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Attachment 1
RAI Responses Related to Severe Accident Mitigation Alternatives

RAII
The SAMA analysis Is based on the most recent version of the Dresden Nuclear Power Station
(DNPS) Probabilistic Safety Assessment (PSA) for internal events, i.e., 2002 Update, which is a
modification to the modified IPE submittal transmitted to the NRC in June 1996. Please provide
the following information regarding this PSA model:
a. a summary description of any peer reviews of the level 1 and level 2 portions
of this PSA beyond the normally-performed nternal second checker reviews
(e.g., DNPS BWROG Peer Review),
b. a characterization of the findings of these internal and external peer reviews
(if any), and the impact of any dentified weaknesses on the SAMA
identification and evaluation process,
c. a breakdown of the internal events core damage frequency CDF) by major
contributors, Initiators and accident classes, such as loss of offsite power
(LOOP), station blackout (SBO), transients, anticipated transient without
scram (ATWS), loss-of-coolant accident (LOCA), ISLOCA, internal floods,
and other, and
d. a description of the major differences from the updated IPE submittal, including
the plant and/or modeling changes that have resulted In the new core damage
frequency (CDF), along with the corresponding CDF.
Response 1(a):
mProvide]

a summary description of any peer reviews of the level I and level 2 portions of this
PSA beyond the normally-performed internal second checker reviews (e.g., DNPS BWROG
PeerReview)[r
Three external peer reviews of the Dresden Probabilistic Risk Assessment (PRA) models were
conducted.
BWROG Peer ReviewlCerfification
Boiling Water Reactor Owner's Group (WROG) PRA Certification Peer Review was conducted
in January 1998. (Note, Level 2 analysis of Large, Early release frequency (LERF) was not
included in this review). A six-member industry team following the latest BWROG guidance
available at the time performed this review.
Independent External Review
Robert Schmidt performed the Independent review with support from Jeff Julius (HRA area).
This review was performed in late 1998 and early 1999.
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NEIABWROG Peer Review
A six-member industry team performed this review in January 2000 with a report published in
March 2000. The review used the Nuclear Energy Institute (NEI) draft, Probabilistic Risk
Assessment Peer Review Process Guidance.' This peer review process was adapted from the
review process originally developed and used by the BWROG.
Response 1(b):
7fProvide] a characterization of the findings of these internal and external peer reviews (if any),
and the impact of any identified weaknesses on the SAMA Identification and evaluation
processf.r

BWROG Peer Review/Certification
This review evaluated all PSA elements except Level 2 analysis. The evaluation found that all
elements were consistently graded as sufficient to support meaningful rankings for the
assessment of systems, structures, and components, when combined with deterministic
insights. Enhancements were recommended Inthe following areas:
*
*
*
*
*

Completion of Level 2 analysis
Treatment of Special Initiators (some special Initiators were missing or treatment
through the Accident Sequence Evaluation (Event Trees) was judged to require
Improvements)
Accident Sequence Evaluation (Event Trees) were overly simplified and needed
further development to support higher applications
Dependency Analysis (Common Cause Factors)
Human Reliability Analysis (HRA) (Operator dependency analysis was judged to
require improvement and operator input was necessary).

There is judged to be no impact to the SAMA identification and evaluation process as
weaknesses were corrected since the review. Insights were developed and evaluated using the
upgraded PRA models. Enhancements included addition of special Initiators, upgrading Event
Tree Analysis, revision of human reliability analysis (including dependency analysis and
operator interviews), update of Common Cause Factors, and completion of Level 2 analysis.
Independent External Review
This review, primarily performed by Robert Schmidt, was limited to the Level 1, at power,
internal events portion of the PSA, excluding the internal flooding analysis. The review was
performed on the 1999 rev. 0 model. The review focused on Initiating Events, Event Trees,
Success Criteria, System Analysis (3 systems; Isolation Condenser (IC), High Pressure Coolant
Injection (HPCI), and Service Water (SW)), Human Reliability Analysis, and Quantification. The
review found the Dresden Updated PRA to be a high quality Level I PSA. All technical
elements reviewed meet or exceed general industry practice. The reviewer found the update
process to be well documented In analysis notebooks. No deficiencies were found in the
analyses that needed to be corrected Immediately. Mr. Schmidt provided 28 comments ranging
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from clarifications to documentation to potential model changes. Exelon responded to all of Mr.
Schmidt's comments and made model and documentation changes where appropriate.
The following lists the weaknesses judged to be the most significant and resolution of those
weaknesses.
* Initiating Events: Loss of a single DC bus was not included In the 99 model.,
Interfacing System Loss of Coolant Accident (ISLOCA) frequency calculation was
deficient and IE frequency was based on poor availability. Plant availability had
recently Improved and the reviewer recommended updating the plant availability
calculations.
* Data: RAW water and clean water system check valve failure rates used the
same rates. The reviewer recommended a higher failure rate be considered for
RAW water systems.
* Event Tree: Depressurization was not required prior to using the Shutdown
Cooling (SDC) System following use of HPCI (Note, Dresden has a SDC system
In addition to a Residual Heat Removal (RHR) system. The RHR system is
referred to as the Low Pressure Coolant Injection (LPCI/CCSW) system at
Dresden). Several ATWS Event Tree changes were recommended including
adding Failure to inhibit ADS was noted as missing in several ATWS sequences.
A manual scram following an Inadvertent Open Relief Valve (IORV) event was
not included in the ATWS Event Tree logic. Recovery of containment vents
following loss of Instrument air (0.9 failure probability) was recommended.
* HRA: A change to a HEP associated with controlling injection following boron
injection was recommended. An operator action dependency for Operator failure
to initiate IC makeup, SPC, SDC, and Containment vent was not found in the
final cutset.
To address the above weaknesses, the following changes were incorporated in the 2002A
revision 0 PRA model:
*
*
*
*
*

Included Loss of a single DC bus, updated ISLOCA frequency calculation and
Initiating event frequency reflects Improved plant availability.
RAW water and clean water failure rates are treated separately in the 2002A
model.
RAW water failure rates are now greater, reflecting harsher
environmental conditions.
Failure to inhibit ADS was added to several ATWS sequences.
A manual scram following IORV was added to the ATWS Event Tree logic.
Recovery of containment vents following loss of Instrument air (0.9 failure
probability) was added.
Modified HEP (based on Operator interviews) associated with controlling
injection following boron injection. Increased HEP to 0.1 for an operator action to
assure dependency was picked up In the cutset recovery process (HEP Is
returned to normal value following recovery process).

There is judged to be no impact to the SAMA identification and evaluation process as
weaknesses (all considered relatively minor) were corrected since the Independent reviewer
evaluation. Insights were developed and evaluated using the upgraded PRA models.
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NEIBWROG Peer Review
The NEI Peer Review team gave high marks to the Dresden PRA. The team specifically noted,
'The Dresden PSA Is consistent with state of the art technology PRAs in scope, methods, data
usage, and results. The PSA does not have unique PSA features.' Of the eleven elements'
evaluated by the team, a Summary Score of 4' was received for the Maintenance and Update
element, and Summary Scores of 3" were assigned to the ten other elements. In the words of
the review team, These grades are consistent with a very solid PSA program with no major
weaknesses." There were no A* level Facts & Observations (F&Os). There were eight 'B' level
F&Os. The 2002 Dresden Update resolved all B" F&Os and a number of C' F&Os as well.
The most significant recommendations Identified weaknesses in the area of Level 2 (LERF)
analysis, internal flooding and thermal hydraulic analysis. Special efforts to enhance the PRA
model in these three areas have been completed. Further discussion on Level 2 enhancements
can be found in response to RAI 3.
In the area of flooding, two Facts and Observations (F&Os) were written. Under Initiating
Events (E) it was noted, The consideration of internal event initiators do not give adequate
exposition of possible flooding events." Under Structural Response (ST), It was noted, Internal
flooding Is no longer considered In the Level 1 quantification. This is non-conservative.' These
observations were not considered significant by the review team, as the PE walk downs did not
Identify significant flooding initiators. Exelon performed a new internal flooding study In 2001.
This internal flooding study was incorporated into the 2002A PRA model fully addressing the
Peer Review team F&Os.
The certification team noted under the Quantification (QU) element that there were limited sets
of uncertainty analyses performed and no parametric uncertainty analysis had been performed.
The Peer Review report recommended that ComEd 'Consider additional uncertainty analysis as
appropriate.' At this time, a parametric uncertainty analysis has not been performed. (see
response 7(a) for additional discussion on uncertainty).
It is judged that the improvements made since the Peer reviews and the independent review
have corrected any significant weaknesses identified and the 2002A PRA model fully supports
the SAMA identification and evaluation process.
Response 1(c):
7[Provide a breakdown of the internal events core damage frequency (CDF) by major
contributors, initiators and accident classes, such as loss of offsite power (LOOP), station
blackout (SBO), transients, anticipated transient without scram (ATWS), loss-of-coolant accident
(LOCA), ISLOCA, internal floods, and other (contributors.)'
Table 1-1 provides a breakdown of the internal events CDF by initiator type, and Table 1-2
provides a breakdown of the internal events CDF by accident class. Note that ATWS and SBO
scenarios are not represented by individual initiators but are determined as consequences from
an initiating event. The ATWS contribution from the 2002 update model is estimated at 10% of
the total CDF, and the SBO contribution is estimated at 22% of the total CDF.
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Table 1-1
Contribution to Dresden 2002 PRA CDF by Initiator
(Truncation Limit = 1E-1 O/yr)

~~~~~~~~~~~%
of Base

Descilption
Description

CDF

Single Unit Loss of Offsite Power Initiating Event (LOOP)
Transient With Feedwater (FW) Unavailable and Main Condenser (MC)
Available
Dual Unit Loss of Offsite Power (DLOOP)
Transient With FW And MC Available
Loss of Multiple DC Buses
Medium LOCA Initiator (MLOCA)
Large LOCA Initiator (LLOCA)
Manual Shutdown Initiating Event
Internal Flooding
Loss of Service Water Initiating Event
Loss of Turbine Building Closed Cooling Water (TBCCW)
ISLOCA
Ail other initiators

26%
22%
15%
11%
8%
3%
3%
3%
3%
2%
0.9%
0.1%
3%
Total:

100%
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Table 1-2
Contribution to CDF by Accident Class
(Truncation Limit = 1 E-1 0/yr)

Accident

Accident

~~~~~~~~~~2002
Update
2002
Update
CDF

Short Description

Clas

CDF(%)

%

WiE

Loss of Makeup at High Reactor Pressure Vessel
(RPV)Pressure

1.06E-06/ yr

56.1

IBE

Early Station Blackout (less than 4 hours)

3.01 E-07 / yr

15.90%

IBL

Late Station Blackout (greater than 4 hours)

1.08E-07 / yr

5.7%

IC

Loss of Makeup (ATWS)

1.79E-08 l yr

0.9%

ID

Loss of Makeup at Low RPV Pressure (transient Initiators)

2.56E-08 I yr

1.A%

II

Loss of Decay Heat Removal

8.1 5E-08 I yr

4.3%

1111B

Loss of Makeup at High RPV Pressure (LOCA Initiators)

1.53E-08 1yr

0.8%

iC

Loss of Makeup at Low RPV Pressure (LOCA Initiators)

8.20E-08 I yr

4.3%

11ID3

Loss of Vapor Suppression

1.18E-08 / yr

0.6%

IVA

Loss of Reactivity Control (ATWS)

1.86E-07 I yr

9.8%

V

Containment Bypass

1.74E-09 / yr

0.1%

1.89E-06 I yr

100.0%

Total:

Response 1(d):
"fProvide a description of the major dfflerences from the updated IPE submittal,
including the plant and/or modeling changes that have resulted in the new core damage
frequency (CDF), along with the corresponding CDFM
A summary of the total calculated CDF for each of the relevant models is provided in Table 1-3.
As can be seen, the Dresden CDF has been reduced from the Modified IPE CDF to the present.
The total reduction in CDF is approximately 44%. Table 14 provides the change in CDF
contribution from the Modified IPE to the 2002 Update. Here, it can be seen that the Dresden
risk profile has also changed significantly.
Also provided is information that relates modeling methodology, plant data and plant
configuration changes to changes in Core Damage Frequency. Examples of each type of
change are listed below. These examples are changes made during the 1999 Upgrade.
*
*

PRA Methodology Change: Calculating Medium LOCA frequency using the latest
EPRI methodology increased the MLOCA frequency.
Plant Operating Experience: The General Transient Frequency was reduced
based on operating experience. This caused a decrease in ATWS contribution
by -60%.
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*

Plant Configuration Changes: Installation of Station Blackout Diesel Generators
and the Division 1 4kV cross-tie reduced Loss of Off-Site Power contribution by
75%.

It is apparent from this information that the present PRA results are significantly different from
the Modified IPE. One could conclude that Insights from the present model are more valuable
than IPE insights at this time.

Table 14
Dresden CDF History
Model

Date

CDF (Per Yr) "'

*

Modified IPE

1996

3AE-06/yr

*

Upgraded PRA

1999

2.6E-6yr

*

2002 Updated PRA

2002

1.9E-M6Iyr (2)

Notes to Table 1-3
'

Results shown are for Unit 2. The Unit 3 results are the same except for the Modified IPE. The
Modified IPE Unit 3 CDF was 5E-06/yr. The difference in the CDF estimates between the two units
was due to a hardware modification that eliminated a FW trip on loss of DC power as an Initiating
event at Unit 2. The modification was later installed on Unit 3.

(2)

The most recent version of the Dresden 2002 PRA model is Revision 3. However, the SAMA
calculations were performed using Revision 0 of the 2002 PRA. For consistency with the SAMA
evaluations, the results of the Revision 0 model are reported for the RAI responses. The Revision 3
results are not significantly different than for Revision 0. Model changes were the following:
Revision 1:
1) Minor modifications to the U2 Database to correct Common Cause Factors for failure of both
Emergency Diesel Generators and SBO Diesel Generators, and common cause failures of
combinations of 2 of 4 CCSW Pumps. (Impacted cutsets with values less than I E-08/yr.)
2) Incorporated the U3 2002A Model.
Revision 2:
Units 2 and 3 combined CDF/LERF models were developed.
Revision 3:
Credited Standby Coolant Supply (SBCS) for Large and Medium LOCAs with a top-peaked core.
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Table 1-4
Dresden Risk Profile History
Modified IPE ()

Initiator
________

________
___

____

________

1999 U

Upgrade (

2002

Update

MLOCA

39%

DLOOP

24%

23%

LOOP

8%

3%

General Transient

27%

27%

33%

Loss of Service Water

1%

11%

2%

ISLOCA

<0.1%

0.4%

0.1%

Loss of Instrument Air

<0.1%

7%

0.9%

Large LOCA

<0.1%

2%

3%

Excessive LOCA

N/A

0.2%

0.3%

Loss of Multiple

N/A

3%

8%

Loss of TBCCW
Manual Shutdown

N/A

0.9%

0.9%

N/A

0.6%

2%

Service Water Flood

N/A

NIA

3%

All Others

<1%

<1%

<3%

21%
(3)

3%
15%

(4)

26%

(4)

125 VDC Buses

Notes to Table 1-4
°

The Modified IPE report gave a separate ATWS result that included contributions from many
initiators, but mainly due to General Transients. Therefore, for risk profile comparison purposes, the
ATWS contribution is Included with the General Transient results above In the Modified IPE column.
Unit 2 results are reported (see note I of previous table).

2)

The third and fourth columns contain the 1999 and 2002 PRA Model Update results with ATWS
contributions included with the results for each initiator. For example, the table shows that General
Transients contribute 27% of the total CDF In the 1999 Upgrade. General Transients evolving Into
ATWS events contributed 14.4% of the total CDF.

3) Of the 23% contribution of Dual Unit LOOPs in the 1999 Upgrade, approximately two-thirds Is due to

Station Blackout (SBO) sequences. No other initiators (including Single Unit LOOPs) include any
significant CDF contribution to SBO sequences.
(4) Of the 41% CDF contribution of Single and Dual Unit LOOPs In the 2002 Update, approximately one-

half is due to Station Blackout (SBO) sequences.
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RAI 2
The CDF cited and used In the SAMA analysis is based on the risk profile for internal events at
DNPS Unit 2. Provide the internal events CDF for Unit 3, and a discussion of the reasons for
any differences from Unit 2. Discuss the impact on the SAMA analysis, including the impacts of
external events, and results if the analysis were based on Unit 3 rather than Unit 2
Response 2
Internal Events
Unit 2 CDF
The Unit 2 internal events CDF is identical to that of Unit 3: 1.9E-06yr.
Unit 2 Differences from Unit 3
There are asymmetries between Unit 2 and Unit 3 related to the 125V DC System bus
configuration, AC Bus Initiating Event Frequency difference due to water spray, AC power
supplies to the SDC pumps, HPCI room cooler and LPCI cooling (Containment Cooling Service
Water System (CCSK9. These asymmetries Involve highly reliable components, such as
Electric Power Busses. Thus, there Is a minimal impact on baseline CDF.
*

Loss of AC Bus Initiator Frequency: The Loss of AC Bus Initiator Frequencies
includes loss of bus due to water spray. The water spray contributions vary by
unit. This asymmetry Is not significant.

*

125V DC System Bus Configuration: The 125V DC System is essentially a plant
distribution system: normally supporting equipment on both units in order to
provide divisional separation for safety related systems. Divisional separation is
accomplished by having Division I equipment on a unit supplied by the Unirs own
125V DC System while the opposite units 125V DC system supplies the Division
11loads. For example, the 125V DC battery located in Unit 2 is considered
"Division I" power supply for Unit 2 and Divislon I power supply for Unit 3. The
two battery divisions have asymmetries in the bus configurations. The electric
busses and cable connections are highly reliable and the 125 V DC system Bus
asymmetries have an insignificant impact to baseline CDF.

*

Shutdown Cooling (SDC) SYSTEM: The power supplies to the SDC pumps are
not symmetric. There are three SDC pumps for each unit. The Unit 2 2A and 2C
SDC pumps obtain power from Bus 23-1 and the 2B pump obtains power from
Bus 24-1. The Unit 3 3A SDC pump obtains power from Bus 33-1 and the 3B
and 3C pumps obtain power from Bus 34-1. The Impact of this asymmetry is
insignificant,
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*

HPCI Room Cooler The power supply for the HPCI room cooler Is not
symmetric. The Unit 2 HPCI room cooler is powered from MCC 29-4 and the
Unit 3 HPCI room cooler is powered from MCC 39-1. These MCCs are powered
from symmetric sources and therefore, this asymmetry is not significant.

*

LPCI Containment Cooling (CCSW System): The CCSW System for each unit is
comprised of two loops with 2 pumps per loop. The Unit 2 CCSW Loop A Is
partially dependent on MCC 28-2 and the Unit 3 CCSW Loop A Is partially
dependent on MCC 38-3. The Unit 2 CCSW Loop B is partially dependent on
MCC 29-4 and the Unit 3 CCSW Loop B Is partially dependent on MCC 39-1.
These asymmetries are not significant.

The Unit 3 model uses the same event trees as the Unit 2 model. The Unit 3 model uses the
same system logic and database, except as impacted by the items above. While these
differences do appear In low-frequency cutsets, the effects of the fault tree differences are small
enough that they do not affect the total internal events CDF. Therefore, the differences do not
affect the SAMA analyses for Internal events.
External Events
Unit 2 Fire CDF
The Unit 2 fire CDF is 1.7E-O5yr compared to a Unit 3 fire CDF of 3. E-O5Yr
Fire-Related Unit 3 Differences from Unit 2
A review of the dominant risk contributors shows a few notable asymmetries In the risk profiles.
Self-Initiated Cable Fires Due to Cable Routing Differences
The risk contribution from self-initiated cable fires is much higher in Unit 3 (25%) than in Unit 2
(2%). Two thirds (5.OE-06/yr) of the Unit 3 self-initiated cable fire contribution results from
Cable Tunnel fire scenarios. Since Unit 2 cables are generally not routed through this area, a
similar exposure does not exist for Unit 2. Of the remaining Unit 3 contribution, one half (1.OE061yr) results from fires on the second floor of the Reactor Building. These fires also affect
cables whose fire-induced failure disable Suppression Pool Cooling, Shutdown Cooling, and
one or more trains of Core Spray and LPCI, depending on the scenario being considered, which
increases the significance of these fires. It should also be noted that safe shutdown procedures
were not credited In the Dresden fire analysis. Recovery of the Isolation Condenser is
addressed in the Safe Shutdown Procedures. Crediting this recovery would reduce the
difference in CDF from unit asymmetries.
The common control room is located adjacent to Unit 2. Unit 3 is located on the opposite side of
Unit 2, thus requiring a Unit 3 cable tunnel to the control room area. The SAMA analysis would
not be impacted as rerouting sufficient number of cables to significantly reduce fire risk in Unit 3
is judged not to be cost effective. Crediting safe shutdown procedures in the Dresden fire
analysis would reduce the contribution from these scenarios.
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Loss of 125 VDC in Unit 2
A large oil fire involving Unit 2 Reactor Feedwater Pump C or a fire Involving MCC 26-1 Is a
dominant contributor to the Unit 2 CDF. This is because of the location of the cables needed for
the Unit 2 DC power system. The Unit 3 DC power feed to one train of the Unit 2 DC system
and the Unit 2 AC power cable to the battery charger for the redundant DC train are exposed to
a common hazard. Although the circuits are located In separate trays, they are stacked
vertically. The occurrence of a postulated large fire event requires an operator action to either
align the spare battery charger or to connect the spare Unit 2 battery bank. An option also
exists to use the safe shutdown procedures, which specify manual actions to operate the
Isolation Condenser. The safe shutdown procedures were not credited in the Dresden Fire PRA
model. Fires involving the Unit 2 Reactor Feedwater Pump C and MCC 26-1 contribute
approximately 4.OE-06/yr (with no credit given to the safe shutdown procedures).
RWCU pump fires In Unit 2
Fires originating from the Unit 2 RWCU pumps contribute 8.5% (1.OE-061yr) to the Unit 2 CDF,
while Unit 3 RWCU pump fires contribute less than 1% to the Unit 3 CDF. The difference
between the two scenarios is primarily due to a fire-induced loss of the Isolation Condenser in
the Unit 2 analysis. In particular, the trays affected by the Unit 2 pump fire contain cables
whose fire-induced failure disables Reactor Building 25OVDC MCC #2. Such an exposure does
not exist In the Unit 3 analysis. Crediting the safe shutdown procedures would allow for
recovery of the Isolation Condenser.
Seismic-Related Unit 3 Differences from Unit 2
With modifications to each unit in response to the Seismic Margins Analysis, there is no
significant difference in seismic vulnerabilities between the two units.
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RAI 3
In the Extended Power Uprate (EPU) Amendment application, Exelon indicates that the Level 2
analysis Is based on NUREG/CR-6595. However, there Is no such indication n the SAMA
portion of the Environmental Report (ER). Based on the above, provide a description of the
following:
a. the changes in the Level 2 methodology since the modified IPE submittal,
Including major modeling assumptions, containment event tree (CET)
structure, and binning of endstates
b. the methodology and criteria for binning CET endstates into release
categories used in the Level 3 analysis. Include the definitions of the release
characteristics listed in Column 2 of Table 4-5.
c. each release (consequence) category used in the Level 3 analysis (as listed
in Column I of Table 4-5), the specific source terms used to represent each
release category, and a containment matrix describing the mapping of Level
1 results (plant damage state frequencies) into the various release
categories

Response 3(a):
"[Provide]the changes in the Level 2 methodology since the modified IPE
submittal, including major modeling assumptions, containment event tree (CET)
structure, and binning of endstates.
The IPE and modified IPE employed what some would call a simplistic Level 2 methodology.
Many accident progression phenomena or failure modes were eliminated from consideration,
based on experiments, MAAP calculations, or judgments concerning the likelihood of various
phenomena. Core damage end states were coded for sequence characteristics that would affect
the remaining phenomena affecting containment performance. Based on those characteristics, It
was determined in what time range the vessel would fail, whether the pedestal area was dry or
wet, whether containment sprays were operating, whether liner melt-through was likely, and
whether containment vent was operated. Based on this information, it was determined which
core damage end states resulted in containment failure, and which resulted In LERF.
Because of the limitations of the IPE Level 2 model, the model was revised for the 1999
Dresden PRA Upgrade. It was decided to use a simplified LERF model In the style of
NUREGICR-6595. The 1999 Dresden PRA was used for the Extended Power Uprate (EPU)
submittal.
The submittal for License Renewal required Level 3 calculations. Therefore, Exelon decided to
devebp a full Level 2 PRA model for Dresden that meets standard industry practices. The full
Level 2 model was used for the License Renewal analyses, and that model also has now been
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incorporated in the 2002 Dresden PRA model. It is also the basis for LERF calculations for risk
assessment.
A brief summary of the current Level 2 model compared to the 1999 Level 2 model that was
used for the EPU submittal follows:
*

No changes In modeling assumptions

*

CET structure has been enhanced to include more top event nodes

*

Old CET had LERF and non-LERF end states whereas the updated model has
several release category bins (see Responses 3(b) and 3(c))

Response 3(b):

*[Provde)the methodology and criteria for binning CET endstates into release
categories used in the Level 3 analysis. Include the definitions of the release
characteristics listed in Column 2 of Table 4-5.'
Each CET end state can be associated with a radionuclide source term bin, which covers a
spectrum of similar potential scenarios and timing. Theoretically, It would be desirable in
determining the point estimates of risk to evaluate the source terms for each sequence of each
accident plant damage state. However, for purposes of risk presentation, the CET end states can
also be characterized In such a manner as to combine similar consequence impact" sequences
within a CET end state.
The discrete nature of the radionuclide release categories means that the severe accident
spectrum is divided up into bins, which then represent a group of severe accidents that have
similar characteristics. These characteristics would imply similar public health consequences. It
has been found in the past that the public health consequences are affected by a large number
of goveming features. The following portrays the radionuclide release category characterization
used for Dresden.
Radionuclide Release Cateaories (CET End States)
The spectrum of possible radionuclide release scenarios is represented by a discrete set of
categories or bins. The end states of the containment and phenomenological event sequences
may be characterized according to certain key quantitative attributes that affect offsite
consequences. These attributes include two important factors:
*

Timing (e.g., early or late releases); and,

*

Total quantity of fission products released.
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Therefore, the containment event tree end states represent the source term magnitude and
relative timing of the radionuclide release. The number of categories used for Dresden (i.e., 13)
in the source term characterization offers a level of discrimination similar to that included in
numerous published PRAs.
Timing Bins
Three timing categories are used, as follows:
*

Early (E)

Less than time when evacuation is effective

*

Intermediate (I)

Greater than or equal to Early, but less than 24 hrs

*

Late (L)

Greater than or equal to 24 hours.

The definition of the categories Is based upon past experience concerning offsite accident
response:
* Early Is conservatively assumed to include cases In which minimal offsite
protective measures have been observed to be performed In non-nuclear
accidents.
* Intermediate Is a time frame in which much of the offsite nuclear plant protective
measures can be assured to be accomplished.
*

Late (>24 hours) are times at which the offsite measures can be assumed to be
fully effective.

Radionuclide Release Magnitude Bins
The assessment of plant response under postulated severe accident scenarios is a complex
integrated evaluation. The primary and secondary containment building responses are sensitive to
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
Level 2 assessment These deterministic calculations provide the following information:
*

The pressures and temperatures for various accident scenarios In the RPV,
the drywell, the wetwell, and the reactor building;

*

The times to reach these pressures and temperatures which is key to the
assessment of recovery; (The time windows available for recovery actions must
be estimated.)

*

The source term magnitude and timing.

Five severity classifications associated with volatile or particulate releases are defined as follows:
*

High (H) - A radionuclide release of sufficient magnitude to have the
potential to cause prompt fatalities.
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*

Medium or Moderate (M) - A radionuclide release of sufficient magnitude to
cause near-term health effects.

*

Low (L) - A radionuclide release with the potential for latent health effects.

*

Low-Low (LL) - A radionuclide release with undetectable or minor health
effects.
Negligible (OK) - A radionuclide release that is less than or equal to the
containment design base leakage.

*

A relationship was then developed with the five release severity categories. The results of this
partitioning are shown in Table 3-1.
Table 3-1
Release Severity Categorization
Release Severity
High
Medium/Moderate
Low
Low-Low
Negligible

JFraction of Released Csl Fission Products
greater than 10%
I to 10%
0.1 to 1.0%
less than 0.1%
much less than 0.1%

The resulting definitions of the radionuclide release end states are summarized in Table 3-2. The
combinations of severity and timing classifications results in one OK release category and 12
other release categories of varying times and magnitudes. These 12 other release categories are
shown in Table 3-3. These are the dominant release categories shown in column 2 of Table 4-5
of the Environmental Report.
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Table 3-2
Release Severity And Timing Classification Scheme
Release Severity
Classification
Category

1)

Release Timing

I

Classification
Cs Iodide
Cs Iodide %
Release

j

I

Classification
Category

Time of Initial Release)
llassification
Relative to Time for General
~ Emergency Declaration

High (H)

Greater than 10

Late (L)

Greater than 24 hours

Medium or
Moderate (M)

I to 10

Intermediate (I)

5 to 24 hours

Low (L)

0.1 to 1

Early (E)

Less than 5 hours

Low-low (LL)

Less than 0.1

No iodine (OK)

0

The conditions dictating a General Emergency are used as the surrogate for the time
when EALs are exceeded, which In turn Is used as the relative time to measure when the
release occurs.

Table 3-3
Dresden Release Categories

Time of
Release

H

E

HIE

MIE

UE

LUE

l

H/I

Mil

Ul

LUI

L

HIL

MIL

ULLLL

Magnitude of Release
M
L

LL
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Response 3(c):
'[Provide] each release (consequence) category used in the Level 3 analysis (as
listed in Column 1 of Table 4-5), the specific source terms used to represent
each release category, and a containment matrix describing the mapping of
Level 1 results (plant damage state frequencies) into the various release
categories."
Source Terms used to Represent each Release Cate-gory
As requested, Table 3-4 provides a list of the source terms associated with each of the release
categories as listed inColumn I of Table 4-5 of the ER.
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Table 3.4
Source Terms Associated with Each Release Category
Release Category"M
I

I

~~

.

.

.

