test, the flow rate through each injection leg
is set at a control valve representing the throttle valve for each leg, and the seal injection or miniflow
flow rates are set as boundary condition demands.

One of the outputs from the flow balance test model is the pressure drop across each throttle valve
needed to establish the flow measured in that test. These throttle valve pressure drops can be used
in conjunction with their flow rates and Equation 1 to determine each of their Cvs.

C" = Q Equation 1

where: C, = valve flow coefficient
Q = the valve flow (gpm)
AP = the valve pressure drop (psi)

5.2 Modification of Vendor Pump Curves

To account for pump degradation or enhancement, the vendor curves for the RH, SI, and CV
pumps (Input 2.4) are modified to agree with the latest ASME pump test results (Input 2.3). This is
done by multiplying the pump curve developed head by a factor until it equals the developed head
measured in the ASME test at the tested flow rate.

5.3 Back Flow to the Containment Sumps From the RWST

The rate of flow from the RWST to the Containment Sumps is calculated for four LOCA scenarios
using the hydraulic model developed in Reference 4.1. The back flow occurs during the transition
from injection to recirculation mode when the sump isolation valves (1S1881 1A/B) stall in a partially
open position. The open flow paths are the injection mode paths from the RWST through the RH,
SI, and CV pumps to the cold legs as documented in Reference 4.4 with the addition of the back
flow path through 1S1881 1A/B to the containment sumps. The analyzed back flow scenarios begin
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4.8 SI-90-01, Minimum Containment Flood Level, Major Revision 9, up to and including Minor Rev. 9C. 

4.9 EC#377204, Evaluate 1 SI8811 B Flow at Partial Opening. 

4.10 EC#378112, Evaluate 1S18811A Flow at Partial Opening. 

5.0 Methodology 

5.1 Determination of Cys from A 1 R 14 

Four flow balance tests are done each refueling outage at Braidwood. Two of these are the CV to 
cold leg and the SI to cold leg tests. The results of these tests include the flow rate through each 
injection leg (A-D), the pump suction and discharge pressures, and the seal injection or miniflow 
flow rates if any. The results from the most recently completed refueling outage at Braidwood Unit 
1, A 1 R 14, are shown in Input 2.2. 

To determine the Cys of the throttle valves as they were set in A1 R14, the results of the flow 
balance tests are used as inputs into modified versions of the corresponding flow balance test 
scenario models from Reference 4.1. Specifically, the pump suction and discharge pressures are 
set in the model for the pumps in operation during that test, the flow rate through each injection leg 
is set at a control valve representing the throttle valve for each leg, and the seal injection or miniflow 
flow rates are set as boundary condition demands. 

One of the outputs from the flow balance test model is the pressure drop across each throttle valve 
needed to establish the flow measured in that test. These throttle valve pressure drops can be used 
in conjunction with their flow rates and Equation 1 to determine each of their Cys. 

c=~ 
v ..f1lP 

where: Cy = valve flow coefficient 
Q = the valve flow (gpm) 
dP = the valve pressure drop (psi) 

5.2 Modification of Vendor Pump Curves 

Equation 1 

To account for pump degradation or enhancement, the vendor curves for the RH, SI, and CV 
pumps (Input 2.4) are modified to agree with the latest ASME pump test results (Input 2.3). This is 
done by multiplying the pump curve developed head by a factor until it equals the developed head 
measured in the ASME test at the tested flow rate. 

5.3 Back Flow to the Containment Sumps From the RWST 

The rate of flow from the RWST to the Containment Sumps is calculated for four LOCA scenarios 
using the hydraulic model developed in Reference 4.1. The back flow occurs during the transition 
from injection to recirculation mode when the sump isolation valves (1SI8811A1B) stall in a partially 
open position. The open flow paths are the injection mode paths from the RWST through the RH,· 
SI, and CV pumps to the cold legs as documented in Reference 4.4 with the addition of the back 
flow path through 1 SI8811 AlB to the containment sumps. The analyzed back flow scenarios begin 
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when the RWST reaches the LO-2 level and end six minutes later. The boundary conditions which
are changed for each scenario are the primary system pressure, the containment pressure, and the
initial containment sump water level from Input 2.12. After six minutes, the RWST and containment
sump water levels are iteratively adjusted using the average calculated flow rate over the six minute
duration and their volume versus level relations documented in Inputs 2.7 and 2.8. The use of the
average flow over the six minute duration is justified by running a case at three minutes for one of
the LOCA scenarios and comparing the three minute results to the average from the six minute
duration. The C~s of the partially open 1S18811NAB valves are taken from Inputs 2.10 and 2.11.

5.4 Sensitivity to Inputs

In response to a request from Exelon, the sensitivity of the back flow rate to the containment sumps
to changes in six inputs will be determined by running a set of sensitivity cases. These PIPE-FLO
cases will be created by starting with the LOCA scenario with the largest break size and modifying
one parameter per case.

5.5 Identification of Software

The hydraulic models are created using PIPE-FLO Ver. 8, Reference 4.3. PIPE-FLO is a computer
code designed to perform steady-state analyses of single phase hydraulic systems.

Sargent & Lundy L.L.C. Software Configuration Control Details:

Controlled File Detail for PIPE-FLO (S&L Program No. 03.7.100-8.0)
Type: 2 Status: 0 Effective Date: 09-21-2004

Controlled File Path: \\SNLVS5\SYS3\OPS$\PIP10080\

All computer runs are made on Sargent and Lundy L.L.C. PC No. ZD5955.

5.6 Acceptance Criteria

The results of this evaluation are used as input into other evaluations and calculations. As such,
there are no acceptance criteria for this evaluation.
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6.0 Calculations

6.1 Cvs from AIR14

Two flow balance test scenarios from Reference 4.1 are modified as described in Section 5.1 to
determine the throttle valve Cvs that correspond to the measurements taken in A1R14. Since the
Cs of the throttle valves are independent of the pump used in the flow balance test, either the A
train or the B train test data can be used herein. However, to be consistent with Reference 4.1, the
SI A and CV A pump suction and discharge pressures were used in the SI to cold leg and CV to
cold leg flow balance test models. The valve flow rates, valve pressure drops, and valve Cs
calculated using Equation 1 are shown in Tables 6-1 through 6-2. The PIPE-FLO output for these
runs can be found in Attachment E.

Table 6-1: SI to Cold Leg - Ref. 4.1 Case 1A
Loop Flow (gpm) Pressure Drop (psi) Cv

A 149.5 687.4 5.702
B 149.3 671.6 5.761
C 149.6 714.1 5.598
D 150.04 712.7 5.620

Table 6-2: CV to Cold Le - Ref. 4.1 Case 4A
Loop Flow (gpm) Pressure Drop (psi) Cv

A 116.5 540.4 5.012
B 116 462.2 5.396
C 116.1 551.3 4.945
D 116 595.2 4.755

6.2 Modified Pump Curves

The vendor pump curves are modified to match the latest ASME pump test results in Attachment G.
The resulting modified pump curves that are used in the hydraulic models described in the next
section can be found in Table 6-3.

Table 6-3: Pump Curves Modified to Match Latest ASME Pump Test Data
RH A RH B Sl A Sl B CV A CV B

Flow Head Flow Head Flow Head Flow Head Flow Head Flow Head
(gpm) (ft) (gpm) (ft) (gpm) (ft) (gpm) (ft) (gpm) (ft) (gpm) (ft)

0 437.9 0 452.8 0 3509.2 0 3391.8 0 6039.3 0 6087.2
1000 423.5 1000 429.9 50 3489.6 50 3372.9 100 5987.7 100 5985.7
2000 399.4 2000 398.1 150 3430.8 150 3297.6 175 5832.9 175 5782.8
2500 385.0 2500 388.1 250 3293.5 250 3165.7 250 5471.5 250 5377.0
3000 375.4 3000 378.2 350 3038.7 350 2977.2 325 4852.1 325 4666.8
3500 360.9 3500 363.2 450 2705.4 450 2685.2 400 4026.2 400 3855.2
4000 336.9 4000 343.3 550 2323.1 550 2308.3 475 2993.9 475 2840.7
4500 308.0 4500 313.5 655 1862.4 655 1903.2 550 1806.6 550 1623.3
5000 283.9 5000 278.6
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Two flow balance test scenarios from Reference 4.1 are modified as described in Section 5.1 to 
determine the throttle valve Cys that correspond to the measurements taken in A1R14. Since the 
Cys of the throttle valves are independent of the pump used in the flow balance test, either the A 
train or the B train test data can be used herein. However, to be consistent with Reference 4.1, the 
SI A and CV A pump suction and discharge pressures were used in the SI to cold leg and CV to 
cold leg flow balance test models. The valve flow rates, valve pressure drops, and valve Cys 
calculated using Equation 1 are shown in Tables 6-1 through 6-2. The PIPE-FLO output for these 
runs can be found in Attachment E. 

T bl 6 1 SI t C Id L a e - 0 0 eg- Rf41C e. ase 1A 
Loop Flow (gpm) Pressure Drop (psi) Cy 

A 149.5 687.4 5.702 
B 149.3 671.6 5.761 
C 149.6 714.1 5.598 
D 150.04 712.7 5.620 

f Table 6-2: CV to Cold Le~ - Re . 4.1 Case 4A 
Loop Flow (gpm) Pressure Drop (psi) Cy 

A 116.5 540.4 5.012 
B 116 462.2 5.396 
C 116.1 551.3 4.945 
D 116 595.2 4.755 

6.2 . Modified Pump Curves 

The vendor pump curves are modified to match the latest ASME pump test results in Attachment G. 
The resulting modified pump curves that are used in the hydraulic models described in the next 
section can be found in Table 6-3. 

Table 6-3: Pump Curves Modified to Match Latest ASME Pump Test Data 
RHA RHB SIA SIB eVA eVB 

Flow Head Flow Head Flow Head Flow Head Flow Head Flow Head 
(gpm) (ft) I (gpm) (ft) (gpm) (ft) (gpm) . (ft) I (gpm) (ft) I (gpm) (ft) 

0 437.9 0 452.8 0 3509.2 0 3391.8 0 6039.3 0 6087.2 
1000 423.5 1000 429.9 50 3489.6 50 3372.9 100 5987.7 100 5985.7 
2000 399.4 2000 398.1 150 3430.8 150 3297.6 175 5832.9 175 5782.8 
2500 385.0 2500 388.1 250 3293.5 250 3165.7 250 5471.5 250 5377.0 
3000 375.4 3000 378.2 350 3038.7 350 2977.2 325 4852.1 325 4666.8 
3500 360.9 3500 363.2 450 2705.4 450 2685.2 400 4026.2 400 3855.2 
4000 336.9 4000 343.3 550 2323.1 550 2308.3 475 2993.9 475 2840.7 
4500 308.0 4500 313.5 655 1862.4 655 1903.2 550 1806.6 550 1623.3 
5000 283.9 5000 278.6 



2009-13491 11329-147
Revision 0 Page 9 of 11

6.3 Back Flow to the Containment Sumps From the RWST

Two PIPE-FLO cases are run for each of the four LOCA scenarios, one when the RWST is at the
LO-2 level, the other six minutes later. An additional case is run for the 5.2 inch LOCA case at three
minutes. The output from these files can be found in Attachment F. The flow paths for the 5.2 and 2
inch LOCA scenarios with all SI, CV, and RH pumps injecting are as documented in Attachment B.
The flow paths in the 0.86 inch LOCA scenario has been modified to reflect the inability of the RH
pumps to inject to primary system pressure of 835 psia. Similarly, the flow paths in the Bleed and
Feed LOCA scenario have been modified to reflect no injection by the RH pumps. In this scenario,
the primary system pressure of 211 psia is below the potential discharge head of the RH pumps
which indicates a possibility of injection. However, the corresponding pump flow rate is low enough
for the RH miniflow valves (RH61 0 and RH61 1) to open. Once the RH miniflow valves are open, the
pump flow rate increases and its developed head decreases until injection is no longer possible.

The RWST and containment sump water levels are iteratively calculated using the average RWST
flow rate over the six minute duration from Table 7-1 and Inputs 2.6, 2.7, and 2.8. For example in
the last iteration, the six minute RWST level in the 5.2 inch LOCA scenario is 427.3 ft - (13091 gpm
* 6 min) / 8351.6 gal/ft = 417.9 feet and the six minute containment sump water level in the 5.2 inch
LOCA scenario is 2 ft + (13091 gpm * 6 min) / 90618.8 gal/ft = 2.9 feet. The use of the average
RWST flow rate to adjust the water levels is justified with a PIPE-FLO case run at three minutes for
the 5.2 inch LOCA scenario. As can be seen in Table 7-1, the calculated RWST flow at three
minutes is only 9 gpm different from the average calculated for the six minute duration.

6.4 Sensitivity to Inputs

In response to a request from Exelon, six cases are run to determine the sensitivity of the back flow
rate to the containment sumps to a set of inputs. The 5.2 inch LOCA scenario with the RWST at the
LO-2 level is used as the base case. The six inputs that are varied are:

* RWST Level - The RWST level is increased by one foot.
* Primary System Pressure - The primary system pressure is increased by 10%
* Containment Pressure - The containment pressure is decreased by 10%
* C, of valves 1S1881 1A/B - The Cvs of the partially open containment sump isolation valves

are increased by 1000
* ECCS pump curves - The pump curves of the SI, CV, and RH pumps are artificially

decreased by 3%. The pump curves in this case are adjusted without also repeating the flow
balance test cases described in Section 5.1. This represents a scenario which is outside of
the analyzed design basis as defined in Reference 4.1. See Assumption 3.1 of this
evaluation and Assumption 3.3.1 in Reference 4.1.

* Pipe Resistance - The resistance of the most resistive pipe segments between the RWST
and the containment sumps, I SI82AAIBA and 1SI81 AB/BB, are both decreased by
eliminating one elbow.

