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EXECUTIVE SUMMARY

In July and August of 1985, the NRC published its policy statement on issues
related to severe accidents in NUREG-1070 and 10CFR Part 50. The Severe Accident
Policy states that on the basis of currently available information, existing
plants pose "no undue risk" to the health and safety to the general public.
Therefore, the NRC sees no justification to take immediate action on generic
rulemaking or other regulatory changes for existing plants because of issues
related to severe accidents. The Commission's conclusion of "no undue risk" is
based upon actions taken as a result of the Three Mile Island action plar (NUREG-
0737), information that resulted from NRC and industry sponsored research,
information obtained from Probabilistic Risk Assessments (PRAs) and operating
experience, and the results of the Industry Degraded Core Rulemaking Committee
(IDCOR) technical pregram.

In November 1988, the NRC ptaff issued Generic Letter 88-20 which formalizes the
requirement for an Individual Plant Examination (IPE) under 10CFR50.54 (f). This
generic letter requires utilities to perform their IPEs, identify potential
improvements to address important contributors to risk and implement improvements
that they believe are appropriate for their plant. In August 1989, the NRC issued
its guidance on utility IPE submittals (NUREG-1335). That document specified the
information that should be reported in the IPE submittal as well as a recommended
format for the utility reports.

NEP initiated an examination of the Prairie Island plant in early 1989 using
IDCOR's IPE Methodology (IPEM). This decision was made to provide NSP with an
interim PRA tool for application to plant design, identify recommendations for
safety improvements, and focus work on the full scope PRA. The IDCOR's IPEM
analysis was completed early in 1591. NSP fulfilled the IPE requirement by
performing a Level 2 PRA, which is documented in this report.

The core damage freguency for a given unit at Prairie Island is calculated to be
approximately 5E-5/year. This measure of plant safety and the qualitative
evaluation of the Prairie Island models indicates that there are no
vulnerabilities that result in ocutliers in core damage freguency or containment
performance. This results from the following characteristics of the Prairie

Island plant:

1. Prairie Island-specific initiating event frequencies related to plant
challenges are lower than the industry average. This results in fewer
challenges to the safety systems,

2 Praivie Island has a sufficient safety system and balance of plant design

to prevent core damage.
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I Prairie Island plant specific data indicates a high availability of plant
systems to perform a safe shutdown. This results in reliable prevention of
core damage.

4. Prairie Island procedures are based on WOG Emergency Procedure Guidelines
which provide excellent guidance for operator actions during response to
potential accidents. »

5. The free standing steel containment building is extremely robust. Plant
gpecific analysis calculates that the best estimate failure pressure is
about three times the design pressure of 46 psig. In addition, the cavity
design provides a relatively large area to spread out the corium from the
postulated melting of the reactor core through the reactor vessel lower
ghell.

The IPE evaluates the plant response to a set of intermal initiating events
identified in the IPE and expanded by a plant specific evaluation at Prairie
Island, and calculates a probability of core damage following each initiating
event. Any sequence of system failures following plant trip that can result in
core damage is called a core damage sequence. The total core damage frequency
is determined by summing the frequencies of all seguences that result in core
damage which is called a Level 1 PRA. The total core damage frequency for a
given unit at Prairie Island has been calculated to be S5E-5 per year, or
approximately one core damage event in 20,000 years. The contribution to the
overall core damage frequency from each initiating event can be seen in Figure
1. As shown in Figure 1, no one accident sequence type dominates risk. The SGTR
sequences, LOCA sequences, transients with loass of secondary heat removal and the
flood sequences together account for nearly 80% of the total Prairie Island core
damage frequency.

Steam Generator Tube Rupture, LOCA and transient initiated sequences dominating
risk is not unusual in PRAs for PWRs of similar vintage. Kewaunee and Point Beach
results show similar contributions from these events as does Surry, one of the
NUREG-1150 plants. Having an internal flooding initiator that is a significant
contributor to risk is not as commcn, although other PRAs have found such
sequencesg with the Oconee and Surry PRAs being examples. It should be noted that
the core damage due to flooding in the Prairie Island PRA is relatively low as
compared to these other PRAs by over an order of magnitude, principally because
only a small amount of piping is invelved. While there is a low potential for
this pipe rupture, this initiating event emphasizes a potentially important
location dependency for several systems at Prairie Island since the AFW pumps
(secondary heat removal) and the instrument air compressors (support for
pressurizer PORV operation for bleed and feed) are located in the same room.
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The Prairie Island PRA results alsc demonstrate that the plant design is somewhat
unique in other ways. For example, there is relatively low risk associated with
station blackout events which dominate the results of many PRAs including those
referenced above. The relatively low contribution to risk from blackout at
Prairie Island is a result of the emergency AC power configuration which includes
four diesel generators of diverse design and support system requirements. In the
event of an SBO condition, each diesel generator has the capability to supply the
power reguirements for the hot shutdown loads for its associated unit, as well
as one train of essential loads of the blacked out unit through the use of manual
bus tie breakers interconnecting the 4160V buses between units. The crosstie of
an emergency bus from ocne unit to the diesel generator for the other unit can be
performed from the control room.

A containment analysis is also a part of the Prairie Island PRA. This Level 2
analysis evaluates containment response to accident condition which may exist
following a core damage event. The analysis considers not only the performance
of containment systems, but evaluates the response of containment to various
severe accident phenomena which may occur following an accident. The potential
for loss of the containment boundary during a severe accident is estimated to be
less than 2E-S5/yr or once in 50,000 years. The contribution to various
containment failure modes is shown in Figure 2.

With a strong, large containment only a small potential for significant releases
existe. The two largest release categories for the Prairie Island PRA require
the containment to be bypassed as a part of the initiating event (such as steam
generator tube rupture) or occur very late in the accident sequence (on the order
of several days for events in which extended core concrete interaction or failure
to remove decay heat from containment are postulated). Of these two types of
releases, only steam generator tube rupture eventa can lead to potentially
significant releases of volatile fission products (Icdine and Cesium) in addition
to Noble gases. While dominant in comparison to other Prairie Island release
modes, they constitute only 13% of the overall core damage frequency at 7E-6/yr

or less than conce in 100,000 years.