12.2
DR0040

L243

L2-4

12-5

DR0024

NA

DR0034

DR0031

NA

L2-7
DR0028

DR0042

L2.0
DR0039

1-2-10
DR0043

80 min

15 hr

NA

1.1 hr

15 hr

NA

45 min

15 hr

20 min

60 min

TotalReleaseat 3Hours
Start of Release (hr)
End of ReleaSe (hr)

95
4.1
4.1

100
47.5
55

NA
NA
NA

100
1.1
4

100
37.8
45

NA
NA
NA

86
5.7
6

94
5.7
6

100
0.28
2

0.33
3
36

Total Release %at 36 Hours
Start of Release (hr)
End of Release ()

23
4.1
4.1

35
47.5
60

NA
NA
NA

1.7
1.9
2

1.8
37.8
45

NA
NA
NA

0.35
5.7
5.7

022
5.7
11

98
0.28
2

8.30E-04
3
0

18
4.1
8

27
55
e5

NA
NA
NA

1.6
1.9
4

0.9
37.8
45

NA
NA
NA

0.48
5.7
5.7

0.39
5.7
8

78
0.28
2

3.20E-05
3
8

Total Release %at 36 Hours
Start of Release (hr)
End of Release (hr)

3.1
4.1
7

3.1
55
60

NA
NA
NA

5.8
7
10

0.7
55
eo

NA
NA
NA

4.4
5.7
8

3.40E-03
7
10

4.6
0.28
8

3.20E-05
6
8

Total Release % at 36 Hours
Sart of Release (hr)
End of Release (hr)

9.OOE-04
4.1
4.1

520E-02
47.5
47.5

NA
NA
NA

0.027
1.9
2

3.00E-03
37.8
40

NA
NA
NA

4.50E04
5.7
1e

1.80E-03
12
16

1.9
0.28
2

2.30E-07
3
6

NA
NA
NA

2.8
1.9
2

_
0.8
37.8
45

NA
NA
NA

1.3
5.7
14

1.5
5.7
18

.
78
0.28
2

2.20E-04
3
8

MAAP Run
Time after Scram when General
Emergency Is dedared
Fission Product grou:

L2-1

L2

128

'

i-~-

1) Noble

2)Cal

3) TeO2

4) SrO

.__

_

Total Release %at 36 Hours
Start of Release (hr)
End of Release(hr)

__

"

_____--

5) MoO2

6) CsOH

_

Total Release %at 3 Hours
Star of Release hr)
End of Rease (hr)

_

_

27
4.1
11

31
55
85
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Table 3-4
Source Terms Associated wfth Each Release Category
Release Category'21
V

12.1

L2.2

L2.3

L2.4

DR0024

DR0040

NA

0 min

15 hr

NA

Total Release %at 3 Hours
Start of Release hr)
End ofReleaser

1.4
4.1
7

1.4
55

eo

NA
NA
NA

2.5
7
1tO

Total Release %at 35 Hours
Start of Relese (hr)
End of Release(hr)

0.4
4.1
7

0.32
55
60

NA
NA
NA

0.82
7
10

Total Release % at 38 Hours
Start of Release (hr)
End of Release (hr)

2.1
4.1
7

1.9
55

e0

NA
NA
NA

Total Release %at 36 Hows
Stan of Release (hr)
End of Release (hr)

74
4.1
14

43
55
70

Total Release % at 36 Hours
Start of Release (hr)
EndofRelease(hr)

1.4
4.1
14

1.1
55
80

MAAP Run
TIme after Saam when General
Emey s dedlared

7)BaO

I

I

2.8

2.10

L2-

L2.6

12.7

DR0034

DR0031

NA

DR0028

DROD42

DR0039

DR0043

1.thr

15hr

NA

45 min

15 hr

20 min

80 mn

0.3
55
80

NA
NA
NA

1.9
5.7
8

6.80E 03
8
14

4.7
0.28
8

1.30E-05
6
8

4.00E-02
55
8o

NA
NA
NA

0.55
5.7
8

3.10E-03
8
12

0.8
0.28

8

6.70E-06
8
8

2.8
7

0.3
55

10

eo

NA
NA
NA

2.3
5.7
8

0.023
8
12

2.2
5
8

1.60E-05
6
8

NA
NA
NA

28
1.9
12

21
37.8
70

NA
NA
NA

20
5.7
14

19
8
18

88
0.28
4

7.50E-04
3
6

NA
NA
NA

0.52
7
8

1.30E-01
55
60

NA
NA
NA

0.31
5.7
8

0.38
8
12

0.3
5
20

1.OOE-05
6
8

1.OOE-03
55
60

NA
NA
NA

2.00E-02
5.7

3.40E-03
8
14

1.SOE-02
5
8

1.60E-07
6
8

roductGroup:_

L2.9

1

=

8)la203

.

9) CeO2

10) Sb

.

,

_

__

_

_

11) Te2

12)U02

_02

___

Total Release %at 3 Hours
1.OOE.02
9.00E-03
NA
1.70E-02
Start of Release hr)
4.1
55
NA
7
End of Release )
6
55
NA
10
(1) Puff releases are denoted in the table by those entries wth equivalent start and end tmes.
(2) All cases run for 36 hours except DR0040 and DR0031 run for 72 hours
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Mapping of Level I Results into the Various Release Categories
One link between the Level I PSA accident sequences and the Containment Event Tree occurs in
the definition of the Level 1 end states. The definition of the end states are developed to transfer
the maximum amount of information regarding the accident sequence characteristics to the CET
assessment What follows summarizes the fink between Level I end states and the entry condition
to the CET such that a mapping of the Level 1 results into the various release categories can be
provided.
A broad spectrum of accident sequences have been postulated that could lead to core damage
and potentially challenge containment The Dresden Level 1 PSA has calculated the frequency of
those accident sequences that contribute to the core damage frequency for Dresden using system
oriented (systemic) event trees. Each of these sequences may result in different challenges to
containment However, many of these challenges to containment have similarities In their
functional failure characteristics. This has been confirmed In Individual BWR PRAs including
NUREG-1 150. The result is that these studies have categorized these containment challenges
Into a finite, discrete group of accident sequence bins, which have similar functional failures.
As pointed out In past BWR PRAs, different portions of the spectrum of postulated core damage
accidents represent substantially different challenges to the containment depending upon the
system failures and phenomena that have contributed to the sequence. Therefore, the
containment event tree response must be capable of reflecting the entire spectrum of challenges to
ensure that the following are explicitly incorporated:
*

System failures in the Level 1 evaluation (including support systems)

*
*

Phenomenological interaction due to the type of core melt progression
RPV conditions
-

Pressures

*

Decay heat level
Containment conditions

*

riming of the sequence of events (i.e., core damage and containment failure (if

-

applicable)).
Core Damage Functional aasses
An event sequence classification into five accident sequence functional classes can be perforned
using the functional events as a basis for selection of end states. The description of functional
classes is presented here to introduce the terminology to be used In characterizing the basic types
of challenges to containment. The reactor pressure vessel condition and containment condition for
each of these classes at the time of Initial core damage is noted in Table 3-5.
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Table 3-5
Core Damage Functional Classes (from the Level 1 Analysis)
Core Damage
Functional Class

RPV Condition

Containment
Condition

I

Loss of effective coolant Inventory (includes high
and low pressure inventory losses)
Loss of effective containment pressure control,
e.g., heat removal
LOCA with oss of effective coolant inventory
makeup

Intact
Breached or Intact

IV

Failure of effective reactivity control

Breached or Intact

V

LOCA outside containment

II
li

Intact

Breached (bypassed)

In assessing the ability of the containment and other plant systems to prevent or mitigate
radionuclide release, it is desirable to further subdivide these general functional categories. In the
second level binning process, the similar accident sequences grouped within each accident
functional class are further discriminated Into subclasses such that the potential for system
recovery can be modeled. The Interdependencies that exdst between plant system operation and
the core melt and radionuclide release phenomena are represented in the release frequencies
through the binning process involving these subclasses, as shown in past PRAs and PRA reviews.
The binning process, which consolidates Information from the systems' evaluation of accident
sequences leading to core damage in preparation for transfer to the containment-source term
evaluation, involves the identification of 18 classes and subclasses of accident sequence types.
Table 3-6 provides a description of the possible subclasses used in the Dresden analysis.
The Accident Class designators and subclasses listed in Table 36 represent the core damage
endstate categories from the Level 1 analysis that are grouped together as entry conditions for the
Level 2 analysis. Each of the subclasses Is then represented by a series of Containment Event
Trees (CETs) to determine the Release Categorization for each of the accident scenarios. As
such, the end states from the Level 2 analysis are assigned to one of the Release Categories
noted in Table 3-3 as part of Response 3(b). The characterization of the Level 2 results (i.e., as
H/E, MWI,
etc., or CAass V or OK) was then used to determine the frequency of the associated
Consequence Category shown in Table 4-5 of the ER. Note that in this fashion, the Level 1 results
are not directly linked to a release category, but rather the Level 2 endstate results based on the
sum of all of the Release Category frequencies comprise the Consequence Category for each
Phase IISAMA considered.
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Table 3-6
Summary of the Core Damage
Accident Sequence Subclasses
WASH-1400
Designator
Example

Accident
Class
Designator

Subclass

Class I

A

Accident sequences involving loss of inventory
makeup Inwhich the reactor pressure remains
high.

TQUCX

B

Accident sequences involving a station blackout
and loss of coolant Inventory makeup.

TEQW

C

Accident sequences involving a loss of coolant
Inventory induced by an ATWS sequence with
containment intact.

TT'CMQU

D

Accident sequences involving a loss of coolant
inventory makeup in which reactor pressure has
been successfully reduced to 200 psi.; Le.,
accident sequences initiated by common mode
failures disabling multiple systems (ECCS) leading
to loss of coolant Inventory makeup.

E

Accident sequence involving loss of Inventory
makeup In which the reactor pressure remains
high and DC power is unavailable.

A

Accident sequences nvolving a loss of
containment heat removal with the RPV initially
intact; core damage induced post containment
failure

TW

L

Accident sequences involving a loss of
containment heat removal with the RPV breached
but no initial core damage; core damage after
containment failure.

AW

T

Accident sequences involving a loss of
containment heat removal with the RPV Initially
intact; core damage induced post high
containment pressure

N/A

V

Class IIA or IL except that the vent operates as
designed; loss of makeup occurs at some time
following vent initiation. Suppression pool
saturated but Intact.

TW

Class 11

Definition

TQ
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Table 3-6
Summary of the Core Damage
Accident Sequence Subclasses

IWASH-1400
Designator

Accident
Class
Designator

Subclass

Class IIl
(LOCA)

A

Accident sequences leading to core damage
conditions initiated by vessel rupture where the
containment integrity is not breached in the initial
time phase of the accident.

B

Accident sequences initiated or resulting in small
or medium LOCAs for which the reactor cannot be
depressurized prior to core damage occurring.

S1QUX

C

Accident sequences initiated or resulting in
medium or large LOCAs for which the reactor is at
low pressure and no effective injection is available.

AV

D

Accident sequences which are initiated by a LOCA
or RPV failure and for which the vapor
suppression system is inadequate, challenging the
containment integrity with subsequent failure of
makeup systems.

AD

A

Accident sequences involving failure of adequate
shutdown reactivity with the RPV initially intact;
core damage induced post containment failure.

L

Accident sequences involving a failure of
adequate shutdown reactivity with the RPV initially
breached (e.g., LOCA or SORV); core damage
induced post containment failure.

N/A

T

Accident sequences involving a failure of
adequate shutdown reactivity with the RPV initially
intact; core damage induced post high
containment pressure.

NIA

V

Class IV A or L except that the vent operates as
designed; bss of makeup occurs at some time
following vent initiation. Suppression pool
saturated but intact.

N/A

-

Unisolated LOCA outside containment

N/A

Class IV
(ATWS)

Class V

Definition

Example

_.
R

TTCMC2
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The CET calculation for each cutset uses Boolean logic and fault tree models to process the
incoming Level 1 cutsets to ensure that the resulting Radionuclide release frequencies properly
reflect the impact on release magnitude and timing of the containment and containment
mitigation systems. A typical CET (for Accident Class 1A) is provided in Figure 3-1.
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The CET calculation for each cutset uses Boolean logic and fault tree models to process the
incoming Level I cutsets to ensure that the resulting Radionuclide release frequencies properly
reflect the Impact on release magnitude and timing of the containment and containment
mitigation systems. A typical CET (for Accident Class 1A) is provided in Figure 3-1.
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Figure 3-1

Typical Dresden Level 2 Containment Event Tree
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In summary, the Level I end states do not translate directly into release categories. Each Level
1 accident sequence (all of the cutsets) is transferred Into the appropriate CET. The CET is
then used to determine the resulting frequency for each radionuclide release end state from
each incoming cutset. This is typical of a full Level 2 for a binned fault tree model. This
approach does not Involve a matrix that relates Level 1 sequences directly to Radionuclide end
states.
Although not created as part of the normal calculation process, the results of the analysis can
be binned to show the contribution to each release category by Level 1 end state. Table 3-7
shows the requested results for the base case 2002 model.
Table 3-7
Matrix of Level I Results with Various Release Categories
Base Case (2002 Model)
Level 2 Release Category I Level 3 Consequence Category
Level I
_
, LLn,
Accident HIE
KF1
HIL()
MIE
Mll M/L P) LL/E LIL, or Class V Intact Total
Class
(L2-1) (L2-2) (12.3) (12.4) (12-5) (12-) (U-7) LLtL (L2.9) (12-10)
(L2-8)
1A/1E
IBE
1BL
IC
ID
2
3B
3C
3D
4A
5

1.04E-07
NIA
9.49E4-9 .61E.08 3.22E4-8
NIA
2.72E-09 5.43E-08
N/A
9.82E-09
NIA
O.OOE+00 O.OOE+00 9.05E4-8 O.OOE+00 4.59E-10 1.23E.09
NIA
N/A
4.64E-09 O.OE+00
N/A
5.79E-08 .OOE+00 NIA
0.00E+00
N/A
O.OOE+00
N/A 0.OOE+00 0.00E+00 O.OOE+00 .OOE+00 O.OOE+00
0.00E+00
N/A
0.00E+00
N/A O.OOE+00 O.00E+00 1.88E-0
NIA O.OOE+00 2.03E-09
N/A
0OOE+00 625E-10
N/A
1.15E-09 7.97E-08
N/A
N/A
N/A
NJA
Q.OOE+00 O.E+00 O.OOE+00
N/A O.OE+00 O.OOE+00 1.09E-10 .OOE+OO
N/A
8.17E-08
NIA
NIA
N/A
N/A
WA
NA
N/A
N/A
1.18E-08
N/A
N/A
N/A
NA
N/A
NIA
N/A
N/A
9.41E-08
NIA
N/A
9.15E-08
N/A
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A
NA
NIA
N/A
N/A
1.74E-

Total: 3.01E-07 5.26E809 9.48E-09 1.09E-07 2.79E-07

8.41E-07 1.06E-06
1.98E-07 3.01E-07
4.55E-08 1.08E-07
i.79E-08 1.79E-08
4.77E-09 2.56E-08
0O.OE+00 &15E-08
1.52E-08 1.53E-08
3.49E-10 8.20E-08
0O.OOE+00 1.18E-0
O.OE+00 1.86E-07
O.OOE+00 1.74E-09

.OOE+00 329E4- 5.76E-8 1.74E-09 1.12E-06 1.89E-06

(1)Included with the H/I Consequence Category (12-2) for evaluation purposes.
(2)

Included with the MI Consequence Category (12-5) for evaluation purposes.
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RA14
Provide the following information concerning the MELCOR Accident Consequences Code
System (MACCS) analyses:
a. the MACCS analysis assumes all releases that occur at ground level and
have a thermal content the same as ambient. These assumptions could be
non-conservative when estimating offsite consequences.
Provide an
assessment of the sensitivity of offsite consequences (doses to the
population within 50 miles) to these assumptions.
b. the discussion of meteorology indicates that there are data voids in the 2000
data set used. Interpolation was used between hours If only a brief period of
data was missing, and hourly observations from the airport were used to ill
larger data voids. Provide a characterization of the magnitude and extent of
the data voids and the rationale for using the airport data rather than
interpolation. Confirm that the 2000 data set is representative of the DNPS
site andjustify its use.
c. clarify the time periods used for am and pm for the atmospheric mixing
heights (e.g., midnight to noon and noon to midnight, versus sunrise to
sunset).

Response 4(a):
j1T]he MACCS analysis assumes all releases that occur at ground level and have a thermal
content the same as ambient. These assumptions could be non-conservative when estimating
offsite consequences. Provide an assessment of the sensitivity of offsite consequences (doses
to the population within 50 miles) to these assumptions.'
MACCS2 was re-run for all 8 sequences assuming that all plumes originated from the top of the
reactor building, at an elevation of 141 feet above grade, rather than ground level (top of reactor
building at 658 feet, grade at 517 feet above sea level). Table 4-1 shows the increases that
were obtained for each sequence. As can be seen, the calculated dose increase from the
elevated release case compared to the ground level release case leads to an increase in the
dose of between 4% and 8%. The cost associated with each consequence category went up by
about 5-18% except for the containment intact case where a reduction In cost occurred. The
overall impact using the same assumptions that were utilized in the ER is a $27,952 increase
(+6.1%) in the calculated maximum averted cost risk. It is judged that this would not change
the results of the SAMA analysis.
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Table 4-1
Ratio of Dose Results
(Elevated to Ground-Level Releases)
Consequence

Category

MAAP Run
___

_

Dose
1.04

Cost
1.0

12-1

DR0024

1.04

1.08

L2-2

DR0040

1.06

1.05

12-4

DR0034

1.06

1.10

L2-5
L2-7

DR0031
DR0028

1.07
1.06

1.18
1.10

L2-8

DR0042

1.05

1.18

L2-9

DR0039

1.05

1.06

L2-10

DR0043

1.08

0.73

Response 4(b):
717he discussion of meteorology indicates that there are data voids In the 2000 data set used.
Interpolation was used between hours if only a brief period of data was missing, and hourly
observations from the airport were used to fill larger data voids Provide a characterization of
the magnitude and extent of the data voids and the rationale for using the airport data rather
than interpolation. Confirn that the 2000 data set is representative of the DNPS site andjustify
its use. N
The year 2000 meteorological data sets for QCNPS and DNPS were selected due to the fact
that they had the least number of data voids (compared to 1998, 1999 and 2001).
The year 2000 DNPS meteorological data set had a total of 14 hours of missing data. Of these
14 hours, no more than two consecutive hours were missing. All gaps in the year 2000
meteorological data set for DNPS were filled by using Interpolation methods.
Due to the rather small extent of the data voids, it is believed that the data set is representative
of the DNPS site.
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Response 4(c):
"[C)larify the time periods used for am and pm for the atmospheric mbing heights (e.g., midnight
to noon and noon to midnight, versus sunrise to sunset).
The original source (George C. Holworth, "Mixing Heights, Wind Speeds, and Potential for
Urban Air Pollution throughout the Contiguous United States," USEPA Office of Air Programs,
January 1972) did not use the words 'am' or pm," but actually referred to "morning" and
'aftemoon" mixing heights. This source defined morning as being the four-hour period
from 0200 to 0600 Local Standard rime and afternoon as being the four-hour period from 1200
to 1600 Local Standard lime.
The Code Manual for MACCS2: Volume I (from Appendix B, page B-2) states the following:
"The first of these two values corresponds to the morning mixing height and the
second to the afternoon height. In the current implementation, the larger of these
two values and the value of the boundary weather mixing height Is used by the
code."
"in its present form, that atmospheric model implemented In MACCS2 does not
allow a change in the mixing layer to occur during transport of the plume. Mixing
layer height is assumed to be constant and therefore only a single value is used
by the code."
Since the Dresden MACCS2 analyses considered plumes that have durations in excess of 12
hours (some as long as 24 hours), these conditions mean that, for all Intents and purposes, only
the afternoon mixing height is used since It is always larger than the morning mixing height.
Note that the boundary weather mixing height, wind speed and stability category are only used
when there is no met data file. These fixed values are ignored by the code when an hourly met
data file is supplied by the user, as was the case in the MACCS2 runs for Dresden.
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RAI 5
According to Table F-I of the Environmental Report (ER), Exelon evaluated 265 SAMA
candidates. Of these 265 candidates, 21 were obtained from DNPS-specific documents. It Is
not clear that the set of SAMAs evaluated in the ER addresses the major risk contributors for
DNPS. In this regard, provide the following:
a. a description of how the dominant risk contributors at DNPS, including
dominant sequences and cut sets from the current Probabilistic Risk
Assessment PRA) and equipment failures and operator actions identified
through Importance analyses (e.g., Fussell-Vesely, Risk Reduction Worth,
etc.) were used to Identify potential plant-specific SAMAs for DNPS.
b. the number of sequences and cut sets reviewed/evaluated and what
percentage of the total CDF they represent.
c. a listing of equipment failures and human actions that have the greatest
potential for reducing risk at DNPS based on importance analysis and cut set
screening.
d. for each dominant contributor identified in the current PRA (2002 Update), a
cross-reference to the SAMAs evaluated in the ER which addresses that
contributor. If a SAMA was not evaluated for a dominant risk contributor,
then justify why SAMAs to further reduce these contributors would not be cost
beneficial.
e. the reasons for the difference in the number of SAMAs evaluated for Quad
Cities Nuclear Power Station (QCNPS) and DNPS (280 v. 265).
f. a general description of the group of 130 insights mentioned in the original
IPE and a discussion of how and whether the Insights that were not
implemented were factored into the SAMA evaluation.
Response 5(a):
"'Provide) a description of how the dominant risk contributors at DNPS, Including dominant
sequences and cut sets from the current Probabilistic Risk Assessment (PRA) and equipment
failures and operator actions identified through importance analyses (e.g., Fussell-Vesely, Risk
Reduction Worth, etc.) were used to identify potential plant-specific SAMAs for DNPS.
A review of the CDF-based Risk Reduction Worth (RRW) rankings for the current model was
performed. The rankings of these equipment failures, operator actions, and initiating events
were checked to determine if any items could be beneficial that were not addressed by the
existing SAMA list. The examination of the dominant RRW basic events encompassed the
dominant sequences and cut sets from the current PRA model. RAI response 5(d) provides a
more detailed discussion of this Importance ranking review.
Response 5(b):
"Provide) the number of sequences and cut sets reviewed/evaluated and what percentage of
the total CDF they represent.
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The CDF-based RRW listing was reviewed down to and including the 1.01 level, which indicates
the events below this point would influence the CDF by less than 1.0%. This corresponds to
about a $4000 averted cost-risk based on CDF reduction assuming 100% reliability of the
associated event. An evaluation of the top LERF-based contributors to RRW was also
performed. It was determined that a similar averted cost of about $4000 would be obtained by
examining the LERF-based RRW factors down to a value of 1.03. RAI response 5(d) provides a
more detailed discussion of the importance ranking review and the results.
Response 5(c):
"[Providej a listing of equipment failures and human actions that have the greatest potential for
reducing risk at DNPS based on importance analysis and cut set screening.m
RAI response 5(d) provides a listing of equipment failures, human actions, and initiating events
that have the greatest potential for reducing risk at DNPS based on importance analysis and cut
set screening.
Response 5(c9:
Provde] for each dominant contributor identified in the current PRA (2002 Update), a crossreference to the SAMAs evaluated in the ER which addresses that contributor. If a SAMA was
not evaluated for a dominant risk contributor, then justify why SAMAs to further reduce these
contributors would not be cost beneficial.tm
Table 5-1 (for CDF) and Table 5-2 (for LERF) provide a correlation between the events
Identified In the DNPS PSA model (2002 Update) that are considered to have the greatest
potential for reducing risk and their relationship to the SAMAs evaluated in the Environmental
Report.
The events included in Table 5-1 are based on the core damage frequency RRW factors down
to and including RRW values of 1.01. The events Included in Table 5-2 are based on the large
early release frequency RRW factors down to an RRW value of 1.03. Both of these RRW
factors correspond to potential averted cost risk of about $4000. The events below this point
are judged to be highly unlikely contributors to the identification of cost-beneficial
enhancements.
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Table 5-1
Correlation of COF Importance Listing to Evaluated SAMAs
Event Name
F-ICALONE

Probability
1.00E 00

RRW
1.87

Basic Event Description
Disposition
FLAG: IC FAILURE NOT
This event represents a sequence marker flag identifyng those
CAUSED BY FAILURE OF scenarios with Isolation condenser failures. The Isolation
REACTOR VESSEL MAKE- condenser can provide level control and decay heat removal.
UP
Many SAMAs were considered that explored alternate Injection
and decay heat removal capabilities. No additional SAMAs
were suggested.

O-AD-MU1

1.10E-04

1.47

2ADOP-ACT-ADSH21COP-IC-MUI-H-

%LOOP

3.09E-02

1.35

INIT: LOSS OF OFFSITE
POWER

_________

%TF

4.47E-02

1.28

2HI-SYSTEMUA-M-

2.13E-02

1.19

__________________
_________

_______

This event represents the unlikely scenario of combined
operator action failures for separate actions that otherwise are
evaluated independently. This event Is Included for
completeness as part of the human reliability dependency
analysis. Phase I SAMAs 250 and 255 examine potential
improvements Inoperator performance. No additional SAMAs
were suggested for this topic.

This event Is a single unit loss of offsite power event.
Improvements related to enhanced AC or DC reliabilty or
availability were considered In Phase I SAMAs 90 through 129.
Many other SAMAs were also considered that would provide
mitigation benefits Inloss of offsite power scenarios including
Phase II SAMAs 1, 2, 6, and 10. No additional SAMAs were
suggested for this broad topic.
INIT: TRANSIENT WITH FW This event represents the loss of feedwater Initiating event
frequency. Industry efforts over the last fifteen years have led
UNAVAILABLE AND MC
AVAILABLE
to a significant reduction In the number of plant scrams from all
causes. Many of the SAMAs explored potential benefits for
mitigation from these events. No additional SAMAs were
suggested for this broad topic.
HPCI SYSTEM MUA

This event represents the probability of the HPCI system In
maintenance. Potential Improvements to enhance high
pressure Injection capabilities were considered in Phase I
SAMAs 19, 178, 179, 185, 189 193, 196, 198, 201, 203, and
204. None of these SAMAs were maintained for Phase II, and
no additional SAMAs were suggested.
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Table 5.1
Correlation of CDF Importance Listing to Evaluated SAMAs
Event Name

oDLOOP

Probability
9.41 E-03

RRW
1.18

Basic Event Description
INIT: DUAL LOSS OF
OFFSITE POWER

Disposition
This event represents the dual unit loss of offslte power initiating
event frequency. See disposition above for %LOOP (Single
Unit Loss of OffsIte Power).

BDCBY125-FCC

4.93E-06

1.14

COMMON CAUSE FAILURE
is event represents the common cause failure of the 125V
OF UNIT 2 AND UNIT 3
DC batteries. Many SAMAs were Included that address
125VDC BATTERIES
potential enhancements for DC reliability and/or alternate
(B=9.86E-03)
means of providing DC power. Phase I SAMAs 92,93,98,97,
98, 99, 113, 124, 125, 126, 127, and 128 are all related to
improved DC performance. No additional SAMAs were

suggested for this broad topic.

2RPCDRPS-MECHFCC

2.10E-06

1.12

RPS MECHANICAL
FAILURE

%TT

1.81 E+00

1.12

INiT: TRANSIENT WITH FW This event represents the turbine trip Initiating event frequency.
AND MC AVAILABLE
Industry efforts over the last fifteen years have led to a
significant reduction Inthe number of reactor scrams and
turbine trips. Many of the SAMAs explored potential benefits for
mitigation from these events. No additional SAMAs were
suggested for this broad topic.

2PLSV-F-RECL-K-

1.50E-01

1.11

FAILURE OF SRVs TO
RECLOSE ON REDUCED
PRESSURE

This event represents the Mechanical Scram failure probability
based on the NUREG/CR-5500 INEEL evaluation of a
representative BWR RPS system. Potential improvements to
minimize the risks associated with ATWS scenarios were
explored in Phase I SAMAs 213-227, 259. and 280. Phase I
SAMs 259 and 260 were retained as Phase II SAMAs 7 and 8,
respectively. No additional SAMAs were suggested for this
broad topic.

This event represents the likelihood that the SRVs will not
reclose after Initially sticking open In response to a pressure
transient. The failure value of 0.15 Is based on limited industry
evidence. See disposition for 2PLSVSORV-NTTK- (Probability
of SORV for non-turbine trip initiators) below.
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Table 5-1
Correlation of COF Importance Listing to Evaluated SAMAs
Event Name
2PLSVSORV-NTTK-

Probability
5.40E-02

RRW
1.10

Basic Event Description
PROBABILITY OF SORV
FOR NON TT INITIATORS

Disposition
This event represents the likelihood that an SRV will stick open
in response to a pressure transient. For Dresden, this renders
the isolation condenser ineffective. Consequently, early
Injection from HPCI or depressurization for low pressure
injection Is required for success. Many SAMAs considered
potential benefits from Improved injection capabilities or
Improved depressurization capabilities. No additional SAMAs
were suggested.

%hTDC

1.50E-06

1.09

INiT: LOSS OF MULTIPLE
DC BUSES

This event represents the unlikely Initiating event of a complete
loss of both 125V DC buses. Many SAMAs were Included that
address potential enhancements for DC reliability and/or
alternate means of providing DC power. Phase I SAMAs 92.
93, 96, 97, 98, 99, 113, 124, 125, 128, 127, and 128 are all
related to Improved DC performance. No additional SAMAs
were suggested for this broad topic.

2DCRX-BUS2RECF-

7.10E-01

1.09

DC BUS 2 FAIL TO
RECOVER (GIVEN LOSS
OF MULTIPLE DC BUSES
INITIATOR %/*TDC)

This event involves failure to recover one of the 125V DC buses
given loss of both. See disposition above for YoTDC (Loss of
Multiple 125V DC Buses Initiating Event).

3DCRX-BUS3RECF-

7.101E-01

1.09

DC BUS 3 FAIL TO
RECOVER (GIVEN LOSS
OF MULTIPLE DC BUSES
INITIATOR %TDC)

This event involves failure to recover one of the 125V DC buses
iven loss of both. See disposition above for %TDC (Loss of
Multiple 125V DC Buses Initiating Event).

F-BUS241

1.001E+00

1.08

FLAG: LOSS OF POWER AT This event Is a sequence marker flag for Bus 24-1 failures.
BUS 24-1
Improvements related to enhanced AC or DC reliability or
availability were considered in Phase I SAMAs 90 through 129.
Many other SAMAs were also considered that would provide
mitigation benefits Inloss of offsite power scenarios Including
Phase II SAMAs 1, 2. 8, and 10. No additional SAMAs were
suggested for this broad topic.
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Table 5.1
Correlation of COF Importance Listing to Evaluated SAMAs
Event Name
F-BUS231

Probability
1.OOE+00

RRW
1.08

Basic Event Description
Disposition
FLAG: LOSS OF POWER AT This event is a sequence marker flag for Bus 23-1 failures. See
BUS 23-1
disposition above for F-BUS241 (Sequence marker flag for loss
of Bus 24-1).

2ADOP-DEPMADSH-

3.50E-03

1.08

OP ACT: DEPRESS RPV
(MLOCA/SORV)

This event represents the human error probability for failing to
depressurize for low pressure injection given a medium LOCA
or SORV event and initial failure of HPCI to inject (thereby
requiring depressurization for low pressure injection). Potential
Improvements to depressurization capabilities were considered
In Phase I SAMAs 190, 191, 229, 230, 240, 241. and 247. No
additional SAMAs were suggested for this broad topic.

2HITB2301TURBX-

9.0OE-03

1.08

HPCI TURBINE FAILS TO
RUN

This event represents the HPCI turbine failing during its mission
time. See disposition above for 2HI-SYSTEMUA-M- (HPCI
system Inmaintenance).

0-AD-HIMU
I

1.10E-04

1.02

2ADOP-ACT-ADSH2HIOP-OVRFILLH

This event represents the unlikely scenario of combined
operato action failures for separate actions that otherwise are
evaluated Independently. This event is included for
completeness as part of the human reliability dependency
analysis. Phase I SAMAs 250 and 255 examine potential
improvements in operator performance. No additional SAMAs
were suggested for this topic.