The PIPE-FLO output can be found in Attachment H. The 3% degraded pump curves are in
Attachment I.
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6.3 Back Flow to the Containment Sumps From the RWST 

Two PIPE-FLO cases are run for each of the four LOCA scenarios, one when the RWST is at the 
LO-2 level, the other six minutes later. An additional case is run for the 5.2 inch LOCA case at three 
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inch LOCA scenarios with all SI, CV, and RH pumps injecting are as documented in Attachment B. 
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pumps to inject to primary system pressure of 835 psia. Similarly, the flow paths in the Bleed and 
Feed LOCA scenario have been modified to reflect no injection by the RH pumps. In this scenario, 
the primary system pressure of 211 psia is below the potential discharge head of the RH pumps 
which indicates a possibility of injection. However, the corresponding pump flow rate is low enough 
for the RH miniflow valves (RH610 and RH611) to open. Once the RH miniflow valves are open, the 
pump flow rate increases and its developed head decreases until injection is no longer possible. 

The RWST and containment sump water levels are iteratively calculated using the average RWST 
flow rate over the six minute duration from Table 7-1 and Inputs 2.6, 2.7, and 2.8. For example in 
the last iteration, the six minute RWST level in the 5.2 inch LOCA scenario is 427.3 ft - (13091 gpm 
* 6 min) 18351.6 gallft = 417.9 feet and the six minute containment sump water level in the 5.2 inch 
LOCA scenario is 2 ft + (13091 gpm * 6 min) 190618.8 gal/ft = 2.9 feet. The use of the average 
RWST flow rate to adjust the water levels is justified with a PIPE-FLO case run at three minutes for 
the 5.2 inch LOCA scenario. As can be seen in Table 7-1, the calculated RWST flow at three 
minutes is only 9 gpm different from the average calculated for the six minute duration. 

6.4 Sensitivity to Inputs 

In response to a request from Exelon, six cases are run to determine the sensitivity of the back flow 
rate to the containment sumps to a set of inputs. The 5.2 inch LOCA scenario with the RWST at the 
LO-2 level is used as the base case. The six inputs that are varied are: 

• RWST Level - The RWST level is increased by one foot. 
• Primary System Pressure - The primary system pressure is increased by 10% 
• Containment Pressure - The containment pressure is decreased by 10% 
• Cy of valves 1 SI8811NB - The Cys of the partially open containment sump isolation valves 

are increased by 1000 
• ECCS pump curves - The pump curves of the 51, CV, and RH pumps are artificially 

decreased by 3%. The pump curves in this case are adjusted without also repeating the flow 
balance test cases described in Section 5.1. This represents a scenario which is outside of 
the analyzed design basis as defined in Reference 4.1. See Assumption 3.1 of this 
evaluation and Assumption 3.3.1 in Reference 4.1. 

• Pipe Resistance - The resistance of the most resistive pipe segments between the RWST 
and the containment sumps, 1SI82ANBA and 1SI81AB/BB, are both decreased by 
eliminating one elbow. 

The PIPE-FLO output can be found in Attachment H. The 3% degraded pump curves are in 
Attachment I. 
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7.0 Results

The back flow rates from the RWST to the Containment Sumps for the four LOCA scenarios can be
found in Tables 7-1 through 7-4.

Table 7-1: 5.2 Inch LOCA
At Lo-2 After Three After Six Average Over
Alarm Minutes Minutes Six Minutes

RWST Level (feet) 427.3 422.4 417.9
Primary System Pressure (psia) 29 28.5 28
Containment Pressure (psia) 19.2 19.15 19.1
Sump Water Level (feet) 2 2.4 2.9
RWST Flow (gpm) 13959 13100 12223 13091
Sump A Back Flow (gpm) 2933 2509 2069 2501
Sump B Back Flow (gpm) 3180 2738 2291 2735.5
Total Sump Flow (gpm) 6113 5247 4360 5236.5

Table 7-2: 2 Inch LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level (feet) 427.3 417.9
Primary System Pressure (psia) 115 111''
Containment Pressure (psia) 18.8 18.7
Sump Water Level (feet) 1.5 2.4
RWST Flow (gpm) 13962 12279 13120.5
Sump A Back Flow (gpm) 3977 3105 3541
Sump B Back Flow (gpm) 4227 3311 3769
Total Sump Flow (gpm) 8204 6416 7310

Table 7-3: 0.86 Inch LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level (feet) 427.3 418.0
Primary System Pressure (psia) 835 835
Containment Pressure (psia) 17.3 17.3
Sump Water Level (feet) 1.3 2.2
RWST Flow (gpm) 13740 12117 12928.5
Sump A Back Flow (gpm) 6171 5383 5777
Sump B Back Flow (gpm) 6530 5697 6113.5
Total Sump Flow (gpm) 12701 11080 11890.5

Table 7-4: Bleed and Feed LOCA
At Lo-2 After Six Average Over
Alarm Minutes Six Minutes

RWST Level (feet) 427.3 420.3
Primary System Pressure (psia) 211 211
Containment Pressure (psia) 25.7 25.6
Sump Water Level (feet) 2 2.6
RWST Flow (gpm) 10511 8858 9684.5
Sump A Back Flow (gpm) 4480 3677 4078.5
Sump B Back Flow (gpm) 4741 3892 4316.5
Total Sump Flow (gpm) 9221 7569 8395
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The back flow rates from the RWST to the Containment Sumps for the four LOCA scenarios can be 
found in Tables 7-1 through 7-4. 

Table 7-1' 52 Inch LOCA 
At Lo-2 After Three After Six Average Over 
Alarm Minutes Minutes Six Minutes 

RWST Level (feet) 427.3 422.4 417.9 
Primary System Pressure (psi a) 29 28.5 28 
Containment Pressure (psia) 19.2 19.15 19.1 
Sump Water Level (feet) 2 2.4 2.9 
RWST Flow (QPm) 13959 13100 12223 13091 
Sumo A Back Flow (gpm) 2933 2509 2069 2501 
Sump B Back Flow (gpm) 3180 2738 2291 2735.5 
Total Sumo Flow (Qom) 6113 5247 4360 5236.5 

Table 7-2' 2 Inch LOCA 
At Lo-2 After Six Average Over 
Alarm Minutes Six Minutes 

RWST Level (feet) 427.3 417.9 
Primary System Pressure (osia) 115 111 
Containment Pressure (psia) 18.8 18.7 
Sump Water Level (feet) 1.5 2.4 
RWST Flow (QPm) 13962 12279 13120.5 
Sumo A Back Flow (Qom) 3977 3105 3541 
Sump B Back Flow (gpm) 4227 3311 3769 
Total Sump Flow (gpm) 8204 6416 7310 

Table 7-3' 0 86 Inch LOCA 
At Lo-2 After Six Average Over 
Alarm Minutes Six Minutes 

RWST Level (feet) 427.3 418.0 
Primary System Pressure (psia) 835 835 
Containment Pressure (psia) 17.3 17.3 
Sump Water Level (feet) 1.3 2.2 
RWST Flow (gpm) 13740 12117 12928.5 
Sump A Back Flow (gpm) 6171 5383 5777 
Sump B Back Flow (gpm) 6530 5697 6113.5 
Total Sump Flow (gpm) 12701 11080 11890.5 

Table 7-4' Bleed and Feed LOCA 
At Lo-2 After Six Average Over 
Alarm Minutes Six Minutes 

RWST Level (feet) 427.3 420.3 
Primary System Pressure (psia) 211 211 
Containment Pressure (psia) 25.7 25.6 
Sump Water Level (feet) 2 2.6 
RWST Flow (gpm) 10511 8858 9684.5 
Sump A Back Flow (gpm) 4480 3677 4078.5 
Sump B Back Flow (Qom) 4741 3892 4316.5 
Total Sump Flow (gpm) 9221 7569 8395 
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7.1 Sensitivity to Inputs

The results to the sensitivity cases can be found in Table 7-5. The base case results for the 5.2 inch
LOCA scenario with the RWST at LO-2 level are in Table 7-1.

Table 7-5: Sensitivity to Inputs
RWST Primary Containment 1SI18811A/B ECCS Pipe
Level System Pressure C, Pump Resistance

+1 foot Pressure -10% +1000 Curve - 1 elbow
+10% -3%1

RWST Level (feet) 428.3 427.3 427.3 427.3 427.3 427.3
Primary System Pressure (psia) 29 31.9 29 29 29 29
Containment Pressure (psia) 19.2 19.2 17.28 19.2 19.2 19.2
Sump Water Level (feet) 2 2 2 2 2 2
RWST Flow (gpm) 14115 13951 14644 13991 13936 14108
Sump A Back Flow (gpm) 3012 2961 3289 2953 2976 3006
Sump B Back Flow (gpm) 3257 3204 3544 3194 3224 3255
Total Sump Flow (gpm) 6269 6165 6833 6147 6200 6261
Sump Back Flow Increase Over 156 52 720 34 87 148
Base Case (gpm)

1. Note that this case represents a scenario which is outside of the analyzed design basis as defined in
Reference 4.1. See Section 6.4.

8.0 Attachments

Attachment A - DIT-BRW-2009-0078, Reference 4.2
Attachment B - DIT-BRW-2009-0079, Reference 4.4
Attachment C - DIT-BRW-2009-0080, Reference 4.5
Attachment D - DIT-BRW-2009-0082, Reference 4.6
Attachment E - PIPE-FLO Output - Al R14 FBT Cases
Attachment F - PIPE-FLO Output - Sump Back Flow Cases
Attachment G - Modified Pump Curves
Attachment H - PIPE-FLO Output - Sensitivity cases
Attachment I - 3% Degraded Pump Curves for Sensitivity Case

Al-A3
B1-B15

C1-Cl
D1-D1

El-E28
F1-F126
G1-G6
Hl-H60
I1-I1
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The results to the sensitivity cases can be found in Table 7-5. The base case results for the 5.2 inch 
LOCA scenario with the RWST at LO-2level are in Table 7-1. 
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1 S1881 I B on the ECCS injection flows post accident.

Limitations: This information is applicable only to Braidwood U-I.

References (Source of Information):

As given in the body of this transmittal.

Reviewed: Giovanni Panici/ .kotQ)hni ±[')•4tw Date: 11-30-2 00.
Printed Name / SignattV

Approved: J Gosnell/ . Date: /If-.3- 0
Printed Name/ Signature

Distribution: Original - NDIT File
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DIT.# 
DIT-BRW-2009-0078, Rev. 0 

Page 1 of 2 
Braidwood Units I 

To: R. Peterson 

Organization: Sargent & Lundy Engineers 

AddressILocation: 
Chicago, IL 

Status of Information: ~ Verified q, Unverified 
For Unverified DITs, include the Method and Schedule of Verification In the "Description of Information." 

List Action Tracking # assigned for veriftcation or "Unverifted" information: NA 

Description of Information: **This information is safety related** 

This transmittal provides the following: 

1. Results of the ECCS flow balance test to the Reactor Coolant System Cold Legs for the 
Braidwood Unit 1 Charging and Safety Injection Pumps during the A1R13 Refueling Outage. 

2. Results from the latest ASME Group A Testing for the Braidwood Unit 1 Charging Pumps, Safety 
Injection Pumps and Residual Heat Removal Pumps 

Purpose of Issuance: This data is to support the evaluation of the impact of the partial opening of valve 
1 SIBS I I B on the ECCS injection flows post accident. 

Limitations: This information is applicable only to Braidwood U-I. 

References (Source of Information): 

As given in the body of this transmittal. 

Reviewed: Giovanni Panicil (iJu/Ci tin'; -t'~ Date: 1,.,30- ZOO C; 
Printed Name I SignaltJ( 

~ Approved: J Gosnelll ,:.;~ Date: 11-30- oCj 
Printed Name I Signature 

Distribution: Original - NDIT File 
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AIR13 ECCS Flow Testing

RCS Cold Leg Flow (gpm) RCP Seal Inj. Pump Pump
or Miniflow Discharge P Suction P
(gpm) (psig) (psig)

Pump Loop A Loop B Loop C Loop D
1A CV 116.5 116 116.1 116 80 (RCP seal) 840 18.4
1B CV 113.4 113.1 113.4 112.8 80 (RCPseal) 800 17.7

1A SI 149.5 149.3 149.6 150.04 32 (Miniflow) 832 20.2
IB SI 148.4 148.2 148.3 149.0 32 (Miniflow) 824 20.5

References:
1. Work Order #1224520 (IA and 1B CV Pumps)
2. Work Order #1224521 (IA and IB SI Pumps)

ASME Group A Testing

Pump Flow Rate Differential Reference Work
(gpm) Pressure (psid) Order

1A CV 193 2490 01233429
1B CV 195 2459 01247868

1A SI 45 1513 01234771
1B SI 44.5 1462.5 01244058

1A RH 633.8 185.8 01243061
1B RH 596 190.3 01234770
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AIR!3 ECCS Flow Testing 

Attachment A 

- RCS Cold Leg Flow (gpm) 

Pump Loop A LoopB LoopC LoopD 
IACV 116.5 116 116.1 116 
IBCV 113.4 113.1 113.4 1l2.8 

IASI 149.5 149.3 149.6 150.04 
IB SI 148.4 148.2 148.3 149.0 

References: 
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DIT-BRW-2009-0078, Rev. 0 
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RCP Seallnj. Pump Pump 
or Minitlow Discharge P Suction P 
(!pm) (psi!) (psi!) 