Throughout the PRA the operator plays a significant role in both the prevention
and mitigation of severe accidents. The following operator actions are found to
have a major effect on the frequency of a number of dominant accident seguences:

o Secondary Heat Removal

- Restoration of feedwater following a plant trip
- Crosstie motor driven AFW pump from second unit

o Reactor inventory control during transients

vi



- Initiation of bleed and feed operation

o) Reactor inventory control during LOCA

Switchover from injection to recirculation

(o Steam Generator Tube Rupture

- Steam generator depressurization to limit reactor
coolant system losses.

The PRA underscores the role of the operator during transient and accidents and
emphasizes those scenarios which are useful to highlight in procedures and
training.

The attached report summarizes the results of the PRA and completes commitments

made for severe accident closure with respect to the IPE (Generic Letter 88-20)
and Decay Heat Removal (USI A-45) .
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Prairie Island Level Il PRA
Int. Events by Ctmt. Failure Mode

N
\ Overpressure
% B.0E-06

No Ctmt Fallure
3.0E-05

{Leaskags Oniy)

Note: Excludes 8G Tube Creep Rupture

(Other: H2 Combustion, 0.7%; ISLOCA,
0.5; Core Concrete Interaction, Ctmt.
Isolation Faliure <C.1%)

Figure 2
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i. SUMMARY AND CONCLUSIONS

2.1 Background and Objective

In July and August of 1585, the NRC published its policy statement on issues
related to severe accidents in NUREG-1070 and 10CFR Part 50. The Severe Accident
Policy states that on the basis of currently available information, existing
plants pose "no undue risk" to the health and safety of the public. Therefore,
the NRC sees no justification to take immediate action on generic rulemaking or
other regulatory changes for existing plants because of issues related to severe
accidents. The Commission's conclusion of "no undue 1isk" is based upon actions
taken as a result of the Three Mile Island action plan (NUREG-0737), information
that resulted trom NRC and industry sponsored research, information obtained from
published Probabilistic Risk Assessments (PRAs) and operating experience, and the
results of the IDCOR technical program.

In November 1988, the NRC staff issued Generic Letter 88-20 which formalized the
requirement for an Individual Plant Examination (IPE) under 10CFR50.54(f). This
generic letter requires utilities to perform their IPEs, identify potential
improvements to address impc-tant contributors to risk and implement improvements
that they believe are appropriate for their plant. In August 1982, the NRC
issued its guidance for utility IPE submittals (NUREG-1335)}. That document
specified the information that should be reported in the IPE submittal as well
as a recommended format for the utility reports.

Upon receipt of Generic Letter 88-20, NSP elected to fulfill the IPE requirement
by performing a full scope level 2 PRA, which is documented in this report. The
IPE of NSP's Prairie Island Nuclear Generating Plant was performed to develop an
improved understanding of the plant response to potential accident conditions and
to identify any significant vulnerabilities to severe accidents. The specific
objectives are summar:zed as follows:

. Establish a rea.istic estimate of the frequency of a core damage event at
Prairie Island.

L Identify the potential accident sequences that contribute to the overall
core damage freguency.

® Determine the timing and nature of any radionuclide releases to the
environment that might be associated with these dominant accident

seguences.

- Identify any dominant accident seqguence that occura with a frequency
significantly higher than similar seqguences at the other plants that have
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been judged to be acceptably safe.

L] Identify any instance of unusually poor containment performance for these
dominant accident seguences.

. Identify cost effective modifications to the plant design, operating
procedures, training or maintenance practices that would reduce the
likelihood of any accident sequence outliers which are identified.

e Maximize participation in the evaluation proce- _y NSP personnel and
maximize the technology transfer from the conaul £ to NSP to ensure the
PRA can be maintained and understood by NEP per ..ael.

. Provide a well organized and clearly written summary of the Prairie Island
IPE to facilitate communication of the results to both the NRC and NSP, as
well as to serve as a tool for communicating the results to interested
members of the public.

el Develop the risk based tools and documentation to support resolution of
future regulatory, safety, or operational issues for Prairie Island.

1.2 Plant Familiarization

Unite 1 and 2 of the Prairie Island Nuclear Generating Plant are 2-loop PWRs with
large dry containments. Westinghouse Electric Corporation designed and supplied
the nuclear steam supply system and the turbine-generator units. Pioneer Service
and Engineering (now Fluor Power Services, Inc.) was the plant's architect-
engineer. Northern States Power Company constructed the plant. EBEach reactor
core produces 1650 MWt with an electrical output of 560 MWe, using 121 fuel
assemblies. The pla..r is located within the city limita of Red Wing, Minnesota.
Construction started on June 26, 1968, and full commercial operation began on
December 16, 1973 for Unit 1 and December 21, 1974 for Unit 2.

The 1PE was performed for the plant design as it existed in the fall of 1993.
This relatively recent plant configuration includee changes made to the AC power
distribution system that are important to accident sequences associated with loss
of offasite power initiators and station blackout.

1.3 Overall Methodology

NSP has elected to perform a full scope Level 2 PRA as a basis for the IPE., NSP
analysts performed most of the work, using consultants primarily for training,

guidance and review.



The Level 1 event trees are similar to those used in other PRAs and are
functionally oriented patterned after the EOPs. The accident sequence binning
is also similar to other PRAe. The 14 accident classes are shown in Table 1.3-1.

Level 2 event trees were developed tc represent each of the actident classes and
are also patterned after the functions of the EOPs. Phenomenolixjical papers were
developed for each of the containment failure modes and mecianisms found in
Section 7 of NUREG-2300. The phenomenological papers were u:ed to:

. Determine the applicability of the phenomena to Pr.. vie Island, given
specific design features.

. Identify system success criteria for prevention and wri:igation of the
various phenomena.

® Assign the phenomena to the containment event tres iranches or identify
the headings into which the phenomena should be inclu.ed if appropriate.

There was an extensive data collection effort to develop plant specific

initiating event frequencies and component failure rates. Plant -specific
initiating event frequencies were derived from data collected for the eleven-year
period between 1960 and 1590. Plant-specific component and maintenance

unavailability data was collected for a ten-year period between 1978 and 1987.
This data was used in both the Level 1 and Level 2 event trees and fault trees.

Mission times were established for use throughout the Level 1 and Level 2
analysis to determine the reliability of plants systems and equipment in
performing core cooling and containment functions. Mission times for logic model
gquantification were generally on the order of 24 hours. The consequences of
system and equipment failure that might occur during this period were examined
well beyond this missicn time. Containment response and source term analysis
were carried out to at least 48 hours to establish important trends in plant
responge. Timing and magnitude of potential releases that might occur beyond 48
hours were established based on these trends where necessary.