21COP-IC-MUI-H-

BDGDG-3E-2S-XCC

1.88e-04

1.06

2SB0 AND 3EDG FAILURE This event represents the unlikely scenario of a common cause
TO RUN CCF
failure of the 2SBO and 3EDG. Improvements related to
enhanced AC or DC reliablity or availability were considered in
Phase I SAMAs 90 through 129. Many other SAMAs were also
considered that would provide mitigation benefits In loss of
offsite power scenarios including Phase II SAMAs 1, 2, 6, and
10. No additional SAMAs were suggested for this broad topic.

RDLOOP4

2.20E-01

1.08

FAILURE TO RECOVER
DLOOP WiTHIN 4 HOURS

.

This event represents the probability of not recovering off-she
power within 4 hours following a dual unit loss of off-site power.
See disposition above for %DLOOP (Dual Unit Loss of OffsIte
Power).
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Table 5-1
Correlation of CDF Importance Listing to Evaluated SAMAS
Event Name
2ACBS-UAT-RATF-

2RXSE-LEAK-L-

Probability
1.00E-01

RRW
1.04

Basic Event Description
PROB AC BUS WILL NOT
TRANSFER TO THE
RESERVE AUX
TRANSFORMER (RAT)
GIVEN LOSS OF DC BUS 2

Disposition
This event represents a pseudo-recovery action In loss of DC
bus or loss of multiple DC bus initiated events. The Importance
of this event would be minimized by reducing the frequency of
loss of DC events. See disposition above for %TDC (Loss of
Multiple 125V DC Buses Initiating Event).

1.00E-01

1.03

PROB REACTOR COOLANT
LEAKAGE IS SUFFICIENT
TO REQUIRE RPV MAKEUP
SOURCES

This event represents the likelihood that the recirculation pump
seals leak sufficiently to require RPV makeup given a loss of
cooling (e.g., in SBO scenarios). Improvements to the reliability
of the recirculation pump seals were examined In Phase I
SAMA 3 that was retained as Phase II SAMA 1. No additional
SAMAs were suggested.

.

________________
__________

%S1

2.40E-03

1.03

INIT: MEDIUM LOCA

%hA

1.90E-04

1.03

INIT: LARGE LOCA

2CAHU25-ABCDLHCC

8.00E-05

1.03

PREINIT: MISCALIBRATE
LEVEL SWITCHES 263-25
A-B-C & D DUE TO CC LOW

This event represents the Medium LOCA Initiating event
frequency. Mitigation from such an event would be improved by
the existence of more reliable or diverse low pressure injection
systems and water sources. Such potential Improvements were
examined in Phase I SAMAs 177, 184, 187,194, 197, 202, 205,
and 208. None of these SAMAs were maintained for Phase II,
and no additional SAMAs were suggested.
This event represents the Large LOCA Initiating event
frequency. Mitigation from such an event would be Improved by
the existence of more reliable or diverse low pressure Injection
systems and water sources. Such potential improvements were
examined in Phase I SAMAs 177, 184, 187,194, 197, 202, 205,
and 208. None of these SAMAs were maintained for Phase II,
and no additional SAMAs were suggested.
This event represents the unlikely scenario of a common cause
miscalibration of level switches leading to unavailability of the
isolation condenser. No additional SAMAs are suggested for
this topic.
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Table 5-1
Correlation of CDF Importance Listing to Evaluated SAMAs
Event Name
RDLOOP30

Probability
6.40E-01

RRW
1.03

2HITB-MULTA-

4.20E-03

1.03

%MS

2.68E+00

1.03

%TSW

1.98E-03

1.02

O-AD-CC2-MU1

1.00E-06

1.02

________________

Basic Event Description
FAILURE TO RECOVER
DLOOP WITHIN 30
MINUTES

Disposition
This event represents the probability of not recovering off-site
power within 30 minutes following a dual unit loss of off-site
power. See disposition above for %DLOOP (Dual Unit Loss of
__________________ Oftsite Power).
HPCI TURBINE FAILS TO
This event represents the HPCI turbine failing when required to
START MULTIPLE TIMES
start more than once. See disposition above for
(1.5 TIMES SINGLE START 2HI-SYSTEMUA-M- (HPCI system In maintenance).
FAILURE)
INIT: MANUAL SHUTDOWN This event represents the manual shutdown initiating event
frequency. Industry efforts over the last fifteen years have led
to a significant reduction in the number of manual shutdowns
and scrams from an causes. Many of the SAMAs explored
potential benefits for mitigation from these events. No
additional SAMAs were suggested for this broad topic.
INIT: LOSS OF SERVICE
This event is the loss of service water Initiating event. Potential
WATER
improvements and enhancements to the service water system
were examined In Phase I SAMAs 10, 20, 21, and 23. No
additional SAMAs were suggested, and no related SAMAs were
retained for Phase II. It is noted that In Phase I SAMA 23, the
cost of Installing an additional service water pump had been
estimated at approximately $5.9 million which is greater than
the maximum averted cost risk (even If large uncertainties and
external events are considered).
2ADOP-ACT-ADSH-

This event represents the unlikely scenario of combined

2CCOP-CNTC2-H2ICOP-IC-MU1-H-

operator
failures forThis
separate
that otherwise
are
evaluatedaction
independently.
eventactions
Is Included
for
completeness as part of the human reliability dependency
analysis. Phase I SAMAs 250 and 255 examine potential
Improvements In operator performance. No additional SAM[As
were suggested for this topic.
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Table 5-1

Correlation of CDF Importance Listing to Evaluated SAMAs
Event Nam
2MSOPMSIVINLKH-