80 (RCP seal) 840 18.4 
80 (RCP seal) 800 17.7 

32 (Miniflow) 832 20.2 
32 (Miniflow) 824 20.5 

1. Work Order #1224520 (lA and IB CV Pumps) 
2. Work Order #1224521 (lA and IB SI Pumps) 

ASME Group A Testing 

Pump Flow Rate Differential Reference Work 
(gpm) Pressure (psid) Order 

lACY 193 2490 01233429 

IBCV 195 2459 01247868 

IASI 45 1513 01234771 

IBSI 44.5 1462.5 01244058 

IARH 633.8 185.8 01243061 

IBRH 596 190.3 01234770 
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Design Information Transmittal
DIT-BRW-2009-0078, Rev. 1DIT # Page 1 of I

Braidwood Units I

To: R. Peterson

Organization: Sargent & Lundy Engineers

Address/Location: Chicago, IL

Status of Information: 0 Verified I] Unverified
For Unverified DITs, include the Method and Schedule of Verification In the "Description of Information."

List Action Tracking # assigned for verification of "Unverified" Information: NA

Description of Information: **This information is safety related**

This transmittal complements transmittal #DIT-BRW-2009-0078 Revision 0.

Revision 0 to #DIT-BRW-2009-0078 noted incorrectly that the ECCS flow balance test data is from
Refueling Outage Al Ri 3.

The ECCS flow balance test data that is provided in DIT-BRW-2009-0078 Revision 0 was taken during
testing that was performed during Refueling Outage Al R14.

Purpose of Issuance: This data is to support the evaluation of the impact of the partial opening of valve
IS18811IB on the ECCS injection flows post accident.

Limitations: This information is applicable only to Braidwood U-1.

References (Source of Information):
See #DIT-BRW-2009-0078 Revision 0.

Reviewed: Giovanni Panici/lCA• 1444M) I~4tt&. Date: 1Q_- _-_ _ _

Printed Name / Signp*

Approved: James Gosneil/ Date: I/" -9-0
Printed Name / Signature

Distribution: Original - NDIT File
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DlT# 
DIT·BRW-2009-0078, Rev. 1 

Page 1 of 1 
Braidwood Units 1 

To: R. Peterson 

Organization: Sar~ent & Lundy Engineers 

AddressILocation: 
Chicago, II.. 

Status of Information: t8J Verified D Unverified 
For Unverified DITs, Include the Method and Schedule of Verification In the "Description of Information." 

List Action Tracking # assigned for verification or "Unverined" Information: NA 

Description of Information: **This information is safety related** 

This transmittal complements transmittal #DIT -BRW-2009·0078 Revision O. 

Revision 0 to #DIT -BRW-2009-0078 noted incorrectly that the ECCS flow balance test data is from 
Refueling Outage A 1 R13. 

The ECCS flow balance test data that is provided in DIT-BRW-2009-0078 Revision 0 was taken during 
testing that was performed during Refueling Outage A 1 R14. 

Purpose of Issuance: This data is to support the evaluation of the impact of the partial opening of valve 
IS188118 on the ECCS injection flows post accident. 

Limitations: This information is applicable only to Braidwood U-I. 

References (Source of Information): 
See #DIT-BRW-2009-0078 Revision O. 

..... 

Reviewed: Giovanni Panicil ~D viUUJ} j/(,t/U) Ah' Date: J~- 'i, Dct 
Printed Name I Si~ 

Approved: James GosnelU ~<.~ Date: 12-9~ 1 
Printed Name I Signature 

Distribution: Original - NDIT File 
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Design Information Transmittal

[DIT # DIT-BRW-2009-0079 Rev. 0 Page 1 of 15
Braidwood Unit I

To: Robert Peterson

Organization: Sargent & Lundy

Address/Location: via email

Status of Information: 0 Verified Li Unverified

For Unverified DITs, Include the Method and Schedule of Verification in the "Description of Information."
List Action Tracking # assigned for verification of "Unverified" information: N/A

Description of Information: **This information is safety related**

The information provided in this transmittal provides marked up Piping and Instrument
Diagrams to show the ECCS injection flow paths that will be in service during the injection
phase of a LOCA. These marked drawings do not include ancillary paths such as:
1. Seal injection flow that will take RWST water and inject into the RCP seals (RCS) during
the 6 minute period under consideration.
2. Normal charging flow path which is isolated during ECCS injection.
3. CV mini flow which is isolated at the LO-2.
4. RH mini flow that is recycled back to the RH pump suction after going through the Hx.
5. SI mini flow continues to return some water to the RWST during the 6 minute interval
being analyzed.

Purpose of Issuance: Provide documented input for analysis to determine how much water flows from
the RWST to the ECCS sumps in containment during a postulated 6 minute interval when the
1S1881 lA/B and 1S18812A/B are all open.

Limitations: This information is applicable to Braidwood, Unit 1.

References (Source of Information):
As given on the attached pages.

Prepared: Ken Radke Date:
Printed Name / S IGR= t " W

Approved (Br): James Gosnell/ - • Date: / Z- Y-o-0
Printed Name / Signature

Distribution: Original - NDIT File
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Braidwood Unit 1 

To: Robert Peterson 

Organization: Sargent & Lundy 

AddressILocation: via email 

Status oflnformation: ~ Verified D Unverified 
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For Unverified DITs, Include the Method and Schedule of Verification In the "Description of Information." 
List Action Tracking # assigned for verification of "Unverified" Information: N/A 

" 

Description of Information: **This information is safety related** 

The infonnation provided in this transmittal provides marked up Piping and Instrument 
Diagrams to show the ECCS injection flow paths that will be in service during the injection 
phase of a LOCA. These marked drawings do not include ancillary paths such as: 
1. Seal injection flow that will take RWST water and inject into the RCP seals (RCS) during 
the 6 minute period under consideration. 
2. Nonnal charging flow path which is isolated during ECCS injection. 
3. CV mini flow which is isolated at the LO-2. 
4. RH mini flow that is recycled back to the RH pump suction after going through the Hx. 
5. SI mini flow continues to return some water to the RWST during the 6 minute interval 
being analyzed. 

Purpose of Issuance: Provide documented input for analysis to determine how much water flows from 
the RWST to the ECCS sumps in containment during a postulated 6 minute interval when the 
lSI881 1 AlB and lSI8812NB are all open. 

Limitations: This information is applicable to Braidwood. Unit 1. 

References (Source of Information): 
As given on the attached pages. 

Prepared: KenRadke ~ Date: W~k,~ 
Printed Name I S . 

Approved (Br): James Gosnelll ;:J~~Date: I Z -'1-09. 
Printed Name I Signature 

Distribution: Original - NOIT File 
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Design Information Transmittal

DIT # DIT-BRW-2009-0080 Rev. 0 Page 1 of 1
Braidwood Unit I

To: R. Peterson

Organization: Sargent & Lundy Engineers

Address/Location: Chicago, IL

Status of Information: E Verified FD Unverified
For Unverified DITs, include the Method and Schedule of Verification in the "Description of Information."
List Action Tracking # assigned for verification of "Unverified" information: NA

Description of Information: **This information is safety related**
This transmittal provides the following:

RCP Seal Iniection Flow - 80 pom for 2 CV pumps
The flow rate is set at a minimum of 80 gpm in accordance with the ECCS Flow Balance
procedure, with one Charging (CV) pump in operation and the Reactor Coolant System (RCS)
depressurized (Reference 1). Using this value for two CV pump operation is conservative as it
reduces the pump flow from the Refueling Water Storage Tank (RWST) which increases the
gravity flow from the RWST to the Containment Recirculation Sump.

CV Miniflow Rate - 65 qpm for each CV oump
This flow path is isolated when the RCS pressure decreases below a pre-determined setpoint
(Reference 2). The miniflow is recirculated to the outlet of the Volume Control Tank and to the
suction of the CV pumps. Thus, this flow does not affect the pump flow from the RWST. In
addition, more flow thru the pump results in a lower developed head.and a lower injection flow
rate. The 65 gpm is the flow that is measured during the ASME quarterly tests for the CV pumps
(Reference 2). The recirculated flow is expected to have a negligible effect on the flow to the
sumps from the RWST.

Safety Iniection Miniflow Rate - 30 qpm for each SI pump
The Safety Injection (SI) pumps' miniflow rate during the ECCS Flow testing procedures is
recorded to be about 30 gpm (Reference 3). Based on a review of the system configuration, the
majority of the pressure drop in the recirculation lines is due to the miniflow orifice. Thus, the
total miniflow rate with two (2) SI pumps in operation is expected to be near 60 gpm.

Purpose of Issuance: This data will be used to evaluate the RWST gravity flow to the Containment
Recirculation Sump. This is in support of the evaluation of the impact of the partial opening of valve
1 S18811 B on the ECCS injection flows post accident.

Limitations: This information is applicable to Braidwood U-1 and it is valid only in support of the
activities for the Significance Determination Process related to the failure of valve 1S18811 B to open fully.

References (Source of Information):
1. WO #1060662
2. Design Information Transmittal #DIT-BRW-2009-0070 Rev. 0
3. Design Information Transmittal #DIT-BRW-2009-0078 rev. 0

Reviewed: Giovanni Panici/ .••ql•()4•Date: Z- - O

Printed Name /SignatuW•

Approved: J Gosnell/ "___ ._ __ __ Date: /7-Q
Printed Name [Signature

Distribution: Original - NDIT File

C:Documents and Settings\brzyp\My Documents\IS1881 1B SDP\TODI to S&L RCP Seal SI CV MiniflowDOC
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Rev. 0 
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T 'tt 1 ransml a 

Page 1 of 1 

Organization: Sargent & Lundy Engineers 

AddressILocation: Chicago, IL 

Status of Information: [8J Verified D Unverified 
For Unverified DITs, include the Method and Schedule of Verification in the "Description of Information," 

List Action Tracking # assigned for verification of "Unverified" information: NA 

Description of Information: **This information is safety related** 
This transmittal provides the following: 

• RCP Seal Injection Flow - 80 ggm for 2 CV Qumgs 
The flow rate is set at a minimum of 80 gpm in accordance with the ECCS Flow Balance 
procedure, with one Charging (CV) pump in operation and the Reactor Coolant System (RCS) 
depressurized (Reference 1). Using this value for two CV pump operation is conservative as it 
reduces the pump flow from the Refueling Water Storage Tank (RWST) which increases the 
gravity flow from the RWST to the Containment Recirculation Sump. 

• CV Miniflow Rate - 65 ggm for each CV gumg 
This flow path is isolated when the RCS pressure decreases below a pre-determined setpoint 
(Reference 2). The miniflow is recirculated to the outlet of the Volume Control Tank and to the 
suction of the CV pumps. Thus, this flow does not affect the pump flow from the RWST. In 
addition, more flow thru the pump results in a lower developed head.and a lower injection flow 
rate. The 65 gpm is the flow that is measured during the ASME quarterly tests for the CV pumps 
(Reference 2). The recirculated flow is expected to have a negligible effect on the flow to the' 
sumps from the RWST. 

• Safetllinjection Miniflow Rate - 30 ggm for each SIj2umg 
The Safety Injection (SI) pumps' miniflow rate during the ECCS Flow testing procedures is 
recorded to be about 30 gpm (Reference 3). Based on a review of the system configuration, the 
majority of the pressure drop in the recirculation lines is due to the miniflow orifice. Thus, the 
total miniflow rate with two (2) SI pumps in operation is expected to be near 60 gpm. 

Purpose of Issuance: This data will be used to evaluate the RWST gravity flow to the Containment 
Recirculation Sump. This is in support of the evaluation of the impact of the partial opening of valve 
1 SI8811 B on the ECCS injection flows post accident. 

Limitations: This information is applicable to Braidwood U-1 and it is valid only in support of the 
activities for the Significance Determination Process related to the failure of valve 1 SI8811 B to open fully. 

References (Source of Information): 
1. WO #1060662 
2. DeSign Information Transmittal #DIT-BRW-2009-0070 Rev. 0 
3. Design Information Transmittal #DIT-BRW-2009-0078 rev. 0 

Reviewed: Giovanni Panici/ a&vC()7kJ r'~ Date: IZ-7-zooCJ 
Printed Name I SignatuNI 

Approved: J Gosnell/ oJ u. :-.... \ ):~ Date: 1?-7~c, 
\ Printed Name lSignature 

Distribution: Original - NDIT File 
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Design Information Transmittal
DIT-BBRW-2009-0082

DIT # Rev. 0 Page 1 of I
Braidwood Unit 1

To: Robert Peterson

Organization: Sargent & Lundy

Address/Location: via email

Status of Information: . Verified . ] Unverified

For Unverified DITs, include the Method and Schedule of Verification in the "Description of Information."
List Action Tracking # assigned for verification of"Unverified" information: NiA

Description of Information: **This information is NOT safety related**
The information provided in this transmittal provides inputs for RWST-to-ECCS sump flow
modeling.

5.2 Inch LOCA 2 Inch LOCA

At Lo-2 Alarm After Six Minutes At Lo-2 Alarm After Six Minutes

Primary System Pressure (psia) 29 28 115 111

Containment Pressure (psia) 19.2 19.1 18.8 18.7

Sump Water Level (feet) 2 2.9 1.5 2.4

0.86" LOCA Bleed & Feed

At Lo-2 Alarm After Six Minutes At Lo-2 Alarm After Six Minutes

Primary System Pressure (psia) 835 835 211 211

Containment Pressure (psia) 17.3 17.3 25.7 25.6

Sump Water Level (feet) 1.3 22 2 2.6

Purpose of Issuance: Provide documented input for analysis to determine how much water flows from
the RWST to the ECCS sumps in containment during a postulated 6 minute interval when the
I S1881 IA/B and 1S18812A.B are all open.

Limitations: This information is applicable to Braidwood, Unit 1.