Common cause events were included in the fault trees using generic data through
use of the multiple gresk letter (MGL) methodology. Analysis of the core damage
frequency for both unice was performed. While there are some asymmetries in the
Unit 1 and Unit 2 AC distribution systems, they are shown to have a minor effect

on the results.

The same analysts that performed the Level 1 sequence gquantification developed
the Level 2 models and gquantified the CET sequences. Having the same analysts
throughout the project ensured the proper integration of the Level 1 and 2
analyses. CAFTA software from EPRI and HPSETS software from Loaic Analysts were
useéd as the principal tools for fault tree management and cutset generation.
MAAP 31.0B Revision 19 was the principal tool used for deterministic best estimate

1-3



analysis of reactor and containment respconse during severe accident sequence
conditions. Best estimate analyesis was performed for both the front end and back
end portiona of the assessment. Deterministic or probabilistic sensitivity
ptudies were conducted to assess the impact of key assumptions.

1.4 Summary of Major Findings

A summary of the IPE analysis results is given below. A detailed accounting of
the results can be found in Sections 3.4 (Level 1), 4.6 (Level 2 CET
Quantification), and 4.7 (Source Tarm Quantification). No significant
differences in the results were observed in the results for both units. This is
due to the near mirror-inage plant design and similar operating characteristics
between the two units. Where differences were found to exist, their sffects con
the overall core damage frequency or containment failure probability were treated
explicitly in the modeling. However, the results of these differences were not
significant in terms of plant core dsemage risk. The effect of dual unit
initiating events and their impact on the availability of key shared plant
equipment (see Section 3.1.1) was a part of the analysis. Explicit descriptions
of results for both units would necesgitate the development of two sets of tables
and charts containing nearly identical information. For this reason, results for
Unit 1 only are presented in this section. See Section 3.5 for a description of
the Unit 2 gquantification and results. Note that a separate Level 2 analysis was
not performed for Unit 2 core damage sequences due to the similarity in the Level
1 results and containment structures and release mitigating systems between the
two units (mee Section 3.5).

1.4.1 Unit 1 Level 1 Results

The level 1 analysis for Unit 1 resulted in a total CDF of S5.0E-5/yr due to
internal events initiators. This frequency is within the range of results
reported for other plants' IPEs, and is typical of other two-loop Westinghouse
PWR results,

Overview - No one initiating event or accident class dominates the results of the
Prairie Island PRA. Together the LOCAs (RCS pipe rupture initiators), loss of
offsite power, flood and steam generator tube rupture make up 80% of the core
damage risk in roughly egual proportions.

The distribution of core damage is seplit approximately equally between five
accident classes. Together these accident classes account for over 85% of the

total core damage frequency.

Small LOCA with safety A significant fraction of
injection failure {(Agcident sequences in this accident




i

Class SEH) .

Medium to large LOCA with
recirculation failure (Accident
Class SLL) .

Transients with loss of
secondary cooling and failure
of bleed and feed (Accident
Class TEH) .

Internal floeding initiators
leading to loss of secondary
cooling and failure of bleed

classe are consequential reactor
coclant pump seal LOCAs with
dependencies occurring between
seal cooling and SI.

Manual switchover to recirc in
a short time frame and common
cause failure of support system
components contribute to this
accident class.

The reliance of MFW and
pressurizer PORVs on instrument
air results in a dependency
between secondary cooling and
bleed and feed operation.

Passive failure of Cooling
Water piping in the AFW pump
rooms is assumed to lead to
failure of both AFW, MFW, bleed

and feed (Accident Class FEH) .
and feed cooling and instrument
air, due to dependencies
between instrument air,
secondary cooling and bleed and
feed operation.

Operator action to depressurize

Steam generator tube rupture the reactor before steam
with failure to depressurize generator overfill or RWST
reactor prior to RWST depletion depletion is important to this

{Accident Class GLH) . accident class.

Comparison to other PRAs shows that most of these accident sequences are not
unique to Prairie Island, showing up at roughly the same probability for Kewaunea
and Point Beach, 2-loop Westinghouse plants of the same vintage. The results are
also not unlike Surry frequencies, a NUREG-1150 plant. Section 2.4.2 provides
a brief comparison of the Prairie Island Plant with these PRAs. Flooding has
also shown up as contribution to other PRAs such as the Oconee and the Surry PRAs
for it's IPE supmittal, al.hough the Prairie 1sland PRA contribution is
substantially less than those PRAs due to the relatively limited amount of piping
which must fail to lead to this accident class. Regardless of the frequency of
this internal flooding initiator, the PRA points out a potentially important
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location dependency associated with the AFW pumps (reguired for secondary heat
removal) and instrument air compressors (support system for feedwater and the
pressurizer PORVs) .

While the IPE points out a number of similarities with other plants it also
identifies some aspects of the Prairie Island design which differ from PRAs
performed for these plants. Kewaunee, Point Beach and Surry all have a
significant contribution from Station Blackout that does not exist for Prairie
Island. The relatively limited station blackout potential at Prairie Island is
due to the Emergency AC power configuration. Emergency AC power at Prairie
Island consists of four emergency diesel generators, each of which has the
capability to supply the power requirements for the hot shutdown loads for its
associated unit, as well as one train of the essential loads of the blacked out
unit through the use of manual bus tie breakers interconnecting the 4160V buses
between units. The diesel generator designs between units are diverse as two of
the diesels were built by different manufacturers and have different cooling
systems, The ability to crosstie from one unit to the other can also be
performed from the control room.

Reportable Core Damage Seguences - Appendix 2 to Generic Letter 88-20 identifies

the gcreening criteria for reporting potentially important sequences that might
lead to core damage or unusually poor containment performance, The criteria
applicable to Prairie Island are listed below:

1. Any functional sequence that contributes 1E-6 or more per reactor year to
core damage.

2. Any functicnal sequence that contributes 5% or more to the total core
damage frequency.

3. Any functional sequence that has a core damage frequency greater than or
egual to 1E-6 per reactor year and that leads to containment failure which
can result in a radicactive release magnitude greater than or egqual to the
PWR-4 release categories of WASH-1400,

4. Functional sequences that contribute to a containment bypass freguency in
excess of 1E-7 per reactor year. (Prairie Island is alsoc reporting
containment failure functional sequences with freguencies in excess of 1E-
7 per reactor year - see Table 1.4-5.)