21C-SYS-M-

__ __ __ __ __ __

Probability
9.30E-01

RRW
1.02

Basic Event Description
Disposition
OP ACT: BYPASS LOW
Thi event rpresents the human
r robabilit of byp ssing:
LEVEL MSIV INTERLOCK the MSIV isolation ,asdirected inthe O. Tis issuewas.,-,
(ATWS)
pcicall examined in haseSAMA 223 thatwas - .,
diposffionedi with reference to ,isin.capabiilies However. :
this action requires the useJumers ittaJinited 1ime : :
.
~~~~available;,and astsuch,:oaresa relatiely highER.vale.::
.
~~~~~~~~The
potential.i,,~ ,fit of imiplementing adeicated l.ow.-level -.
.
~~~~~~~~~ineckswtchi
h.h,,explored.,as :a,t of this RA, repne(e

7.74 E-03

1.02

ISO CNDNSR SYSTEM MUA his event represents the probabflity that the isolation
condenser isInmaintenance. The isolation condenser can
provide level control and decay heat removal. Many SAMAs
were considered that explored alternate Injection and decay
heat removal capabilities. No additional SAMAs were

__

__._

2FW-LDCHIGH-F-

5.OOE-02

_________

2FW-LDC-LOW-F-

5.OOE-02

2HITB23OITURBA-

2.80E-03
___
___

___

__
___

___
___

___

_

1.02

_

_

_

_

_

_

_

_

_

_

_

CONDTONAL PROB. OF
FW PUMP TRIP ON HIGH
LEVEL

_

This event represents the conditional probability of a feedwater
pump trp on high level given a loss of multiple DC bus initiator
As such, the Importance of this event would be reduced by
minimizing the loss of DC failures See disposition above for
TDC (Loss of Multiple 125V DC Buses Initating Event).
This event represents the conditional probability of a feedwater
pump trp on low level given a loss of multiple DC bus initiator.
As such, the importance of this event would be reduced by
minimizing the loss of DC failures. See disposition above for
Yo~~~~~~~~TDC
(Loss Of Muitiple 125V DC Buses Initiating Event).

HPCI TURBINE FAILS TO
START

This event represents the HPCI turbine failing to start. See
dispositon above for 2H1-SYSTEMUA-M- (HPCI system in

___.___

1.02

1.02
___

___

suggested.

CONDITIONAL PROB. OF
FW PUMP TRIP ON LOW
LEVEL

___

___

___

___

___

___

m aintenance
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Table 5-1
Correlation of CDF Importance Listing to Evaluated SAMAs
Event Name
2LI-TOP-PEAKF-

Probability

RRW

2.50E-O1

1.02

2PVPPWATERBRKR-

8.00E-02

1.02

2SLEV2-1106ABDCC

7.15E-03

1.02

EXPLOSIVE VALVES 21106A&B FAILURE TO
OPEN DUE TO CCF

BDGDG-3E-2S-ACC

6.32E-05

1.02

2 SBO AND 3EDG FAILURE This event represents the unlikely scenario of a common cause
TO START CCF
failure of the 2SBO and 3EDG. See disposition above for
BDGDG-3E-2S-XCC (2SBO and 3EDG failure to run CCF).

2ICOP-IC-MUI-H-

8.80E-03

1.02

21COP-LODCH-

1.40E-01

1.02

OP ACT: INITIATE IC SHELL This event represents the probability that IC shell side makeup
SIDE MAKEUP
will not be Initiated. The isolation condenser can provide level
control and decay heat removal. Many SAMAs were
considered that explored alternate injection and decay heat
removal capabilities. No additional SAMAs were suggested.
OP ACT: PREVENT LOSS This event represents the probability that the isolation
OF IC FOLLOWING
condenser will be maintained following battery depletion. The
BATTERY DEPLETION
Isolation condenser can provide level control and decay heat
removal. Many SAMAs were considered that explored alternate
injection and decay heat removal capabilities. No additional
SAMAs were suggested.

Basic Event Description
Disposition
RX PWR IS TOP PEAKED
This event was added to the model In response to a GE
SUCH THAT 2/3 RX LVI IS concern about LPCI steam cooling capabilities leading to
INSUFF TO COOL CORE
elevated temperatures In upper portions of the core.
(CS REQD)
Subsequent clarification on this issue will result In a reexamination of this assumption as part of the next update (I.e.,
LPCI injection with level maintained at 2/3 core height Is a
success state). No SAMAs were suggested for this issue.
WATER LINE BREAK
This event represents the conditional probability of medium
MEDIUM LOCA
LOCA Initiating events that are water line breaks as opposed to
steam line breaks. See disposition above for %S1 (Medium
LOCA Initiator).
This event represents the common cause failure of the SLC
system explosive valves. Diversification of the SLC explosive
valves was considered In Phase I SAMA 259 which was
retaIned as Phase II SAMA 8. No additional SAMAs were
suggested.
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Table 5-1
Correlation of COF Importance Listing to Evaluated SAMAs
Event Name
2FWAV3201ABC-DCC

Probability
9.65E-04

RRW
1.02

Basic Event Description
Disposition
RFP RECIRC. (MIN-FLOW) This event represents the unlikely scenario of a common cause
VALVES FAIL TO OPEN
failure of the RFP min-flow valves rendering Feedwater Injection
DUE TO COMMON CAUSE unavailable. Potential Improvements to enhance high pressure
injection capabilities were considered in Phase I SAMAs 19,
178, 179, 185, 189, 193,1986,198, 201, 203, and204. Noneof
these SAMAs were maintained for Phase II, and no additional
SAMAs were suggested.

2CNPVDWRUPT-R-

6.OOE-02

1.02

LARGE DW CONTAINMENT This event represents the scenario where un-mitigated
FAILURE CAUSES LOSS
containment pressurization results In a large drywell region
OF INJECTION
containment failure leading to a loss of all injection systems.
This scenario can be avoided by providing Improved decay heat
removal methods. Potential Improvements for decay heat
removal were examined In numerous Phase I SAMAs as well as
Phase II SAMAs 2, 3, and 4. No additional SAMAs were
suggested for this broad topic.

2HIHU2391-003H-

2.00E-03

1.02

PREINiT: HPCI STM FLOW This event represents a pre-Initlator human error that renders
MTU 2391-03
the HPCI system unavailable. See disposition above for
MISCALIBRATED
2H1-SYSTEMUA-M- (HPCI system In maintenance).

2HIHU2391-005H-

2.OOE-03

1.02

PREINIT: HPCI STM FLOW his event represents a pre-Initiator human error that renders
MTU 2391-05
the HPCI system unavailable. See disposition above for
MISCALIBRATED
2HI-SYSTEMUA-M- (HPCI system In maintenance).

2HIKV2301-074D-

2.OOE-03

1.02

STOP CHECK VALVE 22301-74 FAILS TO OPEN

This event represents a valve failure that prevents HPCI system
injection. See disposition above for 2HI-SYSTEMUA-M- (HPCI
system In maintenance).

This event represents an auxiliary failure of the HPCI system.
See disposition above for 2HI-SYSTEMUA-M- (HPCI system In
maintenance).

2HIPM2301-AOPA-

2.OOE-03

1.02

AUXILIARY OIL PUMP
FAILS TO START

2HIPM2301GSCPA-

2.00E-03

1.02

GSLO CONDENSATE PUMP This event represents an auxiliary failure of the HPCI system.
FAILS TO START
See disposition above for 2HI-SYSTEMUA-M- (HPCI system in
maintenance).
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Table 5.1
Correlation of CDF Importance Listing to Evaluated SAMAs
Event Name
XCSLISUCSTR-FCC

Probability
1.OOE-04

RRW
1.01

Basic Event Description
COMMON CAUSE
PLUGGING OF ECCS
SUCTION STR DURING
LOCAS
f

Disposition
Thiseventd
repreenthe
uire
of a ommo i
Cause ilure f te ECS suction straIners. The'-Dsdtd,
y ben praedand
ftrainehercie-iucht
potentialfor commoncause plugging has been redued Nc.
dditI6ti1I SAMMs wer
gested ..

SW-CCSW-FACTOR

2.70E-03

1.01

LOSW IE PERCENT
FAILING CCSW DUE TO
COMMON EFFECTS

This event represents the fraction of loss of SW nitiating events
that will also lead to a loss of CCSW due to common causes.
See disposition above for %TSW (Loss of Service Water
This event represents the unlikely scenario of a common cause
miscalibration of pressure switches leading to unavailability of
ECCS injection (i.e., failure of RPV low pressure permissive
Interiock). This Is Included for completeness In the model since
It has the potential of leading to core damage following a
medium or large LOCA Initiating event. No additional SAMAs
are suggested for this topic.

Initiating Event).

2CAHU-52-A-B2HCC

8.00E-05

1.01

PREINIT: MISCALIBRATE
CAS PRESSURE
SWITCHES 52A AND 52B
DUE TO CC

2ECOP-OCST-H-

1.OOE-01

1.01

OP ACT: ALIGN LO PRESS Thi eentepesents th human eRrprobabili assoiat d
ECCS PUMP SUCTION(S)
ith failue toa
CCS
cntotheCST.'
t
TO CST
review indicates that this action is important in ls of service
watrliniated events. his idea Was conde
inPChaseLA
SAMA 188 T e tential bnefit frImproving the -iSP value

atssoclated ith 'this e'xsting; action isexplore'a
KA) response (see's''pensc

ed a

atfty,02
ts

2HIHU026325AHH-

2.OOE-03

1.01

PREINiT: RX HI LEVEL LIS
263-25A3 MISCALIBRATED
- HIGH

This event represents a pre-initlator human error that renders
the HPCI system unavailable. See disposition above for
2HI-SYSTEMUA-M- (HPCI system in maintenance).

2HIHU026325BHH-

2.OOE-03

1.01

PREINIT: RX HI LEVEL LIS
283-25B3 MISCALIBRATED
- HIGH

This event represents a pre-Initlator human error that renders
the HPCI system unavailable. See disposition above for
2HI-SYSTEMUA-M- (HPCI system in maintenance).
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Table 5-1
Correlation of CDF Importance Listing to Evaluated SAMAs
Event Name
%FLSWRB545

Probability
6.10E-05

RRW
1.01

Basic Event Description
INIT: SW FLOOD IN RB
ABOVE 545'

.______

Disposition
This event represents the Initiating event frequency for a SW
flood Inthe reactor building above the 545' elevation. Potential
improvements to reduce Internal flooding frequency were
considered in Phase I SAMAs 153-158. None of these SAMAs
were maintained for Phase II, and no additional SAMAs were
suggested.

This event represents the Initiating event frequency for a SW
rupture in the turbine building. Potential improvements to
reduce internal flooding frequency were considered in Phase I
SAMAs 153-158. None of these SAMAs were maintained for
Phase II, and no additional SAMAs were suggested.

%FLSWTB

1.43E-03

1.01

INIT: SW RUPTURE INTB

2SWPP-RB-UN-R-

9.OOE-01

1.01

BREAK IN USILOABLE SW This event represents the conditional probability that the SW
rupture Is not solatable. See disposition above for %FLSWTB
PIPE IN RB
(SW Rupture Inturbine building Initiating event).

%S2

2.90E-03

1.01

INIT: SMALL BREAK LOCA This event represents the small break LOCA initiating event
frequency. Many SAMAs investigated Improvements to
improved Injection or containment heat removal capabilities that
would reduce the Importance of this event. No additional
SAMAs were suggested.

BDCBS2M&3M-FCC

1.13E-07

1.01

MAIN DC BATTERY BUSES This event represents the unlikely scenario of a common cause
failure of both main DC battery buses. See disposition above
2 AND 3 CCF
for %foTDC(Loss of Multiple 125V DC Buses Initiating Event).
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Table 5-2
Correlation of LERF Importance Listing to Evaluated SAMAs
Event Name
2RXSY-RXFAIL-F-

Probability
1.001E+00

RRW
17.68

Disposition
Basic Event Description
FAILURE OF RX (CLASSES This event Is a Level 2 sequence marker flag dentifying those
sequences where the RX node has failed (i.e., where core
ID, E (OP=F), II, IIIA, itIC,
damage was not terminated prior to the time of vessel failure).
IIiD, IV)
The capability to enhance or provide additional injection
systems was examined in Phase I SAMAs 19, 177, 178, 179,
184, 185, 187, 189, 193, 194, 196, 197, 198, 201-205, and 208.
No additional SAMAs were suggested.

2GVPH-INERT-X-

9.90E-01

10.45

CONTAINMENT INERTED;
VENTING NOT REQUIRED

This event Is effectively a Level 2 sequence marker flag that
represents the normal operating condition with the containment
Inerted. No additional SAMAs were suggested.

2SIPHCONTFAILF-

1.00E+00

2.28

DW SHELL MELTTHROUGH FAILURE DUE
TO CONT. FAILURE

This event represents the evaluated likelihood from the Level 2
analysis that a dry containment floor will lead to containment
faHure after vessel failure for accident classes 11,I1D, and IV.
The Importance of this phenomena would be reduced by the
presence of more reliable or diverse injection systems, more
reliable or diverse drywell spray systems, and other alternate
means to avoid this situation. SAMAs related to improved
injection system performance are discussed In the disposition
for 2RXSY-RXFAIL-F- above. Items related to Improved
drywell spray performance were considered in Phase I SAMAs
35, 3, 52, 54, and 82. Phase I SAMA 35 was retained as
Phase II SAMA 3. Aitemate strategies for reducing the potential
for drywell shell meit-through were also examined in Phase I
SAMAs 43, 44, 47, 48, 50, 56, 57, and 86. None of these,
however, were retained for Phase II, and no additional SAMAs
suggested.
This event represents a Level 2 phenomena event that would
lead to a depressurized state. See disposition below for
2OPOP-DEPRESSH- (Operator fails to depressurize in Level 2
given faled In Level 1).

were

2OPPH-NOLOCA-F-

3.08E-01

1.57

LOCA NOT INDUCED VIA
HIGH TEMP, HIGH
PRESSURE, OR SORV
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Table 5.2
Correlation of LERF Importance Listing to Evaluated SAMAs

Event Name

Probablity

RRW

Basic Event DescriptIon

2OPOP-DEPRESSH-

5.20E-01

1.49

OP FAILS TO DEPRESS
GIVEN OP FAILED IN LVL1
OR LOSS OF DC

2DIDW-ATWSSEQFSU

9.90E-01

1.43

DW INTACT FOR ATWS
EVENTS (CLASS IV)

2RPCDRPS-MECHFCC

2.10E-06

1.43

RPS MECHANICAL
FAILURE

2CNWW-ATWSSEQF-

5.00E-01

1.42

WW WATER SPACE FAIL.
FOR ATWS EVENTS
(CLASS IV)

Disposition
This event represents the conditional failure probability used in
the Level 2 analysis for operators to depressurize prior to vessel
failure given that depressurization was unsuccessful to avert
core damage. Potential improvements to the current
depressurization capabilities and methods were examined In
Phase I SAMAs 190, 191, 229, 230, 240, 241, and 247. None
of these, however, were retained for Phase II, and no additional
SAMAs were suggested.
This event Is effectively a Level 2 sequence marker flag that
represents the drywell status at the time of core damage given
an ATWS scenario. Note that the evaluated likely failure
location for ATWS scenarios Is In the wetwell. No additional
SAMAs were suggested.
This event also appears in the CDF Importance listing In Table
5-1. It represents the Mechanical Scram failure probability
based on the NUREG/CR-5500 INEEL evaluation of a
representative BWR RPS system. Potential improvements to
minimize the risks associated with ATWS scenarios were
explored In Phase I SAMAs 213-227, 259, and 260. Phase I
SAMAs 259 and 260 were retained as Phase II SAMAs 7 and 8,
respectively. No additional SAMAs were suggested for this
broad topic.
This event represents the evaluated likelihood that an ATWS
scenario with containment failure in the wetwell is located below
the normal torus water level. Its' Importance would be
minimized by reducing the potential for ATWS scenarios. See
disposition above for 2RPCDRPS-MECHFCC (RPS mechanical

failure).

2OPPH-OP8-NOTFSU

0.69E-01

1.41

SUCCESSFUL RPV
DEPRESSURIZATION
(CLASS IV)

This event represents the evaluated likelihood that successful
RPV depressurization occurs in an ATWS. Its' Importance
would be minimized by reducing the potential for ATWS
scenarios. See disposition above for 2RPCDRPS-MECHFCC
(RPS mechanical failure).
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Table 5-2
Correlation of LERF Importance isting to Evaluated SAMAs
Event Name

Probability
1.81E+00

RRW
1.34

Basic Event Description
Disposition
iNIT: TRANSIENTWITH FW This event also appears Inthe CDF Importance listing InTable
AND MC AVAILABLE
5-1. It represents the turbine trip initiating event frequency.
Industry efforts over the last fifteen years have led to a
significant reduction Inthe number of reactor scrams and
turbine trips. Many of the SAMAs explored potential benefits for
mitigation from these events. No additional SAMAs were
suggested for this broad topic.

F-ICALONE

1.00E+00

1.31

FLAG: IC FAILURE NOT
CAUSED BY FAILURE OF
REACTOR VESSEL MAKEUP

This event also appears in the CDF importance listing InTable
5-1. This event represents a sequence marker flag Identifying
those scenarios with Isolation condenser failures. The isolation
condenser can provide level control and decay heat removal.
Many SAMAs were considered that explored alternate Injection
and decay heat removal capabilities. No additional SAMAs
were suggested.

0-AD-MU1

1.10E-04

1.25

2ADOP-ACT-ADSH21COP-IC-MUI-H-

This event also appears in the CDF importance listing in Table
5-1. This event represents the unlikely scenario of combined
operator action failures for separate actions that otherwise are
evaluated independently. This event Is Included for
completeness as part of the human reliability dependency
analysis. Phase I SAMAs 250 and 255 examine potential
improvements In operator performance. No additional SAMAs
were suggested for this topic.

2SIPH-DWHEAD-F-

5.OOE-01

1.24

DRYWELL HEAD CLOSURE This event Is a Level 2 phenomena event that represents the
FAILS DUE TO
probability that a high pressure vessel failure scenario will lead
OVERPRESSURE
to an early containment failure given that the reactor cavity Is
wet at the ime of vessel failure. The importance of this event
would be minimized by reducing the number of high pressure
vessel failure scenarios. See disposition above for
20POP-DEPRESSH- (Operator falls to depressurize given
faIed In Level I or loss of DC). No additional SAMAs were
suggested.

%/TT
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Table 5-2
Correlation of LERF Importance Listing to Evaluated SAMAs
Event Name

Probability

RRW

%A

1.90E-04

1.19

%SI

2.40E-03

1.17

%TF

4.47E-02

1.18

Basic Event Description

|

_Disposiionl

INIT: LARGE LOCA

This event also appears in the CDF Importance listing in Table
5-1. It represents the Large LOCA Initiating event frequency.
Mitigation from such an event would be Improved by the
existence of more reliable or diverse low pressure Injection
systems and water sources. Such potential improvements were
examined in Phase I SAMAs 177, 184, 187, 194, 197, 202, 205,
and 208. None of these SAMAs were maintained for Phase Ii,
and no additional SAMAs were suggested.
INIT: MEDIUM LOCA
This event also appears in the CDF Importance listing In Table
5-1. It represents the Medium LOCA Initiating event frequency.
Mitigation from such an event would be Improved by the
existence of more reliable or diverse low pressure Injection
systems and water sources. Such potential improvements were
examined In Phase I SAMAs 177, 184,187, 194, 197, 202, 205,
and 208. None of these SAMAs were maintained for Phase II,
and no additional SAMAs were suggested.
INIT: TRANSIENT WITH FW This event also appears in the CDF Importance listing in Table
UNAVAILABLE AND MC
5-1. It represents the loss of feedwater Initiating event
AVAILABLE
frequency. Industry efforts over the last fifteen years have led
to a significant reduction in the number of plant scrams from all
causes. Many of the SAMAs explored potential benefits for
mitigation from these events. No additional SAMAs were
suggested for this broad topic.

%LOOP

3.09E-02

1.13

INIT: LOSS OF OFFSITE
POWER

This event also appears In the CDF importance listing InTable
5-1. It represents a single unit loss of offsite power event.
Improvements related to enhanced AC or DC reliability or
availability were considered In Phase I SAMAs 90 through 129.
Many other SAMAs were also considered that would provide
mitigation benefits In loss of offsite power scenarios Including
Phase II SAMAs 1 2, 6, and 10. No additional SAMAs were
suggested for this broad topic.
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Table 5-2
Correlation of LERF Importance Listing to Evaluated SAMAs
Event Name
2HI-SYSTEMUAM-

Probability
2.13E-02

RRW
1.13

Basic Event Description
HPCI SYSTEM MUA

2SIPH-S12-NOTFSU

5.OOE-01

1.10

DRYWELL SHELL INTACT
(OP=F)

2LI-TOP-PEAKF-

2.50E-01

1.10

2PVPPWATERBRKR-

8.00E-02

1.10

WATER LINE BREAK
MEDIUM LOCA

XCSLISUCSTR-FCC

1.00E-04

1.09

COMMON CAUSE
PLUGGING OF ECCS
SUCTION STR DURING

This event represents the complement to the Level 2
phenomena event 2SIPH-DWHEAD-F-. discussed above. As
such, no additional SAMAs were suggested.
RX PWR IS TOP PEAKED
This event also appears in the CDF importance listing in Table
SUCH THAT 2/3 RX LVL IS 5-1. It was added to the model In response to a GE concern
INSUFF TO COOL CORE
about LPCI steam cooling capabilities leading to elevated
(CS R
temperatures In upper portions of the core. Subsequent
clarification on this Issue will result In a re-examination of this
assumption as part of the next update (i.e., LPCI Injection with
level maintained at 213 core height is a success state). No
SAMAs were suggested for this issue.

LOCASe
______

______
______

_____ __

Disposition
This event also appears In the CDF Importance listing in Table
5-1. It represents the probability of the HPCI system in
maintenance. Potential Improvements to enhance high
pressure Injection capabilities were considered in Phase I
SAMAs 19, 178, 179, 185, 189, 193, 19, 198, 201, 203, and
204 None of these SAMAs were maintained for Phase II, and
no additional SAMAs were suggested.

___

_____

This event also appears In the CDF importance listing in Table
5-1. It represents the conditional probability of medium LOCA
initiating events that are water line breaks as opposed to steam
line breaks. See disposition above for %S1 (Medium LOCA
Initiator).
Thisevent loapearIn
Fimporta ce istng iaTale
5-.'This event rerts te unikely occurrence f ' com mon cause allur fefh CS sluctin istailners. Th"

traienaybelprddarnd
______

_____

sized
0 'I'

Siuci t potental f'r moncause pluing a ie
rd ucd . N dd i n ~S A A w ere s g e t d
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Table 5-2
Correlation of LERF Importance Listing to Evaluated SAMAs
Event Name
2FCPH-FCI-NOTFSU

Probability
3.80E-01

RRW
1.09

Basic Event Description
Disposition
CONT. FLOODING
This event represents the evaluated likelihood that containment
INITIATED (CLASS A/IC)
flooding Is Initiated In accident class IA or IC scenarios.
Potential Improvements to existing containment flooding
capabilities were considered in Phase I SAMAs 45, 47, 48, 57,
61, 62, 81, and 86. No additional SAMAs were suggested.

4.93E-06

1.08

COMMON CAUSE FAILURE
OF UNIT 2 AND UNIT 3
125VDC BATTERIES (BETA
= 9.86E-03)

This event also appears In the CDF importance listing In Table
5-1. This event represents the common cause failure of the
125V DC batteries. Many SAMAs were Included that address
potential enhancements for DC reliability and/or alternate
means of providing DC power. Phase I SAMAs 92, 93, 98, 97,
98, 99, 113, 124, 125, 128, 127, and 128 are all related to
improved DC performance. No additional SAMAs were
suggested for this broad topic.

1.50E-08

1.08

INIT: LOSS OF MULTIPLE
DC BUSES

This event also appears In the CDF Importance listing InTable
5-1. It represents the unlikely initiating event of a complete loss
of both 125V DC buses. Many SAMAs were Included that
address potential enhancements for DC reliability and/or
alternate means of providing DC power. Phase I SAMAs 92,
93, 96, 97, 98, 99,113, 124, 125, 128,127, and 128 are an
related to Improved DC performance. No additional SAMAs
were suggested for this broad topic.

2DCRX-BUS2RECF-

7.10E-01

1.08

DC BUS 2 FAIL TO
RECOVER (GIVEN LOSS
OF MULTIPLE DC BUSES
INITIATOR %

This event also appears in the CDF Importance listing In Table
5-1. It Involves failure to recover one of the 125V DC buses
given loss of both. See disposition above for %0TDC (Loss of
Multiple 125V DC Buses Initiating Event).

3DCRX-BUS3RECF-

7.10E-01

1.08

DC BUS 3 FAIL TO
RECOVER (GIVEN LOSS

This event also appears In the CDF Importance listing In Table
5-1. it Involves failure to recover one of the 125V DC buses

BDCBY125-FCC

6TDC

OF MULTIPLE DC BUSES
INITIATOR %

given loss of both. See disposition above for %TDC (Loss of

Multiple 125V DC Buses Initiating Event).
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Table 5-2
Correlation of LERF Importance Listing to Evaluated SAMAs
Event Name

ProbabIly

RRW

8.OOE-05

1.07

2CAHU-52-A-B2HCC

Basle Event Description

DisposItion

PREINIT: MISCALIBRATE

This event also appears inthe CDF Importance listing InTable

CAS PRESSURE

5-1. It represents the unlikely scenario of miscalibration of

SWTICHES 52A AND 52B

pressure switches leading to unavailability of ECCS Injection

DUE TO CC

2MSOPMSVINLKH-

9.30E-01

1.07

(i.e., failure of RPV low pressure permissive interlock). This s
included for completeness in the model since it has the potential
of leading to core damage following a medium or large LOCA
initiating event. No additional SAMAs are suggested for this
topic.

OP ACT: BYPASS LOW
LEVEL MSIV INTERLOCK

ThIsievent also appeas in th
i
5.1. it represent thefihuma eror probability of bypassing the.
MSIVy isolat as directed ne
s. Th, Issue was.
specically examin'd
P In hase iQSA
22, that was
ispsitione with rerc txistngapais 'o' ver
tiacknrequires the u::jse~of jumpers:wt_
imtdtm

(ATWS)

a.eaas

berrie reltively
du high HEFn

...
,

The
benfit
ptentilf impementng adeae l16lvelj::

_ __ _ _ _ __ __ _ __ _ _ _

2ACBS-UAT-RATF-

_

_ _ _ _ _ _

1.00E-01

_ _ _ _ _

1.07

_ _ _ _ _ _

_ _ _ _ _

_

interlock switch is axplored as part ofthis Rmt response see
Re s pon s e 7(tc)
t~,t1
t~
'ak
5''
2z'~
''
i1'

PROB AC BUS WILL NOT This event also appears in the CDF importance listing in Table
XFER TO RAT GIVEN LOSS 5-1. It represents a pseudo-recovery action in loss of DC bus or
OF DC BUS 2

loss of multiple DC bus Initiated events. ts' Importance would
be minimized by reducing the frequency of loss of DC events.

See disposition above for oTDC (Loss of Multiple 125V DC
Buses Initiating Event).

2SLEV2-1 I 06ABDCC

7.1 5E-03

1.06

EXPLOSIVE VALVES 211 06A&B FAILURE TO
OPEN DUE TO CCF

This event also appears Inthe CDF Importance listing InTable
5-1. It represents the common cause failure of the SLC system
explosive valves. Diversification of the SLC explosive valves
was considered in Phase I SAMA 259 which was retained as
Phase 11SAMA 8. No additional SAMAs were suggested.
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Table 5-2
Correlation of LERF Importance Listing to Evaluated SAMAs
Event Name
2CZPH-HPBDVS3F-

Probability
1.00E+00

RRW
1.05

Basic Event Description
HIGH PRESSURE
BLOWDOWN
OVERWHELMS VAPOR
SUPPRESSION

Disposition
This event represents the evaluated likelihood that given the
unlikely scenario of a vessel rupture or a vapor suppression
failure, that the RPV blowdown will Indeed fail vapor
suppression. Its' importance would be reduced by reducing the
probablity of vapor suppression failures. Improvements to the
vacuum breakers at Dresden would reduce the probability of
vapor suppression failures. Potential vacuum breaker
Improvements were explored in Phase I SAMA 68. No
additional SAMAs were suggested.

2PVPPSTEAMBRKR-

9.20E-01

_____________________

2HITB2301TURBX-

9.6OE-03

1.05

STEAM LINE BREAK
MEDIUM LOCA

_______

._________

1.05

HPCI TURBINE FAILS TO
RUN

This event represents the conditional probability of medium
LOCA initiating events that are steam line breaks as opposed to
water line breaks. See disposition above for %/*S1(Medium
LO CA Initiator).

This event also appears Inthe CDF importance listing in Table
5-1. It represents the HPCI turbine failing during Its mission
time. See disposition above for 2HI-SYSTEMUA-M- (HPCI
system In maintenance).

2SIHU-RCVR-H-

9.00E-01

1.04

FAILURE TO RECOVER A
WATER SYSTEM

This event represents the evaluated likelihood that an injection
system will not be recovered prior to drywell shell melt through.
See disposition above for 2SIPHCONTFAILF- (Drywell Shell
Melt-Through Falls Containment).

2SIPH-BARRIS-F-

1.00E.00

1.04

DW BARRIERS FAIL TO
PREVENT DEBRIS FROM
CONTACTING SHELL

2SIPH-SUMPOV-F-

1.OOE+00

1.04

MELT OVERFLOWS SUMP This event represents the evaluated likelihood that core debris
will overfow the sump and contact the drywell wail liner. See
disposition above for 2SIPHCONTFAILF- (Drywell Shell Melt-

.____________________
_________

This event represents the evaluated likelihood that drywell
barriers would prevent debris from contacting the shell, thereby
preventing drywell shell melt-through. See disposition above for
2SIPHCONTFAILF- (Drywell shell melt-through falls
containment).

Through Falls Containment).
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Table 5-2
Correlation of LERF mportance Listing to Evaluated SAMAs
Event Name
2DIDW-LOSSVSSF-

Probability
1.00E+00

RRW
1.04

Basle Event Description
DW NOT INTACT FOR
LOSS OF VAPOR SUPP.
(CLASS ID)

Disposition
This event represents the evaluated likelihood that vapor
suppression failures In LOCA scenarios would lead to
containment failure. Its' importance would be reduced by
reducing the probability of vapor suppression failures.
Improvements to the vacuum breakers at Dresden would
reduce the probability of vapor suppression failures. Potential
vacuum breaker improvements were explored in Phase 1 SAMA
88. No additional SAMAs were suggested.

2GVPHSTMINERTX-

1.00E+00

1.04

COMBUSTIBILE GAS
VENTING NOT REQUIRED
(STEAM INERTED - CLASS
1ID)

This is a Level 2 phenomena event representing the evaluated
likelihood that a vapor suppression failure scenario would result
in a steam Inerted environment Incontainment thereby
precluding the need for combustible gas venting. See
disposition above for 2DIDW-LOSSVSSF- (Vapor suppression
failures lead to containment failure).

2PLSV-F-RECL-K-

1.50E-01

1.04

FAILURE OF SRVs TO
RECLOSE ON REDUCED
PRESSURE

2PLSVSORV-NTrK-

5.40E-02

1.04

PROBABILITY OF SORV
FOR NON TT INITIATORS

This event also appears in the CDF Importance listing InTable
5-1. It represents the likelihood that the SRVs will not reclose
after initially sticking open In response to a pressure transient.
The failure value of 0.15 is based on limited Industry evidence.
See disposition for 2PLSVSORV-NTTK- (Probability of SORV
for non-turbine trip Initiators) below.
This event also appears In the CDF Importance listing InTable
5-1. It represents the likelihood that an SRV will stick open in
response to a pressure transient. For Dresden, this renders the
isolation condenser Ineffective. Consequently, early injection
from HPCI or depressurization for low pressure Injection Is
required for success. Many SAMAs considered potential
benefits from improved Injection capabilities or Improved
depressurization capabilities. No additional SAMAs were
suggested.
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Table 5-2
Correlation of LERF Importance Listing to Evaluated SAMAs
Event Name
2ADOP-DEPMADSH-

Probability
3.50E-03

RRW
1.04

O-AD-HI-MU1

1.10E-04

1.03

%DLOOP

9.41E-03

1.03

Baslc Event Description
OP ACT: DEPRESS RPV
(MLOCA/SORV)

Disposition
This event also appears in the CDF importance listing in Table
5-1. It represents the human error probability for failing to
depressurize for low pressure Injection given a medium LOCA
or SORV event and Initial failure of HPCI to inject (thereby
requiring depressurization for low pressure njection). Potential
Improvements to depressurization capabilities were considered
in Phase I SAMAs 190, 191, 229, 230, 240, 241, and 247. No
additIonal SAMAs were suggested for this broad topic.
2ADOP-ACT-ADSHThis event represents the unlikely scenario of combined
2HIOP-OVRFILLH- 21COP- operator action failures for separate actions that otherwise are
IC-MUI-Hevaluated Independently. This event is included for
completeness as part of the human reliability dependency
analysis. Phase I SAMAs 250 and 255 examine potential
improvements In operator performance. No additional SAMAs
were suggested for this topic.
INIT: DUAL LOSS OF
This event also appears Inthe CDF importance listing InTable
OFFSITE POWER
5-1. It represents the dual unit loss of offsite power initiating
event frequency. See disposition above for %LOOP (Single
Unit Loss of Offsite Power).
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Response 5(e):
"[Provide) the reasons for the difference in the number of SAMAs evaluated for Quad Cities
Nuclear Power Station (QCNPS) and DNPS (280 v. 265).
Quad Cities included 30 plant-specific insights in addition to 250 generic insights as part of the
SAMA list development 19 of these plant-specific insights were not applicable to Dresden (e.g.,
they related to the SSMP or were specific to the IPEEE for Quad Cities), and as such were not
included for Dresden; Two additional SAMAs that were PWR specific were included on the list
for Quad, but not for Dresden. This means that 259 of the 265 Dresden SAMAs were also on
the Quad list. The remaining 6 SAMAs were unique to Dresden. Phase 1 SAMAs 257, 258
related to the isolation condenser, and therefore were not applicable to Quad Cities, and
SAMAs 261, 262, 263, and 265 were obtained from Dresden PRA Insights, and were not
included in the Quad Cities SAMA list.

Response 5(0:
"[Provide) a general description of the group of 130 insights mentioned in the original IPE and a
discussion of how and whether the insights that were not implemented were factored into the
SAMA evaluation.'
One of the important means of identifying plant specific improvements for the Dresden SAMA
analysis was a review of the plant's IPE. As part of the IPE, an analysis of the ctsets and
importance rankings was performed In order to dentify plant weaknesses and to suggest
changes that would address the weaknesses identified. The original Dresden IPE submittal
report stated that over 130 IPE insights and over 60 Accident Management (AM) insights had
been identified. Subsequent to that report, several additional Insights were identified.
In summary, the original IPE included a commitment to implement two IPE insights. Procedure
revisions were completed in 1993 and 1994 that implemented those two insights. This included
provisions to allow continued IC operation during extended station blackout event, and detailed
guidance to allow realignment of LPCI and CS pumps to the Condensate Storage Tank f NPSH
problems are Imminent If suction Is maintained to the suppression pool.
In 1994, the ComEd PRA group identified 11 other IPE insights as warranting investigation for.
potential benefit Further evaluation indicated that action was not warranted on most, but action
was taken on two of those insights. This included a modification that would eliminate trip of any
of a unit's Feedwater pumps on loss of the main 125V DC bus, and replacement of the Diesel
Generator Air Start System Regulators. The remaining nine Insights that were identified as
having a major benefit were examined and were dispositioned as follows:
* Three of the insights related to removal or modification of DC dependencies
related to operation of the isolation condenser. These insights were judged
to have minimal benefit following the completion of procedural direction to
allow prolonged IC operation without DC power that was implemented as
indicated above.
* Three other insights were related to enhancing CRD flow. These were found to
lead to a minimal reduction in CDF from the modified IPE model, and
changes were not pursued further.
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* The remaining three insights were deemed no longer applicable following
completion of the Insight modifications that were implemented, and no further
action was taken.
The evaluation of those 11 IPE insights also noted that 12 other IPE insights had been fully or
partially implemented via procedure revisions, operator aids, or changes in control room
staffing.
The Accident Management insights from several sites were carefully considered by the BWROG
In developing the EOPs and SAMGs that have been subsequently implemented at Dresden. No
additional action was required.
Although the IPE insights were not directly used as Input into the SAMA analysis, more recent
insights from the updated PRA models were factored directly into the SAMA list. Seventeen of
the Phase 1 SAMAs Include the 'Dresden Risk Management Insights' as the reference source
(i.e., indicated in Table F-1 of the ER as Reference 64) and four others were based on IPEEE
insights. These twenty-one items were specifically developed following the completion of the
1999 PRA model update and 2000 Fire Risk Model. The completion of the 2002 model update
did not lead to any additional insights as the results did not dramatically change. In any event, a
correlation between importance parameters for both CDF and LERF from the 2002 model and
their relationship to the SAMA analysis is provided in Response 5(d). In summary, It was
judged that these more recent insights were sufficient and appropriate for supplementing the
generic SAMA lists with plant-specific insights.
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RAI 6
The SAMA analysis did not include an assessment of SAMAs for external events. The DNPS
IPE for External Events .(PEEE) has shown that the CDF due to internalfire Initiated events is
1.7x1-5 perreactoryear for Unit 2 and 3.lxlO-5perreactoryearfor Unit 3. The risk analyses
at other commercial nuclear power plants also Indicate that external events could be large
contributors to CDF and the overall risk to the public. In this regard, provide the following:
a. NUREG-1742 Perspectives Gained From the IPEEE Program," Final
Report, 4/02), lists the significant fire area CDFs for DNPS (pages 3-15 and
3-16 of Volume 2). While these fre-related CDF estimates may be
conservative, they are still large relative to the DNPS Internal events CDF.
For each fire area or dominant fire sequence, explain what measures were
taken to further reduce risk, and explain why these CDFs can not be further
reduced in a cost effective manner.
b. the IPEEE Safety Evaluation Report (SER), Extended Power Uprate (EPU) SER,
and NUREG-1742 (Tables 2.7 and 2.12) identify seismic outliers and
Improvements for DNPS. Confirm that all of the plant Improvements that address
the outliers have been Implemented. If not, then discuss the rationale within the
context of this SAMA study. For those Improvements still pending (e.g..
seismically-verified makeup path to the isolation condenser, and modifications to
improve the reliability of the containment cooling service water cooling function),
provide a brief description of each improvement and its status.
c. Exelon states that Phase 2 SAMA 5 remains under investigation for
resolution as part of the DNPS closeout of the IPEEE commitments.
Describe the improvements under Investigation, their status, and expected
Implementation schedule. As part of this response, Identify the systems,
structures, and components (SSCs) that limit the plant high confidence in low
probability of failure (HCLPF). Justify why modifications to increase seismic
capacity would not be cost-beneficial when evaluated consistent with the
regulatory analysis guidelines for those structures, systems and components
[SSCS] below 0.3g yet not expected to be modified.
Response 6(a):
"NUREG-1 742 ("Perspectives Gained From the IPEEE Program," Final Report, 4/02), lists the
significant fire area CDFs for DNPS (pages 3-15 and 3-16 of Volume 2). While these firerelated CDF estimates may be conservative, they are still large relative to the DNPS internal
events CDF. For each ire area or dominant fire sequence, explain what measures were taken
to further reduce risk, and explain why these CDFs can not be further reduced in a cost effective
manner."
As an IPEEE, the Dresden fire study was performed primarily to develop risk insights. It was
done in the traditional style of Fire PRAs, and as such, employs conservatism and involves
some level of uncertainty (also see Attachment A that provides more details on the types of
conservatisms and uncertainties associated with the use of quantitative results from Fire PRAs).
Therefore, It cannot be used directly to provide a realistic cost-benefit analysis as part of the
SAMA evaluations.
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In any event, Table 6-1 provides a list of the nine insights that were developed from the Fire