References (Source of Information):

MAAP CASES: BBSDPO8, BBSDP14, B130009b

Prepared: Roy Linthicum/ 1- Date: 1___________-_______
Printed Name / Signatifh

Approved (Br): James GosnellK Date: /2- q-j

Printed Name / Signatuie

Distribution: Original- NDIT File
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D eSlgn I fi f norma Ion T ransnll a 
DIT-BRW-2009-00S2 

DIT# Rev. 0 Page I of I 
Braidwood Unit I 

To: Robert Peterson 

Organiza tion: Sargent & Lundy 

Address/Location: via email 

Status of Information: !ZI Verified o Unverified 

For Unverified 01'[$, include the Method llnd Schedule of Verification in the "Description oflnfonnation." 
List Action Tracking # llssigned for verification of "Unverified" information: N/A 

Description of Information: **This intormation is NOT safety related** 
The information provided in this transmittal provides inputs for RWST-to-ECCS sump flow 
modeling. 

5.2 Inch LOCA 2 Inch LOCA 

At Lo-2 Alarm After Six Minutes At lo-2 Alarm After Six Minutes 

Primary System Pressure (psia) 29 28 115 111 

Containment Pressure (psia) 19.2 19.1 18.8 18.7 

Sump Water Level (feet) 2 2.9 1.5 2.4 

0.86" LOCA Bleed & Feed 

At Lo-2 Alarm After Six Minutes At lo-2 Alarm After Six Minutes 

Primary System Pressure (psia) 835 835 211 211 

Containment Pressure (psia) 17.3 17.3 25.7 25.6 

Sump Water Level (feet) 1.3 22 2 2.6 

Purpose of Issuance: Provide documented input for analysis to determine how much water flows from 
the RWST to the ECCS sumps in containment during a postulated 6 minute interval when the 
lSI881 lA/B and lSIS812NB are all open. 

Limitations: This infonnation is applicable to Braidwood, Unit I. 

References (Source ofInformation): 
MAAP CASES: BBSDPOS, BBSDP14, BBOOO9b 
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!ili ( t71 Prepared : Roy Linthicuml ;··~i t~ Date: 

Printed Name I Signall?re 

Approved (Br): 
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Printed Name I Signature 

Distribution: Original- NDIT File 
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SIA 

Attachment G 

Work Order Flow (gpm) dP (psi) head (ft) 
Braidwood U1 1234771 45 1513 3491.54 

Group A 

-
4000 
3500 
3000 

!:. 2500 
'"C 2000 

C'CS 

(1) 1500 
::I: 

1000 
500 

o 

Braidwood SI 1A Vendor Curve 
flow (gpm) head (ft) modified curve 

x 

o 3580 3509.2 
50 3560 3489.6 

150 3500 3430.8 
250 3360 3293.5 
350 3100 3038.7 
450 2760 2705.4 
550 2370 2323.1 
655 1900 1862.4 

45 3491.54 
0.9 

3491.538 
0.00 

0.980219 

51 Pump A-Starting with 51 1A Vendor Curve 

I---

I---

r--

I---

I---

o 

"'COl'; 

--Vendor Curve ~ 

~ 
--Modified Curve for Group A 

Test 
Group A Test Data 

100 200 300 400 500 600 

Flow (gpm) 

Pump Curves.xls 
SI Pump A Data 

--
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SIB 

Attachment G 

Work Order Flow (gpm) dP (psi) head (ft) 
Braidwood U1 1244058 44.5 1462.5 3375.00 

Group A 

Braidwood SI 1 B Vendor Curve 
flow (gpm) head (ft) modified curve 

x 

o 3600 3391.8 
50 3580 3372.9 

150 3500 3297.6 
250 3360 3165.7 
350 3160 2977.2 
450 2850 2685.2 
550 2450 2308.3 
655 2020 1903.2 

44.5 3375 
0.89 
3375 

o 
0.942158 

SI Pump B-Starting with SI 1 B Vendor Curve 

-
4000 
3500 
3000 

~ 2500 
'"C 2000 ra 
c» 1500 
::I: 

1000 
500 

o 

r---

o 

- =----Vendor Curve 

--Modified Curve for Group 

100 

A Test 
Group A Test Data 

200 300 400 500 

Flow (gpm) 

Pump Curves.xls 
SI Pump B Data 

600 

-

700 
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eVA 

Attachment G 

Work Order Flow (gpm) dP (psi) head (ft) 
Braidwood U 1 1233429 193 2490 5746.15 

Group A 

Braidwood Cv 1A Vendor Curve 
flow (gpm) head (ft) modified curve 

x 

o 5850 6039.3 
100 5800 5987.7 
175 5650 5832.9 
250 5300 5471.5 
325 4700 4852.1 
400 3900 4026.2 
475 2900 2993.9 
550 1750 1806.6 

193 5746.15 
0.24 

5746.154 
o 

1.032367 

CV Pump A-Starting with CV 1A Vendor Curve 

7000 

6000 
_ 5000 -;- 4000 

m 3000 
J: 2000 

1000 
o 

-

-

-

I---

o 

.--
~ --Vendor Curve 
~ 

--Modified Curve for 
Group A Test 
Group A Test Data 

100 200 300 

Flow (gpm) 

400 

Pump Curves.xls 
CV Pump A Data 

~ ..... 

500 600 
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eVB 

Attachment G 

Work Order Flow (gpm) dP (psi) head (ft) 
Braidwood U1 1247868 195 2459 5674.62 

Group A 

1000 

6000 
_ 5000 ..... 
~ 4000 
"C 
m 3000 
J: 2000 

1000 
o 

Braidwood CV 1 B Vendor Curve 
flow (gpm) head (ft) modified curve 

x 

o 6000 6087.2 
100 5900 5985.7 
175 . 5700 5782.8 
250 5300 5377.0 
325 4600 4666.8 
400 3800 3855.2 
475 2800 2840.7 
550 1600 1623.3 

195 5674.615 
0.266667 
5674.615 

o 
1.014532 

CV Pump B-Starting with CV 1 B Vendor Curve 

I--

I--

I--

I--

o 

............... 
~ 

Vendor Curve ~ 
- Modified Curve for Group A 

Test 
Group A Test Data 

100 200 300 

Flow (gpm) 

400 

Pump Curves.xls 
CV Pump B Data 

~ 
......... 

500 600 
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RHR1A 

Attachment G 

Work Order Flow (gpm) dP (psi) head (ft) 
Braidwood U1 1243061 633.80 185.80 428.77 

-

Group A 

500.00 

400.00 

£ 300.00 
'"C 

m 200.00 
::z:: 

100.00 

0.00 

Braidwood RH 1A Vendor Curve 
flow (gpm) head (ft) modified curve 

x 

o 455 437.9 
1000 440 423.5 
2000 415 399.4 
2500 400 385.0 
3000 390 375.4 
3500 375 360.9 
4000 350 336.9 
4500 320 308.0 
5000 295 283.9 

633.8 428.7692 
0.6338 

428.7692 
o 

0.96246 

RH Pump A 

------ -
T est Data Point 

--Curve Starting with Vendor Curve 

0.00 1000.00 2000.00 3000.00 4000.00 5000.00 6000.00 

Flow (gpm) 

Pump Curves.xls 
RHR Pump A Data 
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RHR1B 

Attachment G 

Work Order Flow (gpm) dP (psi) head (ft) 
Braidwood U1 1234770 596.00 190.30 439.15 

Group A 

-
500.00 

400.00 

S 300.00 
't:J 

m 200.00 
J: 

100.00 

0.00 

~ 

!---

!---

i:. 
.:,::':., 

Braidwood RH 1 B Vendor Curve 
flow (gpm) head (ft) modified curve 

x 

o 455 452.8 
1000 432 429.9 
2000 400 398.1 
2500 390 388.1 
3000 380 378.2 
3500 365 363.2 
4000 345 343.3 
4500 315 313.5 
5000 280 278.6 

596.00 439.1538 
·0.596 

439.1538 
o 

0.995155 

RH Pump B 

------- -Test Data Point --

--Curve Starting with Vendor Curve 

0.00 1000.00 2000.00 3000.00 4000.00 5000.00 6000.00 

Flow (gpm) 

Pump Curves.xls 
RHR Pump B Data 
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Braidwood SI 1A Vendor Curve 
flow (gpm) modified curve -3% 

0 3509.2 3403.9 
50 3489.6 3384.9 

150 3430.8 3327.8 
250 3293.5 3194.7 
350 3038.7 2947.5 
450 2705.4 2624.2 
550 2323.1 2253.4 
655 . 1862.4 1806.5 

Braidwood Cv 1A Vendor Curve 
flow (gpm) modified curve 

o 6039.3 
100 5987.7 
175 5832.9 
250 5471.5 
325 4852.1 
400 4026.2 
475 2993.9 
550 1806.6 

-3% 
5858.2 
5808.1 
5657.9 
5307.4 
4706.6 
3905.4 
2904.0 
1752.4 

Braidwood RH 1A Vendor Curve 
flow (gpm) modified curve 

o 437.9 
1000 423.5 
2000 399.4 
2500 385.0 
3000 375.4 
3500 360.9 
4000 336.9 
4500 308.0 
5000 283.9 

-3% 
424.8 
410.8 
387.4 
373.4 
364.1 
350.1 
326.8 
298.7 
275.4 

Attachment 1 

Braidwood SI 1 B Vendor Curve 
flow (gpm) modified curve -3% 

0.0 3391.8 3290.0 
50.0 3372.9 3271.7 

150.0 3297.6 3198.6 
250.0 3165.7 3070.7 
350.0 2977.2 2887.9 
450.0 2685.2 2604.6 
550.0 2308.3 2239.0 
655.0 1903.2 1846.1 

Braidwood CV 1 B Vendor Curve 
flow (gpm) modified curve 

0.0 6087.2 
100.0 5985.7 
175.0 5782.8 
250.0 5377.0 
325.0 4666.8 
400.0 3855.2 
475.0 2840.7 
550.0 1623.3 

-3% 
5904.6 
5806.2 
5609.3 
5215.7 
4526.8 . 
3739.6 
2755.5 
1574.6 

Braidwood RH 1 B Vendor Curve 
flow (gpm) modified curve 

0.0 452.8 
1000.0 429.9 
2000.0 398.1 
2500.0 388.1 
3000.0 378.2 
3500.0 363.2 
4000.0 343.3 
4500.0 313.5 
5000.0 278.6 

-3% 
439.2 
417.0 
386.1 
376.5 
366.8 
352.3 
333.0 
304.1 
270.3 

11329-147 
Page 11 of 11 
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Braidwood SI 1A Vendor Curve
flow (gpm) modified curve -3%

0 3509.2 3403.9
50 3489.6 3384.9

150 3430.8 3327.8
250 3293.5 3194.7
350 3038.7 2947.5
450 2705.4 2624.2
550 2323.1 2253.4
655 1862.4 1806.5

Braidwood Cv IA Vendor Curve
flow (gpm) modified curve -3%

0 6039.3 5858.2
100 5987.7 5808.1
175 5832.9 5657.9
250 5471.5 5307.4
325 4852.1 4706.6
400 4026.2 3905.4
475 2993.9 2904.0
550 1806.6 1752.4

Braidwood RH 1A Vendor Curve
flow (gpm) modified curve -3%

0 437.9 424.8

Attachment I

Braidwood Sl 1 B Vendor Curve
flow (gpm) modified curve -3%

0.0 3391.8 3290.0
50.0 3372.9 3271.7

150.0 3297.6 3198.6
250.0 3165.7 3070.7
350.0 2977.2 2887.9
450.0 2685.2 2604.6
550.0 2308.3 2239.0
655.0 1903.2 1846.1

11329-147
Page l of 1

Braidwood CV 1B Vendor Curve
flow (gpm) modified curve

0.0 6087.2 5,
100.0 5985.7 51
175.0 5782.8 5S
250.0 5377.0 5
325.0 4666.8 4,
400.0 3855.2 3
475.0 2840.7 2
550.0 1623.3 1

Braidwood RH 1 B Vendor Curve
flow (gpm) modified curve

0.0 452.8
1000.0 429.9
2000.0 398.1
2500.0 388.1
3000.0 378.2
3500.0 363.2
4000.0 343.3
4500.0 313.5
5000.0 278.6

-3%
304.6
806.2
309.3
2.15.7
526.8
739.6
755.5
574.6

1000
2000
2500
3000
3500
4000
4500
5000

423.5 410.8
399.4 387.4
385.0 373.4
375.4 364.1
360.9 350.1
336.9 326.8
308.0 298.7
283.9 275.4

-3%
Q39.2
417.0
386.1
376.5
366.8
352.3
333.0
304.1
270.3
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Braidwood SI 1A Vendor Curve 
flow (gpm) modified curve -3% 

3403.9 
3384.9 
3327.8 
3194.7 
2947.5 
2624.2 
2253.4 
1806.5 

o 3509.2 
50 3489.6 

150 3430.8 
250 3293.5 
350 3038.7 
450 2705.4 
550 2323.1 
655 1862.4 

Braidwood Cv 1A Vendor Curve 
flow (gpm) modified curve ':..3% 

5858.2 
5808.1 
5657.9 
5307.4 
4706.6 
3905.4 
2904.0 
1752.4 

o 6039.3 
100 5987.7 
175 5832.9 
250 5471.5 
325 4852.1 
400 4026.2 
475 2993.9 
550 1806.6 

Braidwood RH 1A Vendor Curve 
flow (gpm) modified curve -3% 

424.8 
410.8 
387.4 
373.4 
364.1 

o 437.9 
1000 423.5 
2000 399.4 
2500 385.0 
3000 375.4 
3500 360.9 
4000 336.9 
4500 308.0 
5000 283.9 

·350.1 
326.8 
298.7 
275.4 

Attachment 1 

Braidwood SI 1 B Vendor Curve 
flow (gpm) modified curve 

0.0 3391.8 
50.0 3372.9 

150.0 3297.6 
250.0 3165.7 
350.0 2977.2 
450.0 2685.2 
550.0 2308.3 
655.0 1903.2 

-3% 
3290.0 
3271.7 
3198.6 
3070.7 
2887.9 
2604.6 
2239.0 
1846.1 

Braidwood CV 1B Vendor Curve 
flow (gpm) modified curve -3% 

5904.6 
5806.2 
5609.3 
52·15.7 
4526.8 
3739.6 
2755.5 
1574.6 

0.0 6087.2 
100.0 5985.7 
175.0 5782.8 
250.0 5377.0 
325.0 4666.8 
400.0 3855.2 
475.0 2840.7 
550.0 1623.3 

Braidwood RH 1 B Vendor Curve 
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Tamayo-Santolin, Tina M.:(GenCo-Nuc)

From: Baran, David A.:(GenCo-Nuc)

Sent: Wednesday, December 23, 2009 10:53 AM

To: Gosnell, James S.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc)

Subject: RE: Evaluation 2009-13491

Jim,

The S&L document is good.