5. Any functional sequences that the utility determines from previous
applicable PRAs or by utility engineering judgement to be important
contributors to core damage freguency or poor containment performance.



pPrairie Island elected to use the functional sequence reporting criteria as the
event trees described in section 3.1.2 were developed around a set of safety
functione based on the EOPs. Each safety function consists of a set of frontline
and support systems that can be used to perform the specified safety function.
By using functional event trees, the core damage sequences that emerge, are sets
of components and initiating events that fail the safety functions, thereby the
choice of the functional reporting criteria from Generic letter 88-20. In
addition, Prairie Island went one step further in reporting requirements by
equating accident classes with functional sequences. In this case, core damage
sequences are grouped together as to their similarity in regard to initiators,
timing of core melt and effect on containment pressure at the time of core melt.
The accident classes that meet this reporting criteria are listed in Table 1.4-1
with a description of the accident class together with a representative seguence
from each accident class. Some accident classes that do not meet the reporting
criteria are also included in Table 1.4-1 for completeness.

Domipnant Accident Clasges - Figure 1.4-1 shows the Core Damage Frequency (CDF)

for Prairie Island separated by accident (damage) class. Refer to Table 1.4-1
for a breakdown of the CDF by accident class and Table 1.3-1 for the accident
clags identification scheme. The accident classes are categorized by initiating
event, whether early or late core damage occurred (which is dependent on whether
ECCS injection or recirculation failed, respectively), and RCS pressure at the
time of core damage (high or low), which has an impact on the Level 2 analysis.

A summary of the dominant Unit 1 Level 1 damage classes (those which were
responsible for more than 10% of the core damage frequency) is given below:

FEH (21%): The FEH accident class (internal flooding, early core damage with
RCS at high pressure) was one of the top contributors to the CDF,
with a freguency of approximately 1,0E-5. Nearly all of the FEH
contribution is due to one flooding sequence, FEH-TBl1 (reported
separately in Table 1.4-1). This sequence involves a cooling water
(service water) header break in the turbine building auxiliary
feedwater pump/instrument air compressor room which leads to core
damage. The identification of this sequence is one of the most
significant findings from the IPE. It is discussed in detail in
Section 3.4.

TEH (20%): The TEH accident class (transient with early core damage at high
pressure) was also one of the top contributore to the CDF, with a
frequency of 1.0E-5. A key dependency on instrument air with
respect to the availability of both main feedwater and bleed and
feed cooling was identified which dominates this accident class.
Unavailability of instrument air causes the feedwater regulating and



SLL (17%):

SEH (16%):

bypass (air-operated) valves to fail closed. I1f local operator
actione to reopen the valves fails, main feedwater to the steam
generatore is unavailable. Also, the instrument air to containment
isolation (air-operated) valves fail closed on loss of air, which
causes the air-operated pressurizer Power Operated Relief Valves
(PORVE) to fail closed. This results in failure of RCS bleed and
feed cooling. On loss of instrument air, therefore, only the
auxiliary feedwater system is available for decay heat removal.
Like many of the transient events which lead to ccore damage, the
existence of the internal flooding sequence described above is
partly due to this dependency.

The SLL accident class (LOCA leading to late core damage at low
pressure) was also shown to be a relatively large contributor with
a frequency of 8.3E-6. This accident class is dominated by medium
and large LOCAs with subsequent failure of high head recirculation
(credited for medium LOCA only) and low head recirculation (medium
and large LOCAs). The primary cause of recirculation failure was
found to be operator failure to perform the transfer alignments.

The SEH accident class (LOCA leading to early core damage at high
pressure) was also shown to be a dominant contributor with a
frequency of B8.2BE-6. This accident ¢lass is dominated by RCP seal
LOCAs with subseguent failure of the Safety Injection (81) system
for high pressure injection., Failure of the Component Cooling Water
(CC) system is assumed to cause failure of SI injection and also
contributes to (but doesn't cause) failure of the RCP seals.
Charging system failure, which is also required before seal failure
is assumed is independent of CC. However, the charging system
relies on safeguards 480 V AC power, which (for Unit 1) is assumed
to fail in a short amount of time (1 hour) if room cooling for the
bus rooms fails and operatore are not able to restore room cooling
per procedures. Room cocling, in turn, is dependent on cooling
water, as is the CC system.

There are several significant congiderations to note with respect to
the 480 V bus room cooling dependency described above:

- 18 The 480 V bus dependency on room cooling may not ex:st
following electrical system wupgrade work which will be
completed during the June, 1994 Unit 1 outage (this has not
yet been verified with heatup calculations for the new
configuration). The buses will be divided into two separate
buses per train, with one train being relocated to different

i-8



GLH (12%):

safeguards bus rooms in the plant,

2, It was assumed that Unit 2 480 V bus room cooling failure is
not a significant concern for Unit 2 (see Section 3.5).

- The Unit 1 480 V dependency has an impact on both units, since
two of the three instrument air compressors are dependent on
Unit 1 safeguards 480 V power. However, only the Unit 1
charging pumps, motor-operated valves and Fan Coil Units
(FCUs) are affected (corresponding equipment for Unit 2 is
powered by Unit 2 480 V AC)

The GLH accident class (steam generator tube rupture leading to late
core damage at high pressure) had a frequency of 6.0E-6. This
accident class is dominated by SGTR followed by failure of the
operators to cooldown and depressurize the primary cooclant system to
stop the leak in time before steam generator overfill occurs. A
steam generator relief valve is assumed to fail open, followed by
failure of the operators to cooldown and depressurize the RCS to RHR
shutdown cooling conditions before RWST depletion occurs. Loss of
the RWST causesg failure of injection and loss of inventory in the
RCS which eventually leads to core damage. An important insight for
this accident class ie the dependence on the cperator to perform RCS
C/D and depressurization before RWST depletion occurs.