IPEEE results, and provides a disposition of these insights with respect to the SAMA analysis.
As can be seen, no unique SAMAs were identified based on a review of these insights.
Table 6-1

Fire IPEEE Insights and Relationshipto SAMA Analysis
T

Insight Description
1. CDF contribution of fires Is
consistent with other BWRs.

Disposition Comments I Relationship to SAMA Analysis
Original fire risk study credited the Safe Shutdown Procedures and
selected EOP equipment.
With the exception of the severe Control Room fire scenario, the
new fire risk study did not credit the Safe Shutdown Procedures.
he new study did Include more EOP equipment than the original
study, however. Despite little credit being given to the Safe
Shutdown Procedures, the new fire risk study gave a significantly
lower fire CDF than did the original fire risk study.
No additional SAMAs were suggested.

2.1Fire scenarios involving loss of
125 VDC are some of the main
contributors to fire CDF for Unit 2.
Important operator actions are
alignment of spare battery charger
r spare (alternate) Unit 2 battery.

125 VDC control power Is also important in the Internal events PRA
model.
Procedures already exist to align the Alternate 125V DC batteries or
chargers.
* DOA 6900-02, Failure of Unit 2 125V DC Power Supply
* DOA 6900-03, Failure of Unit 3 125V DC Power Supply
Many SAMAs were included that address potential enhancements
for DC reliability and/or alternate means of providing DC power.
Phase I SAMAs 92,93, 96, 97, 98, 99, 113,124,125, 126, 127, and
128 are all related to improved DC performance.
No additional SAMAs were suggested.

3. This insight observes that local
manual operation of the Isolation
Condenser valves when DC power
is lost would reduce CDF by
approximately a third.

This insight should NOT be Interpreted as indicating that a one-third
reduction Infire risk could be achieved via a change to the EOPs.
Instead, this insight Is referring to conservatism In the revised fire
risk study in not crediting the SSPs for such scenarios. The SSPs
(implemented in approximately 1987) have always Included steps
for local manual operation of the subject valves for fires that fail DC
power. Operators are trained on those procedure steps as well as
the SSP guidance for accessing the valves during possible fire
scenarios. The details of how to access and operate specific valves
or specific fire scenarios Is required for the SSPs but would be
inappropriate for the symptom-based EOPs.
No additional SAMAs were suggested.

56

Table 6-1

Fire IPEEE Insights and Relationship to SAMA Analysis
4. Excluding the control room
Loss of decay heat removal sequences are also important in the
severe fire, the dominant core
internal events PRA model. Current treatment Inthe internal events
damage sequence is loss of decay PRA model also conservatively does not include recovery.

heat removal. Recovery of decay

heat removal has significant risk
reduction potential.

Potential Improvements for decay heat removal were examined in
numerous Phase I SAMAs as well as Phase II SAMAs 2, 3, and 4.
No additional SAMAs were suggested.

5. Postulated fires in the Main
Control Room represents the
largest risk contributor. The
bounding Main Control Room fire
event which forces abandonment is
the single largest risk contributor.

This Insight does not make any recommendations for mprovements
but provides comments concerning the Control Room Evacuation
scenario being the largest single risk contributor. One comment is
that this scenario's risk importance Is consistent with other fire
IPEEE studies. Note that the CDF for Control Room Evacuation is
effectively based on an assumed CCDP of 0.5 while CCDPs for all
of the other fire scenarios are calculated using the fire risk model.
Therefore, the fractional CDF contribution of control room fires given
by the revised fire risk study has a large uncertainty and Is of limited
use In evaluating potential changes to reduce risk.
No additional SAMAs were suggested.

6. Fire induced failure of certain
ADS circuits could cause spurious
opening of ADS valve(s) that would
not be prevented by use of the ADS
inhibit switch. The cables are not
exposed to a significant fire threat
and are not a dominant risk
cntributor.

Various Safe Shutdown Procedures (SSPs) already Include
recovery steps. One example is opening breakers or pulling fuses to
remove power from the ADS valves and thus prevent fire-Induced
spurious opening. With the exception of the Control Room
Evacuation procedures, SSP recovery actions were not credited In
the new fire risk study. Therefore, the new fire risk study Is overly
conservative with respect to recovery of spurious operation.
The conservatism of the new fire risk model is acceptable. Not
crediting SSP actions (other than those for Control Room
Evacuation) was a decision by senior management for the purpose
of illustrating that the Dresden fire CDF is acceptable even with little
credit given to the SSPs.
No additional SAMAs were suggested.

7. Other than the control room
severe fire scenario (requiring
control room evacuation), the most
significant control room fire scenario
involves a oss of ofnsite power
accompanied by a loss of onsite
Division II AC power.

Loss of offsite power events with loss of one or both onsite AC
power divisions are also significant in the internal events PRA
model.
Improvements related to enhanced AC or DC reliability or availability
were considered in Phase I SAMAs 90 through 129. Many other
SAMAs were also considered that would provide mitigation benefits
In loss of offsite power scenarios Including Phase II SAMAs 1, 2, 6,
and 10.
No additional SAMAs were suggested.
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Table 6-1

Fire IPEEE Insights and Relationship to SAMA Analysis
8. The lower damage threshold for Cable replacement or installation of fire barriers such as cable wrap
non-IEEE 383 qualified cables
limited the effectiveness of installed
automatic fire suppression systems.
The significance of the Reactor
Feed Pump of fire scenario would
be reduced if IEEE 383 qualified
cables had been installed.

would be prohibitively expensive.
Additionally, the insight was applicable to the fire modeling methods
used In the IPEEE, but more recent research and discussions with
the NRC Staff have Indicated that existing suppression systems are
considered more (not less) effective for non-IEEE 383 qualified
cables.
Specifically, NRC fire protection Inspectors have Issued violations
for Installation of IEEE 383 qualified cables without necessary
augmentation of suppression systems that were originally Installed
for non-qualified cables. The basis for issuing violations Is recent
research that shows that fires in qualified cables take longer to
suppress than do fires in non-qualified cables. This Issue was
brought to the attention of Dresden Engineering during the 2002
triennial fire protection inspection. (Note that the suppression
systems of NRC concern Inthose nspections were Halon and
Cardox, not water.) In summary, the comments made in Insight #8
may no longer be valid based on recent NRC fire Inspection findings
at Dresden and other plants.
No additional SAMAs were suggested.

9. This Insight describes three fire
risk asymmetries between Unit 2
and Unit 3. Differences In cable
routings between the units
contributed to Unit 3 having a
higher fire CDF using the revised
fire risk model.

Note that because the SSPs are not credited, fire risk results from
the revised fire risk study should be regarded as bounding rather
than best estimate CDF values. Therefore, although this Insight
indicates that a potential reduction In Unit 3 fire CDF could be
achieved by major relocation of cables and cable trays, this Is
qualitatively not warranted given the known conservatisms Inthe
analysis and the expenses that would be Involved In performing the
re-routings.
No additional SAMAs were suggested.

Additionally, a review of the Dresden Fire PRA model cutsets was performed to determine the
dominant sequence types. Excluding the control room severe fire, it was determined that
although there are many different scenarios and initiating events, there are just three dominant
sequence types: loss of decay heat removal (TW), loss of injection at high pressure (TQUX),
and loss of injection at low pressure (TQUV). These three scenarios are also significant
contributors to the Internal events calculated core damage frequency.
Potential improvements to respond to the three dominant Fire PRA sequence types were
examined In many portions of the SAMA analysis. This included potential improvements to high
pressure injection capabilities, RPV depressurization capabilities, low pressure injection
capabilities, and decay heat removal capabilities. Potential improvements to enhance high
pressure njection capabilities were considered in Phase I SAMAs 19, 178, 179, 185, 189, 193,
196, 198, 201, 203, and 204. Potential improvements to RPV depressurization capabilities were
considered in Phase I SAMAs 190,191, 229, 230, 240, 241, and 247. Potential improvements
to low pressure Injection systems and water sources were examined in Phase I SAMAs 177,
184, 187, 194, 197, 202, 205, and 208. Potential improvements for decay heat removal were
examined in numerous Phase I SAMAs as well as Phase II SAMAs 2, 3, and 4. As such, it is

58

judged that any improvements that could be justified using the internal events CDF as a
measure (with extra margin considered to account for potential benefits from external events as
described in Response 7(c)), is the best use of available capabilities to determine the estimated
averted costs and benefits.
Response 6(b):

"mhe IPEEE Safety Evaluation Report (SER), Extended Power Uprate (EPU) SER, and
NUREG-1 742 (Tables 2.7 and 2.12) identify seismic outliers and improvements for DNPS.
Confirm that all of the plant improvements that address the outliers have been implemented. If
not, then discuss the rationale within the context of this SAMA study. For those mprovements
still pending (e.g., seismically-verified makeup path to the isolation condenser, and
modifications to improve the reliability of the containment cooling service water cooling
function), provide a brief description of each Improvement and its status.'
IPEEE Safety Evaluation Report and NUREG-1742 Seismic Outliers and Improvement
Status
As indicated in NUREG-1 742, an extensive number of plant improvements or other actions were
planned to resolve the USI A-46 outliers. These improvements pertained primarily to enhancing
anchoragelsupport capacity and reducing or eliminating the potential for adverse iteractions.
Dresden recently Informed the NRC that all of the outliers have either been resolved or will be
completed no later than the end of the Unit 2 refueling outage scheduled for October 2003
except for those listed In Table 6-2 which will be completed by the end of the Unit 3 refueling
outage scheduled for fall 2004. Reference letter from R. J. Hovey, Dresden Nuclear Power
Station, Delay in Completion of Unresolved Safety Issue (USI) A46 Commitment, RHLTR 030046, dated July 17, 2003. Remaining unresolved issues and scheduled completion dates are
shown in Table 6-2.
Table 6-2
Unresolved Safety Issue Status
Description
Unit 3 Modifications to five cubicles of a 250 volt
direct current (VDC) Motor Control Center (MCC)

Completion Schedule
D3R18 Scheduled for fall 2004

EPU SER Seismic Outlier and Improvement Status
"The NRC SER on the DNPS IPEEE indicates that the licensee had implemented a number of
improvements during the resolution of unresolved safety issue (USI) A-46, Verffication of
Seismic Adequacy of Equipment In Operating Plants, and that a number of additional
improvements were still under consideration. In particular, the SER states that the licensee was
developing a concept for providing a seismically-qualified/verified make-up path to each unit's
isolation condenser and that this design change would be implemented in conjunction with the
approved schedule for resolution of the USI A-46 outliers. The DNPS IPEEE SMA took credit
for this modification for the scenario in which the dam fails during a seismic event, but the
modification has not been implemented at this time."
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Additional background:
Dresden responded to an NRC EPU RAI regarding seismic capability in a letter from K A.
Ainger, RS-01-208, dated September 26, 2001, Additional Information Supporting the License
Amendment Request to Permit Uprated Power Operationat Dresden NuclearPower Station.
'The sources of makeup water to the IC shell side are not seismically qualified,
but given the redundancy and diversity of these sources, there is a high
confidence that at least one source will be available following a seismic event
The current sources include initial makeup from on-site tanks and the Unit 1 fire
pump, and makeup from the ultimate heat sink (UHS). The DNPS response to
the Individual Plant Examination of External Events (IPEEE) (Reference 1)
included a commitment to provide a seismic makeup path to the IC by November
2003.'
This commitment to provide a seismic makeup path to the IC is on schedule to be completed by
November 2003.
In the same document, the following Is stated:
oQuestion 2: Provide additional discussion regarding the results of the study to
confirm the adequacy of the isolation condenser to provide suppression pool
cooling following a small break LOCA with a dam failure, and the acceptability of
proceeding with the power uprate based on the results of this study.
Response
The study for the small break loss of coolant accident (SBLOCA) coincident with
a dam failure has been completed for EPU conditions. The study assumed a one
inch small break, consistent with the guidance in EPRI NP-6041-SL, 'A
Methodology for Assessment of Nuclear Power Plant Seismic Margin (Revision
1).' EPU decay heat was used in the analysis. The analysis demonstrates that
the IC and available emergency core cooling systems (ECCS) (i.e., high pressure
coolant injection (HPCI) and low pressure coolant Injection (LPCI)) are sufficient
to mitigate a seismically induced SBLOCA for a 24-hour period. The study shows
that additional equipment, specifically a cooling water supply to the CCSW heat
exchangers, will be required 24 hours after the onset of the event to supply
suppression pool cooling.
DNPS has developed a conceptual design using large portable pumps that would
be used to restore the required CCSW cooling flow via suction from the intake
canal. These pumps would be stored in an area that could withstand the
postulated seismic event, and would be staged with hose connections to the
CCSW piping. The necessary fittings will be installed on the existing CCSW
piping. Power for the portable pumps will be supplied either by portable diesel
engines or by temporary power connections to the available existing electrical
buses. Procedures will be developed to ensure that the necessary actions will be
taken within the 24 hour period to establish suppression pool cooling flow. These
actions will provide the capability to mitigate the seismically Induced SBLOCA for
the 72 hour time frame given in EPRI NP-6041-SL. These actions will be
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completed on the same schedule as the modification to provide a seismically
qualified makeup path to the IC as described in Reference l."
The CCSW fitting modification and development of Procedures to ensure that the necessary
actions will be taken within the 24 hour period to establish suppression pool cooling flow are
scheduled to be completed on the same schedule as the IC make-up seismic upgrade
modification.
Response 6(c):
"Exelon states that Phase 2 SAMA 5 remains under investigation for resolution as part of the
DNPS closeout of the IPEEE commitments. Describe the improvements under investigation,
their status and expected implementation schedule. As part of this response, identify the
systems, structures, and components (SSCs) that limit the plant high confidence in low
probability of failure (HCLPF). Justify why modifications to increase seismic capacity would not
be cost-beneficial when evaluated consistent with the regulatory analysis guidelines for those
structures, systems and components (S[S)Cs) below 0.3g yet not expected to be modffied."
See Response 6(b) for the improvements that have been or will be made, their status, and
expected implementation schedule.
Table 6-3 shows the new HCLPF capacity of items listed on page 1-3 and 1-4 of the original
IPEEE submittal. The new HCLPF capacities are based on additional evaluations and
improvements that have been made or are scheduled to be made as identified In Response
6(b).
Table 6-3
HCLPF Capacities of Previously Ideriffied Outliers
Original
Capacity
(pga)

New
Capacity

Description

(pga)

Basis for New
Capacity

0.15g

>0.3g

Cable Trays-Turbine, Reactor & Service
Bldgs., El. 517' (GIP LAR 007)

More rigorous
evaluation.

0.17g

>0.3g

Buses - D03-8303B-M05, D02-8302B-M05, D03-8303A-M05, Dist. Panel
D03-83125-P06

Anchorage
Modification.

0.17g

>0.3g

0.17g

>0.3g

Distribution Panel - D02-83125-P06
and Bus D02-8302A-M05
Cabinet - D02-2252-0010

Anchorage
Modification.
Anchorage
Modification.

0.20g

No
change

Condensate Storage Tanks - DOO-3303A-T05, DOO-3303-B-T05

Original evaluation

0.22g

>0.3g

Control Panels D02-0902-0004, 0015,
0017, 0019 & 0036, D03-0903-0004,

Modification.

0015,0017, 0019 & 0036
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Table 6-3
HCLPF Capacities of Previously Identified Outliers
Original
Capacity

New
Capacity

(pga)

(pga)

0.23g
0.26g
0.27g

>0.3g

Description

Basis for New
Capacity

Control Panels D02-0902-0028 & -0003,

Additional

D03-0903-0028

evaluation.

No

Diesel Fuel Oil Storage Day Tank DOO-

Original evaluation.

change

5202-T05

No

Battery Charger - D02-8300-2A-B05

Original evaluation.

No

Distribution Panels - D02-9802-A & B-

Original evaluation.

change

P06

No

Switchgear - D02-7328-S35 & D02-

change

7329-S35

No

Bus #2A-1 - D02-8302A1-P06

Original evaluation.

change

0.27g
0.27g
0.27g

Original evaluation.

change

0.27g

No
change

125V DC/TB Battery Bus #2 D02-831252-P06

Original evaluation.

0.27g

No
change

125V DC/Battery Charger #2 D02-83002-B05

Original evaluation.
Original evaluation.

0.28g
0.28g

No

125V DC Battery Charger - D03-8300-

change

3A--B05

No

-Unit 2&3 Torus Suppression Chambers

Original evaluation.

Cabinet - D02-2252-0021

Anchorage

change

0.28g

>0.3g

modification.

0.29g
0.29g

No
change

Motor Control Centers D02-83250-M05 & D02-7826-4-M05

Original evaluation.

No

Bus #2B-1 - D02-8302B-1-P06

Original evaluation.

No

125V DC/TB Res Bus #2 D02-83125-1-

Original evaluation.

change

P06

change

0.29g

As can be seen in Table 6-3, there are a limited number of components with HCLPF capacities
that fall into the range of 0.2g to 0.3g. In fact, the majority of SSCs at Dresden already have
HCLPF values of at least 0.3g. Additionally, only the Condensate Storage Tanks (CSTs) have a
capacity less than 0.26g. Modifications to increase the CST seismic capacities would be
expected to cost more than several hundred thousand dollars, and minimal benefit Is expected
from increasing the remaining outliers from their current near 0.3g values to >0.3g. As such, it is
judged that further modifications to increase seismic capacity are not warranted.
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RAI 7
The SAMA analysis did not include an assessment of the impact that PRA uncertainties and
external event risk considerations would have on the conclusions of the study. Some license
renewal applicants have opted to double the estimated benefits (for internal events) to
accommodate any contributions for other initiators when sound reasons exist to support such a
numerical adjustment, and to incorporate additional margin in the SAMA screening criteria to
address uncertainties in other parts of the analysis (e.g., an additional factor of two in comparing
costs and benefits of each SAMA). At DNPS, external events (both fire and seismic) are
dominant contributors to the total CDF, and are over a factor of 10 greater than internal event
contributions. On that basis, provide the following information to address these concerns:
a. an estimate of the uncertainties associated with the calculated core damage
frequency (e.g., the mean and median Internal events CDF estimates and the
5th and 95th percentile values of the uncertainty distribution).
b. an assessment of the impact on the Phase I screening ff risk reduction
estimates are increased to account for uncertainties in the risk assessment
and the additional benefits associated with external events (as applicable).
c. an assessment of the impact on the Phase 2 evaluation If risk reduction
estimates are increased to account for uncertainties In the risk assessment
and the additional benefits associated with external events (as applicable).
Consider the uncertainties due to both the averted cost-risk and the cost of
implementation to determine changes in the net value for these SAMAs.
Response 7(a):
"[Provide]an estimate of the uncertainties associated with the calculated core damage
frequency (e.g., the mean and median internal events CDF estimates and the 5th and 95th
percentile values of the uncertainty distribution)."
The 2002 update of the Dresden PRA model was utilized as the basis for the SAMA analysis
performed in support of the environmental report. This version of the model was not populated
with uncertainty distributions for the data input parameters. Consequently, development of the
median internal events CDF estimates and the 5" and 95 percentile values of the uncertainty
distribution are not readily available. (Note that population of the uncertainty distribution
parameters is anticipated for a future model revision update.) Table 7-1 provides estimates of
internal events Level I CDF uncertainty distributions that were obtained for other plants from
various sources.
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Table 7-1
Representative Core Damage Frequency Uncertainty Distributions

Plant I

Point

Para-

5"'

Median

95

95e!

Error

Model

Estimate
Mean
Value

metric
Mean
Value

Percentile
Value

Value

Percentile
Value

P.E.
Mean
Ratio

Factor

Peach
Bottom

3.6E-6 ')

4.5E-6

3.5E-7

I.9E-6

1.3E-5

3.6

6.1

NUREGJCR4551,
Volume 4,
Rev. 1, Part 1
(Table S-1 a)

4.1E-6

1.8E-7

1.IE-6

1.4E-5

7.0

8.8

NUREG/CR4551,
Volume 6,
Rev. 1, Part I
(Table S-2)

Grand Gu 2.OE-6

Reference

LaSalle I
RMIEP

3.1 E-5

4.4E-5

2.1 E-6

1.6E-5

1.4E4

4.5

8.2

NUREG/CR4832,
Volume 2
(RMIEP),
(Table 3.1)

LaSalle I
Current

6.64E-4

6.88E-6

2.82E-6

5.20E-6

1.39E-5

2.1

2.2

LS-PSA-014,
LaSalle
Quantification
Notebook,
Revision Z
June 2003
(Appendix G)

-___._
H.B.
Robinson

4.3E-5

4.5E-5

1.5E-5

3.3E-5

1.1 E-4

2.6

2.7

Docket No.
50/261
(Response to
Request for
Additional
Information
Regarding
SAMA
Analysis)

V.C.
Summer

5.6E-5

5.6E-5

I.9E-5

4.4E-5

1.3E-4

2.3

2.6

Docket No.
50/395
(Response to
SAMA
Request for
Additional
Information)

(1) From NUREG/CR-4550, Vol. 4, Rev. 1, Part 1, Page 5-1.
(2) From NUREG/CR-4550, Vol. 6, Rev. 1, Part 1, Page 5-1.
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The collective information shown in Table 7-1 indicates that the point estimate to mean ratio
could be as little as 2 or as large as 7. The LaSalleIRMIEP distribution parameters are chosen
as representative since they represent the second-most broadest distribution. Therefore, a
factor of 4.5 increase from the calculated point estimate mean internal events CDF with an error
factor of 8 is used as a reasonably conservative estimate to approximate the uncertainty
distribution. This correlates to an estimated 95m percentile value of about 8.6E-6/yr for the
Dresden internal events core damage frequency. Additionally, the assumed error factor of 8
can be used to approximate the median and 5 percentile values as well as is shown below.
Dresden Approximated Uncertainty Distribution:
95" Percentile:

4.5 (Point Estimate Mean) = 8.5E-6/yr

Median:

95 / EF = 8.5E-6Iyr 8

5" Percentile: Median / EF = 1.1 E-6Iyr 8

= 1.1 E-6/yr
= 1.3E-7Iyr

Response 7(b):

'(Provide) an assessmentof the impact on the Phase I screening f risk reduction estimates are
increased to account for uncertainties in the risk assessment and the additional benefits
associated with externalevents (as applicable).'
As Indicated In Response 7(a), It Is estimated that the 95 percentile value would be
approximately a factor of 4.5 higher than the reported mean CDF value of 1.9E-6. This can be
assumed to correspond to an internal events upper bound value of about 8.5E-6.
The Dresden Internal Fire risk model was updated in 1999 as part of the revised IPEEE
submittal report. The CDF contribution to internal fires was estimated at 1.7E-5/yr for Unit 2 and
3.OE-5/yr for Unit 3. However, the methodology invoked to determine the fire CDF is judged to
be highly conservative, and therefore It Isjudged that it is not appropriate at this time to directly
compare internal events CDF values with the reported Fire CDF.
The seismic portion of the IPEEE program was completed In conjunction with the SQUG
program. Dresden performed a seismic margins assessment (SMA) following the guidance of
NUREG-1407 and EPRI NP-6041. The SMA is a deterministic evaluation that does not
calculate risk on a probabilistic basis. No core damage frequency sequences were quantified
as part of the seismic risk evaluation. However, an extensive number of plant improvements
were identified and these have are being resolved as is noted in Response 6(b).
Consequently, to account for both uncertainties in the risk assessment and the potential
additional benefits associated with external events, the Phase I screening was re-performed
assuming a factor of almost five increase to the base cost risk for DNPS to $2.OM (compared to
the base internal events cost-risk of $457,000 used in the ER).
' Attachment A provides an assessment of the use of quantitative risk estimates from Fire PRAs, and
why it isjudged that the calculated CDF values should not be directly compared at this time.
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The screening criteria utilized in Table F-1 of the Dresden ER includes the following categories:
#1 #2 #3 #4 #5 #6 #7 #8 -

Not applicable to the Dresden design
Similar item is addressed under other proposed SAMAs
Already Implemented at Dresden
No significant safety benefit associated with this SAMA for Dresden
Cost of implementation clearly greater than the maximum averted cost risk
Retained for Phase II analysis
Requested additional information from Dresden (Not Used)
ABWR design issue, not practical

For the revised Phase I screening, SAMA Items that previously screened by Criteria #1 or #8
were not re-examined. SAMA items that previously screened by Criteria #2 or #3 were also reexamined to see If an alternative approach to addressing the SAMA could be potentially
beneficial, and to look at the potential impact of additional benefits that might be afforded by
including external events in the analysis. SAMA items that previously screened by Criteria #4 or
#5 were also all re-examined, and the previously retained items (i.e., Criteria #) were still
retained and were subject to re-analysis as described in Response 7(c). The results of the
revised Phase I screening for all previous criteria #4, #5, and #6 entries are Included In Table 72. Criteria #2 or #3 entries are only included in Table 7-2 If the disposition Is changed. As can
be seen, two additional SAMAs are now retained for Phase II (See Phase I SAMA 188 and
Phase I SAMA 223) where the revised disposition column is noted as being the key for noting
changes compared to the ER.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number

SANVA title

Result of potential
enhancement

Orighal / Revlsed
ScreenIng Cra

1.

Cap downstream piping of SAMA wud redce the
#4 - No significant
normally dosed component frequency of a loss of
sety benefit
cooling water drain and vent component coong event, a
valves.
large portion of which was
derived from catastrophic
faiure of one of me many
single isolation valves.

3

Enhance loss of component SAMA wuld reduce the
coding procedure to
potential for RCP seal
present desirablilty of

cooling down reactor

coolant system (RCS) prior
to seal LOCA.

#8- Retain

Original Disposition

Revised Disposition
Including Uncertainty and
Exlernal Events a

Phase n
SAMA ID
number

The RBCCW system and the SW system
vent and drain valves are not observed to be
alure modes at Dresden. Their failures are
not Included In the Dresden PSA. The risk
impact of vent and drain valve fallures is
estimated to be negigible at Dresden.

Considering uncertainty and
potential impacts from
external events does not
Introduce any signiicant
changes. No change to the
screening criteria category.

NIA

Stin retained.

4I

falure.

1

i.

..I.

-

.. .
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phas I
SAMA ID
number

SAMA title

7

Proceduralize shedding
component cooling water
loads to extend
component cooling heatup
on loss of essential raw
cooling water.

j

Result of potential
enhancement

SAMA wild Increase time
before the loss of
component cooling (and
reactor coolant punp seal
filure) in the ss of
essential raw cooling water

Original / ReWvsed
Screening Cttera

#4 - No significant
safety benefit.

Original DispositIon

PWR RCP seal leakage issue. The
competing risks associated with shedding
other RBCCW loads Isnot considered
Justited. Therefore, this SAMA Is not
pursued.
D
e he follwing features t
reduce the impact of oss of Reclrculaton

Revised Disposition
Phase 11
Including Uncertainty and 8AMA ID
External Events
number
Considering uncertainty and
potential impacts from
external events does not
Introduce any sinificant
changes. No change to the
screening criteria category.

N/A

Considering uncertainty and
potential impacts from
external events does not
Introduce any significant
changes. No change to the
screening criteria category.

NIA

Considering uncertainty and
potential impacts from
external events does not
introduce any significant
changes No change to the
seing criteria category.

NIA

Pump seal cooling

I1

12

Create an Independent
RCP seal Injection
system, with a dedicated
diesel.

Use existing hydro-test
pump for RCP seal
InJection.

SAMA would add
redundancy to RCP seal
cooling alternatives,
reducing CDF from oss of
component cooling or
service water or from a
station blackout event

#5 - Cost wotld be
more than risk
benefit

SAMA would provide an
#5 - Cost wauld be
Independent seal Injection more than risk
source, without the cost of a benefit
new system.

-

-

-

Miniml Seal leakage might occur if both
the cooling from RBCCW M the purge
fhw from CRD become unavallable.
This Is postulated for SBO events or
loss of SW events.
a new improved Recirculation pump seal
with significantly reduced potential for
leakage (12.5 gpm/purnp versus some
PWR esimates of 480gpm/purnp)
multiple high pressure infection systems
that provide RPV makeup capability to
assure adequate RPV Inventory. These
Include:
- HPCI (turbine driven system)
- CRD (Unit 2 and Unit 3)
- SBLC from test tank orSBLC tank
- Feedwater

-

HPCI and SBLC are Independent of
SW and RFCCW failure

-

FW and CRD are Independent of
RBCCW failure

Because of the avallability of multiple high
pressure InjectIon systems, the smal
Recirculation Pump seal leakage Is not a

significant contributor to the risk profile.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA ID
number
19

SAMA title

Result of potential
enhancement

Use fire protection system SAMA would reduce the
purmps as a baclp seal
frequec of the RCP seal
iniecton and high
LOCA and the SBO CDF.
pressure makeup.

Original I Revised
Screening Cribri

#5 -Cost would be
more than risk
benefit

Original Disposition

Fire protection is a low head system at
Dresden and cannot currently be used as
a HP Injection source. The ability to
provide high pressure Injection dulng an
SOO may be beneficial, but the cost of the
required modifications would be high.
InstallatIon of new high pressure piping, a
high head, high flow pump (as It would
also have to support the fire system) and a
supporting diesel generator or pump motor
Is similar in scope to SAMA 185. The cost
Isalso considered to be sirmilar (S5 milfion
to $10 million) and Is greater than the
maximum averted cost-dsk for Dresden
($457.000),

Revised Disposition
Phase 11
Including Uncertainty and SAMA ID
External Events
number
The cost I considered to be
er than the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening
criteria category.

NA

See also SAMA 178.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number
22

SAMA title

Improved abIlity to cool
the residual heat removal
heat exchangers.

Result of potential
enhancement

Original / Revised
Screening Cr~ta

SAMA would reduce the
probabilily of a loss of
de
heat removal by

# - Retain

Original DisposItIon

Dresden has redundant me
heat removal ndudIng.

Implementing procedure
-

Venting

o y rnsiatiing a compe

-

Main Condenser

8.a. Additional ServIce
Water Pump

SAMA would conceIvably
reduce common cause
dependencies rm SW
system and thus reduce
plant risk rough system
reliabiity Improvement.

. .....
K

i

LPCI Intorus cooling Iscooled by the
,L,
h nae

phu~~~~~~~~~~~~CS

consideration to provide
rooing water to a LPCI
heat exchanger. THis was
discussed In the EPU
coresMpondencoe as the
tentative plan for dealing
with te seismic outter of
Dresden island Lock &
Dam, La., lossg~aan
of
by
ofUHS,
UHS,
200e3,
oyThe
iss
Fa~l 20.
23

Still retained.

SOC (separate system)

-

Aportable dIesel-drIven
pup Isunder

Phase I
8AMA ID
mnnber

LCIntoucolg

and hardware modifications
to allow manual alignment
of the fire protection system

cooling water cross-tie.

s of decay

Revised Disposition
Including Uncertainty and
External Events

#5 - Cost would be
more than liek
beidt

rt

teIntCaike .

9

Dresden's Shutdown Coolng system has
heat exchngers that are cooled by
RBCCW and SW from the intake. Plant
capability and procedures are available to
allow cross-tie to the opposite units
RBCCW system.
h.be
elrvnppump
psIs
prtable diesel-driven
considered to deal wIth large reduction In
Intake level.
The cost of Implementing this SAMA has
been estimated at approximately $5.9
million and Is greater than the maximum
averted cost-rsk for Dresden ($457,000).

!:.:,.

HO

nsst i*"s,

The cost Is considered to be
greater than the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening
critera categoy.

NIA
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA D
number

SAMA ttle

24

Create an Indpendent
RCP seal infection
system, vAthout dedicated
diesel

This SAMA would add
#4 - No signifcant
redundancy to RCP seal
safety benefit
cooling alternatives,
reducing e CDF from loss
of CC or SW. but not SB0.

The recirculaon pump seal leakage at
Dresden could compromise the long tern
success of the Isolation Condenser. An
Independent safety related seal cooling
system could reduce this impact however
the risk npact of the recircuation seal
lieak is already very low.

Considering uncertainty and
potential impacts from
external events does not
Introduce any signIficant
changes. No change to the
screning criteria category.

N/A

25

Provide reliable power to
control building fans.

SAMA weuld increase
availability of control room
ventilation on a oss of
power.

Control Room HVAC Ispowered by NonESS buses that can be powered by EDis
given a LOOP. Control Room HVAC Is
not required for successful accident
mitigation.

Considering uncertainty and
potential Impacts frm
external events does not
Introduce any significant
changes. No change to the
screening criteria catesoy.

N/A

28

Provide a redundant traIn
of ventilation.

SAMA
iould
Increase the
#5- Cost would be
availability of components
more than risk
dependent on room cooilng. benefit

The cost of Installing a redundant diverse
Vain of HVAC for a Switchgear Room has
been estimated at $10 million (Reference
19). This estimate far exceeds the
maximum averted cost-rlsk for Dresden
($457,000). Assuming the cost to Install a
redundant train of VAC In other areas s
approximately equivalent to this estimate.
providing a redundant train of HVAC would
not be cost benefical for any system and

The cost Is considered to be
greater then the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening
criterla category.

N/A

Result of potental
enhancement

O..glna/ Rvsed
ScreenIng C
a

#4 - No significant
safety benefit.

Original Disposition

Revised Disposition
Phase 11
Including Uncertainty and SAMA ID
External Events
number

Is soreened from further analysis.
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Table 7-2

Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I |
SAMA ID
number
29

SAMA title

Result of potential
enhancement

Original / Revised
Screening Crtea

Create ability to switch fan SAMA would allow
#4 - No significant
power supply to DC In an continued operation In an
safety benefit
SB0 event.
SBO event This SAMA
was created for reactor core

Isolation cooling system

34

Instalt an Independent
method of suppression
pool cooling.

35

Develop an enhanced
drywell spray system.

Original DIspositlon

Revised DIsposItIon
Including Uncertainty and
External Events

Phase I
SAMA 10
number

The systems that require room cooling and
have the capabilIty of operating during an
SBO Include only HPCI (no IC mom
cooling dependency). During a postulated

Considering uncertainty and
potential mpacts from
external events does not
Introduce any significant

NIA

SBO. HPCI can operate for the duration of changes. No change to the

room at Fltpatric* Nuclear
Power Plant

the event whilh is limited by DC battery
Ife. Use of a DC powered fan would
Increase the drain on the batteries with no
Impact on the reliabillty of the HPCI
systems as long as tere Is no gland seal
failure. For the low probability event of
gland seal failure the crew Is directed to
bypass hIgh temperatue mom trips. This
would avoid the trip of HPCI. Component
failures of these systems could also occor,
but this Is judged to represent a negilgible
alsk Irnpact As such he Is no
measurable safety benefit assoclated with
this SAMA.

SAMA would decrease the #5 - Cost would be
probability of loss of
more than risk
containment heat removal.
benefit
For PWRs. a potential
simlar enhancement would
be to Install an Independent
cooling system for sump

Installation of a new, Independent
The cost Is considered to be
suppression pool cooling system Is similar greater than the upper
In scope to Installing a new containment
bound maximum averted
spray system, which has been estimated
cost risk of $2.0M. No
to cost approximately $5.8 million. Tis
change to the screening
exceeds the maximum averted cost-risk
criteria category.
for Dresden ($457,000).

screening criteria category.

NA

water.
SAMA would provide a
redundant source of water
to the contaInment to
control containment
pressure, when used In

onunction with

contalnment heat removal.

# - Retain

A potential enhancement woud be to
proeduralItze the crosstle between the
containment spray path of one unit the
LPCI system of the opposite unIt Another
alternative Is the addition of a connection

between containment spray and the
plants Ire protection system.
(See DEOP 0500-03).

_ __ _ __ _

_

_

__ __ __ __ __ __ _ _ _ _ _ _ _ __ _

Still retained. ConsIder
benefit that could be
obtaIned by the addition of
a connection between the
containment spray and the

3

'

plant's fire protection
system. Also consider
lower cost alternative Of
proceduralizing existing
capabilties from other unit
~~~~~~~~~~~~~LPCI
cross-te.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
9AMA ID
number