Based on my conversations with John Rommel (as recently as yesterday) he would be expecting a statement in either EC
378180, or in Roy's SDP documentation, to the effect:

A sensitivity analysis was performed for critical input parameters and assumptions used in S&L Evaluation 2009-13491.
Conservative variations in the critical parameters were applied for the 5.2 inch LOCA scenario with the RWST at the Lo-2
level and the results can be applied to the other accident scenarios investigated. This analysis determined that back flows
to the containment sump and overall RWST outflow increased by less than 500 gpm for the combined additive effects of
conservative increases in RWST level, primary system pressure, and Cv for the 1S18811 valves and conservative
reductions in ECCS pump performance and back flow path pipe resistance. A reduction in containment pressure from
19.2 psia to 17.28 psia (10%) resulted in a 720 gpm increase in back flow to the sump. It should be noted that this
represents a significant variation in the parameter on a gauge pressure basis and much smaller variations in containment
pressure around the 4.5 psig value in the SDP analysis is more realistic.

On a square root sum of the squares basis, the resulting increase in sump back flow would be 759 gpm for conservative
variations in all critical parameters. This result would be much less for more realistic variations in containment pressure
around the 4.5 psig value assumed in the analysis. An increase in sump back flow in excess of 1000 gpm would
potentially impact the conclusions of the Significance Determination Process. Therefore, the combined effects in
variations of all the critical parameters in the sump back flow analysis would not change the conclusions reached in the
Significance Determination Process performed under AR XXXXXX.

You will need Roy's input on this and you don't have to use my wording. John is looking for a statement that the
assumptions and variations are realistic and that the results support the conclusions of the SDP.

Dave

From: Gosnell, James S.:(GenCo-Nuc)
Sent: Wednesday, December 23, 2009 9:16 AM
To: Baran, David A.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc)
Subject: FW: Evaluation 2009-13491

The sensitivity analysis is included. Need comments by 1100.

From: ANTHONY. M.RYAN@sargentlundy.com [mailto:ANTHONY.M.RYAN@sargentlundy.com]
Sent: Tuesday, December 22, 2009 1:14 PM
To: Gosnell, James S.:(GenCo-Nuc)
Cc: ROBERT.J.PETERSON@sargentlundy.com
Subject: Evaluation 2009-13491

Jim,

Here is a pdf of the main body of the evaluation including the results of the sensitivity runs. Our review is complete and we
are ready to sign. Do you want us to put signatures on the cover sheet or should we expect more comments?

12/30/2009
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Tamayo-Santolln, Tina M.:(GenCo-Nuc) 

From: Baran, David A.:(GenCo-Nuc) 
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To: Gosnell, James S.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc) 

Subject: RE: Evaluation 2009-13491 

Jim, 

The S&L document is good. 

Based on my conversations with John Rommel (as recently as yesterday) he would be expecting a statement in either EC 
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level and the results can be applied to the other accident scenarios investigated. This analysis determined that back flows 
to the containment sump and overall RWST outflow increased by less than 500 gpm for the combined additive effects of 
conservative increases in RWST level, primary system pressure, and Cv for the 1518811 valves and conservative 
reductions in ECCS pump performance and back flow path pipe resistance. A reduction in containment pressure from 
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around the 4.5 psig value assumed in the analysis. An increase in sump back flow in excess of 1000 gpm would 
potentially impact the conclusions of the Significance Determination Process. Therefore, the combined effects in 
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You will need Roy's input on this and you don't have to use my wording. John is looking for a statement that the 
assumptions and variations are realistic and that the results support the conclusions of the SOP. 

Dave 

From: Gosnell, James S.:(GenCo-Nuc) 
Sent: Wednesday, December 23,20099:16 AM 
To: Baran, David A.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc) 
Subject: FW: Evaluation 2009-13491 

The sensitivity analysis is included. Need comments by 1100. 

From: ANTHONY.M.RYAN@sargentlundy.com [mailto:ANTHONY.M.RYAN@sargentlundy.com] 
Sent: Tuesday, December 22,20091:14 PM 
To: Gosnell, James S.:(GenCo-Nuc) . 
Cc: ROBERT.J.PETERSON@sargentlundy.com 
Subject: Evaluation 2009-13491 

Jim, 

Here is a pdf of the main body of the evaluation including the results of the sensitivity runs. Our review is complete and we 
are ready to sign. Do you want us to put Signatures on the cover sheet or should we expect more comments? 

12/30/2009 
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Tamayo-Santolln, Tina M.:(GenCo-Nuc)

From: Rommel, John C.:(GenCo-Nuc)

Sent: Thursday, December 17, 2009 3:17 PM

To: Gosnell, James S.:(GenCo-Nuc); Baran, David A.:(GenCo-Nuc)

Cc: Gustafson, David L.:(GenCo-Nuc); Smith, Michael J.:(GenCo-Nuc)

Subject: RE: RWST Back Flow

My comment still remains the same, what is the impact of reasonable changes in your critical parameter inputs on the final
conclusions of the PRA analysis. I believe this needs to be addressed somewhere.

From: Gosnell, James S.:(GenCo-Nuc)
Sent: Thursday, December 17, 2009 3:04 PM
To: Baran, David A.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc)
Cc: Gustafson, David L.:(GenCo-Nuc); Smith, Michael J.:(GenCo-Nuc)
Subject: RE: RWST Back Flow

There is no way we can make such statements for each assumption without sensitivity runs. Either withdraw the
comment or we will have to pay for more analysis.

From: Baran, David A.:(GenCo-Nuc)
Sent: Thursday, December 17, 2009 12:24 PM
To: Gosnell, James S.:(GenCo-Nuc)
Cc: Rommel, John C.:(GenCo-Nuc); Gustafson, David L.:(GenCo-Nuc)
Subject: FW: RWST Back Flow

Jim,

Here are my recommendation to address the sensitivity comment from John Rommel:

1. Accept the S&L document as is with no further case runs or calculations.
2. Have Giovanni Panici document in the EC 378180 EVAL DETAILS that this is a "best estimate" evaluation that is

sensitive to RWST level, S18811 valve position, RCS pressure, Containment Sump level, etc. Qualitatively make a
conclusion (for each assumption) based on the input from Erin below that any small variations in the S&L
evaluation due to these assumptions have been bounded by conservative assumptions in the SDP. For example,
we can probably say that for a 10% variation in S18811 valve position that the Cv and corresponding K value
changed insignificantly, or RWST level uncertainties applied in the same direction over the 6 minute interval will
have little impact on the calculated average flows, etc.

I discussed this with John Rommel and he is agreement with this. This will permit finishing up with S&L and allow you to
control the approval of the EC with your guys.

Dave

From: Mark T. Cursey [mailto:MTCursey@erineng.com]
Sent: Thursday, December 17, 2009 8:50 AM
To: Linthicum, Roy R.:(GenCo-Nuc); Baran, David A.:(GenCo-Nuc)
Cc: Jeff R. Gabor; Don E. Macleod
Subject: RE: RWST Back Flow

I believe that the results from the S&L calc will have little impact if the output was to change by a "few" percent. We used
a flow that was conservative for most cases due to the slight variation in the final cases we ran from the base cases we
gave to S&L. In the TH Appendix this is documented and should account for any under-predicting of flow if there was

12/30/2009
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any. We also extended the draindown timing from 6 to 7 minutes which used the average flow from the S&L calc for the 6
minute period. The flow would actually reduce over that last minute due to reduced RWST level. I believe that the sum of
the conservative inputs is greater than any "small" change from the S&L calc.

Mark

From: roy.linthicum@exeloncorp.com [mailto:roy.linthicum@exeloncorp.com]
Sent: Thursday, December 17, 2009 9:14 AM
To: david.baran@exeloncorp.com
Cc: Mark T. Cursey; Jeff R. Gabor; Don E. Macleod
Subject: RE: RWST Back Flow

Dave,

I believe the answer is a small change (a few percent) won't have any impact, but it depends on what you mean by small

Roy

From: Baran, David A.:(GenCo-Nuc)
Sent: Wednesday, December 16, 2009 4:08 PM
To: Linthicum, Roy R.:(GenCo-Nuc)
Subject: RWST Back Flow

Roy,

An item I was asked to follow-up on is the sensitivity of the results of the SDP to the output of the evaluation performed by
S&L. For example, will a small variation in the output of the S&L calc impact the results of the SDP??

Thanks,

Dave

************************************************** This e-mail and any of its attachments may
contain Exelon Corporation proprietary information, which is privileged, confidential, or subject to copyright
belonging to the Exelon Corporation family of Companies. This e-mail is intended solely for the use of the
individual or entity to which it is addressed. If you are not the intended recipient of this e-mail, you are hereby
notified that any dissemination, distribution, copying, or action taken in relation to the contents of and
attachments to this e-mail is strictly prohibited and may be unlawful. If you have received this e-mail in error,
please notify the sender immediately and permanently delete the original and any copy of this e-mail and any
printout. Thank You. *

12/30/2009
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belonging to the Exelon Corporation family of Companies. This e-mail is intended solely for the use of the 
individual or entity to which it is addressed. If you are not the intended recipient of this e-mail, you are hereby 
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printout. Thank You. ************************************************** 

12/3012009 



Page 1 of 5

Tamayo-Santolin, Tina M.:(GenCo-Nuc)

From: Rommel, John C.:(GenCo-Nuc)

Sent: Wednesday, December 16, 2009 10:14 AM

To: ANTHONY.M.RYAN@sargentlundy.com; Gosnell, James S.:(GenCo-Nuc)

Cc: Baran, David A.:(GenCo-Nuc); ROBERT.J.PETERSON@sargentlundy.com; Panici, Giovanni:(GenCo-Nuc)

Subject: RE: Evaluation 2009-13491 - unsigned

I understand the RWST level issue, still unclear on the sensitivities. I have no feel how minor changes in critical input
assumptions influence Roy's final conclusion. This may require input from Roy to help make this clear and what needs to
be included.

For example:

What if the stuck valves were 5% further open, would it make a difference in Roy's answer. What if RCS pressure is 10
psi lower, what if level is off by 3 inches, what if the frictional losses in piping to sump were really 10% lower.. If plenty of
margin to concern in Roy's analysis, then likely not an issue, but it Roy's analysis is close to acceptance criteria needs to
be looked at more closely.

From: ANTHONY.M.RYAN@sargentlundy.com [mailto:ANTHONY.M.RYAN@sargentlundy.com]
Sent: Tuesday, December 15, 2009 3:52 PM
To: Gosnell, James S.:(GenCo-Nuc)
Cc: Baran, David A.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc); ROBERT.J.PETERSON@sargentlundy.com; Panici,
Giovanni: (GenCo-Nuc)
Subject: RE: Evaluation 2009-13491 - unsigned

Jim,

I have added to pages 8 and 10 to address the two comments below. After I have heard that these incorporations are
satisfactory, I will get signatures for the cover page.

Tony

From: <james.gosnell @ exeloncorp.com>

To: <ANTHONY.M.RYAN@sargentlundy.com>, <ROBERT.J.PETERSON@ sargentlundy.com>

Cc: <david.gustafson@exeloncorp.com>, <michael.smith@exeloncorp.com>, <roy.linthicum@exeloncorp.com>, <john.rommel@exeloncorp.com>,
<david.baran @exeloncorp.com>

Date: 12/14/2009 01:09 PM

Subject: RE: Evaluation 2009-13491 - unsigned

John Rommel, Dave Baran and I met today to discuss the remaining comments. There are only 2 that need to be
incorporated into the S&L product. None of the comments require re-analysis or revision to the math. The numbers stay
the same.

12/30/2009
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" Add some discussion about the sensitivity of the results to the various inputs. How sensitive is sump flow to RWST
level for example. (pipe config, containment pressure etc are some others)

* Add some explanation of how RWST level is calculated at t=6. Some discussion of the methodology of the calc. so
the reader knows the approach.

This should be the last of it. Jim

From: Baran, David A.:(GenCo-Nuc)
Sent: Saturday, December 12, 2009 7:15 AM
To: Linthicum, Roy R.:(GenCo-Nuc); Gosnell, James S.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc)
Cc: Gustafson, David L.:(GenCo-Nuc); Smith, Michael J.:(GenCo-Nuc); 'ANTHONY.M.RYAN@sargentlundy.com';
'ROBERT.J.PETERSON@sargentlundy.com'
Subject: RE: Evaluation 2009-13491 - unsigned

All,

I inputted all the data from the evaluation into the Mathcad file I created over Thanksgiving. This file assumes that RWST
outflow versus level is linear over two data points and is the same methodology I used in BRW-97-0337-M ten years ago.
All of Tony's data agrees to the decimal point that at 6 minutes, the level is where he says it is for each event. I attached

the 5.2 inch LOCA file in text format as an example.

This proves that his numbers are correct. I think to satisfy the comments from the reviewers, the discussion on
methodology needs to be clearer and no additional analytical effort is necessary.