Dominant Ipnitiating Events - Figure 1.4-2 gives the contribution to the CDF by
initiating event. Refer to Table 1.4-2 for a breakdown of the CDF by initiating

event. A discussion of the dominant accident initiating events (those which were
respensible for more than 10% of the core damage freguency) is given below:

I-LOOP:

I-T1FLD:

I-8GTR:

Loss of Offsite Power accounted for over 21% of the core damaye
freguency. The dominant mechanisms leading to core damage following
this initiator were failure of the emergency diesel generators
together with failure of ECCS restart following recovery of AC power
(typical of TEH sequences), or failure of diesel generatoss followed
by failure to recover AC power prior to core uncovery from RCP seal
leakage (typical of BEH sequences).

Internal flooding of the auxiliary feedwater pump/instrument air
compressor room in the Turbine Building (zone TEl) accounted for 21%
of the core damage freguency. This is the dominant (and almost the
only) sequence for accident class FEH (see discussion above).

Steam Generator Tube Rupture accounted for over 13% of the core
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damage frequency. This is the exclusive initiating event for
accident classes CLH (see discussion above) and GEH (SGTR leading to
early core damage at high pressure).

I-MLOCA: Medium LOCA accounted for over 9% of the core damage frequency. The
dominant accident sequence for this initiator was Medium LOCA with
failure of the operator to transfer to recirculation (Class SLL).

I-SLOCA: Small LOCA accounted for over 8% of the core damage frequency. This
initiating event included only the random pipe break events. Small
LOCRe from Reactor Coolant Pump (RCP) seal failures are events which
ceccur following an initiating transient. Therefore, in Table 1.4-2
the contribution of RCP seal LOCAs are incorporated into the core
damage frequency for the corresponding initiating event that caused
the seal LOCA.

I-LLOCA: Large LOCA accounted for over 7% of the core damage frequency. The
dominant accident sequence for this initiator was Large LOCA with
failure of the operator to transfer to recirculation (Class SLL).

I-INSTAIR: Loss of instrument air accounted for over 6% of the core damage
frequency. As described previously, failure of instrument air
causes failure of main feedwater (if attempts to open the feed
regulating and bypass valves locally is unsuccessful) and failure of
bleed and feed cooling.

See Section 1.1 for descriptions of the sequence of events for the accidents
analyzed in the IPE and Figures 3.1-1 through 3.1-9 for event tree diagrams. See
Section 3.3 for a description of the accident secguence quantification. The
rasults of the individual sequence gquantification are summarized by the preceding
discussions of the dominant accident classes and initiating events. Therefore,
a description of each dominant sequence will not be given in this section.

1.4.2 2 Unit 2 Level 1 Results

The results for the Unit 2 Level 1 analysis were nearly identical to the Unit 1
results described in Section 1.4.1 above. The reasons for this are:

1. The two units are nearly identical to each other in terms of plant
configuration.

2. Where differences do exist, they do not have a significant impact on the
results. An example of this is 480 V bus room cooling. Failure of the

Unit 1 bus room cooling fails the Unit 1 480 V buses, while failure of the
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Unit 2 480 V bus room cooling does not (see Section 3.5). However,
failure of Unit 1 480 V bus room cooling still affects Unit 2, because two
of the three instrument air compressors are lost which causes instrument
air system failure for both units. This effectively negates the benefit
of the Unit 2 480 V bus independence on room cooling.

3. Neither unit ig significantly more susceptible to an initiating event than
the other unit (verified through a review of plant operating history).

4. The two units use (primarily) the same operations and maintenance crews.

Table 1.4-3 gives results of the Unit 2 quantification by initiating event and
compares this to the Unit 1 results, As can be seen, there is almost no
difference in the results between Unit 1 and Unit 2.

1.3:3 Unit 1 lLevel 2 Results

The Level 2 analysis used the results of the Level 1 analysis in the
quantification of containment event trees (CETs). The containment event tree
quantification results were then used in the determination of the expected source
term for representative CET sequences.

Containment Event Tree Quantification - Containment event trees were developed

around the major accident classes of level 1 sequence gquantification. CET
seguences were binned into categories or plant end (damage) states.

The results of the CET seguence quantification by plant end state are given in
Table 1.4-4. This table also gives a general description of each end state and
the dominant seguence (s) for each end state. See Section 4.6 for a detailed
discussion of the end states and dominant level 2 seguences.

From a containment performance perspective, only a limited potential for
containment failure exists even under severe accident conditions. This is in
large part due to a very large containment volume with a high ultimate capacity,
on the order of 150 psig.

The containment size and strength allows the plant to accommodate challenges
which might result early during a potential severe accident such as hydrogen
combustion or direct containment heating. These passive containment features
result in the contribution to risk from early containment challenges ccntributing
only fractions of a percent to the potential for a release.

Releases from containment in an intermediate time frame reguire the containment
to be bypassed as a part of the initiator, in the form of steam generator tube
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rupture. The majority of accident sequences in this category can be mitigated
by cperation of safety injection and operator action to depressurize the rewactor
and terminate leakage to the steam generator. Six to ten hours is available
before RWST depletion occurs allowing significant time for the operator to
accompligh these actions.

Long term challenge to containment is also of limited risk because steam from
decay heat or noncondensible gas generation from core concrete interaction would
take several days to pressurize containment to its ultimate capacity. While only
20% of all postulated core damage sequences contribute to long term challenges
to containment, accident management strategies not credited in the PRA are
expected to result in even lower contribution to risk from this plant damage
state.

Containment performance is further enhanced by a very large reactor cavity over
which debris would be able to spread should a severe accident proceed to the
point of lower vessel head penetration. A thin debris depth {on the order of 25
cm if 100% of the core material is considered) promctes quenching and long term
decay heat remcval once water is provided to the debris. The potential for
challenges to containment associated with ex-vessel phenomena is further reduced
by the configuration of the reactor within the containment and the size of the
RWST. Injection of all RWST water to the containment submerges the lower head
of the vessel promoting cooling of core debris through the vessel wall, if
injection to the vessel were to be unavailable, and reduces the potential for
debris penetrating the lower head and entering the containment.

The dominant containment failure sequences are listed in Table 1.4-5. Detailed
descriptions of these seguences can be found in Section 4.6.2.

After all the possible sequences were quantified, they were sorted by containment
failure mode, reactor failure pressure, and release timing. These results were
then used to create Figures 1.4-3 through 1.4-6 for internally initiated
accidents.