SAMA title

36

_

38

Result of potential
enhancement

Original / Revised
Screening Cdtsrla

Original Disposition

Revised Disposition
Phase It
Including Uncertainty and SAMA ID
External Events
rnber

Provide dedicated existing SAMA would provide a
#5 - Cost would be
drysall spray system.
source of water to the
more than risk
containment to control
benefit
containment pressure, when
used In conjunction with
.
containment heat removel.
Th would use an existing
spray loop Instead of
deveoping a new spray
_
_
_
system .
_

installation of a new, Independent,
contalnment spray system, has been
estimated to cost approximately $5.8
million. This exceeds the maximurn
averted cos-risk for Dresden ($457.000).

Instal a filtered
contalnment vent to
remove decay heat

#5 - Cost wuld be
more than risk
benefit

Potentil to Improve both the Level and
Level 2 results. Cost expected to exceed
the maximum averted cost-risk for
Dresden ($457,000)

The cost is considered to be
greater than the upper
bound maximum averted
cost risk of 2.OM. No
change to the screening
criteria category.

NA

#5 - Cost would be
more than risk
beneflt

Dresden does not have a hard pipe vent of
sufficient capacity to mitgate ATWS
pressuraton unless other mitigation
steps are succesfl. Cost expected to
exceed the maximum averted cost-risk for
Dresden ($457,000)

The cost Is considered to be
greater than the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening
criteria category.

NA

SAMA would provide an
alternate decay heat
removal method for nonAlWS events, Ith the
released fission products
ben scrubbed.

_

_

_

_

_

_

_

The cost Is considered to be
greater than the upper
bound maximum averted
cost risk of $2.OM. No
change to te screening
criteria category.

NIA

.__

Option 1: Gravel Bed Filter
Option 2: Multiple Venturi
Scrubber
39

Install a containment vent
large enough to remove
ATWS decay heat

Assuming that injection Is
avallable. this SAMA would
provide alternate decay
heat removal in an AlWS
event
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA ID
number

SAMA title

Result of potential
enhancement

Original / Revised
Screning Criteria

#4- No significant

Create/enhance hydrogen SAMA would reduce
recombiners with
hydrogen detonaston at
Independent power
lower cost Use either
supply.
1)a new independent
power supply

40

safety benefit

2) a non-saftyrade
portable generator
3) exIsting station batteries
4) existing ACDC
independent power
I

I

41

Instal hydrogen
recombiners.

supplies.

I

SAMA woukd provide a
means to reduce the
chance of hydrogen
detonation.

#4 - No significant
say beneft

Original Disposition

Revised Disposition
Phase II
Including Uncertainty and SAMA ID
External Events
number

The Dresden primary containment Is Inert.
The NMrogen Make-up system maintains
an Inerted atmosphere within containment
during nomna operation. In accident
conditions, It provides a feed and bleed
function which purges the containment
atmosphere of aocumulated combustible
gases (Inuding oxygen and hydrogen,
etc.) and replaces them with nitrogen.

N/A

Considering uncertainty and
potential Impacts from
external events does not
Introduce any slgniflcant
changes. No change to the
screening criteria category.

Nitogen Containment Atnospheric
Dilution (NCAD) this modification has been
Installed on both units. This system
provides a reliable source of Mtrogen for
combustible gas control olowing an
accident It would be used should the
normal makeup flow path not be available
during post-accident condition. The
design flow rate Is 29 schn through each
line at 31 psig.

I-

Considering uncertainty and
potential Impacs from
external events does not
htroduce any significant
changes. No change to the
screening criteria category.

NA

The NCAD system Is designed to control
the 02 and H2 concentrations by venting
and purging with nitrogen. In addition,
hydrogen recombiners are preduded from
operating in conditions with high hydrogen.
I.e.. severe acddents. In addition,
becausoe of thelr small processing capacity
are Ineffective In treatng the dominant
contributors to severe accident risk.
Hydrogen recombiners are preciuded from
operating In condiions with high hydrogen,
I.e.. severe accidents.
NegligIble Irnpact on risk results fom
I

.L

I

adding hydrogen reconbiners.
~~~~~~~~~~~I

I

I
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number

SAMA title

43

Create a large concrete
crucible with heat removal
potential under the
basemat to contain molten
core debris.

44

45

.

Result of potential
enhancement

Original / Revised
Screening Crftrf

Original Disposition

Revised Disposition
Including Uncertainty and
External Events

Phase 11
SAMA ID
number

SAMA would ensure that
#5 -Cost would be
moen core debris escaping more than isk
hom the vessel wowd be
benefit
contained within fte
aucibe. The water cooling
mechanism would cool th
molten corepreventing a
melt-through of the
basemat

Core retention devices have been
Investigated In previous studies. IDCOR
conduded that core retention devices are
not effective risk reduction devices for
degraded core event. Other evaluations
have shown the worth value for a core
retention device to be on the order of
$7000 (averted cost-risk) compared to an
estimated Implementation cost of over $1
million (per unit).

Considering uncertainty and
potential Impacts from
external events does not
intaduce sny significant
changes. No change to the
screening criteria category.

NIA

Create a water-cooled
nbble bed on the
pedestal.

SAMA would contain molten #5 - Cost would be
core debris dropping on to
more than risk
the pedestal and would
benefit
allow the debris to be
Cooled.

Core retention devices have been
Investigated in previous studies. IDCOR
concuded that core retention devices are
not effective risk reduction devices for
degraded core even. Other evaluations
have shown the worth value for a core
retention device to be on the order of
$7000 (averted cost-rsk) compared to an
estmated implementation cost of over $1
million (per unit).

Considering uncertainty and
potential impacts from
external events does not
Introduce any significant
changes. No change to the
screening criteria category.

N/A

Provide modification for
flooding the drywell head.

SAMA would help milgate
accidents that result in the
leakage through the drywall
head seal.

BWR Mark I risk Is typically dominated by
events that result In early failure of tme
drywal shell due to direct contact with
core debris and events Nt bypass the
containment. The Is also true at Dresden.
The head flooding system would,
therefore, not be expected to have any
significant Inpact on the overall risk.

Considering uncertainty and
potential Impacts from
external events does not
Introduce any significant
changes. No change to the
screening criteria category.

NA

#4 - No significant
safety benelit

The potential for competing risks due to
Reactor Buldn flooding is considered to
eliminate any positive safety benefit
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I I
SAMA ID |
number

SAMA title

f

46

Result of potential
enhancement

Orginal / Revsed
Screening Cdterla

Enhance fire protection
SAMA would Improve
#4 - No significant
system andlor standby
fission product scrubbing In say benefit
gas treatment system
severe accidents.
hardware and procedures.

Original DIspositIon

Revised Disposition
Including Uncertainty and
External Events

Phase i1
SAMA ID
number

Current Standby Gas Treatment Systems
do not have sufficient capacity to handle
he loads fom severe accidents that result
in a bypass or breech of the containment.
Loads produced as a result of RPV or
containment blowdown would require large
filtering capaclties. These fltered vented
systems have been previously
Investigated and found not to provide
sufficient cost benefit

Considering uncertainty and
potential Impacts fom
external events does not
ntroduce any significant
changes. No change to the
screening crteria category.

NIA

Considering uncertainty and
potential Impacts from
external events does not
introduce any significant
changes. No change to the
screening criteria category.

N/A

Dresden has ited fire protection
sprinkler systems In the Reactor BuildIng.
Use of heSe for fissin product scrubbing
In the RB. could create competing risks
associated with spray failures and flooding
of equipment with very limited potential
benefit
50

Create a core melt source
reduction system.

SAMA would provide
#5 - Cost would be
cooling and containment of more than risk
molten core debris.
benefit
Refractory material would
be placed undemeath the
reactor vessel such that a
molten core falling on the
material would melt and
combine with the material.
Subsequent spreading and
heat removal form the
vitried compound woud be
facilitated, and concrete
atack would not occur

Core retention devices have been
Investigated In previous studies. IDCOR
concuded that "core retention devices are
not effective risk reduction devices for
degraded core events. Other evaluations
have shown the worth value for a core
retention device to be on the order of
$7000 compared to an estimated
Implementation cost of over $1 million.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA iD
number

SAMA title

Result of Potential
enhancement

Original / Revsed
Screening Crtria

Original DIsposItIon

Revised DssisotIon
Phase 11
Including Uncertainty and SAMA ID
External Events
number

53

Install a secondary
containment filter vent

SAMA would filter fission
products released from
primary containment

#5 - Cost would be
more than rIsk
benefit

Secondary containment at Dresden makes
extensive use of blow out panels to protect
the sinuctural Integrity of te building In the
event of Internal pressure challenges such
as steamine breaks In the reactor building
or extenal pressure challenges such as
tornadoes. Major stnucturel redesign of
the reactor building would be required to
make the reactor building capable of
retaining and processing a primary
containment failure.

Considering uncertainty and
potential Impacts from
external events does not
Introduce any significant
changes. No change to te
screening criteria category.

WA

54

Install a passive
contalnment spray
system.

SAMA would provide
redundant containment
spray method without high

#5 - Cost would be
more than risk
benefit

A passive system Is another alternative
Considering uncertainty and
enhancement for the Containment Spray
potential impacts fiom
funcion. See SAMA 35. Cost expected to external events does not

NA

cost.
_________

55

______________________

exceed the maximum averted cost-risk for Introduce any significant

Dresden (S457,00t)

changes. No change to he

BWR Mark I risk Istypically dominated by
events that result Inearly failure of the

The cost Isconsidered to be
greater than the upper

drywall shell due to direct contact with

bound maximum averted

_____________________

Strengthen
primary/secondary

SAMA would reduce tho
probability of containment

contaInment.

overpressurtzation to failure. benefit

#5 Cost would be
more than risk

screening criteria category.

NIA

core debris and events that bypass the
cost risk of $2.OM. No
containment Strengteing the primary
change to the screening
/secondary containment would have a
criteria category.
small impact on the overall risk of these
aoedents. Reference 17 discusses the
cost of Increasing the contaInment
pressure and temperature capacity, which
Iseffectiey strengthening the
contaInment This cost Isestimated
assuming e change Ismade during the
design phase whereas for Dresden, the
changes would have to be made as a
reroit The cost estimated for the ABWR
was $12 million and It Isjudged that
rerofing an existing containment would
cost more. The cost of implementafon for
this SAMA exceeds e maximum averted

costrisk for Dresden ($457.000).
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number

SAMA title

Result of potential
enhancement

Original / Revised
Screening Critera

Original Disposition

Revised Disposition
Phase 11
Including Uncertainty and SAMA ID
External Events
number

56

Increase the depth of the
concrete basernat or use
an alternative concrete
material to ensure melthrough does not occur.

SAMA would prevent
basemat melt-through.

#5 - Cost would be
more than risk
benefit

Core retention devices have been
Investigated In previous sudies. IDCOR
concluded that core retention devices are
not effective risk reduction devices for
degraded core events. Other evaluations
have shown the worth value for a core
retention device to be on the order of
$7000 compared to an estimated
Implementation cost of over $1milllonlsite.

Considering uncertainty and
potential Impacts from
external events does not
Introduce any significant
changes. No change to the
screening criteria category.

N/A

57

Provide a reactor vessel
exterior cooling system.

SAMA would provide the
# - Costwoud be
potential to cool a molten
more than risk
core before It causes vessel benefit
fallure, If the owr head
could be submerged In
ater.

This has been estbnated to cost $2.5
million and exteeds the maximum averted
costrisk for Dresden ($457,000). ORNL
(351 has performed thermal hydraulic
calculations on BWR external cooling
methods and determined that the current
BWR RPV support skirt design makes It
impractical to cool the RPV by external
cooling to prevent RPV breach.
Therefore, the modification would require
RPV support skirt modification and
reanalysis to allow the external coollng to
be effective.

The cost Isconsidered to be
greater than the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening
criteria category.

NIA

58

Construct a buWilding to be
connected to
primarylsecondary
containment that Is
maintained at a vacuum.

SAMA would provide a
method to depressurize
containment and reduce
fission product release.

Based on engineering judgement, the cost
of this enhancement is expected to greatly
exceed the maximum averted cost risk
($0.4 million).

The cost I considered to be
greater than the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening

N/A

#5 - Cost would be
more than risk
benefit

crteria category.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number

SAMA title

64

1.h. Sinulator Training for
Severe Accident

Result of potentlal
enhancement

Original / Revised
Screening Criteria

SAMA would lead to
#4 - No significant
Improved arrest of core melt sat benefit
progress and prevention of
containment failure

Original Disposition

Revised Disposition
Including Uncertainty and
External Events

Phase n1
SAMA ID
number

Simulators could be upgraded and used to
provide operator training for severe
accidents: however, these scenarios are
rare and the Instruction time would
compete with time required to train
operators on more likely scenarios that are
severe accident precursors. The beneft of
sinulator training Is dfficult to quantify as
the results would be based on the
Improved reliability of human actions In the
miigaton of severe acddents. Training
can positively Iniluence the values of
HEPs. but the Impact Is small. In addition.
the TSC would be manned In a severe
accident evolution and codd provide
additional support by personnel familiar
with the SAMGs.

Considering uncertainty and
potenIal Impacts from
external events does not
intoue any significant
changes. No change to the
screenin criteria category.

NIA

The cost Is considered to be
greater than the upper
bound maimum averted
cost risk of $2.OM. No
change to the screening
altera category.

NA

Previously assessed by the NRC as not
required to support Acddent management
because of marginal cost benefit

e

3.a. Larger Volume
Containment

________

SAMA Increases time
before containment failure
and Increases time for
recovery

_ ____________________________

#5 - Cost would be
more than risk
benefit

_______

_

Erlargement of the containment would be
similar In scope to the ABWR design
change SAMA to Implement a larger
volume containment but would Ekely
exceed the $8 millbn estimate for that
change as a rett would be required.
This Is greater than the maximum averted
_

cost-r~sk ($457.000).-__457_00
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number
e8

SAMA title

3.c Improved Vacuum
Breakers (redundant
valves In each line)

Result of potential
enhancement

SAMA
the
probability of a stuck open
cu breaker.

Original / Retsed
Screening Critra

Original Disposition

Revised Disposfflon
Including Uncertainty and
External Events

Phase 11
SAMA ID
number

#5 - Cost weuld be
more than risk
benefit

The Dresden plant has six() indvidual
vacuum breaker lInes wIth two vacuum
breakers In parallel In each One. Providing
redundant vaun breakers In each le
would decrease the potential for vapor
suppressIon failure and suppression pool
bypass. This plant modification requires
new valves. the structural changes to
Implement the modification, and the
outage time to instal. Based on the PRA
results that vapor suppression faikhre and
pool bypass are negligible risk contributors
and the apparent extremely high cost this
proposed SAMA Is not considered cost
effective.

Considering uncertainty and
potential impacts from
external events does not
Iroduce any significant
changes. No change to the
screening criteria category.

N/A

#3 - Already
Installed.

Dresden already has Included spare
batteries. These can be used to extend IC
operability and allow more credit for AC
power recovery. This would decrease the
frequency of core damage and offsite
releases.

Considering uncertainty and
potential impacts from
external events does not
introduce any significant
changes. No change to the
sceening criteria category.

NIA

The anticipated
Implementation cost is
Judged to exceed the
benefit even If the benefit is
Increased by almost a factor
ffive to account for
uncertainty and potential
impacts from external
even No change to the

NA

See Table 6 and Section
4.3.3 of ABWR SAMDAs.

92

Provide additional DC
battery capaty.

SAMA would ensure longer
battery capability during an
SB0. reducing the
frequen of long-term SBO
sequences.

#4- No significant
safe

benefit.

The addition of 250V DC batteries could

be evaluated to provide all the MPCI DC
power requirements. However, room
cooling and tons cooling would be more
limiting.

93

Use fW calls Instead of
lead-add batteries.

SAMA would extend DC
power availability In an
SBO.

#5 - Cost would be
more than risk
benefit

Furfter extension of battery life with fue
cels Is estimated to have a small impact
on the Dresden residual risk profile. In
addition, the cost of hardware (fuel cells),
engineering, and hazard analysis Is
expected to exceed the maximum cost
averted of $457,000.

_ _ _ ___ _ ___ ___ ___ _ ___ ___
_ ___________ ______ _

screening criteria category.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA IM
number
107

SAMA title

Result of potential
enhancement

Original / Revised
Screening Criter

Original Disposition

Create a backup source
for diesel cooling. (Not
from existing system)

This SAMA would provide a #5 - Cost would be
redundant and diverse
more than risk
source of cooling for the
benefit
diesel generators, which
would contribute to
enhanced diesel reliability.

A new system for diesel cooling would
requim extensive engineering, safey
anays hardware and labor for
Installation. This would exceed the
S457.000 maximum averted cost

110

Bury ofslte power lines.

SAMA could iprove ofsite # - Cost would be
power reliability. particularly more than risk
during sevore weather.
benefit

While e actual cost of this SAMA will
vary depending on site characteristics the
cost of burying offsite power lines has
been estimated at a cost significantly
greater than $25 million for another
commercial US nuciear plait
Implementing this SAMA at Dresden Is
considered to be within the same order of
magnitude and exceeds the maximum
averted cost-risk for the plant ($457,000).

113

Provide DC power to the SAMA would Increase the
120/240-V vital AC system relIability of the 120-VAC
from the Class IE station Bus.
service battery system
Instead of is own better.

_________

The anticIpated
irnplementation cost Is
judged to exceed he
benefit even if the benefit Is
increased by almost a factor
of ive to account for
uncertaibty and potential
impacts from external
events. No change to the
screening criteria category.

N/A

The cost Isconsidered to be
greater than the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening
criteria category.

NIA

Considering uncertainty and
potential impacts from
external events does not
2) 120 VAC Is not a risk signifctnt
introduce any significant
Support sst m ftom a isk reduction schanges. No chne toth

NIA

__________________________________

of

#4 - No significant
safey benefit