Dave

From: Linthicum, Roy R.:(GenCo-Nuc)
Sent: Fri 12/11/2009 6:53 PM
To: Gosnell, James S.:(GenCo-Nuc); Baran, David A.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc)
Cc: Gustafson, David L.:(GenCo-Nuc); Smith, Michael J.:(GenCo-Nuc); 'ANTHONY.M.RYAN@sargentlundy.com';
'ROBERT.J.PETERSON@sargentlundy.com'
Subject: RE: Evaluation 2009-13491 - unsigned
Jim is correct. We want real levels so we can understand what is happening and take it into account. The flow rates are
the real outputs from S&L that we are using as inputs.

From: Gosnell, James S.:(GenCo-Nuc)
Sent: Friday, December 11, 2009 4:07 PM
To: Baran, David A.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc)
Cc: Gustafson, David L.:(GenCo-Nuc); Smith, Michael J.:(GenCo-Nuc); 'ANTHONY.M.RYAN@sargentlundy.com';
'ROBERTJ.PETERSON@sargentlundy.com'; Linthicum, Roy R.:(GenCo-Nuc)
Subject: RE: Evaluation 2009-13491 - unsigned
RWST level is an absolutely critical input since it determines driving head but it is not the output of the S&L analysis.
John's comment was related to measurement uncertainty and as I explained, this was not a design basis type calc. Roy

specifically asked that we not use uncertainty and use realistic inputs. The purpose of the analysis it to determine flow to
the sump which in turn can be used to determine lost inventory and reduction in RWST level. The determination of the
remaining time is made outside the S&L analysis. The S&L methodology of iterating the calc once seems to provide
realistic numbers since the flow calculated at the 3 minute mark were only 9 gpm different from the average.

12/30/2009
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12/3012009 



Page 3 of 5

I'm not sure what changes are being advocated by the comment other than to call the RWST level a critical input
parameter.

Due to the ongoing discussion here, I have directed S&L to hold final approval signatures to at least Monday.

From: Baran, David A.:(GenCo-Nuc)
Sent: Friday, December 11, 2009 3:49 PM
To: Gosnell, James S.:(GenCo-Nuc); Rommel, John C.:(GenCo-Nuc).
Cc: Gustafson, David L.:(GenCo-Nuc); Smith, Michael J.:(GenCo-Nuc); 'ANTHONY.M.RYAN@sargentlundy.com';
'ROBERT.J .PETERSON@sargentlundy.com'; Linthicum, Roy R.:(GenCo-Nuc)
Subject: RE: Evaluation 2009-13491 - unsigned

Jim,

I agree with John. I think the critical parameter is RWST level at the end of 6 minutes to ensure that there is sufficient
time for operators to complete the actions in 1 BwEP ES-1.3 prior to reaching the RWST Empty limit of 9%. I assumed
that flow was calculated at 427.3', then there was a projected level in which flows were calculated, then the average
RWST outflow was used to determine a level at 6 minutes. The flows for validation run at the mid point level after 3
minutes should be close to the average.

Dave

From: Gosnell, James S.:(GenCo-Nuc)
Sent: Friday, December 11, 2009 3:09 PM
To: Rommel, John C.:(GenCo-Nuc)
Cc: Gustafson, David L.:(GenCo-Nuc); Baran, David A.:(GenCo-Nuc); Smith, Michael J.:(GenCo-Nuc);
ANTHONY. M. RYAN@sargentlundy.com; ROBERT.J.PETERSON@sargentlundy.com; Linthicum, Roy R.:(GenCo-Nuc)
Subject: RE: Evaluation 2009-13491 - unsigned

See below

From: Rommel, John C.:(GenCo-Nuc)
Sent: Friday, December 11, 2009 1:54 PM
To: Gosnell, James S.:(GenCo-Nuc)
Cc: Gustafson, David L.:(GenCo-Nuc); Baran, David A.:(GenCo-Nuc); Smith, Michael J.:(GenCo-Nuc)
Subject: RE: Evaluation 2009-13491 - unsigned

1. I thought the purpose of the calculation was to calculate the new level in the RWST after 6 minutes, not to
determine how much flow to the containment sumps Roy is using one to determine the other. If we subtract the water that
went to the sump we can determine how much RWST level is lost to the sump. The purpose is to quantify the flow to the
sump.

2. Critical parameters for this analysis appear to be:

Note: I recognize that there are no acceptance criteria to this document, so it makes it hard to understand available
margin questions. When I speak of conclusions below, I refer to the final overall conclusions of the combined analyses
and not the effect on this particular EC.

12/30/2009
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starting RWST level
i. you used a low level alarm which seems reasonable, but nothing is discussed regarding

uncertainty or tolerances - will that impact conclusions - why or why not Good question, this analysis was specifically
requested to be a realistic estimate of flow, not a design basis calculation. This is what the PRA folks requested for input.
Therefore, some reasonable conservatisms were kept but minimized. We purposely did not include measurement

uncertainty.
- piping resistances

i. you make a big point to have model match plant data for CV and SI lines with injections
valves Cv adjustment, but nothing seems to be done to match the RH line or the lines to the containment sumps. Is there
a reason? Does it make any difference in your conclusions? S&L looked at the critical line between the RWST and the
ECCS sump and validated its configuration closely matched the plant. The 12 inch line in the path was the part that
contained most of the head loss.
- pump performance

i. you used a reasonable approach to model these - no comments other than impact of
measurement uncertainty on your conclusions Correct, as stated above, this analysis was a realistic estimate of actual
system performance.
- Boundary conditions

i. You have references that transmit the RCS pressure, Containment pressure and sump
levels. It is not clear to me where these came from and why they are the right ones for this analysis. My read on the
results is that it did not matter much as the level changes in the RWST are about the same for each case. My comment
would be to ensure that these conditions are the right ones. What if they are change slightly, how sensitive are the
conclusions to these assumptions? The inputs came from PRA thermal hydraulic modeling for each specific accident
case. They came from the PRA folks and they are the end user of the output. We did perform some sensitivity analysis
but not on all the inputs.
- CVs of partial open valves

i. This seems to be a very key assumption. How sensitive are the conclusions to this input?
What happens if the valves are really 5 or 10% further open? Will your conclusions change? Actually, the Cv of the
8811 s has a very small impact on the overall system resistance, about 2%. If the valve is open a bit more there will be
very little change in flow. The dominant resistance comes from the tees and 12" line in the system therefore changes in
valve position or Cv are not going to have a great effect on the results.

3. Not sure on the timing and which outage is which at Braidwood, so for the Cv for the injection valves, does it need
to include any degrading impacts due to the problems we have had with these valves? I think you are referring to the
throttle valves. The 8811 B failed to stroke open in June of 2009 and previously stroked successfully on 9-20-07. During
the Unit 1 outage in the spring of 2009, we replaced one of the throttle valve cages and biased all the throttle valves low in
the flow range. The degradation mechanisms; corrosion and loss of brazing material should have made most of their
impact during the first cycle that they were installed. There is therefore, some overlay in the conditions. Higher pump
flows have the effect of lowering flow to the sumps but obviously there is more overall flow out of the RWST. The CV
pumps were about 30-40 gpm higher overall and the SI pumps were in the same range. Admittedly we did not consider
this to be a big effect and it partially offset by the 30 gpm per SI pump that is recirculated back to the RWST through the
pump miniflow lines. The analysis considers to be lost inventory. The flow to the sump analysis is still valid because as I
stated above, lower pump flows will result in higher sump flows and since Roy (PRA) is taking the sump flow as their input
to determine lost inventory, the calculation is still conservative. This was a conscience decision.

4. There needs to be some discussion/math to show how you determined that RWST level after 3 or 6 minutes. Is
not that the key out put of the analysis? The key output is the inventory lost to the ECCS sump. The average flow was
used to calculate the actual t=6 RWST level and the calc was iterated once. Inputs 2.7 provides gallons per foot of
RWST.
5. Is there a simple way to show the results are reasonable - can we compare against some plant measured data?
What about a previous analysis? Simple hand calculations? What gives me confidence that the added piping model and
its implementation is appropriate? Seems to me that a simple hand calculation with no flows to pumps can be compared
against a PIPE FLO run with no pumps flows that would give me confidence that the modeling is correct. We did perform
one run with no pump on, S&L performed model testing and verification before running the individual cases. They also
did perform one hand calc to validate reasonableness.

Please comment on the answers provided here. I can capture your comments and these answers in the reviewer
comments panel of the EC.

Any questions or further clarification let me know

12/30/2009
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From: Gosnell, James S.:(GenCo-Nuc)
Sent: Friday, December 11, 2009 12:12 PM
To: Rommel, John C.:(GenCo-Nuc)
Cc: Gustafson, David L.:(GenCo-Nuc)
Subject: FW: Evaluation 2009-13491 - unsigned

This just came in, John, any ETA?

From: ANTHONY.M. RYAN@sargentlundy.com [mailto:ANTHONY.M M.RYANsargefntundyCom]

Sent: Friday, December 11, 2009 11:43 AM
To: Gosnell, James S.:(GenCo-Nuc)
Cc: Baran, David A.:(GenCo-Nuc); DINESH.C.PATEL@sargentlundy.com; ROBERT.].PETERSON@sargentlundy.com;
Panici, Giovanni:(GenCo-Nuc); Linthicum, Roy R.:(GenCo-Nuc); Behringer, Thomas J.
Subject: Evaluation 2009-13491 - unsigned

Jim,

Attached is a pdf of the unsigned copy of evaluation 2009-13491, Analysis of RWST Back Flow to the Containment
Sumps. The entire evaluation including all PIPEFLO models can be found on the S&L ftp server at the following address.

ftp://slftpl .sargentlundy.com/pub/anyone/AMR/

This copy incorporates all of the Exelon comments. If you agree that all comments have been incorporated, we will sign
and send you the approved evaluation.

Tony

************************************************** This e-mail and any of its attachments may
contain Exelon Corporation proprietary information, which is privileged, confidential, or subject to copyright
belonging to the Exelon Corporation family of Companies. This e-mail is intended solely for the use of the
individual or entity to which it is addressed. If you are not the intended recipient of this e-mail, you are hereby
notified that any dissemination, distribution, copying, or action taken in relation to the contents of and
attachments to this e-mail is strictly prohibited and may be unlawful. If you have received this e-mail in error,
please notify the sender immediately and permanently delete the original and any copy of this e-mail and any
printout. Thank You. *

12/30/2009
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CC-AA-102 Rev 18
ATTACHMENT 1

Design Attribute Review (DAR)
Page 1 of 7

Engineering Change Number: EC 378180 Revision 0

IDENTIFY THE APPLICABILITY OF THE FOLLOWING TO THE DESIGN CHANGE. WHEN A TOPIC IS
DETERMINED TO BE APPLICABLE, THEN PLACE THE APPLICABLE TOPIC INFORMATION IN THE DESIGN
CHANGE. IF THE INFORMATION IS INSTALLATION-RELATED, THEN PLACE THIS INFORMATION IN THE
INSTALLER INSTRUCTIONS (ATTACHMENT C IN CC-AA-103). IF NOT INSTALLATION-RELATED, THEN PLACE
THE TOPIC INFORMATION IN A SEGREGATED DESIGN CONSIDERATION SECTION, OR WITHIN THE
DOCUMENTATION REQUIRED BY THE PROCEDURES GOVERNING A PARTICULAR ATTRIBUTE. OPTIONAL
FIELDS "TRACKING OF ACTION" AND "REFERENCES" ARE AVAILABLE FOR NOTATION BY THE PREPARER
IF DESIRED TO ASSIST THE PREPARER IN MANAGING THE ACTIVITY.

Section Design Change Attribute Appli Tracking of References
cable Action

4.1.4.1. IDENTIFY Basic SSC Functions See Design
Considerations
Summary
(DCS)

4.1.4.2. IDENTIFY Configuration Change safety See DCS
classification.

4.1.4.3. IDENTIFY Seismic Classification of the SSC.

4.1.5. PROVIDE the performance requirements and -
design conditions (including margin) of the SSC
needed to evaluate the change from the existing to
the modified systems, structures, or components.

4.1.6. DETERMINE the design requirements necessary D
to facilitate periodic surveillance testing and
acceptance testing that is necessary for the
Configuration Change being considered.

4.1.7. DETERMINE the Codes, Standards, and [-
Regulatory Requirements applicable to the
Configuration Change.

4.1.8. IDENTIFY PWR Sump GL 2004-02 Program [-
impacts Braidwood, Byron, and TMI only

4.1.9. DETERMINE changes required to existing Design [-
Analysis or new parameters that require new
calculations or calculation revisions that are used to
assess the acceptability of a system or a component
function in meeting various physical requirements.

4.1.10. If Redundancy, Diversity and Separation
requirements are identified or affected, then
REVIEW the original design basis as well as any
subsequent modifications.

4.1.11. IDENTIFY any Failure Effects requirements. []
(See Attachment 12)
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ATTACHMENT 1

Design Attribute Review (DAR)
Page 2 of 7

Section Design Change Attribute Applic Tracking of References
able action

4.1.12. IDENTIFY Fire Protection and Appendix R [
Safe Shutdown requirements, by using the
"Screening for Approved Fire Protection
Program (AFPP) Impact", Attachment 2.

4.1.13. DETERMINE any Material requirements, such
as material grade, product form, compatibility
with existing or other new materials, galvanic
interaction between dissimilar metals, special
welding material requirements, critical
properties, performance characteristics,
alternative materials as well as any Material
Suitability requirements such as compatibility,
electrical insulation properties, protective
coating, corrosion resistance, mechanical
insulation etc. necessary for the Configuration
Change.