Source Term Quantification - Representative sequences from the containment event
tree quantification were analyzed to determine characteristic source terms for

the plant end states. The source term results were further subdivided into five
release categories based on the combination of the noble, volatile, and non-
volatile release magnitudes. Figures 1.4-7 (includes SG Tube Creep Rupture) and
1.4-8 (excludes SG Tube Creep Rupture) and Table 1.4-6 give the results of the
source term analysis by release category.

With a strong, large containment only a small potential for significant releases
exists. The two largest release categories for the Prairie Island PRA require
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the containment to be bypassed as a part of the initiating event (such as steam
generator tube rupture), occur very late in the accident seguence (on the order
of several days for evente in which extended core concrete interaction or failure
to remove decay heat from containment are postulated) or result in a temporary
release through the stean Jenerators that is terminated early in the event (steam
generator tube creep failure). Of these three types of releases, only steam
generator tube rupture events can lead to potentially significant releases of
volatile fission products (lodine and Cesium) in addition to Noble gases. While
dominant in comparison to other Prairie Island release modes, they constitute
only 13% of the overall core damage frequency at 7E-6/yr or less than once in

100,000 years

1.4.4  Unit 2 Level 2 Results

Due to the close correlation of the Unit 1 and Unit 2 Level 1 analyses results,
and due to the lack of differences in the containment systems and structures
between the two units, no explicit Unit 2 Level 2 modeling or quantification was
performed. The results and insights from the Unit 1 Level 2 apply directly to
Unit 2, and no further Unit 2 analysis is necessary.

1.4.5 Level 1 ang Level 2 Sensitivity Studieg

studies of the Level 1 and Level 2 IPE results were performed to determine the
sensitivity to important assumptions and other inputs, particularly where
uncertainties regarding these inputs were relatively large. These sensitivity
studies are described below,

1:4.5.% Level 1 Sensitivity Studies

Once the dominant accident segquences leading to cor: damage were screened to
determine the important contributors to core damage, sensitivity studies were
conducted. Sensgitivity studies were c¢onducted on initiating event frequencies,
operator actions, common cause, test and maintenance and for certain system

components.

Human Reliability Importance - Throughout both the Level 1 and Level 2 analysis,

the rcole of the operator is highlighted by the PRA, The most significant
operator actions with respect to their contribution to core damage are provided
in Table 1.4-7. With respect to contribution to current results, the dominant

operator actions include:
o Initiation of bleed and feed on loss of secondary heat removal,
5] Cooldown and depressurize the reactor during steam generator tube rupture
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to prevent steam generator overfill and terminate leakage to the sgteam
generator prior to RWST depletion, and

o Transfer to recirculation following a LOCA.

The importance of thease actions is not unexpected given the initiating events
that contribute most to risk; steam generator tube rupture, LOCA and loss of
offgite power with failure to makeup to the steam generators.

The sensitivity of the PRA results to operator action reliability was performed
to determine not only the dominant contributors to current risk, but also to
identify those actions which could contribute significantly to risk were the
operator not able to take the action. In addition to those identified above, the
PRA is sensitive to the following actions:

] Crosstie emergency diesel generator from the opposite unit,
o Restoration of main feedwater on a reactor trip,
© Crosstie motor driven AFW pump from the opposite unit.

The operator trains in the performance of these actions and can accomplish them
guccessfully from the contrel room. BEach of them is directed at assuring
secondary heat removal to avoid the need for bleed and feed operation.

Additional results of the human reliability importance sensitivity studies are
presented in Section 3.4.5.

Eguipment Reliabjlity Importance - In addition to operator actions, the

sensitivity of the PRA results to the reliability of plant systems and their
components was evaluated. Studies were performed to determine the gensitivity
of the Level 1 results to system reliability (including diesel generator
reliability), and teet and maintenance unavailability. Section 3.4.5 provides
importance measures associated with systems and major components.

Initiating Event Importance - The Level 1 results were also analyzed for

sensitivity co initiating event frequency. Section 3.4.5 provides the results
of this sensitivity study.

1.4.5.2 Level 2 Sengitivity Studies

A number of assumptions made in the quantification of potential containment
failure modes and the source term analysis may be important to the outcome of the

Level 2 analysis., Two types of sensitivity studies were parformed to determine
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the effects of key assumpticns on the final results. The first of these
sensitivity studies are probabilistic in nature and address uncertainties in the
quantification of the various containment failure modes modeled in the
containment event trees. The probabilistic sensitivity studies are described in
Section 4.8.1. Deterministic analyses were also performed to establish the
sensitivity of the Level 2 analysis to uncertainties in the physical modeling of
containment response and the source term. The deterministic analyses are
described in Section 4.8.2.

Probabilistic studies included the following:

o Poteritial for termination of an accident in the vessel by injection of the
RWST to containment and submerging the lower head of the vessel

o Depressurization of the vessel resulting from creep rupture of reactor
coolant system components such as the hot leg

o Containment spray cooling of debris carried to the upper parts of
containment during reactor blowdown from high pressure

o Debris cooling in the reactor cavity
Deterministic sensitivities include the following {performed with MAAP) :
o Core Melt Progressiocn and In-Vessel Hydrogen Generation

¢ Natural Circulation, Induced Ruptures of the Primary System, and RCS
Pressure at Vessel Failure

o Fission Product Release and Revaporization

o Ex-Vessel Debris Coolability

o Energetic Events in Containment

o Containment Failure Mode
Results of both the probabilistic and deterministic sensitivity studies are
provided in section 4.8. The probabilistic studies showed that the CET
gquantification results were sensitive only tc the debris cooling assumptions.
The insight from the debris c¢oolabiiity sencitivities was that submerging the
vessel to prevent vessel penetration is appropriate and the best course of action
(as currently required by the EOPs). Most deterministic sensitivity studies

showed no significant effect or Level 2 conclusions due to uncertainties in
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phenomenology. However, debris spreading area in the upper compartment for High
Pressure Melt Ejection (HPME) did make a significant difference in the character
of the source term. Cases from the sensitivity studies were used for the source
term results (where molten core concrete interaction occurs in the upper
compartment) because they were more limiting than the original cases.