~~~~~~~~~~~
~~~~~~
~~wort

1) Los of 120V AC is not an Initiating
Event

perspective that Iskey for the

SAMA analysisi

120

9. Improved
Uninteriuptable Power
supplies

SAMA would provide
increased rellabilty of
power supplies supporting
frt41ne qupment thus
reducing core damage and
release frequencies.

#4 - No signiflcant
safety benefit

I

Revised Disposition
Phase II
Including Uncertainty and SAMA ID
External Events
number

1) Loss of 120V AC Isnot an Initiating
Event
2) 120 VAC Is not a risk signficant
support system "froma risk reduction
worth perspective that Is key for to
I
~SAMA
anamsis
-___I___

screening criteria category.
_

_

_

_

_

__

_

_

_

Considering uncertainty and
potential impacts from
external events does not
introduce any significant
changes. No change to the
screening criteria category.

_

_

N/A

I_
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Table 7-2

Revised Phase I MA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA 10
number

8AMA title

Result of potential
enhancement

Orinal / ROvWsed
Screelng Cterl

Orginal Disposition

Revised Disposition
Phase II
Including Uncertainty and SAMA C
External Events
number

124

10.a. Dedicated DC
Power Supply

This SAMA addresses the
#5 - Cost would be
useof a diverse DC power more then risk
system such as an
benefit
additional battery or fuel cell
for the purpose of providing
motive power to certain
components (e.g., HPC).

Dresden has the capablity to operate the
Isolation Condenser (one Initiated)
wIfout DC power. This is Included In the
Dresden PRA as a suocess path. The
cost of Implementation for this mod is
estimated at $3 million, which Is greater
than the maximum averted cost-risk for
Dresden ($457,000).

The cost Is considered to be
greater than the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening
criteria category.

NIA

129

Add an automatc bus
transfer feetur to allow
the automatic transfer of
the 120V vital AC bus
from the on-lne unit to the
standby unit

Plants aretypcally sensitHve 4 - No sgnllcant
to the loss of one or more
safety benefit
120V vital AC buses.
Manual transfers to
aitenate power supplies
cld be enhanced to
transfer automatically.

1) Loss of 120VAC Is not an Intiating
Event

Considering uncertainty and
potential Impacts from
external events does not
introduce any significant
ha . No change to the
w rlg criteria category.

NA

138

Locate resikal heat
removal (RHR) Inside of
containment

SAMA would prevent
Intersystem LOCA
(ISLOCA) out the RHR
pathway.

Competing risks associated with such a
design are manifold and wotid require
extensive analysis to denonstrate
capability. For an existing plant the cost
of moving an entire system Is Judged to
greatly exceed me maximum averted costrisk for Dresden (457.000). Related to
mitigation of en ISLOCA. Per IN-92-36,
and Its additional supplement ISLOCA
contributes lite risk for BWRs. because of
the lower primary system pressures.

The cost Is considered to be
greater than the upper
bound maximum averted
cost risk of $2.OM. No
change to the screening
criteria category.

NIA

139

Install addional
Insrumentation for
ISLOCAs.

SAMA would decrese
#4 - No significant
ISLOCA frequency by
safety benefit
Installing pressure of leak
monitoring instruments In
between the first two
pressure Isolation vdves on

Related to miigation of an ISLOCA. Per
IN-92-36. and Its additional supplement
ISLOCA contributes Rtle risk for 8WRs,
because of the lower primary system
pressures.

Considering uncertainty and
potential Impacts from
external events does not
Introduce any significant
changes. No change to the
screening criteria category.

N/A

lvessure Inject

#5 - Cost woud be
more than risk
beneft

2) 120 VAC Is not a risk s
nt
support system [from a risk educon
worth perspective that Is key for the
SAMA analysiss

es,

RHR suction Ines, and
HPSI lines.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA ID
number

SAMA title

Result of potential
enhancement

Original Y Revised
Screening Crftert

Original Disposition

140

Increase freuency for
valve leak testing.

SAMA could reduce
ISLOCA frequency.

#4 No significant
sahty benefit

Related to mitigatn of an ISLOCA. Per
IN-92-36. and its addional supplement,
ISLOCA contributes tiile risk for BWRs,
because of the lower primary system
pressures.

141

Improve operator training
on ISLOCA coping.

SAMA would decrease
ISLOCA effects

#4 - No significant
safety benefit

Related to mitigation of an ISLOCA. Per
IN-92-36, and Its additional supplement,
ISLOCA contributes Ntie risk for BWRs,
because of the wr primary system
pressures.

Revised Disposition
Phase I
Including Uncertainty and SAMA M
number
External Events
Considering uncertainty and
potential mpacts from
external events does not
intoduce any significant
changes. No change to the

N/A

screening criteria category.
Considering uncertainty and
potential Impacts from
external events does not
introduce any significant
changes. No change to the
screening criteria category.

NIA

Considering uncertainty and
potential Impacts from
external events does not
Intoduce any significant
changes. No change to the
screening criteria category.

N/A

In addition, the Dresden EOPs provide
secondary containment monitoring
parameters which Include room specific
temperature, rom specific radiation, vent
radiathn, and room specific water level.
The Insumentation and procedural
guidance help locate and Isolate breaks
which have bypassed primary
containment
143

Provide leak testing of
valves hI ISLOCA paths.

SAMA would help reduce
ISLOCA frequency. At
Kewaunee Nuclear Power
Plant, four MOVs solating
RHR from the RCS were
not leak tested.

#4 - No significant
safety benefit

Related to mitigation of an ISLOCA. Per
IN-92-3e, and Its addItional supplement.
ISLOCA contributes little risk for 3WRs,
because of the lower primary system
pressures.
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Table 7.2
Revised Phase I SAMA DisposItlon (Assumng Maxlmum Averted Cost Risk of $2.0M)
Phase I
SAMA tD
number
145

SAMA titi*

Ensure all ISLOCA
releases are scrubbed.

Result of potential
enhancement

Original DIsposition

OrigInal / Revised
Screenin Cftera

#4- No signIficant
SAMA weuld scub all
safety benefit
ISLOCA releases. One
example Is to plug drains In
te break area so tW the
break point would cover
wlth water.

Related to mitigation of an ISLOCA. Per
IN-92-36, and its additional supplement,
ISLOCA contributes little risk for BWRs,
because of the lower primary system
pressures.

Phase II
Revised Disposition
Including Uncertainty and SAMA ID
External Events
number
Considering uncertainty and
Potential Impacts from
external events does not
Introduce any significant
changes. No change to the
screening criteria catagory.

NIA

The cost of performing the analysis to
Identify all ISLOCA pathways and to

ensure that any physical modifications

Implemented to mitigate ISLOCAs are not
detrimental to the plant (e.g., cause

flooding hazrds) combined with te cost

of Installing the required equipment Is
judged to greatly exceed any benefit
Additionally, the suggested enhancement
of puging drain lines would not
guarantee a reease would be scrubbed as
the release may occur above the break
location. Room flooding equipment and
waterproofing of mitigative components

would be required to make this SAMA
potentially effective. Such changes would
be extremely costly and potential
competing risk appears to significantly
outweigh

any possible safety beneflit.

146

Add redundant and
diverse limit switches to
each containment
Isolation valve.

#4- No significant
SAMA could reduce the
frequency of containment
safety beneflt
Isolation failre and
ISLOCAs through enhanced
Isolation valve position
Indication.

Related to mitigation of an ISLOCA. Per
IN-92-36, and its additional supplement,
ISLOCA contributes ltle risk for BWRs.
because of the lower primay system
pressures.

Considering uncertainty and
potential Impacts from
external events does not
introduce any significant
changes. No change to the
screening criteda category.

WIA

147

Early detection and
mitigation of ISLOCA

SAMA would lmit the
#4 - No signiftant
effects of ISLOCA accidents safety benefit
by early detection and
isolation

Related to mitigation of an ISLOCA. Per
IN-92-36. and its additional supplerent,
ISLOCA contrbutes Eiie risk for BWRs.
because of the iower primary system
pressures.

Considering uncertainty and
potential Impacts from
external events does not
introduce any significant
changes. No change to the

NIA

_______________________________

screening criteria category.

.______________
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA ID
number
148

SAMA title

8.e. Improved MSIV
Design

Result of potential
enhancement

Original / Revlsed
Screening Criteria

Original Disposition

Revised Disposition
Phase 11
Including Uncertainty and 3AMA ID
External Events
number

This SAMA vould decrease #4 - No significant
the likelihood of
safety benefit

Redundant MSiVs are designed to isolate
on severe accidents ht could lead to

Considering uncertainty end
potential Impacts from

contalnment bypass

radlonucilde release and bypass

externl events does not

scenaos.

containment These Include breaks
introduce any significant
outside containment The MSIVs are look changes. No change to the
tested to ensure their adequacy. The
sceening criteria categoy.
maintenance Rule program monitors the
performances of the MSiVs providing eariy
feedback on any degradation.

N1A

The PRA has determined that the risk
contribution from MSIV failures to isolate s
very small.

153

Modify swing direction of
doors separating turbine
building basement from
areas containing
safeguards equipment

SAMA would prevent flood #4 - No signifiant
propagatin, for a plant
safety benefit
wher internal flooding from
turbine building to
safeguards areas Isa
concemn.

Dresden plant configuration Isnot
Considering uncertainty and
susceptible to flood propagation from the potential Impacts from
Turbine Building to adjacent bufldings with external events does not
safelty equipment Flooding from Turbine introduce any significant
Hall Into adjacent buildings considered to changes. No change to me
have negligible impact
screening criteria category.

N/A

155

Implement internal flood
prevention and mitigation
enhancements.

This SAMA would reduce
th consequences of
Internal flooding,

The total contribution to CDF from internal
flooding Is 1.8E-7Iyr or ess than 10% of
the total Internai events CDF. Internal
flood is not considered to be a dominant
contributor to the CDF at Dresden and
adequate precautions and training are
believed to be In place to prevent and
respond to postulated flood.

N/A

#4 - No significant
safety benefit

Table 1-2 In Response 1(b)
Indicates that the current
contribution from nternal
flooding Is about 3%.
Considering uncertainty and
potential Impacts from
external events does not
ntoduce any significant
changes. No change to the

screening criteria category.

85

Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA M
number
157

SAMA title

Shield electrical
equipment from potential
water spray

Result of potential
enhancement

SAMA would decrease risk
associated with selsmicafly
Induced internal flooding

Original / Reised
Screening Critria

#5 - Cost would be
more tian risk
benefit

Original Disposition

Revised Disposition
Phase i
Including Uncertainty and SAMA ID
External Events
number

Protecting equipment from spray may be a The antcIpated
implementation cost is
cost beneficial means of reducing risk at
Dresden. However, there are very few. if jud
to exceed the

any, locations that can be effectvely

protected frowm water spray adverse effects
that are not already protected. This fact
coupled with the knowledge that the total
CDF from at Internal floods Is so low.
means that any plant modification Is nearly
impossible to justify. The 4-kV emergency
buses In Reactor Building have water
hoods. Some MCCs have small hoods.

b

NIA

even n the benefit Is

Increased by almost a factor
f five to account for
uncertaiy and potential
impacts from extemal
events. No change to the
screening criteria category.

Additional spray protection could be

provided to switchgear In Turbine Building.
Main risk reduction would be from
providi water spray protection to Unit 3
125 VDC battery bus and swtchgear in
cage outside of Unit 3 Battery Charger
roorn.
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Table 7.2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
9ANIA ID
number
164

SAMA title

Result of potential
enhancement

Original / ROWvsed
Screening Cr9eria

Original DisposItion

l

Install a new condensate
storage tank (CST)

Elther replace the existing
tank with a larger one, or
Install a back-up tank.

#4 - No significant
safety benefit

For SBO conditions, the CST contains
enough water to allow make-up Infection
from HPCI for a period longer than Its
estbmated operabilIty (based on battery
lfe). The 1A, 213A and 2138 CSTs have a
combhied nominal water volume typIcal)
of 410.000 gallons. For LOCA Initiators.
the CST does not contain enough water to
provide Irecftion for the 24 hour mission
time. The CST makeup systems do not
currently have the capacity to match the
Inventory oss for a LOCA. Feedwater has
connections to unlimited water supplies
(SBCS) not dependent on the CST.

Revised Disposition
Phase 11
Including Uncertainty and SAMA ID
External Events
number
Considering uncertaInty and
potential Inpacts from
external events does not
hitmduce any significant
changes. No change to e
screening criteria category.

NIA

CST connections to Core Spray and LPCI
already exdst The ability to refill the CST
from external water sources Isconsidered
both desirable and not d
tfficut
The
Technical Support Guidelines (TSGs)
Appendix J provides the makeup sources
avallable to Dresden to allow CST refill.
The Isolation Condenser (IC) which Is a
separate mtation system also has
significant makeup capabilities
Independent of the CST. The TSG
Appendix K cites the systems that can
makeup to the shell se of the IC. This
represents a significant benellt over other
_ __ __ ___ __ _ _____ _ _____ _ __ __

___________

plants without an IC.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
SAMA title

Phase I
8AMA
number

Result of potential
enhancement

Orilineal / Revised
Screening Crlfeta

Original Disposition

Phase 11
Revised DisposItIon
Including Uncertainty and SAMA ID
number
External Events

.-

16

Provide cooling of the
steam-driven AFW pump
in en SBO event

This SAMA woud mprove #5 - Cost uld be
more than risk
success probability In an
benefit
S80 by (1) using the FP
systen to cooi the pump, or
(2) makIng the pump self
cooled, or (3) providing a
fan cooing capability.

AFW is a PWR system for steam
generator makeup Infectin The HPCI
pump at Dresden Is equivalent In many
respects to the PWR AFW pump. The
HPCI turbine requires room cooling over a
24 hour misson ime or the SBO mission
time of 4 hours. Installation of an
additional room coolmg system for HPCI
that wotid be Independent of AC and DC
power would be the only typ of system"
that wouid change the risk profile. This
additional system Is expeed to cost more
than Me maxdmum cost averted of
$457.OOO and therefore to not be cost
beneficial.

The anticipated
Implementation cost Is
iudged to exceed the
benefit even if the benefit Is
increased by almost a factor
offive to accounifor
uncertainty and potential
impacts from external
event. No change to the
screening critera category.

NIA
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Table 7-2
Revised Phase I SAMA Dlsposition (Assuming Maximum Averted Cost Risk of $2.0M)
SAMA title

Phase I

I SAMA ID

original Revised
_
Screening Crta

Result of potential
enhancement

Original Disposition

-

num ber

r

--

-

Procedurfalize local
This SAMA would lengthen #4 - No significant
manual operation of AFW AFW availablty In an Si0. sa benefit
when control power Islost. Also provides a success
path should AFW control
power be lost Innon-SBO

1e

sequences.
1.

167

4

Provide portable
generators to be hooked
Into the turbine driven

AFW. after battery

This SAMA would extend
AFW avalabillity In an SBO
(assuming the turbine
driven AFW requires DC

depleon.

PO)

#4- No significant
sae benefit

AFW Is a PWR system for steam
generator make-up Iecflon. HPCI Is te
turbine driven Injection system for
Dresden. The avallable IrIection time for
these systems Islimited by factors such as
battery life, depressurization on HCTL,
and Infection source volume. HCTL i
reached In the suppression pad at
approxlmalely 7 hours after the initating
event of an SEO wthout IC operation.
Providing local, manual control capability
for te HPCI system (removing the DC
dependence) could extend Injection an
additional three hours beyond the 4 hour
battey life. However, hardware changes
would be necessary In addition to
procedure updates for Dresden.
For SBOs wit the IC operating, HPCI
could extend the time of adequate core
cooling (by providing RPV makeup for seal
LOCA events). This operation of HPCI will
allow adequate core cooing to be
extended as log as the battery supply of
DC can be preserved or the battery (DC)
requirement bypassed by manual actiom
HPCI room cooling Isthe limiting condition
under this scenario.
DC power Isnot the imiting support
system for HPCI operation. The mom
cooling requirement for AC power for the
HPCI fn Ismost limiting. This SAMA for
local generation of HPCI withOut DC does
not result in any noticeable change In CDF
because of the small failure profitability of
DC and the presence of more Imtng
failure modes (i.e.. orn cooing).
Therefore, the potential benefit for this
modilfcation Is very small.

._

Revised DipositIon
Phase It
Including Utainty and 9AMA D
number
External Events
Considering uncertainty and
potential Impacts fm
external events does not
intoduce any significant
changes. No change to the
sceening criteria category.
Considering uncertainty and
potential impac from
external events does not
hItroduce any signIficant
changes. No change to the
screening acteria category.

4.

-

NA

N/A

Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number
172

SAMA ttle

install an Independent
diesel generator for the
CST make-up pumps

Result of potential
enhancement

This SAMA would allow
continued nventory makeup to the CST during an
SBO.

Original / Rwsed
Screenihg Crtera

04 - No signifcant
safety benefit

I

Original Dispostion

HPCI is the turbine driven Injection system
for Dresden. The iA, 213A and 2/38 CSTs
have a combined nominal water volume
(Wcal) of 410,000 gallons. Given a
battery life of 4 hours (required for HPCI
operation), no additional water source
would be required for Injection during the 4
hour 580 mission time. lnimal benefit
wvoud be gained from this SAMA.

Revised Disposition
Phase il
Including Uncertainty and 8AMA ID
External Events
number
Considering uncertainty and
potential impacts from
external events does not
introduce any significant
changes. No change to the
sceening criteria category.

N/A

Even If CST water Is exhausted, the
switchover of suction from the CST to the
torus wuld continue to allow HPCI
Injecon. The limiting time and action for
HPCI effectiveness hI an S80 (other than
batteries) or other accident sequences
without DHR Is the torus water
temperature greater than HCTL This
leads to RPV depressurization and the
unavailability of HPCI as an effective RPV
make up method regardless of CST
volume. Therefore, there Is negiible risk
benefit associated with increasing CST
make up capability under S8O conditions.
The Technical Support Guidelines (TSGs)
Appendix J provides the makeup sources
avaelable to Dresden to allow CST refill.
The Isolation Condenser (IC) which Is a
separate mitigation system also has
signifcant makeup capabilities
Independent of the CST. The TSG
Appendix K cites the systems that can
make-up to th shell side of the IC. This
represents a signficant benefit at Dresden
over other plants without an IC.
----
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
nu-ber
178

SAMAtitle

Provide an additlonal
HPSI pump wIth an
Independent diesel

Result of potentlal
enhancement

Orignal / Revised
Screening CHteria
IExtemd

Ths SAMA would reduce
the frequency of re melt
from smai LOCA and SP0

#5 Cost would be
more than risk

Original Disposition

This is primarily a PWR insight where RPV The anticipated
depressurization Isnot as easily wailable.
The avallablity of an additional high
pressure water Injection source Is not a
significant risk reduction measure for
Dresden because of the e~stng design.

benefit

sequences

Revised Disposition
Phase 11
Inciuding Uncertainty and SAM A ID
Events
number

Dresden has substantial high pressure
RPV hntory control methods. These
Include:

implementation cost Is
judged to exceed the
benefit even I the benefit Is
Increased by almost a factor
of five to account for
uncertainty and potential
Impacts frm external
Wants. No change to fe
saeening criteria category.

N/A

.

HPCI
Feedwater (motor driven)
Isolation Condenser
CRD pumps
These methods represent substantial high
pressure hwentory control methods
Including active HPSI from the turbine
driven HPCI system wthich Is independent
of AC power Initially.
Dresden has a turbine driven high
pressure Infection wIth the capability to
provide a supplement or an alternative to
the Isolation Condenser (IC) system for
safe shutdown.
FW depends on ofslte AC power to
povide highpre
ecton.
Onsite AC power is available from either
unit EDO Om swing EDG, or elther SBO
DO (5 sources) to support CRD operation.
Because of the cost associated with this
SAMA and the existing Dresden capability.
a negigible qhange In risk Iscalculated.
Even the maximum cost averted
(S457,000) could not justify the
engineering and hardware of an additional
pump.
L

I
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of S2.OM)
Phase I
SAMA ID
number

SAMA title

Result of potential
enhancement

Original DispositIon

Oiginal / ReWsed
Screening Cra

Phase It
Revised Disposition
Including Uncertainty and SANA ID
External Events
number

184

For a plant like the APO0O
Upgrade Chemical and
the Chemical and
Volume Control System to
olune Control System
mitigate small LOCAs.
mannotmigate
a Small
LOCA, an upgrade would
leorese the Smal LOCA
OF contribution.

#5 - Cost would be
more than risk
benefit

A potential functional equivalent for
Dresden would be the enhancement of the
RWCU system such that Injection flow
rates on the order of 1000 gpm were
possible. This change Is considered to be
similar In function, scope. and cost to
SAMA 185 ($5410 millIon) wth the
exception of the Independent power
source. However, new power cirauts and
wiring would ikely be needed for the larger
pumps. The low end of the cost of
bIplementation estimate ($5 million) is
udged to be applicable for this SAMA,
which Isgreater than the maximum
averted cost risk for Dresden ($457,000).

hcost IsconsIdered to be
gear than the upper
bound maximum averted
costrisk of 2.0M. No
change to the screening
crteria category.

WA

187

Replace 2 of the 4 safty
Injection (SI) pumps with
diesel-powered pumps.

his SAMA would reduce
the SI system common
cause failure probabllty.
Ths SAMA was ntended
br the System 80+, which
has four trains of SI.

#4 - No signIficart
safety benefit

Dresden has a diverse set of Injection
systems and more then one method of
containment heat removal. Common
cause faiure of the 4 train LPCI system Is
a low contributor to risk and removig the
4/4 system failures would have minimal
impact on the results. The CCF of all four
LPCi pumips to fall to start or fun (21PM.
2ABCD14ACC, 2UPM-2ABCD4XCC)
does not appear In any CDF cutsets above
tme truncation limit for the plant model and
would not impact the results If It were

Considering uncertainty and
potential Impacts from
extemal events does not
Introduce any significant
changes. No change to the
screning criteria category.

N/A

188

Ailgn low pressure core
Injection or core spray to
the CST on loss of
suppression pool coofing.

#3. Already
his SAMA would help to
ensure low pressure ECCS implemented at
can be maintained In oss of Dresden
suppression pool cooling
scenarios.
Revise 1w.

improved.

#8- Retain

This Isalready directed at Dresden.

However, a outset review
11
Indicates that this action Is --::
important In loss of service
water Initated events. The
potential benefit ftm
mproving the HEP value
associatd with is existing
acIson hexplored as part of
response.
this

Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I

SAMA title

SAMA ID
number
189

Raise high pressure core
injectlon/reactor core
isolation cooling
backpressure tip
setpoints

Result of potential

Original / Revsed

enhancement

Screening Cl~eQ

This SAMA would ensure
#4 -No significant
high pressure core
safety benefit
injecton/reactor core
Isoationo
availability
high suppresson pool

Original Disposition

The HPCI high bacpressure trip is
aleady set at a pressure above the
containment uttimate pressure; thus.
raising the rip imits would have no
impact.

Improve the reliability of
the automatic
depressurization system.

This SAMA would reduce
he frequency of high
pressure core damage
seqces.

Phase i

Considering uncertalny and
potenlial impacts from
e
l events does not
itoduce any significant
changes. No chae to the

N/A

sceeningq aiteria category.

temperatures exist.

190

Revised Disposition

Including Uncertainty and SAMA ID
External Events
number

#5 -Cost would be
more then risk
benefit

High pressu melt scenaios are
signlcant contributors to the Dresden
CDF. The SAMA Is interpreted to mean
improved reliablity of the ERVs and
Target Rock SRVs and their support
systems. A plant modification to eliminate
dependence on DC power to Increase the
success probbiblity of these valves would
reduce the high psure Injection
accdent dasses of A and IE.

The anticipated
implementation cost is
Judged to exceed the
benefit even If the benefit is
IncresWed by almost a factor
of five to account for
uncertainty and potential
impacts from external
events. No change to the
scening criteria category.

N/A

No such design Iscurenty available. This
would require a research and development
project and would exceed the maximum
cost averted of $457000.-
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Table 7-2
Revised Phase I SAMA Dispositon (Assuming Maxlmum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number

193

SAMA title

Result of potential
enhancement

Procoduralze intenitent SAMA would allow for
operation of HPCI.
extended duration of HPCI
avaioblity.

Original / Resed
Screening Criteria

#4- No sinficant
sa benefit

Original Disposition

iUmitations on HPCi operation Inan SBO
are based on battey depletiorL Multiple
starts and stops of the system are a larger
drain on the baey than continuous
operation with excess flow directed to the
torus. Inaddition, multiple starts of the
system Introduce additional start demands
which may increase the system failure
probabilty for a given period of operation.
The principal sequence dependent
limitation for operation of HPCI Isbattery
life inSBO and HCTL Inother sequences
where LPCI suppression pool cooling Is
not available. Negligible benefit has been
identified for this SAMA at Dresden.

Revised Disposition
Phase 11
Including Uncertainty and SAMA ID
External Events
number
Considering uncertainty and

NIA

The anticipated
implementation cost Is
judged to exceed the
benefit even if the benefit is
increased by aimost a factor
of five to account for
uncertainty and potential
impacts from external
events. No change to the

NIA

potential impacts from
extenal events does not
introduce any significant
changes. No change to the
sceening criteria category.

HPCI pump operation must be controlled
for SBO to preclude the minimum flow
valve operation from dumping excessive
amounts of CST water to te torus. HPCI
In the CST pressure coo mode is
recommended and currently prefe.ed

operating mode of HPC.
194

Increase avaiale net
posve suction head
(NPSH) for injection
pumPs.

SAMA increases the
#5-Cost would be
probabiity that these pumps more than risk
wili be available to inject
benefit
coolant into the vessel by
increasing the available
NPSH for the injtion
pumps.

Requires major plant changes audh as
new LPCIICS pumps, moving the LPCI
pumps, a new suppression pool design, a
larger CST (only applicable for Injection
phase), or an additional containment
cooling system. The cost of these changes
would exceed the maximum averted costrisk for Dresden.

screening

criteria category.
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Table 7.2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA iM
number

SAMA title

195

ModIfy Reactor Water
Cleanup (RWCU) for use
as a decay heat removal
system and proceuraize
use.

SAMA would provide an
addonal source of decay
heat removal.

Re-open MSIVs

SAMA to regain the main
#8 - Retain
condenser as a heat sink by
re-opening the MSiVs.

199

Result of potential
enhancement

Original / RevIsed
Screening Crteria
#5 Cost would be
more than risk
bemeit

Original DisposItion

RWCU heat removal capacity Istoo low
for deay heat removal.
In order to make RWCU a viable heat
removal system, the piping, purrps, heat
exchangers, end power sources would
have to be upgraded. This SAMA Is
considered to be simnar Inscope to SAMA
191. The cost of Implementation for such
a change (approximately S5 million) Is
greater tn the maxdmum averted costrisk for Dresden ($457,00W).

Revised Disposition
Phase II
Including Uncertainty and SAMA ID
External Events
number
The cost Isconsidered to be
greater than Me upper
bound maximun averted
cost risk of $2.O0M No
dhtIn to the screening
critera category.

N/A

There are two Important aspects of the
Still retained.
MSIV dosure response
- For non-AlWS conditions, the abilIty to

-

rapidly respond to MSIV dosure and
restore the maln condenser as a heat
sink Isnot explcitly directed.
For A1WS conditions, Dresden EOPs
direct MSIV low level closure bypass In
order to retain the main condenser as
a heat sink; however, this assumes the
MSIVs have not yet dosed.

For both cases, explicit procedural
direction to re open the MSIVs axld be
Included.
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Table 7-2
Revised Phase I SAMA Dfsposftion (Assumfng Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA ID
number

201

SAMA title

2.a. Passive Hgh
Pressure System

Result of potental
enhancement

SAMA wil Improve

prevention of core melt
sequences by providing
additional high pressure
Dapability to remove decay
heat ttwough an isolation
condenser type system

Original / Revfsed
Screening Criti

#3 - Already
Installed.

Original Disposition

The anticipated
Implementation cost Is
ludged to exceed the
beneft even Ifthe benefit is
Increased by almost a factor
of live to account for
uncertainty and potential
Impacts from external
events. No change to the
screening criterIa category.

NIA

From a review of the contributors to the
Dresden risk profile, ItIs found that the
availabilty of low pressure pumps for RPV
make up Isnot a dominant contributor.

The anticipated
implementation cost s
judged to exceed the
benefit even if the benefit Is

NIA

The low pressure pump availability for

increased by almost a factor

RPV INjection Isa negigible contributor to
the risk profile. The expense of adding
another low pressure injection system

ot five to account for
uncertainty and potential
Impacs frm external

Dresden has an IC whIch provides te
capability for passive Inventory control for
a short time following scram. Active
systems are used for IC shel makeup and
RPV makeup due to Recirculaton pump
seal leakage.

#5 -Cost would be
more than risk

benefft

Phase 11
Revised Disposition
Including Uncertalnty and SAMA ID
number
Exteal Events

The addition of tanks for IC makeup and
another Active system for RPV makeup
make the passv featu not cost
beneficial.
The cost of ftis enhancement has been
estimated to be $1.7 million In Reference
17. This Isgreater than the maximum
aved cost-tisk for Dresden (457.000).

2.c. Suppression Pool
Jockey Pump

SAMA will Impwe
prevention of core melt
sequences by providIng a
small makeup pump to
provide low pres

decay

heat removal from the RPV
usin the suppression pool
as a source of water.

# - Cost would be
more than risk
benefit

wlthout Introducing severe competing risks events, No change to the
screening criteria category.
Is expected to be high. t can be
concluded that the cost Will not be able to
be justilfed.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA ID
number
207

SAMA title

4.c. High Flow
Suppression Pool Cooling
for ATWS response

Result of potential
enhancement

SAMA wuld Improve
suppressn pool cooling,

Original / RWised
Screning Criteia

#5 - Cost wotd be
more than risk
benefit

Original Disposition

The Suppression Pool Cooling systen is
already sized to aooommodate flow to
remove all decay heat and operate under
A1WS conditions with SOLC injection
Success.

Revised Disposition
Including Uncertainty and
External Events

Phase 11
SAMA ID
number

The cost Is considered to be
geater han the upper
boud maximum averted
cost risk of S2.OM. No
ttohange
the screening
criteria category.

N/A

Considering uncertainty and
potential mpacts from
external events does not
Introduce any significant
changes. No change to the
screening crteria category.

NA

Inaeasing the capabilites o suppression
pool would require w pumps, hoat
exchangers, pping, and other equipment.
The Implementaton cost of this change is
considered to be approximately equivalent
to SAMA 35 ($5.8 mlihon) and Is screened
from further review as It Is signiticanly
greater han the maximum averted costrisk for Dresden ($457,000).
211

Install nitrogen bottles as
a back-up gas supply for
safety relief valves.

This SAMA would extend
operation of saty relief
valves during an SBO and
loss of air events (BWRs).

#4 - No significant
safey benefit

Dresden depressurizaton capability Is
primarily supported by DC power. The
EMRVs are powered by 125V DC and are
available during an SBO. The sIngle
Target Rock SRV uses nitrogen pneumatic
supply as the moove power to open the
valve against spring pressure, but 125V
DC Is still required for valte control. An
acwrnulator is avallable to allow a lmited
number of SRV openings after loss of
Drywel Air.

Because of the SRV redundancy with the
EMRVs, only a negligible change in risk
would be achieved.
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Table 7-2
Revised Phase I SAMA Dispostlion (Assuming Maximum Averted Cost Rlsk of $2.OM)
phase I
SAMA ID
number
215

SAMA titie

Create cross-connet
ability for standby liquid
control trains

Result of potential
enhancement

Original Disposition

Original / ReOiecd
Screning Criteria

This SAMA w&ld Improve #5 Cost would be
rediabiity for boron irdecfon more than risk
during an ATWS event
benefit
.

Each unifs SLC system has two trains
which have common suction end
discharge headers. Redundant suction
and discharge paths exist beyond these
headers, which can be isoated, if
required. No further aoss connectIon is
beneficial between the trains of a given
unit. An inter unit cross-tie Is a potential
enhancement However, bese the
SLC system response is dominated by
common cause failures of the explosive
valves and the operator action to hitiate
SLC, the abiity for use of a cross tie will
have limited benefit Inthe risk profile. This
small change In the smell ATWS
contribution results in fitfle potential safty

Phase 11
Revised Disposition
Including Uncertainty and SAMA iD
nurnber
External Events
The anticipated
implementation cost is
odexceed the
benefit even the benefit Is
increased by almost a factor
of five to account for
uncertainty ard potential
Impacts from external
event. No change to the
screenig criteria category.

NIA

Improvement, but a substantial cost.

223

Bypass MSiV isolation In
Turbine Trip ATWS
scenarios

SAMA will afford operators
more tie to perform
actions. The discharge of a
substantial fraction of steam
to the main condenser 0O0.,
as opposed to into the
primary contaiment)
affords the operator more
e to perform actions
(e.g.. SLC injection, lower
water level, depressurize
RPV) than if the main
condenser was unavailable,
resulting In lower human.

#3 Already
installed.

error probabilities

_

Revise to:
#8 - Retain

3WROG EPC issue 98-07 addresses this
issue. The bypass of the MSIV isolation
was moved upward In the flowchat
rendering It more important. Bypass of
MSIV Isolation Is procedurally directed In
the DEOPs under failure to scram
conditions.

;
However, this action
requires the use of Jumpers
with a imited time available,
and as such carries a
relatively high HEP value
The potential benefit Of
implementing a dedicated
low level Interlock switch is
explored as part of this RAI
response.

2

1
_

_

;_
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Table 7.2
Revised Phase I SAMA Disposilon (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA ID
number

SAMA tMe

Result of potential
enhancement

Orfginal / Revised
Screening CrIteria

Original Disposition

Revised Disposition
Phase 11
Including Uncertainty and SAMA ID
External Events
number

229

Createfenhance RCS
depressurization ability

With either a new
#5 - Cost would be
dapressurzton system, or more than uisk
wthexisting PORVs, head benefit
vents, and secondary side
valve, RCS
deressuization would
allow earlier low pressure
ECCS lrection. Even If
core damage occurs, low
RCS pressure would
alleviate some
about high pressure melt
eeo0n.

PWR issue related to the limited
depressurization capability of the PWR. In
addition, reference 19 estimates the cost
of this SAMA to range between $500.000
and $4.6 million. For Dresden, more
effective depressurization capabiltes
would require significant hardware
changes andror additions on top of the
analysis that would be required to
implement the change. The cost estimate
for the modification Is considered to be on
the high end of the range provided In
Reference 19. The cost of implementation
for thi SAMA Is udgWed to greatly exceed
the maximum averted cost-risk for
Dresden ($457,000)

The anticipated
implementation cost s
judged to exceed the
benefit even I the benefit Is
increased by aimost a factor
of five to account for
uncertainty and potential
Impacts from external
events. No change to the
screening cflteria category.

NIA

233

Install secondary side
guard pipes up to the
MSiVs

This SAMA woud prevent
#5 - Cost mWd be
secondary side
more than risk
depressurization should a
benefit
steam ine break occur
upstream of the main steam
Isolaion valves. This
SAMA would also guard
against or prevent
consequentiial mlple
SGTR fowng a Main
Steam Line Break event

This Is primarily a PWR issue. The steam
lines for a 3WR inside the inside MSIV are
completely within the containment
requiring no guard pipe. Between the two
MSiVs is a very short length of plpe that
contributes a negligible amount to the CDF
and LERF. The addition of a guard pipe to
the steam tunnel for the short pipe length
Isjudged to be very expensive and
substantially in excess of any potential
benefit associated with risk reduction.

The anticipated
implementation cost Is
judged to exceed the
benefilt even if the benefit is
increased by aimost a factor
of five to acoount for
uncertainty and potential
impacts from external
events. No change to the
screening criteria category.

NA

239

Increase seism
ruggedness of piant
components.

SAiMA would Increase the # - Retain
avallablIty of necessary
plant equipment during and
after seismic events.

Components were identified In the IPEEE
whose seismic ruggedness could be
improved.

StiN retained.

Increase the seismic
capacity of components
on the safe shutdown
paths wth capacities less
than

.3g to 0.3g

5

Extends he safe shutdown
path seismic capacity to at
least 0.39.
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I
SAMA ID
number
244

SAMA title

I.e. Improved Accident
Management
Instrmentation

Result of potential
enhancement

SAMA wi hnprove
prevention of core melt
sequences by making
operator actions more
reliable.

Original Disposition

Orfginal / Revised
Screening Crtterla

#5 - Cost would be
more than risk
benefit
'

Phase It
Revised Disposition
Inchding Uncertainty and SAMA 10
number
External Events

The risk as measured by CDF, LERF, and
population dose Is low. The
Instrumentation available to the operating
crew at Dresden is comparable to that
available at otmer BWR. Based on a
review of the accident sequences that
contribute to the Dresden risk profle, the
estimated risk reduction associated with
additional accident mitigation
Instumentation Is Judged to be negigible.

The anticipated
implementatIon cost Is
to exceed the
benefit even it the benefit Is
Increased by almost a factor
of five to aocount for
uncerinty and potential
impacts from external
events. No change to the
screenfrn crterla category.

NIA

N/A

248

SAMA will Improve
2.L Safety Related
Condensate Storage Tank availability of CST following
a Seismic event

#5 - Cost would be
more than risk
benefit

The HPCI system has a safety related
water source from the torus. The cost of
engheerng, Instafation, and safety
analysis of an additional large water
source Is signifcatly greater than the
maximum cost averted $457.000.

The anticipated
implementation cost is
udged to exceed the
benefit even If the benefit Is
increased by aimost a factor
of five to account for
uncertainty and potential
impacts from external
events. No change to the
screening criteria category.

249

4.d. Passive Overpressure This SAMA will prevent
Relief
catastrophic failure of the
containment Controlled
relief through a selected
path has a greater
potental for reducing the
release of radioactive
materal then through a
random break

#6 - Retain

Dresden has Installed a hard piped
containment vent system that provides a
controlled means of containment
overpressure relief. The passive feature
of adding a rupture disk to ths system:
introduces competing risks that limit the
usefulness of the vent over the spectrum
of severe accidents.

StIll retained.

The 120V AC system Is not risk slgrfficant
at Dresden [fom a risk reduction worth
perspective that is key for the SAMA
anaysis). Whlile other plants have
identified specific 120V AC failure
scenarlos that would lead the generation
of Inadvertent signals, no comparable
vulnerablities have been identified at

Considering uncertainty and
potential impacts from
extemal events does not
introduce any significant
changes. No change to the
screening criea category.

255

Train operations aew for
response to Inadvertent
actuation signals

This SAMA would improve
chances of a successful
response to the loss of two
120V AC buses, which may
cause Inadvertent signal
generation,

#4 - No significant
safet benefit

Dresden.

6.

:

N/A

_
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA m
number

SAMA title

256

Install tomado protection
on gas turbine generators

Tis SAMA would Improve
onsite AC power reliability.

#4 - No silicant
safety benefiL

No gas turbines on-slte. Additional
measures could be taken to Improve the
protection of other on-site AC power
sources; however, the IPEEE Investigated
risk from high wind events and found it to
be negligible

Considering uncertainty and
potenti Impacts from
xteral events does not
ntroduce any significant
hanges. No change to the
ng
criteria category.

259

Diversify the explosive
valve operation

An alternate means of
opening a pathway to the
RPV for SBLC injection
would Improve the success
probability for reactor

#6 -Retain

SBLC IJectlon failure Is a dominant
contributor to AlWS mitigation falur.
Evaluate SBLC systern Improvements.

Still retaIned.

280

Enrich Boron

The Increased boron
#-Retain
concentratlon will reduce
Me time required to achieve
the shutdown concentration.
This will provide Increased
margin In te accident
tmeline for successul
operator activation of SBLC.

Increasin
boron concentration for
SBLC may be a cost effective means of
reducing A1WS risk.

Son retained.

LPCI and CS Injection
#8 - Retain
ives require a permissive
signal from the same 2
pressure sensors In order to
open. The Instrnments are
currently specified as
diverse. However, because
this is a pnch polnf for all
CS and LPCI Inecion. It Is
prudent to consider
a plant modification to allow
a bypass switch (Ild~Slon)
Insrt the permissive if
the sensors farl to perform
function. A few other
BWRs currently have this
capailit (e.g.. Pey).
_
. .

A reduction In this CCF YW result in a
small decrease In C)F.

Stil retained.

281

Bypass Low Pressure
Permissive

Resuli of potential
enhancement

Origina / Revfsed
Screening Criteria

Original Disposition

'the

Revised Dispositlon
Phase i
Including Uncertainty and SAMA D
External Events
number
N/A

7

.......

9

._
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of $2.OM)
Phase I
SAMA ID
number
-_

262

SAMA title

Result of potential
enhancement

___

Modify R.B. Blowout
Panels

Original / ReWlsed
Scening Crta

Original Disposion

Revised Disposition
Phase l
Including Uncertainty and 8AMA ID
External Events
number

_,_

The Reactor Bulding
blwout panels are
designed to blow free from
heir normal positions.
Hinging the Reactor
Bulding blowout panels so
they recose once the
reactor building to
envIronment pressure
differential subsides has
several advantages:

-

#4 - No significant
safety beneft

No change In CDF Is cakulated and no
Impact on LERF.
Other risk measures would be affected In
a negigible ay.

Considering uncertainty and
potntal Impacts from
extenal events does not
Intoduce any signfcant
changes. No change to the
screening criteria category.

NIA

Preventsfrgld
external air i present
Born entering the reactor
building

-

Umits reactor bullding
accelerated circulation
that could reduce
radionucilde residence

time In the Reactor
Building
-

May contribute to
Improved SGTS
operation in fte long
term where late
revolatilizaton otCsl
could be effectively
mted.

.

.__
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Table 7-2
Revised Phase I SAMA Disposition (Assuming Maximum Averted Cost Risk of S2.0M)
Phase I
SAMA ID
number

Resuft of potential
enhancement

SAMA title

Original Disposition

Orifnal / Revised
Screenn Criteria

Phase n
Res Disposition
Including Uncertainty and 8AMA ID
number
External Events

-

263

Supplemental Air Supply

The containment vent

#6 - Retain

Possible Altematves

Still retained

10

Is among the last

for tMe Containment Vent

rtmethods amenty.
spevlfied In BWRs to
remove
heat fom
thm
rem
heat
contInment and on
d

Air or N2 bottles located near te
AOVs that can be remotely valved Into
OV
the A OVs
to allow A operation.

coftnrnent pressure under

extremely adverse
drowmstances. The
Dresden air compressors
re required to support the
containment vent function.
The

compressors In turn

qre cooling. normally
rom TBCCW/SW. An
alternative meod to supply
air to the vent valves for
openlng would be desirable
IfSW were to become

::

-: : ::

or
Air supply line onections Into the

Reactor Building from external to the
reactor building to allow Air Bottles or
pneumatc supply trucks to supply the
required air pressure for AOV
operation.

inaequate.
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Response 7(c):
"(Provide] an assessment of the Impact on the Phase 2 evaluation if risk reduction estimates are
increased to account for uncertainties in the risk assessment and the additional benefits
associated with external events (as applicable). Consider the uncertainties due to both the
averted cost-risk and the cost of implementation to determine changes in the net value for these
SAMAs.'
To perform this assessment, a two-step approach was taken. The first step was to reexamine
the Phase I evaluation utilizing an upper bound maximum averted cost estimate of $2.OM
consistent with the revised Phase I screening. This revised screening would then result In a set
of potential plant changes that could be cost beneficial when compared to the upper bound
estimate of the averted cost. For these potential enhancements, a comparison was then made
to a more realistic estimated averted cost to determine if the proposed change would be cost
beneficial.
To provide an upper bound estimate on the risk reduction estimates to account for potential
uncertainties on the risk assessment and the additional benefits associated with external
events, each of the previously retained Phase II SAMAs plus the additional retained SAMAs
from the revised Phase I screening in Response 7(b) have been reassessed. The
reassessment assumes that the maximum averted cost risk is about $2.OM compared to the
original maximum averted cost of $457K used in the ER. Table 7-3 shows the results of this
reassessment with each of the previously calculated averted costs multiplied by a factor of 5.
Additional Phase II SAMA Analyses
The revised Phase I screening described In Response 7(b) resulted in two additional SAMAs
being carried forward to Phase 2. Additional Phase II SAMA analyses were performed to
support the revised screening provided InTable 7-3. Each of these is described below.
PHASE II SAMA NUMBER 11
Description: Align low pressure core injection or core spray to the CST on loss of suppression
pool cooling.
Model Changes: Reduce HEP for aligning ECCS pump suction from base PRA model value of
0.1 to IE-2.
Results: The results from this case Indicate a reduction from the base CDF of 2.1E-8Iyr that
applies primarily to loss of DHR scenarios (Class II) because the operator action is credited to