4.1.14. Determine environmental conditions and [
impacts.

4.1.15. DETERMINE if Environmental Qualification [
(EQ) of equipment is affected. (see Attachment
3)

4.1.16. REVIEW the Operating Experience databases "
through the INPO Internet Site or equivalent in
accordance with LS-AA-1 15:

4.1.17. DETERMINE if the configuration change may "
affect the existing Equipment Performance
Information Exchange (EPIX) database.

4.1.18. DETERMINE if the Configuration Change may E"
affect the existing Probabilistic Risk
Assessment (PRA), Mitigating System
Performance Index (MSPI) Basis Document
PRA content, and shutdown risk models by
using the screening checklist in Attachment 4.
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Design Attribute Review (DAR)
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Section Design Change Attribute Applic Tracking of References
able action

4.1.19. EVALUATE if System Operational
Requirements have changed.

4.1.20. IDENTIFY any Human Factors requirements. "

4.1.21. IDENTIFY procedure changes per direction in []
Attachment 9.

4.1.22. IDENTIFY any changes or additional training
requirements for various departments, per
direction in Attachment 9.

4.1.23. CONSIDER the functional and physical system "
interface requirements, including the affect of
cumulative tolerances between the subject
system or component and adjacent or related
support systems, structures, and components that
may have been affected by the Configuration
Change.

4.1.24. DETERMINE specialized layout and
arrangement requirements, such as protection
from normal vehicle traffic flow, or physical
location preferences that minimize plant
operating requirements for both the structures
and systems being modified, and adjacent
equipment and that avoid susceptibility for water
hammer and gas accumulation.

4.1.25. DETERMINE if the Radiation [
Protection/ALARA programs are affected by
review of changes that affect any of the
following during normal or post accident
conditions: Radiation sources; changes affecting
controlled radiation areas; primary coolant fluid
systems (Cobalt Materials); contaminated
systems; radiation monitoring systems; HVAC
Systems which could transport airborne
contaminants; change or alter shielding. (see
Attachment 5)
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arrangement requirements, such as protection 
from normal vehicle traffic flow, or physical 
location preferences that minimize plant 
operating requirements for both the structures 
and systems being modified, and adjacent 
equipment and that avoid susceptibility for water 
hammer and gas accumulation. 

DETERMINE if the Radiation 0 
Protection! ALARA programs are affected by 
review of changes that affect any of the 
following during normal or post accident 
conditions: Radiation sources; changes affecting 
controlled radiation areas; primary coolant fluid 
systems (Cobalt Materials); contaminated 
systems; radiation monitoring systems; HV AC 
Systems which could transport airborne 
contaminants; change or alter shielding. (see 
Attachment 5) 

CC-AA-102 Rev 18 

Tracking of References 
action 
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ATTACHMENT 1

Design Attribute Review (DAR)
Page 4 of 7

Section Design Change Attribute Applic Tracking of References
able action

4.1.26. DETERMINE the need for walkdowns to look at [
accessibility to the work area(s) and any special
installation considerations that need to be
addressed during design development.

4.1.27. DETERMINE Accessibility for maintenance, '
repair and In-Service Inspection (ISI) and In-
Service Testing (IST), and the conditions under
which these activities will be performed.

4.1.28. DETERMINE handling, storage, cleaning, and -
shipping requirements, as well as transportability
requirements for items which require special
handling during transit from supplier to site,
from site to vendor (for repair), or from site
receiving to final placement in the plant.

4.1.29. DETERMINE the effect of the Configuration -
Change on existing Emergency Plan or
environmental and discharge monitoring that are
used to prevent undue risk to public health and
safety.

4.1.30. DETERMINE Industrial Safety requirements
such as restricting the use of dangerous
materials, hazardous chemicals, escape
provisions from enclosures, pertinent OSHA
requirements, and grounding of electrical
systems.

4.1.31. DETERMINE impact on nuclear fuel, core []
components, core design, reactivity management,
criticality control and accountability of nuclear
materials as well as transient and / or accident
analysis, by using Attachment 6.

4.1.32. DETERMINE Load Path requirements for
installation, removal, and repair of equipment
and replacement of major components.

Section 

4.1.26. 

4.1.27. 

4.1.28. 

4.1.29. 

4.1.30. 

4.1.31. 

4.1.32. 

ATTACHMENT 1 
Design Attribute Review (DAR) 

age 0 P 4 f7 
Design Change Attribute Appllc 

able 

DETERMINE the need for walkdowns to look at D 
accessibility to the work area(s) and any special 
installation considerations that need to be 
addressed during design development. 

DETERMINE Accessibility for maintenance, 0 
repair and In-Service Inspection (lSI) and In-
Service Testing (1ST), and the conditions under 
which these activities will be performed. 

DETERMINE handling, storage, cleaning, and 0 
shipping requirements, as well as transportability 
requirements for items which require special 
handling during transit from supplier to site, 
from site to vendor (for repair), or from site 
receiving to final placement in the plant. 

DETERMINE the effect of the Configuration 0 
Change on existing Emergency Plan or 
environmental and discharge monitoring that are 
used to prevent undue risk to public health and 
safety. 

DETERMINE Industrial Safety requirements 0 
such as restricting the use of dangerous 
materials, hazardous chemicals, escape 
provisions from enclosures, pertinent OSHA 
requirements, and grounding of electrical 
systems. 

DETERMINE impact on nuclear fuel, core 0 
components, core design, reactivity management, 
criticality control and accountability of nuclear 
materials as well as transient and I or accident 
analysis, by using Attachment 6. 

DETERMINE Load Path requirements for 0 
installation, removal, and repair of equipment 
and replacement of major components. 
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action 



CC-AA-102 Rev 18
ATTACHMENT 1

Design Attribute Review (DAR)
Page 5 of 7

Section Design Change Attribute Applic Tracking of References
able action

4.1.33. IDENTIFY Mechanical System
Characteristics where design limits are
placed on the mechanical properties of a
system or components.

4.1.34. IDENTIFY Chemistry requirements where r-
limits are placed on the chemical properties
of a system or component based upon safety,
reliability, ALARA, economics, or other
considerations.

4.1.35. IDENTIFY Electrical requirements where ["
limits are placed on the electrical properties
of a system or component.

4.1.36. IDENTIFY Instrument and Control ["]
requirements, including digital technology
requirements.

4.1.37. IDENTIFY Security requirements such as r-
site monitoring, alarm systems, vehicle
barrier systems, security and security
lighting.

4.1.38. IDENTIFY Civil/Structural requirements l
where design limits are placed on the
structural properties of a SSC such as
equipment foundations and component
supports.

4.1.39. If the Configuration Change adds, relocates, -"
or alters Seismic Category I mechanical
and/or electrical components then ENSURE
that the Seismic Dynamic Qualification
(SD/Q) of the components has been
addressed per CC-AA-320-001.

Section 

4.1.33. 

4.1.34. 

4.1.35. 

4.1.36. 

4.1.37. 

4.1.38. 

4.1.39. 

ATTACHMENT 1 
Design Attribute Review (DAR) 

a2e 0 P 5 f7 

Design Change Attribute Applic 
able 

IDENTIFY Mechanical System 0 
Characteristics where design limits are 
placed on the mechanical properties of a 
system or components. 

IDENTIFY Chemistry requirements where 0 
limits are placed on the chemical properties 
of a system or component based upon safety, 
reliability, ALARA, economics, or other 
considerations. 

IDENTIFY Electrical requirements where 0 
limits are placed on the electrical properties 
of a system or component. 

IDENTIFY Instrument and Control 0 
requirements, including digital technology 
requirements. 

IDENTIFY Security requirements such as 0 
site monitoring, alarm systems, vehicle 
barrier systems, security and security 
lighting. 

IDENTIFY CiviVStructural requirements 0 
where design limits are placed on the 
structural properties of a sse such as 
equipment foundations and component 
supports. 

If the Configuration Change adds, relocates, 0 
or alters Seismic Category I mechanical 
and/or electrical components then ENSURE 
that the Seismic Dynamic Qualification 
(SD/Q) of the components has been 
addressed per CC-AA-320-001. 

CC-AA-102 Rev 18 
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action 
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ATTACHMENT 1

Design Attribute Review (DAR)
Page 6 of 7

Section Design Change Attribute Applic Tracking of References
able action

4.1.40. DETERMINE Personnel Requirements and L"
Limitations such as the need for trade
specialists and engineering experts as well as
support personnel, such as Radiation
Chemistry technicians, welding technicians
with special expertise, use of specific
contractor or station procedures for
installation or the need for mock-ups for
training, installation, or operation.

4.1.41. LIST special procedures and installation [-
specifications that apply, but are not part of
the normal installation procedural direction.

4.1.42. DETERMINE Interfacing Department L]
impact of the Configuration Change, such as
Operations, Plant Engineering, Training
(including Plant Simulator), Maintenance,
Reactor Engineering, Radiation Protection
and others. (see Attachments 10A through
10H)

4.1.43. CONSIDER impact on active License [-
Renewal Projects.

4.1.44. REVIEW the proposed changes for L]
conformance with requirements of any
applicable Nuclear Electric Insurance
Limited (NEIL) Insurance Standard, or other
appropriate insurance standards.

4.1.45. A comprehensive single point vulnerability r]
(SPV) review of the configuration change
shall be performed to ensure the
configuration change does not add the
potential to cause an unplanned reactor
SCRAM.

4.1.46. Impact on Steam Generator Replacement L"
Projects (PWR only, see Attachment 13)

4.1.47. IDENTIFY changes to the plant, both L-
permanent and temporary, that potentially
impact the switchyard or the interconnected
transmission system. Communication and
coordination of these plant changes with the
applicable transmission entities is a
requirement of the mandatory NERC
Reliability Standards.

Section 

4.1.40. 

4.1.41. 

4.1.42. 

4.1.43. 

4.1.44. 

4.1.45. 

4.1.46. 

4.1.47. 

ATTACHMENT 1 
Design Attribute Review (DAR) 

P 6 f7 age 0 

Design Change Attribute Applic 
able 

DETERMINE Personnel Requirements and D 
Limitations such as the need for trade 
specialists and engineering experts as well as 
support personnel, such as Radiation 
Chemistry technicians, welding technicians 
with special expertise, use of specific 
contractor or station procedures for 
installation or the need for mock-ups for 
training, installation, or operation. 

LIST special procedures and installation D 
specifications that apply, but are not part of 
the normal installation procedural direction. 

DETERMINE Interfacing Department D 
impact of the Configuration Change, such as 
Operations, Plant Engineering, Training 
(including Plant Simulator), Maintenance, 
Reactor Engineering, Radiation Protection 
and others. (see Attachments lOA through 
lOR) 

CONSIDER impact on active License D 
Renewal Projects. 

REVIEW the proposed changes for D 
conformance with requirements of any 
applicable Nuclear Electric Insurance 
Limited (NEIL) Insurance Standard, or other 
appropriate insurance standards. 

A comprehensive single point vulnerability D 
(SPV) review of the configuration change 
shall be performed to ensure the 
configuration change does not add the 
potential to cause an unplanned reactor 
SCRAM. 

Impact on Steam Generator Replacement D 
Projects (PWR only, see Attachment 13) 

IDENTIFY changes to the plant, both D 
permanent and temporary, that potentially 
impact the switchyard or the interconnected 
transmission system. Communication and 
coordination of these plant changes with the 
applicable transmission entities is a 
requirement of the mandatory NERC 
Reliability Standards. 
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ATTACHMENT 1

Design Attribute Review (DAR)
Page 7 of 7

Section Design Change Attribute Applic Tracking of References
able action

4.4. Configuration Control Activities- Use of
Attachment 7

4.5. Determination of Program Impact - Use of E"
Attachment 8

Section 

4.4. 

4.5. 

ATTACHMENT 1 
Design Attribute Review (DAR) 

age 0 P 7 f7 
Design Change Attribute Applic 

able 

Configuration Control Activities- Use of 0 
Attachment 7 

Determination of Program Impact - Use of 0 
Attachment 8 

CC-AA-I02 Rev 18 

Tracking of References 
action 
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CC-AA-102 Attachment 7 - Checklist of Configuration Activities

Engineering Change Number: Rev:

Req'd Prior To Configuration ActivityIOperation
Procedure Related Tracking info EC Install Attribute

I * Update Tech Spec or license (if affected, DBdb applies)
LS-AA- 101 Amendment No: CONF: TECH SPEC

I Update Tech Spec Bases

LS-AA-101-1000

As UFSAR Change Notice (if affected, DBdb applies)
Required by
LS-AA- 107

LS-AA- 107 Change Request No: CONF: UFSAR CHANGE NOTICE

Technical Requirement Manual
Plant Specific List on ADL CONF: TECH REQMT MANUAL

Design Bases Database Requirements
CC-AA-207 DBdb Input Form CONF: DB DATABASE INPUT

Update Design Bases Topical Reports and System Documents
CC-AA-207 List on ADL

* Update of Critical Control Room Drawings
CC-AA-103,1-104, - List on ADL I CONF: CCRD HUNG

112NF-AA-101I

Additional Walkdown (s)
CC-AA-106-1001 Place walkdown form in package CONF: DESIGNERS WALKDOWN

IAffected Equipment List (AEL) or Component Record List (PIMs) (CM-6)
Plant Specific CONF: EQUIP DATA (NON RTC

IUPD)
Update set point and calibration database (IISCP in MAROG)

Plant Specific

SElectrical Load Monitoring (ELMS)
Plant Specific ADL & ELMS Input form I CONF: ELMS INPUT
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CC-AA-I02 Rev 18 

CC-AA-I02 Attachment 7 - Checklist of Configuration Activities 

Engineering Chan ge Number: Rev: 

Req'd Prior To Configuration Activity 
Operation 

Procedure Related Tracking info EC Install Attribute 

* Update Tech Spec or license (if affected, DBdb applies) 
LS-AA-101 Amendment No: CONF: TECH SPEC 

Update Tech Spec Bases 

LS-AA-IOl-lOOO 

As UFSAR Change Notice (if affected, DBdb applies) 
Required by 
LS-AA-107 

LS-AA-107 Change Request No: CONF: UFSAR CHANGE NOTICE 

Technical Requirement Manual 
Plant Specific List on ADL CONF: TECH REQMT MANUAL 

Design Bases Database Requirements 
CC-AA-207 DB db Input Form CONF: DB DATABASE INPUT 

Update Design Bases Topical Reports and System Documents 
CC-AA-207 Liston ADL 

* Update of Critical Control Room Drawings 
CC-AA-I03, -104,- Liston ADL CONF: CCRD HUNG 

112,NF-AA-101 

Additional Walkdown (s) 
CC-AA-106-1001 Place walkdown form in package CONF: DESIGNERS W ALKDOWN 

Affected Equipment List (AEL) or Component Record List (PIMs) (CM-6) 

Plant Specific CONF: EQUIP DATA (NON RTC 
UPD) 

Update set point and calibration database (IISCP in MAROG) 

Plant Specific 

Electrical Load Monitoring (ELMS) 

Plant Specific ADL & ELMS Input form I CONF: ELMS INPUT 
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CC-AA-102 Attachment 7 - Checklist of Configuration Activities

Cable Management Database (raceway and conduit) program (SLICE)

Plant Specific ADL & Slice Input form I CONF: SLICE INPUT

Update of Nuclear Fuels/Corporate Engineering Safety Analysis Accident

Analysis (See Attachment 10G)
Attachment 1OG j CONF: NUCLEAR FUELS ACC ANLS

Plant Barriers Affected

Plant Specific CONF: BARRIER PROGRAM

I Offsite Dose Calc Manual
CY-AA- 170-300 CONF: ODCM

Update VETIP Manuals
CC-AA-204 CONF: VETIP MANUALS.