1.4.6  1PE Recommendations

It is important to remember that the primary benefit of a risk assessment is not
in the actual numbers that are generated, but in the engineering insights about
how to prevent accident seguences from occurring, and any potential syatem,
operational and maintenance improvements that are identified. A summary of the
recommendations generated from this study is provided below:

The fecllowing recommendations are generated based on the results of the Level 1
IPE analysis:

1. Proceduralize the cross-tie from station air to instrument air such that
C34 AOQP1, Rev 0, "Loss of Instrument Air" utilizes the cross-tie. The
gstation air compressors are cooled from locp B cooling water and would not
be affected by a LOOP A CL pipe break. If the cross-tie could be
accomplished within 1 hour after the flood initiator, main feedwater or
bleed and feed cooling could be restored and core melt could be prevented.
The instrument air operating procedure should also be more emphatic in
stating that the station air cross-tie should be used whenever an
instrument air compressor is out of service for maintenance. It is
recognized that this recommendation will only restore instrument air if
the flood occurs as a result of a Loop A CL pipe break. However, this
recommendation would be effective for many other events in which
instrument air was lost.

2. Revise C35 AOP1l, rev 2, "Loss of Cooling Water Header A or B" such that it

addresses the problem of closure of the turbine building coocling water
header isclation valve and the subsequent loss of cooling water to the
main feedwater lube oil coolers and condensate pump oil coolers. Analysis
has ghown that the main fesdwater pumps can conservatively operate without
cooling water for approximately 20 minutes before possible pump damage.

: To limit the impact of AFW pump room flooding due to Cocling Water System

header rupture, provide a means to either allow additicnal water flow out
of the room (through modifications to the Unit 1 and Unit 2 side doors,
for example) or to segregate the room into two compartments (close the
fire door between the two halves of The AFW pump room and upgrade the
ability of the door to block water flow, for example).
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4. Emphasize in training the importance of bleed and feed and the operator
actions that are necessary for success as bleed and feed is a significant
contributor to class TEH and the overall CDF.

5. Emphasize in training the importance of the crosstie between the motor
driven AFW pumps and the operator actions that are necessary for success
as the AFW crosstie i1s a significant contributor to class TEH and the
overall CDF.

6. Emphasize in training the importance of switchover to high and low head
recirculation and the operator actions that are necessary for success as
switchover to recirculation is a significant contributor to class SLL and
the overall CDF.

1. Emphasize in training the importance of RCS cooldown and depressurization
to terminate SI before ruptured SG overfill and the operator actions that
are necessary for success this acticn is a significant contributor to
class GLH and the overall CDF,

Since the starting point of the Level 2 analysis is the Level 1 core damage
sequences, the preceding Level 1 recommendations will also have a positive effect
en the Level 2 release frequency. The following recommendations are generated
based on the results of the Level 2 analysis:

r P Revigse FR-C.1, Rev 5, "Response to Inadequate Core Cooling" step 18 such
that the operator checks for adeguate steam generator level before
attempting to start an RCP. If the RCPs are started with a "dry" steam
generator with core exit thermocouples greater than 1200°F, hot gases
could be pushed up into the steam generator tubes causing ~reep rupture of
the tubes and a pessible containment bypass if one of the steam generator
relief valves were to lift.

- I The in-core instrument tube hatches for both units should be secured open
during normal operation. This could be accomplished by using a solid bar
or other device, instead of a chain, to keep the hatch open but still
prevent inadvertent entry during normal operation. Having this hatch open
greatly improves the probability of recovering from a core damage event
in-vessel (without vessel rupture), by allowing injection water from the
RWST to flow into the reactor cavity and to provide cooling to the lower
vessel head, and improves debris coolability in the reactor cavity
following events in which the vessel fails at low pressure. For this
recommendation, consideration is being given to credit given in the Level
2 analysis model for these hatches being open during normal operation.



: ACCIDENT CLASS"

Table 1.3-1
Accident Class Definition Prairie Island IPE

DESCRIPTION

heat removal and failure of bleed and feed.
pressure is high at the time of core damage.

Transient initiated events with loss of secondary

Reactor

TLH

heat removal,
of recirculation.

Transient initiated evente with loss of secondary
succegsful bleed and feed but failure

Reactor pressure is high at the

time of core damage.

BEH

recovery of AC power.
the time of core damage.

Station blackout in which core damage occurs prior to
recovery of AC power or bleed and feed fails upon
Reactor pressure is high at

SEH

LOCA initiated events in
injection is not capable
Reactor pressure is high

which high head safety
of preventing core damage,
at the time of core damage.

SLH

is not.
damage .

LOCA initiated events in
injection is successful but high head recirculation
Reactor pressure is high at the time of core

which high head safety

safety injection do not prevent core damage.
presgsure is low at the time of core damage.

LOCA initiated events in which high head and low head

Reactor

LOCA initiated events in which safety injection was
effective but high and low head recirculation is not.
Reactor pressure is low at the time of core damage.

Internal flood-initiated events with loss of
secondary heat removal and failure of bleed and feed.
Reactor Pressure ig high at the time of core damage.

{continued next page)

(1) Key

1st Character

{Initiator)

T Transient

B Station Blackout

s LOCA

G Steam Generator
Tube Rupture

v Interfacing LOCA

¥ Internal Flooding

R ATWS

2nd Character
{Timing)

E - Early (prior to

recirculation)

failure of recirculation,

at the time of core damage.

Internal flood-initiated events with losa of
secondary heat removal,

Reactor pressure is high

3rd Character
(Reactor Conditions)

H -

L - Late (after recirc-

ulation)

High pressure
(above shutoff of
low pressure
pumps)

Low pressure

High pressure, Failure of

Long Term Shutdown
RHigh pressure, RCS

Overpressure

successful bleed and feed but




Table 1.3-1, continued
Accident Class Definition Prairie Island IPE

W pRsCRIFTION

ATWS events in which reactor vessel overpressure
ocours .

RLO ATWS events in which long term negative reactivity
insertion is not succesaful.

Steam Generator Tube rupture sequences leading to
GLH core damage as a result of failure to depressurize
the RCS before RWST depletion. Reactor pressure is
high at the time of core damage.

Steam Generator Tube rupture sequences with failure
GEH of high head injection or failure of secondary heat
removal. Reactor pressure is high at the time of
core damage.

! Interfacing LOCA sequences between the reactor and
v low pressure piping systems in the auxiliary
building.