support long term injection for loss of DHR events. There was no reduction in LERF (base
LERF = 3.03E-7/yr). This would lead to an averted cost-risk of $3,652 utilizing the same
methodology and assumptions that were utilized in the ER.
PHASE II SAMA NUMBER 12
Description: Enhance bypass of MSIV isolation Interlock (ATWS)
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Model Changes: Reduce HEP for operator failure to bypass MSIV low RPV level interlock
(ATWS) from 0.93 to 1E-2. In addition, increase complementary HEP for operator successful
bypass of MSIV low RPV level interlock (ATWS) from 7E-2 to 0.99.
Results: The results from this case indicate a reduction from the base CDF of 2.OE-/yr that
applies only to ATWS scenarios (Class IVA and IC). Maintaining the availability of the main
condenser for decay heat removal enhances the ability for successful mitigation of ATWS
events. The LERF decreased from the base LERF of 3.03E-7/yr to 2.99E-7Iyr. This would lead
to an averted cost-risk of $6,067 utilizing the same methodology and assumptions that were
utilized in the ER.
The results of the reassessment including the two new Phase II SAMA analyses are provided in
Table 7-3. The potential costs are consistent with those provided in Response 11.
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Table 7-3
Revised Phase 11SAMA Dlsposition (Assuming Maximum Averted Cost Risk of $2.0M)
Phase I

Phas I

SAMA ID
number

SAMA 10
number

1

3

Upper Bound
Result of potential
enhancement

SAMA title
Enhanceloss of

component cooling

SAMA wouldrWu

the

potential for RCP sel failure,

Averted Cost
Estimate
.

procedure t
desirability of cooling
down reactor coolant
system (RCS) prior to
2

22

improved ability to
cool the residual heat
removal heat
ex
d-angers.

58,318

$0w-100K for

procedural

u $41,590

enhanments

* 2 Units

wt engineeing
anlss.

$83,180
SAMA would reduce the
probability of a loss of decay
heat removal by Inplemenfing
procedure and hardware
modinicatons to allow manuel
algnent of the fire protection
system or by Insta1ling a
component cooling water crosstie.

Potential Cost

5 *$7,713
385
* 2 Units

77,130

Revised Disposition
When tt.ii

ap~~t w i~
c

y be oe
tild CotbitD't'('
-.:,:
.;

lf

etehspoeua

.ii

al 7.4).

required.
$50.100K fbr
Not cost beneficial. Implementation of this SAMA
proedural
would Involve procedural and hardware changes that
enhancements
would exceed the upper bound averted cost
with eng heng estmate.
analysis
required, plus
$100K minimurn
for hardware
danges.

A portable dlesel-dven pump
is under consideration to
provide cooling water to a LPCI
exchanger. This was
scssed In the EPU
correspondece as the tentative
pln for dealing with the seismIc
outifer of Dresden Island Lock
Dam, Le., loss of UHS, by Fall
_____________

~2003.
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Table 7-3
Revised Phase 11SAMA Dispoeftion (Assuming Maximum Averted Cost Risk of $2.0M)
Phase It
SAMA ID
number

Phase I
SAMA ID
number

3a

35

Result of potential
enhancement

SAMA tite
Develop an enhanced
drywel spray system.

SAMA would provide a
redundant source of water to
the containment to control
conbainment pre#Ss.e, when
used In conjunction with
containment heat removal.

Upper Bound
Averted Cost
Estimate
5 * $8950
$
S344,750
2 Units
* $689,500

Potential Cost
>$2e5K as
reported InER
for procedural
enhancements
with e
r
analysis and
hardware
changes

required.

__________

3b

35

Develop an enhanced
drywell spray system.

SAMA would provide a
redundant source of wter to
the contairment to control
containment pressure, when
used In cojunion with
continment heat removal.

4

199

Re-open MSIVs

SAMA to regain the main
condenser as a
sink by reoens
b
o e i gt eeMSiV
M I _ ss

5 * Nelibe

SAMA would increase the
availability of necessary plant
equpment during and after
seismic events.

Not calculated

_ _

5

_

239

_

_

_

_

_

_

Incrase smik
ruggedness of plant
components.
Increase the seismic
capacity of
components on the
safe shutdown paths
with capacities ess
than 0.39 to 0.3g.

_

Extends the safe shutdown path
seismic capacity to at least
0.3

5 * $88,950

$50-100Kfor
procedural
a.........
S344,750 enhancements
* 2 Units
with engineer1ng
analysis
a $689,500
required.
,

= Negligible

Not required.
_

___

>$200K for CST
(largest outler at
0.2g).
Remaining SSCs
are al at 0.269
or higher.

Revised Disposition
Th f prtection ero (iP) can dreay
water o the RPV s
stONP, thiiughthe RFP
dain valves, but harwre anircedure have not
:
dp opdto
trough the RHR sstem as
.an PV inqe1tio ofu e or a contidnent spray,.'
source.Assuring iheviabiity fsuch a p
ipose
:chagoe wuld also requrexensive engineerIng
'nassh . wt:
deveropmen of such capabili

bo

e

t t,

deaied cst bentaiileis (seTable:N

:.4:: :.

:reeden hascapsliiile to use LPCi c -iefrom
ottil::
Thb iscrn
pcedutedy ditd
for:
e RPV bu reres have,
ion t
asite
notb*":de
o use ft ahaner
. ::
cot
. ,siray rve:.;Rethfor nb.*alle&
ost.be
a
(se Tat'
).'
-Not cost beneficial. inimal benefit is obtained and
associated Implementaton costs would easily
exceed
the
upper
bound
averted
cost
estimate.
_ _
. _
_
_
_
_
_
_
_
_
_
_
Not cost beneficial. The majority of SSCs at
Dresden already have HCLPF values of at least
0.3g. Only the Condensate Storage Tanks (CSTs)
have a capacity less than 0.2eg Modifications to
Increase the CST seismic capacities would be
epected to cost more than several hundred
thousand dollars, nd minimal benefIt expected
from nreasing the remaning ou iers frotn their
current near 0.3g values to >0.39.
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Table 7-3
Maximum Averted Cost Risk of $2.OM)
Disposition
(Assuming
Revised Phase n SAMA
Phase n
SAMA ID
number

Phase I
SAMA ID
number

6

249

Result of potental
enhancement

SAMA tme
4.d. Psse
Overpressure Redief

This SAMA w prwent
cabasbophkc fallue of the
v eR ent Contlre
caa
rele
throuh a selected vent path
has agreater potential for
rdudng te release of
rdactve material than

Upper Bound
Averted Cost
Estimate
5 *$6,369

Revised Disposition

Potential Cost
>$100K I

it

$31,845

Not cost benefid81. Implemenhson of ft SAMA
would hvolve extensive hardware changes t
would exceed the upper bound averted cost
estimate.

random

athrough break.

7

259

Diversify the explosive An aternate mea of opening
a pathway to the RPV for SBLC
valve operation
iject~on wxud Improve the
success probabilty for reactor
_

a

260

Enrich Boron

5 * $24,515

Not cost beneficial. Any hardware change would
easily exceed te minimum hardware cost of $100K
for this type of change, and therefore would exceed
the upper bound aveted cost estimate.

>$100K /unit

$122575

hl~e

_

Incrassed boron
concentraton will reduce the
time required to achieve Me
shutdown concentration. Ths
will provide Increased margin in
the accident Hmene for
successful operator activation

5 * S1,439

LPCI and CS infection valves
require a pemissive signal from
the same 2 pressure serors In
order to open. The Instruments
are axrenty specified as
diverse. However, because this

5 $24,609

_

__

_

_

Not Required

Not cost beneficial. Minimal beneft is obtained and
associated Implementation costs would easily
exceed the upper bound averted cost estimate.

>100K1 unit

Not cost benefidal. Any hardware change would
easily exceed the minimum hardware cost of S100K
for this typ of change, and therefore would exceed
the upper bound averted cost estimate.

$7,195

of SBLC.
9

261

Bypass Low Pressure
Permissive

-$123,045

Isa ph poinr for ll CS and

LPCI Irlection, it Is udged
piudent to consider a plant
modlication to allow a bypass
switch (1/divIsion) to Insert the
permissive if the sensore fa to
perform their fnton A few

other OWRs currently have this
capability (e.g., Perry).
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Table 73
Revised Phase 11SAMA Disposition (Assuming Maximum Averted Cost Risk of 2.OM)
-

Phase n

-

Upper Bound

Phase I

SAMA ID
number

SAMA ID
number

10

283

SAMA title
Supplemental Air
Supply for the
Containment Vent

Result of potential
enhancement
The containment vent function
is amon the last rsort
metods currently specfied In
BWRsto remove heat f1r
onanment and control
containment pressure under
extremely adverse

Averted Cost
Estimate
602
*2Unis
=60,20

circumstances. The Dresden
a ipressors are required to

Revised Disposition

Potential Cost

e
ot
t
Wn teur bW d
Lower cost
..ppid tW.two uniltsstth ste,,his enhac en
alternate of
R*tf.!rdorm dteled
ing backup may be ostb
prod3130
::.
postbefftanalysis (see Tab
bottles or
portable air
.
--compressors
esntMed at
.. -$50-100Kfor

procedural

enancements,
training, and
hardware
modifications.

support the containrent vent
function. The air compressors
n turn require cooling. normally
TBCCWSW. An
f

,;.

altenativemethod to supply air

othevent valves for Opening

.

wu be desIrable If SW were

to becom e inadequate.

11()

12()

188

237

Align low pressure
core ifection or core
spray to the CST on
loss of suppression
pool cooling,

This SAMA would help to
ensure low pressure ECCS can
be maintained In Ws of
su esson pool cooling

5' $3,65

Bypass MSIV Isolation
In Turbine Trip ATWS
scenarlos

operators
SAMA will a
more time to peborm actions.
The discharge of a substantial
fraction of steam to the main
condenser (i.e., as opposed
.
to Into the primary
containment) affords the
operator more time to perform
actions (e.g., SLC inection,
lower water evel.
depressurize RPV) than n the
main condenser was
unavallable, resulting In lower

5 56,087

scenros.

huran
-

. .,_,_,,,,,,

$18,280
*2 Units

_,_,,____._....

$25-50K for
procedural
enhancements.

*d
. r. cos pstimeta is
W,,e the pe . u
units at thr si.ec.thisnproced ra
ntnae pt b t e.t-.Rlain t, r,:,
*e
more detiiednen cosEit *nsis see
7-4)'

$50- 100K for
procedural
enhancements
with engineerlng
analysis
required, plus
$100K minimum
for hardware
changes to
implement
automatic MSIV
Isolatlon bypass
capabilities.

Not cost beneficial. Implementation of this SAMA
would involve procedural and hardware changes to
irnplement a dedicated low level Interlock switch that
would exceed the upper bound averted cost
estimate.

siib
$38,520

=

S
2 Units
$eO,70

_..._.....

lwO
.:plledth

enor prbabilities
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Notes to Table 7-3
<"lThis Is a new Phase 11SAMA dentifer that was not Included In the ER.
(2)

Detailed development of the PRA model changes made for this Phase II SAMA nvestigation are provided prior to the table.
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Response 7(c) - continued:
7Provide)an assessment of the impact on the Phase 2 evaluation ff risk reduction estimates are
increased to account for uncertainties in the risk assessment and the additional benefits
associated with external events (as applicable). Consider the uncertainties due to both the
averted cost-rsk and the cost of implementation to determine changes in the net value for these
SAMAs.'
As can be seen In Table 7-3, five of the Phase II SAMAs could be categorized as cost beneficial
when compared to the upper bound averted cost estimate. It should be noted, however, that
there are many factors to consider when looking at the benefits of the SAMA candidates. Plant
specific implementation of SAMA candidates may be complicated by space limitations, outage
costs, regulatory requirements, and other considerations. These factors tend to result In
underestimation of the costs. Additionally, the specific PSA analyses that were performed in
addressing specific SAMA candidates were done optimistically. That is, the potential costbenefit was derived from a case that maximized the CDF (andlor offsite release) reduction that
would result from implementation of the SAMA. Both of these factors would, in effect, offset the
uncertainties associated with the CDF estimates.
A factor of 5 Is judged as a reasonable value to account for uncertainty and to account for
potential contnbutions from external events that were not included in the averted cost estimates
in the ER. Attachment A includes information about why a factor of three is more appropriate
than a factor of more than 10 that would be obtained if the unmodified Fire PRA results were
used directly.2 The remaining portion (from a factor of 3 up to 5) is to account for uncertainty.
and the potential contributions from other external events.
Additionally, each SAMA case was re-examined to ensure that the better estimated averted cost
from the internal events model was appropriately representing the potential benefit rather than
representing the maximum benefit as was typically done for screening purposes. This includes
a re-examination of the assumptions utilized in the initial screening analysis as well as
recognizing existing model limitations that could lead to over-estimation of the averted costs. In
some cases, the Implementation costs were also refined to better reflect the potential cost
benefit. The results of this additional screening are Illustrated in Table 7-4.
Re-analysis of Phase II SAMA 3a and 3b
For Phase II SAMA 3, the averted cost estimate was determined by making the drywell spray
system perfectly reliable for all cases in the Level 2 analysis where it is currently considered
(i.e., all accident classes except for Class II, IIID, IV, and V). In practice, though, the proposed
modifications (either by establishing a means for using the fire system or by utilizing existing
LPCI cross-tie capabilities from the other unit) would not alter the release categorization In two
scenarios that accounted for much of the calculated averted cost. These two scenarios are as
follows:
*

2

Station blackout or loss of multiple DC bus scenarios where power would not be
available to operate the drywell spray valves independent of the source of water.

Attachment A provides an assessment of the use of quantitative risk estimates from Fire PRAs, and
why it is judged that the calculated CDF values should not be directly compared at this time.
111

*

Accident Class IIIC scenarios with LPCI pumps available that conservatively did
not credit use of the existing LPCI pumps for the drywell spray function (e.g., low
pressure permissive failures that would disable the injection function, but would
not disable the drywell spray function for these pumps).

A more realistic averted cost estimate can be obtained for this SAMA by excluding these cases
as benefiting from the proposed modification. In that case, consistent with the ER, there Is still
no reduction In the CDF. but the LERF decrease goes from the base case value of 3.03E-7/yr to
2.85E-7/yr (instead of down to 2.43E-7/yr), and other release category changes occur as well.
With these changes, the averted cost estimate drops from the originally calculated value of
$68,950 to $7,601 using the same methodology and assumptions that were utilized in the ER.
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Table 7-4
Refined Phase 11SAMA Disposition of Remaining Dmsden SAMA Candidates
Phase n
SAMA 10
number

Phase I
SAMA ID
number

1

3

3a

35

SAMA ttle

Better Estimated Better Estimated
Potential Cost
Averted Cost

Result of potential
enhancement

Enhance loss of
component cooing
procedure to present
desrablity of cooling
down reactor coolant
ystem (RCS) prior to
seal LOCA.

SAMA would reduce the
potential for RCP seal aiure.
=41,590

Develop an enhanced
drywel spray system.

SAMA would provide a
redundant source of water to
the containment to control
containment pressure. when
used In conjunction with
containment heat removal.

5 * $8.318
*2 Units
= $83,180

_ _ _ _ _ _ _ __ __ _ ___ _

_____ ____________

5 * $7,601 ni
x 38.005
*2 Units
' $76,010

_

Better Estimate Disposition

>$IOOK for
procedural
enhancements
with very
extensive
engineering
analysis ard
training required.

Not cost beneficial. Procedural changes to reduce
RPV pressure to minimize seal leakage would be
contrary to crent BWROG EOP strategies.
Validating a reconmended approach (such as
depressurizing the RPV to 200 psig) wud Involve
extenstve analysis to determine acceptable
conditions to Implement such an approach.
Consequently, any changes would require very
extensive engineering analysis and usifition to
provide the viability and acceptability of such an
approach.
Performing extensive engineering analysi.
establishing a procedure, and providing training for
the recommended approach would likely lead to
potentlal costs that could easily exceed the upper
boun of the estimated potential cost, or >$10K.
This rould lead to overall IWrplementation costs that
are higt than the estimated averted cost.

>$285K as
reported In ER
for procedural
entiancements
with engineering
analysis and
hardware
changes
required.

Not cost beneficial. The fire protection system (FPS)
can already provide water to the RPV systen at
DNPS through the RFP drai valves, but hardware
and procedures have not been developed to use It
through the RHR system as an RPV Inection source
or a containment spray source. Assuring the viability
of such a proposed change would alo require
extensive engineering analysis. Overall
Implementation costs Inluding hardware
modifications would exceed the estirnated averted

______ _______ __

cos t
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Table 7.4
Refined Phase 11SAMA DIspoeftlon of Rerrialning Dresden SAMA Candidates
....-

_.

Phase R
SAMA ID
number

Phase I
SAMA ID
number

3b

35

SAMA tIte
Develop an enhanced
drywell spray system.

Result of potential
enhancement
SAMA wud provide a
redundant source of water to
the containment to
fl
containment press .re,he
used In confunction wvi
containment heat removal.

Better Estimated Better Estimated
Averted Cost
Potential Cost
5 * 7,8011)
12 Yth less
conservative
tretment of
tI
O
the suppressionr
pool suction
strainers

=$19,003
'2 Units
$38,003

S50-100K for
procedural
enhancenents
th engineering
analysis
required.

Better Estimate Disposition
Not cost beneficial. Dresden has capabilities to use
LPCI cross-le from other unit. This Iscurrently
procedurally directed for alternate injection to the
RPV. but procedures have not been developed to
use It as an atemate contaInment spray source.
A detailed revlew of e ansets that cont
to the

ealdrve o h ust ht otiuet h

averted cost ndicates that the currently calculated
benefit is totally dependent on the assigned value for
common cause failure of the suppression pool
suction strainer failures which Iscurrently assigned a
1.0E4 value or LOCA scenars based on
engineering udgment This Is believed to be
conservative since the strainers have been
enhanced and replaced at Dresden similar to
chares made at other BWRs, and since new
requirements eist for control of fibrous materials
inside containment and water cleantiness.
Given these considerations. t Isestimated that the
averted cost estimate Is high by at least a factor of
two for these senarios due to e conservatls
and uncertainty associated with the very unlikely
globa common cause faliure value of a of the
suppression pool suction strainers. The revised best
estimate averted cost includes this reduction factor.
Consequently, Ns would ead to potential osts tt
are hher than even the lower bound value of the
estimated averted cost
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Table 7-4
Refined Phase 11SAMA Disposition of Remaining Dresden SAMA Candidates
Phase

SAMA ID
number
10

I

Phase I
SAMA 10
number
283

SAMA title
Supplemental Ar
Supply for the
Containment Vent

Result of potentIal
enhaneement
The contalment vent
function Is among the last
resort methods curretly
specified InBWRs to remove
heat from containment and
con owitalment pressure
under extarmely adverse
circumstanes. The Dresden
ai compresors are required
to suprt the containment

vent functin. The air

Better Estimated Deter Estimated
Averted Cost
Potential Cost
5 $6,026
3 Ith

s

conentave
credit leb s
capabilles
10,043
.
' 2 UnIts
- $20

2,0

compressons In tum require

cooling normally from

Lower cost
altenative of
providing backup
bottles or
portable air
compressors
estimated at
50I00K for
procedural
enhancements,

Not cost benefal. Very minimal aedit Is currently
taken for recovery of Instrument air hI the Dresden
model. The SAMA analysis changed the current
value Of 0.0 to 0.0 to estimatethe aveted oost
beneflt For comparison, the Quad Cites model
Currently uses a recovery vahe of 0.148 for recovery
of Instrument air in support of vent.

hardware

capablities that already exIst and could be more

tang.nd

modifications.

TB/SW. An alerntve
method to supply
the
vent valves for opet*1g wol
be desirable If SW were to
become Inadequae

11

188

Align low pressure

This SAMA would help to

core Injection or core
spray to te CST on
lss of suppression
pool cooflng

ensure low pressure ECCS
can be maintained In hos5 of
suppression pool cooling
scenarios.

Better Estimate Disposition

Gven these considerations, It is estimated that the
averted cost estimate Is hIgh by at least a factor of

ttwee for these Scenarios compared to the

realistically credited, The revised best estimate

averted cost Includes this reduction factor.
Coto
Cnsequently.
this would lead to potential costs that
are highe than eve the low boun value of the
estimated averted cost

5 * $3,652
= $18,2
* 2 Inis
U

$36,520

$50K for

Not cost beneficial. Current procedures exist to

procedural
enhancements.

perform such actions at Dresden. The relatiely high
HEP value of 0.1 is largely based on uncertainty
associated with environmental conditions that may
exdst when performing the actions In the reactor
building. Improvements to edsting procedures
would not Justify a significant reduction In the HEP

value.
Larger benefit could only by sIgnificant restructuring
ofthe procedures and EOPs to make tNs action
always viable before environmental condton put Its
performance In doubt. This would require procedural
enhancements at the upper end of the estimated
potential cos or $50K This would lead to overall
Implementation costs that are higher than the
estimated averted cost.

(1) Revised from original analysis to reflect a better estimated averted cost based on a re-analysis of the scenarios that could actually

benefit from the proposed modifications.
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RAI 8
For certain SAMAs considered in the ER, there may be lower cost atematives that could
achieve much of the risk reduction, such as adding a diesel-driven battery charger. Confirm that
low cost aftematives to Phase 2 SAMAs were considered, and provide a brief discussion of
these aternative&
Response 8:
Lower cost alternatives were considered in both the initial Phase I screening all the way through
to the final revised Phase II screening. Examples Included a portable generator to provide
prolonged battery capacity (see Table 7-2, Phase I SAMA 167), and backup bottles or portable
compressors for supplementing instrument air capabilities (see Table 7-3, Phase 11SAMA 10).
Other lower cost alternatives were also explored in the form of potential procedural changes
(see Table 7-3, Phase II SAMAs 1, 3b, 4, and 11). While many of these may only Involve
procedural changes In concept, a more thorough investigation leads to the finding that more
costs would actually be incurred when considering that the procedure changes may also require
engineering analysis, experimentation, and extensive training (see also Response 11).
Additionally, a more refined evaluation of the Initial averted cost estimates indicate, that In most
of the cases, analysis simplifications or existing model limitations tend towards an
overestimation of the averted cost. The Identified modeling limitations are not considered
significant when considering the typical uses of the PRA models, but come to the forefront when
specific risk reduction values are calculated. As such, none of the remaining SAMAs (including
lower cost alternatives) were determined to be cost beneficial.

116

RAI 9
During the review of the EPU application, the staff noted several areas where the PSA should
be modified to reflect modifications to the plant or changes in success paths. These include: a
plant modification to instaH a recirculating pump run back control circuit; a plant modification to
trip the condensate/booster pump D in the event of a LOCA to prevent an overload condition
from occurring; a change in success criteria for reactor pressure vessel (R. V.) depressurization
in a transient without a stuck open relief valve (two valves under EPU conditions); a change in
success criteria for R.V. over pressure protection in ATWS sequences (12 of 13 valves under
EPU conditions). Confirm whether these model changes, as well as others, have been
incorporated in the PSA used for the SAMA analysis. For those not incorporated, provide an
assessment of the impact that the model change would have on the SAMA analysts.
Response 9:
The model was revised to include all appropriate EPU changes:
*

The purpose of the recirc. pump runback control circuit is to prevent the reactor
trip frequency from increasing due to EPU. The recirc. pump runback Is needed
because there no longer are spare* condensate pumps or feedwater pumps.
Due to this modification, the transient initiating event frequency Is not expected to
change. However, effects on the plant can only be incorporated in the PRA after
some plant experience via the next periodic update of nitiating event
frequencies.
The potential risk impact of the recirc. runback modification was addressed In a
response to a NRC RAI to support the EPU application Reference 9-11. The
response to the RAI addressed both 1) the failure of the recirc. runback to
operate as designed, and 2) spurious recirc. runback. The response to the RAI
judged that the incorporation of the recirc. runback modification would result in a
negligible risk Increase.

*

The circuit to trip condensate/condensate booster pump DE on a LOCA signal is
expected to be very reliable. The risk impact of the condensatelcondensate
booster pump D trip logic was also addressed In Reference 9-1. The risk
impact was calculated to be .7E-10/yr. Due to the minor contribution to CDF,
this failure mode was not explicitly included in the PRA model.

*

The success criterion for RPV depressurization is reflected in the revised
transient without SORV model.

*

The success criterion for ATWS overpressure protection is reflected in the
revised ATWS model.
* The higher decay heat load due to power uprate reduces the time available for
certain operator actions. This has been reflected in revised HEP's for those
actions.
REFERENCE
[9-1] Letter from K.A. Ainger, Exelon Generation Company, to U.S. NRC, Additional Risk
Information Supporting the Ucense Amendment Request to Permit Uprated Power
Operation at Dresden Nuclear Power Station and Quad Cities Nuclear Power Station-,
RS-01-168, August 14, 2001.
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RAI 10
During the review of the EPU application, the staff noted that a new means of inducing a LOOP
iniffating event potentially exists under EPU conditions. The end result could be an overbusy
condition on the unit auxiliary or reserve auxiliary transformer. Given this new condition, provide
an evaluation of the costs and benefits associated with e replacement of the affected
transformer with a higher capacity transformer.
Response 10:
The risk impact of the induced LOOP initiating event was addressed In a response to a NRC
RAI to support the EPU application [Reference 10-11. Information from the response to the RAI
Is summarized below.
BACKGROUND
During normal operation the station loads are distributed between the Unit Auxiliary Transformer
(UAT) and the Reserve Auxiliary Transformer (RAT). Normally, the loads for two non-essential
4kV buses are aligned to the UAT and the loads for the other two non-essential 4kV buses are
aligned to the RAT. If either the UAT or RAT become unavailable during normal operation
without a reactor scram, the increased loads for the EPU configuration may result Inan overload
condition for the remaining transformer's bus duct connection to the 4kV buses.
The scenario of concern Is a loss of the UAT or RAT due to transformer failure, failure of
protective relaying (e.g., false fast transfer signal), or spurious opening of multiple circuit
breakers [see note (1)], causing a fast transfer of all running loads to the other transformer.
Under these conditions, certain bus duct segments are overloaded, requiring operator action
within one hour to reduce load to within the bus duct rating. This action will be procedurally
directed. The one hour time frame for load reduction was determined based on an Exelon
Generation Company (EGC), LLC evaluation of a General Electric Company study on short
term overload conditions for the bus ducts. The simplifying assumption is made that failure to
take this action would lead to a loss of offsite power (LOOP). In reality, overload of the bus duct
results In heating above the allowable temperature limits if ambient temperature is at the design
value. No deterministic evaluation has been conducted to determine If overheating will result in
complete failure of the bus duct, thereby causing a LOOP.

RESULTS
The induced LOOP nitiating event Is calculated to result in a 6E-9Iyr increase in the Dresden
Level I CDF. The risk evaluation accounts for the estimated frequency of the transformer
overduty condition and failure of the plant or operating staff to mitigate the event.

(1) Spurious opening of an individual circuit breaker to an individual 4kV bus would cause a fast
transfer of the individual 4kV bus loads to the alternate transformer. However, based on the
estimated EPU loads, the transfer of loads for a single 4kV bus (i.e., loads from three 4kV buses
on a single transformer) would not place the transformer bus ducts in an overload condition.
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CONCLUSIONS FOR SAMA
Based on the minor risk impact, the costs associated with the replacement of the affected
transformer or associated electrical equipment (e.g., 4kV bus duct connections) is judged not to
be warranted.
Additional details of the risk calculation can be found in Reference [10-11.
REFERENCE
[10-1] Letter from T. W. Smpkln (Exelon Generation Company) to U. S. NRC, Additional
Information Supporting the License Amendment Request to Permit Uprated Power
Operation, Dresden Nuclear Power Station and Quad Cities Nuclear Power Station," RS01-200, dated September 19, 2000.
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RAII1
In Section 4.20.5 of the ER, Exelon states that a preliminary cost estimate was prepared for
each of the remaining. candidates (remaining after the initial screening).
However,
implementation costs were provided for only one of the Phase 2 SAMAs. Provide the estimated
implementation costs (preliminary cost estimates) for the Phase 2 SAMAs, so that the staff can
readily determine whether any of these SAMAs are potentially cost-beneficial when considering
the impact of external events and uncertainties. In addition, indicate the minimal cost
assumptions used for procedure and hardware changes.
Response t:
For all of the Phase 2 SAMAs evaluated n Section 4.20.5 of the ER, only one of them had a
benefit that was close to the potential mplementation cost. Therefore, only one estimated cost
was supplied (i.e., >$265K for overall implementation of allowing FPS to act as an alternate
drywell spray system). As a supplement to the original SAMA evaluation, Exelon has developed
the following estimated implementation costs for use in Response 7(c). These costs have been
estimated based on existing SAMA evaluations and have addressed the following cost
elements:
*
*
*
*

Procedural changes
Engineering evaluations
Hardware modifications
Testing to support engineering evaluations and/or training to support procedural
modifications

*The following references have been used to assign an appropriate cost to these elements.
REFERENCES
[11-11 NUREG-1437, Generic Environmental Impact Statement for License Renewal of
Nuclear Plants, Oconee Nuclear Station", Supplement 2, U.S. Nuclear Regulatory
Commission, Washington, D.C., December 1999.
[11-2] Peach Bottom SAMA Evaluation and RAI Responses
[11-3] HB Robinson SAMA Evaluation and RAI Response
[11-4] VC Summer SAMA Evaluation and RAI Response
[11-5] GE Nuclear Energy, Technical Support Document for the ABWR, 25A5680, Rev. 1,
November 1994.
PROCEDURAL CHANGES
Procedure development and modification requires preparation by a System Engineer, technical
review and validation, oversight review, and a variety of additional plant reviews prior to release.
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In addition, plant staff will need to be trained prior to implementation. A few examples of other
procedure change estimates are provided below.
*

ABWR [11-5] indicates that improvements to existing maintenance procedures
would cost approximately $300K.

*

PB [11-2 describes a procedural modification to allow for cross-tie of CCW at an
estimated mplementation cost of $50K

For the Dresden SAMA analyses, a range for procedural changes is estimated to cost from
$25K to $50K The lower estimate is judged to be more appropriate for changes to existing
procedures, and the upper estimate is judged to be more appropriate for the development of
new procedures.
ENGINEERING EVALUATIONS
In support of procedural and hardware modifications, an engineering evaluation will be required.
For a procedural modification, the engineering requirements could easily double the cost of the
change. This would Increase the procedural change cost to an estimated range of $50K to
$100K
HARDWARE MODIFICATIONS
The following provides examples from previous SAMA evaluations.
*

PB [11-2] evaluated alternate methods to provide cooling to the RHR pumps at
an estimated implementation cost of $250K.

*

PB [11-2] also estimated a cost of $1600K to replace all 8 station batteries.

*

Numerous hardware changes were evaluated for the ABWR [11-5] at a cost
range from $1000K to $6000K.

*

Hardware modifications were evaluated for Oconee [11-1] including automatic
refill systems for the refueling water storage tank, automatic switchover of HPI to
the spent fuel pool, and others ranging from $1000K to $5000K.

For the Dresden SAMA analysis, several hardware modifications have been evaluated and
range in cost from $100K to over $1000K A minimum of $100K Is used to account for
engineering analysis, purchase, and maintenance of any proposed hardware modification.
TESTING/TRAINING
Similar to engineering costs to support a procedural change, testing of a plant system to
establish operating limits or extensive training requirements to implement the procedure
modification Is estimated to double the cost of the procedural change. An example of this would
be for a proposed SAMA to justify the operation of RCIC at low RPV pressures (such as was
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explored for Quad Cities), or to implement a containment venting strategy within prescribed
limits. Procedural changes in addition to potential testing/training costs could Increase the
overall implementation cost to a range of $100K to $200K
SUMMARY OF IMPLEMENTATION COST
Based on a review of previous SAMA evaluations and an evaluation of expected mplementation
costs at Dresden, Table 11-1 provides the estimated costs for each potential element of the
proposed SAMA implementation. Depending on the individual elements Involved with each
proposed SAMA, these estimates are then used to determine the total implementation cost with
the remaining Phase II SAMAs as described in Response 7(c).
Table 11.1
Estimated Implementation Costs
Type of Change

Estimated Cost Range

Procedural only

$25K-$50K

Procedural change with engineering required

$50K-$100K

Procedural change with engineering and testing/training $IOOK-$200K
required
Hardware modification
$1OOK to > $1OOOK
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RAI 12
For Phase 2 SAMAs 3, 6, 7, and 10, hardware modifications, as well as procedural changes,
are necessary. However, the hardware modifications are not fully described. Briefly describe
the proposed hardware modifications
Response 12:
The following briefly describes the hardware modifications required to Implement Phase 2
SAMAs 3, 6, 7, and 10.
Phase 2 SAMA #3: This SAMA addresses the use of the Fire Protection System as a source of
water for Drywell Sprays. This modification would require the addition of a spool piece and
piping to allow for a connection between FPS and the RHR system. As described In Section
4.20.6.3 of the ER, this capability would also require procedural changes along with engineering
analysis to show the capability of FPS to remove heat from the Drywell atmosphere in this new
mode of operation.
Phase 2 SAMA #6: Implementation of this SAMA would require installation of a rupture disk in
the existing containment vent path or the addition of a completely new vent pathway. If the
existing vent piping was to be used, then the valves currently installed in that line would have to
be locked open or removed to allow for proper functioning of the rupture disk. If the existing
valves were to remain in the vent path, then logic would have to be added to allow for opening
of these valves at the proper time to allow for the rupture disk to function.
Phase 2 SAMA #7: Implementation of this SAMA would require either replacement of the
existing valves to allow for a more reliable method of opening the path for SBLC, or to install a
new bypass pathway using explosive valves to provide SBLC injection to the RPV.
Phase 2 SAMA #10: This SAMA would require the use of portable air bottles with the
installation of dedicated tie-in points for quick connection in the event of loss of normal
instrument air. The capability could also be achieved using a portable compressor with the
same dedicated tiein points.
Phase 2 SAMA #12: This Is a new Phase 2 SAMA identified in the response to RAI 7c and
would involve an enhancement to the capability for the operator to bypass the MSIV Isolation
interlock for an ATWS. One possible hardware modification to provide this benefit would be the
Installation of a dedicated low level Interlock bypass switch.
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ATTACHMENT A
FIRE PRA AND USE OF QUANTITATIVE RISK ESTIMATES
Overview

The following summarizes the fire PRA topics where quantification of the associated figure of
merit, CDF, may introduce different levels of modeling uncertainty than the internal events PRA.
The uncertainties generally reflect the following:
*

lack of adequate data for Initiating events

*
*

lack of realistic fire modeling capabilities including mitigation
lack of ability to track all cables (e.g., BOP cables)

*
*

uncertainty In crew response, especially for control room fires, and their modeling
limited peer reviews that examine the need for realism Instead of conservatism

In many cases, analysts choose to address these uncertainties by ncorporating margin Into the
analysis (i.e., conservative assumptions).
Elements of Fire PRA
Fire PRAs are useful tools to identify design or procedural items that could be clear areas of
focus for improving the safety of the plant. Fire PRAs use a structure and quantification
technique similar to that used in the internal events PRA.
Since less attention historically has been paid to fire PRAs, conservative modeling Is common in
a number of areas of the fire analysis to provide a 'bounding' methodology for fires. This
concept is contrary to the base Internal events PRA which has had more analytical development
and is judged to be closer to a realistic assessment (i.e., not conservative) of the plant.
There are a number of fire PRA topics involving technical Inputs, data, and modeling that
prevent the effective comparison of the calculated core damage frequency figure of merit
between the internal events PRA and the fire PRA. These areas are identified as follows:
Initiating Events:

The frequency of fires and their severity are generally conservatively
overestimated. A revised NRC fire events database Indicates the trend
toward lower frequency and less severe fires. This trend reflects the
improved housekeeping, reduction In transient fire hazards, and other
improved fire protection steps at utilities.

System Response:

Fire protection measures such a sprinklers, C02, fire brigades may be
given minimal (conservative) credit In their ability to limit the spread of a
fire.
Cable routings are typically characterized conservatively because of the
lack of data regarding the routing of cables or the lack of the analytic
modeling to represent the different routings. This leads to limited credit
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for balance of plant systems that are extremely important in CDF
mitigation.
Fire Modeling:

HRA:

Level of Detail:
Quality of Model:

Fire damage and fire spread are conservatively characterized. Fire
modeling presents bounding approaches regarding the fire immediate
effects (e.g., all cables in a tray are always failed for a cable tray fire) and
fire propagation.
There Is little industry experience with crew actions under conditions of
the types of fires modeled in fire PRAs. This has led to conservative
characterization of crew actions In fire PRAs. Because the CDF Is
strongly correlated with crew actions, this conservatism has a profound
influence on the calculated fire PRA results.
The fire PRAs may have reduced level of detail In the mitigation of the
initiating event and consequential system damage.
The peer review process for fire PRAs Is less well developed than for
internal events PRAs. For example, no generally accepted industry
standard, such as NEI 00-02, exists for the structured peer review of a fire
PRA. This may lead to less assurance of the realism of the model.

Summarv and Conclusions
The fire PRA may be subject to more modeling uncertainty than the internal events PRA
evaluations. While the fire PRA is generally self-consistent within its calculational framework,
the fire PRA does not compare well with internal events PRAs because of the number of
conservatisms that have been included In the fire PRA process. Therefore, the use of the fire
PRA figure of merit as a reflection of CDF may be Inappropriate. Any use of fire PRA results
and Insights should consider areas where the "state of the arr in fire PRAs is less evolved than
other PRA topics.
Relative modeling uncertainty is expected to narrow substantially In the future as more
experience Is gained in the development and implementation of methods and techniques for
modeling fire accident progression and the underlying data.
Until that time, however, the following assessment is made to provide a methodology for
estimating the conservatisms Included in the reported Fire PRA CDF numbers for Dresden
when compared to the internal events CDF numbers.
InitiatingEvents
A review of a recent NRC report [Reference A-1] was made to obtain an estimate of potential
reductions In the fire Initiating event frequencies that may occur If more recent and less
conservative data were utilized in the Dresden analysis. Note that the NRC report only presents
the data In the form of fire frequency by major plant location (it does not provide a breakdown by
component such as that which was utilized for the Dresden analysis). As such, a direct
comparison is not possible, but if all of the areas listed for each plant location are added up for
Dresden and placed Into one of the categories provided In the NRC report, then an approximate
comparison can be made. Table A-1 provides the comparison, and as can be seen, in all areas,
the NRC reported frequency per area is lower than that which was utilized in the Dresden
analysis.
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Table A-I
Comparison of Recent NRC Report Fire Initiating Event Frequencies
with Dresden IPEEE Values
NRC [A-1]

Dresden

Ratio (Dresden I NRC)

Reactor Building

2.8E-2

1.OE-1 1(2 Units) - 5.OE-2

1.8

Turbine Building

4.1 E-2

3.6E-1 (2 Units) = 1.8E-1

4A

Control Room

7.2E-3

2.4E-2

3.3

Cable Spreading Room

8.4E-4

2.7E-3

3.2

Switchgear Rooms

5.E-3

7.2E-2 1(2 Units) = -3.6E-2

7.1

EDG Building

1.4E-2

- 3.OE-2 per room

2.1

SWS Pumphouse

7.2E-3

2.9E-2

4.0

Battery Room

8.4E-4

- 3.5E-3 per room

4.2

NIA

0.12

N/A

Location

Other

Therefore, based on the comparison provided in Table A-1, it is judged that a factor of two
reduction on the Initiating Event I System Response portion of the Fire CDF can be made as a
reasonable assumption to make to provide a more accurate comparison to the Internal events
CDF.
System Response / Fire Modeling
The Dresden Fire modeling typically utilized bounding approaches regarding the fire immediate
effects (e.g.. all cables in a tray are always failed for a cable tray fire, and all failed cables lead
to failure states of the associated equipment). In the analysis, severity factors were utilized in
some cases to distinguish between large versus small fires, and therefore the consequences
associated with each. However, the complement of the severity factor was also maintained in
the Dresden analysis such that the total frequency was always accounted. The NRC data
would support lower initial fire frequencies and lower severity factors In an updated analysis that
would lead to lower frequencies associated with many of the dominant fire scenarios. While no
direct comparison can be made to approximate the effects this has on the Fire CDF, it is
estimated that this modeling approach can also be characterized by at least a factor of two
reduction In the Fire CDF to provide a more accurate comparison to the nternal events CDF.
HRA / Level of Detail
An examination of the dominant fire scenarios for Dresden from the IPEEE Indicates that
approximately 26% (Unit 2) and 44% (Unit 3) of the reported CDF (excluding Control Room
fires) is due to Loss of Containment Heat Removal scenarios. These scenarios are
conservative n nature since they involve many hours to evolve (i.e.. >24 hours) at which time
many ad hoc procedures could be written or previously failed systems could be recovered. In
the Dresden fire analysis, system recovery was not credited at all for these scenarios.
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Other PRA models have also credited recovery of failed systems (e.g., RHR pumps or
Instrument Air) in support of scenarios such as the dominant loss of containment heat removal
scenarios. Such recoveries were also conservatively excluded from the reported Dresden Fire
CDF since the fire damage could preclude such recovery actions. However, safe shutdown
procedures do exist for some types of fire damage (e.g., damage to power supplies or cables for
major pumps used to achieve cold shutdown), and materials needed for the proceduralized
repairs (e.g., electrical cables and necessary cable lugs) are pre-staged on site. Additionally,
recovery actions are not precluded per se from other (i.e., non fire-related) failures that exist in
the cutsets in leading to core damage. Typical recovery values for these types of scenarios
range from 0.1 to 0.4.
Other dominant scenarios in the Dresden fire model included operator action failures that are
based solely on the direction provided in the EOPs and Off-normal procedures that are credited
in the internal events model. Additionally, the Safe Shutdown Procedures that exist for potential
fires in all fire areas were not credited at all in the Dresden fire analysis. Credit for these
procedures also has the potential for reducing the HEP values utilized in the Fire analysis since
they may provide more timely cues or actions to consider given a fire in a specific area
compared to the cues that would arise from the symptom-based EOPs.
Considering all of these effects together, it is judged that the simplified HRA modeling and lack
of sufficient level of detail in the model can easily lead to an additional factor of 1.5 reduction in
the in the Fire CDF to provide a more accurate comparison to the internal events CDF. This
can be supported by noting that a 0.2 recovery factor on the Loss of Containment Heat Removal
cases alone would lead to about a factor of 1.5 reduction in the total Fire CDF for Dresden Unit
3.
Combined Impact for Comparison to the Internal Events CDF
The CDF contribution to internal fires was estimated at 1.7E-5/yr for Unit 2 and 3.1 E-5/yr for
Unit 3 in the Dresden IPEEE submittal. Using the Unit 3 value as a bounding case, and the
reduction factors provided above, the following assessment is made.
Reported Fire CDF:
3.1 E-5/ yr
Reduction from Conservatisms in the Initiating Event frequencies and System
Response (2):
3.1 E-5/yr I 2 = 1.55E-5/yr
Reduction from Conservatisms in Fire Modeling (2):
1.55E-5/yr /2 = 7.75E-6/yr
Reduction from HRA Simplifications and Lack of Detail in the Scenario Modeling
(1.5):
7.75E-6IyrI 1.5 = 5.17E-6Iyr
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Considering all of the conservatisms in the reported Fire CDF indicates that If the fire results
were reported In a more realistic fashion for Dresden, then the actual result would be no more
than a factor of 3 (i.e., 5.2E-6/yr 1 1.9E-yr = 2.7, or approximately 3) higher than the internal
events CDF. This conclusion is supported by the discussion above.
REFERENCES
(A-11

U.S. Nuclear Regulatory Commission (Division of Risk Analysis and Applications), Fire
Events - Update of U.S. Operating Experience, 1986-1999; Commercial Power
Reactors', RESIOERABIS02-01, January 2002.
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