Update Fire Protection Documentation Package and Appendix R
CC-AA-209 Change Request No: CONF: FPR CHANGE REQUEST

• Update Use of Locks on Valves
OP-AA- 108-103 Proc on ADL; Equip Data AEL

I Equipment Tagging & Labeling (CM-6)
OP-AA- 116- 101 Label Request I CONF: EQUIP TAGS/LABELS

Address Open Operability Determinations
OP-AA-108-115 CONF: OPEN OPERABILITY

DETERMINATION

Update or Create Equipment Bill of Material
SM-AA-300 BOM End Use Analysis CONF: EQUIP BOM

Plant Simulator Change Required?

Contact Site Simulator I CONF: SIMULATOR CHANGES
Coordinator I

Page 2 of 3
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CC·AA·I02 Attachment 7· Checklist of Configuration Activities 

Cable Management Database (raceway and conduit) program (SLICE) 

Plant Specific ADL & Slice Input form I CONF: SLICE INPUT 

* Update of Nuclear Fuels/Corporate Engineering Safety Analysis Accident 
Analysis (See Attachment lOG) 

Attachment lOG CONF: NUCLEAR FUELS ACC ANLS 

Plant Barriers Affected 

Plant Specific CONF: BARRIER PROGRAM 

* Offsite Dose Calc Manual 
CY-AA-170-300 CONF:ODCM 

Update VETIP Manuals 
CC-AA-204 CONF: VETIP MANUALS 

Update Fire Protection Documentation Package and Appendix R 
CC-AA-209 Change Request No: CONF: FPR CHANGE REQUEST 

* Update Use of Locks on Valves 
OP-AA-108-103 Proc on ADL; Equip Data AEL 

* Equipment Tagging & Labeling (CM-6) 
OP-AA-116-101 Label Request CONF: EQUIP TAGSILABELS 

Address Open Operability Determinations 
OP-AA-108-115 CONF: OPEN OPERABILITY 

DETERMINATION 

Update or Create Equipment Bill of Material 
SM-AA-300 BOM End Use Analysis CONF: EQUIP BOM 

Plant Simulator Change Required? 
Contact Site Simulator CONF: SIMULATOR CHANGES 

Coordinator 
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CC-AA-102 Attachment 7 - Checklist of Configuration Activities

Functional Equipment Group (FEG) Update
MA-AA-716-210 CONF: FEG UPDATE (D046)

I- Clearance and Tagging Program (C/O Models Updated)
Operations Et PT CONF: TAG OUT C/O MODEL CHANGE

I Equipment PMT Requirements (D041)

Plant Specific CONF: EQUIP PMT CHANGES
(D04 1)

Other items t CONF: MISC

Emergency Response Data System Data Point Library Update (ERDS)
EP-AA- 123 or EP-OC- 123 Notify NRC within 30 days of change to library CONF: ERDS

for Oyster Creek files

Update Cyber Security Assessment Database
CC-AA-215 I CONF: CYBER SECURITY

List of equipment being replaced to Site Supply Chain Manager
SM-AC-4006

Notes:
"*" Indicates that it must be completed prior to operation if the activity is required.
Track completion via EC AD[JAEL (if ADL/AEL is applicable) or EC INSTALL Attribute.
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CC·AA·I02 Attachment 7· Checklist of Confi2Uration Activities 

I Functional Equipment Group (FEG) Update 
MA-AA-716-210 CONF: FEG UPOA TE (0046) 

I Clearance and Tagging Program (C/O Models Updated) 
Operations CONF: TAG OUT C/O MODEL CHANGE 

I Equipment PMT Requirements (D041) 
Plant Specific CONF: EQUIP PMT CHANGES 

(0041) 

I Other items 
CONF:MISC 

I Emergency Response Data System Data Point Library Update (ERDS) 
EP-AA-123 or EP-OC-123 Notify NRC within 30 days of change to library CONF:ERDS 

for Oyster Creek files 

I Update Cyber Security Assessment Database 

CC-AA-21S CONF:CYBERSECtmUTy 

I List of equigment being replaced to Site Supply Chain Manager 
SM-AC-4006 

Notes: 
"*,, Indicates that it must be completed prior to operation if the activity is required. 
Track completion via EC ADU AEL (if ADU AEL is applicable) or EC INSTALL Attribute. 
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CC-AA-102 Attachment 8 - Checklist for Programs Impact CC-AA-102 Rev 18

Engineering Change Number: Rev:

Req'd Prior to Program Activities
Operation

Procedure Related Tracking info EC Install Attribute

* If Tech Predefine Surveillance Program

Plant Specific PROG: PREDEFINES (SURV, PM)

Performance Centered Maintenance (PCM) Program
MA-AA-716-210 PROG: PREDEFINES (SURV, PM)

Create or Revise PCM Template
MA-AA-716-210-1001 PROG: PCM TEMPLATE

Maintenance Rule Program

ER-AA-3 10 PROG: M/R PROGRAM

Instrument Calibration as part of Predefine Surveillance Program

Plant Specific PROG: INSTR SURVEILLANCE

Check Valve PM Program
ER-AA-400-1001 PROG: CHECK VALVE PM

MOV Program
ER-AA-302 PROG: MOVII AOV Program

ER-AA-410 PROG: AOV

EQ Program
CC-AA-203 PROG: EQ

ASME Section XI or O&M IST Program
ER-AA-321 PROG: IST

ASME Section XI or O&M ISI Program
ER-AA-330 PROG: ISI (ASME XI)

Boric Acid Corrosion Control (BACC) Program (PWR only)
ER-AP-331

BWR Reactor Intemals/IVVI (BWR only)
ER-AB-331

ASME III Code and Auth. Nuclear Inspector/In-service Inspector Review
Plant Specific PROG: ASME CODE / ANII REVIEW

0
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CC-AA-102 Attachment 8 - Checklist for Programs Impact CC-AA-102 Rev 18 

Engineering Change Number: Rev: 

Req'd Prior to Program Activities 
Operation 

Procedure Related Trackin2 info I EC Install Attribute 

>10 If Tech Predefine Surveillance Program 
Spec 

Plant Specific I PROG: PREDEFINES (SURV, PM) 

Performance Centered Maintenance (PCM) Program 
MA-AA-7 16-2 10 I PROG: PREDEFINES (SURV, PM) 

Create or Revise PCM Template 
MA-AA-716-210-1001 I PROG: PCM TEMPLATE 

Maintenance Rule Program 
ER-AA-310 I PROG: M/R PROGRAM 

Instrument Calibration as part of Predefine Surveillance Program 

Plant Specific I PROG: INSTR SURVEILLANCE 

Check Valve PM Program 
ER-AA-400-1001 I PROG: CHECK VALVE PM 

MOVProgram 
ER-AA-302 I PROG:MOV 

AOV Program 
ER-AA-410 I PROG:AOV 

EQProgram 
CC-AA-203 I PROG:EQ 

ASME Section XI or O&M 1ST Program 
ER-AA-321 I PROG: 1ST 

ASME Section XI or O&M lSI Program 
ER-AA-330 I PROG: lSI (ASME XI) 

Boric Acid Corrosion Control (BACC) Program (PWR only) 
ER-AP-33I I 

BWR Reactor Internals/IVVI (BWR only) 
ER-AB-33I I 

ASME III Code and Auth. Nuclear Inspector/In-service Inspector Review 

Plant Specific I PROG: ASME CODE / ANn REVIEW 
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B&PV Inspection Program (including State Boiler Inspector Notification)
(IDNS)

Plant Specific PROG: IDNS VESSEL/RV TEST

ASME VIII Relief Valve Testing (part of IDNS Requirements)

Plant Specific PROG: IDNS VESSEIJRV TEST

Non ASME Piping & Comp Support Inservice Inspection Program

Plant Specific PROG:ISI (NON ASME)

Other Programs that may be Tech Spec required but plant specific

Plant Specific PROG:MISC

Flow Accelerated Corrosion Program
ER-AA-430 PROG: FAC (FLOW ACC

CORROSION)

Fatigue and Transient Monitoring Program

ER-AA-470 PROG: FATIG & TRANS MON

Lead Shielding Program
Plant Specific PROG: LEAD SHIELDING

Update & Maintenance of EPIX (formerly NPRDS)

ER-AA-2020 PROG: EPIX

* Emergency Operating Procedures (EOP)/Severe Accident Management

(SAM) Program
Plant Specific PROG: EOP/SAM

_ _ GL-89-13 Program for Heat Exchangers and Piping
ER-AA-340 PROG: GL 89-13 HX

Environmental Review
EN-AA- 103 PROG: ENVIRON SERV NOTIFIED

Steam Generator Program
ER-AP-420 I PROG: STEAM GENERATOR
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B&PV Inspection Program (including State Boiler Inspector Notification) 
(IDNS) 

Plant Specific 
PROG: IDNS VESSEURV TEST 

ASME VIII Relief Valve Testing (part of IDNS ReQuirements) 

Plant Specific PROG: IDNS VESSEURV TEST 

Non ASME Piping & Comp Support Inservice Inspection Program 

Plant Specific PROG:ISI (NON ASME) 

Other Programs that may be Tech Spec reQuired but plant specific 

Plant Specific PROG:MISC 

Flow Accelerated Corrosion Program 
ER-AA-430 PROG: FAC (FLOW ACC 

CORROSION) 

Fatigue and Transient Monitoring Program 

ER-AA-470 PROG: FATIG & TRANS MON 

Lead Shielding Program 

Plant Specific PROG: LEAD SHIELDING 

Update & Maintenance of EPIX (formerly NPRDS) 
ER-AA-2020 PROG:EPIX 

* Emergency Operating Procedures (EOP)/Severe Accident Management 
(SAM) Program 

Plant Specific PROG: EOP/SAM 

GL-89-13 Program for Heat Exchangers and Piping 
ER-AA-340 PROG: GL 89-13 HX 

Environmental Review 
EN-AA-103 PROG: ENVIRON SERV NOTIFIED 

Steam Generator Program 
ER-AP-420 PROG: STEAM GENERATOR 
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1PRA URE Completion, MSPI Basis Document and PRA Model Update
Section 4.1.18of CC-AA-- PROG: PRA MODEL

102

Containment Coatings Program
CC-AA-205 and'ER-AA- PROG: CONTAINMENT COATINGS

330-008

Appendix J of 1OCFR50
ER-AA-380

Thermal Performance

ER-AA-5 10 PROG: THERMAL PERFORMANCE
, I Emergency Preparedness (EP) ProgramsI

EP-AA- 120 I

Buried Piping and Raw Water Corrosion
, Program

ER-AA-5400 I I
[ Cyber Security Program

CC-AA-213 IPROG: CYBER SECURITY

IBOP HX Program

ER-.AA-340-2000 I I

Control Room Envelope (CRE)
Habitability Program

ER-AA-390 I I
I Lubricants Program

MA-AA-716-006 IT

Notes:
"*" indicates that it must be completed prior to operation if the activity is required.

Track completion via EC ADL (if ADL is applicable) or EC INSTALL Attribute.
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I PRA URE Completion, MSPI Basis Document and PRA Model Update 
Section 4.1.18of CC-AA-- PROG: PRA MODEL 

102 

I Containment Coatings Program 
CC-AA-20S and'ER-AA- PROG: CONTAINMENT COATINGS 

330-008 

I Appendix J of lOCFR50 
ER-AA-380 

I Thermal Performance 
ER-AA-SJO PROG: THERMAL PERFORMANCE 

Emergency Preparedness (EP) Programs 

EP-AA-120 

Buried Piping and Raw Water Corrosion 
Program 

ER-AA-S400 I 
Cyber Security Program 

CC-AA-213 I PROG: CYBER SECURITY 

BOP HX Program 

ER-AA-340-2000 I 
Control Room Envelope (CRE) 
Habitability Program 

ER-AA-390 I 
Lubricants Program 

MA-AA-716-006 I 

Notes: 
"*,, indicates that it must be completed prior to operation if the activity is required. 

Track completion via EC ADL (if ADL is applicable) or EC INSTALL Attribute. 
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