(1) Key
ist Charactexr 2nd Character 3rd Character
(Initiator) (Timing) {Reactor Conditions)
T - Transient E - Early (prior to H - High pressure
B - Station Blackout recirculation) (above shutoff of
§ - LOCA L -~ Late (after recirc- low pregsure
G - Steam Generator ulation) pumps)

Tube Rupture L - Low pressure
V - Interfacing LOCA 0 - High pressure, Failure of
F - Internal Flooding Long Term Shutdown
R - ATWS P - High prersure, RCS

Overpressure



==

Table 1.4-1

Repcrtable Core Damage Seguences By Accident Class

I Accident Class

FEN-TBY

Pescription

Flood with core
dasage esrly and
at high XCS
pressures.

E-3

Total CDF
for Class

21

X Total CDF

Duminant Sequence Description

A flood occurs in the AFW pump room from the
Loop A or B CL header. Reactor trip and RCP seal
cooling are successful. ALl AFW pumps fail,
along with all instrument air compressors due to
the flood. MFW fails due to closure of the main
feed regulating and bypass valves and loss of
lube oil cooling to the MFW pumps. Bleed and
feed cooling fails due to loss of instrument
air.,

TEHW

Transient with

core damage early
and at high RCS
pressures

1€-5

Loss of instrument air causing rx trip due to
loss of MFW. RCP seal cocling is successful but
11, 12 and 22 AFW pumps FTR so 21 AFW pump
cannot be used for Unit 1. Bleed and feed fails
due to loss of instrument air and local
restoration of main feedwater is unsuccessful.

4.4E-7

0.9

SLi

S

Medium or large
LOCA with core
damage late and at
low RCS pressures

8.3t-6

186.6

Large LOCA with successful short term RCS
inventory but long term RCS inventory fails due
to operator error in lining up for recirculation

Medium LOCA with successful reactor trip and
short term RCS inventory but long term RCS
inventory fails due to operator error in lining
wp for recirculation

4.3

Smail LOCA with
eariy core damage
at high RCS
pressures

8.2k-6

Loss of cooling water causing eventual reactor
trip due to loss of CC to the RCP motors Loss
of CL causes loss of chilled water which causes
loss of room cooling to the 4BOV safeguards bus
rooms. Loss of room cooling is assumed tc result
in the eventua! 480V bus failure causing loss of
all charging pumps leading to an RCP seal LOCA
that cannct be mitigated by the SI pumps as they
have lost CC cooling to their lube oil coolers.
tocal operator actions to restore cooling water
and 480V bus room cooling also fail.

6.3E-7

1.3

GLH

SGTR with core
damage late and at
high RCS pressures

12

SGTR with ater failing to C/D & depressurize
the RCS before ruptured SG overfill. A Ruptured
SG relief sticks open followed by the operstor
failing te (/0 and depressurize the RCS tc RER
SOC temperature and pressure before RWST
depletion.

1.1e-6

2.1




Table

1
§ S

4-1 {continued)

Reportable Core Damage Seguences By Accident Class

Accident Class

Description

14

S8C with early L00P with successful reactor trip fol lowed by
core damege at D1, D2, D5 and D6 diesel generators failing to
high RCS pressures run due to common cause. The TD AFW pump runs
for 2 hours before batteries are depleted and SG
level instrumentation is lost. The operator is
successful in depressurizing the SGs with the SG
PORVs to rechice RCP seal leakage but the
operator fails to restore offsite and onsite AT
power at 5 hours.
SLK Small LOCA with 2.4E-& 4.8 Smal! LOCA wiin successful Rx trip, secondary 3.5€-7 0.7
{ate core damage cooling and strt term RCS inventory. RCS C/D
at high RCS and depressur “ation toc RHR SDC conditions is
pressures successful bu  the CC valves to the RHR heat
exchangers fa.l to open failing RHR SDC and
recirculation. Local attempts at recovery are
a:so unsuccessful |
l TLH Transient with BE-7 1.6 LOOP with successful reactor trip foliowed by 2.4E-8 0.05
iate core demage failure of D2 and D& diesel generators to run
at high RCS which fails all train B safeguards equipment. 11
pressures and 22 AFY pumps then fail tc run followed by
failure of the CT supply valve to 11 RHR heat
exchanger to open, failing recirculation.
GEW SCTR with early 6E-7 1.2 S5GTR followed by successful reactor trip and 3.5¢-8 8.07
core damage high secondary cooling. RCS short term injection
RS pressures fails because the S! suction valves fram the
RWST fail to open due to cosmun cause. The
operator then fails to cocldown and depressurirze
the RCS before core damage occurs.
BEM SBO with early 2.6E-T e.5 L00P with successful reactor trip foliowed by 2.6:-8 0.05
core damage at D1, D2, 05 and D5 diesel generators failing to
high RCS pressures run due to common cause. The TD AFW pump runs
for 2 hours before batteries are depleted. The
operator is successful in depressurizing the $Gs
H with the SG PORVs to reduce RCP seal |eakage ard
the operator is successful in restoring cffsite
AC power st 5 hours but an RCP seal LOCA has
caused core damage.
v interfacing 2.3-7 6.5 Catastrophic failure of both of the RHR series 5.5e-8 g.1
systems LOCA lood A suction isolation motor valves foliowed
by failure of both of the RMR pump seals causing
a small LOCA outside of contairment and the
operator is unsuccessful in cooling down and
depressurizing the RCS before RWST depletion.
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Table 1.4-1 (continued)
Reportable Core Damage Sequences By Accident Class

Accident Class

Description

ATWS with operator
failing to perferm
tocal reactor
shutdown actions

] Total ODF
3

for Clase

X Total COF

LS

Dominant Sequence Description

Norma! transient followed by failure of the
reactor protection system. The reactor power
level is greater than 40X, main feeduater is
cuccessful but the operator fails to perform
iocal sction toc make the reactor subcritical.

core damage at low
RCS pressures

reactor trip and RCP seal cooling. 11 and 12 AFW
pumps fail to run and the operator fails to
restore main feedwater and also fails to
crosstie 21 AFN pump to unit 1. The operator
then fails to initiate bleed and feed coolig.

REP ATWS without 1.68-7 0.3 Less of main feeduater transient followed by 2.8-8 0.0¢
adequate RCS faiiure of the reactor protection system. The
pressure relief reactor power level is greater than 40X and the
capacity operator fails to manually drive rods in for 1
minute. Auxiliary feeduater is successful but
there i1s not siequate RCS pressure relief to
prevent RCS overpressure.
SEL targe or medium 7.6E-B g.2 Large LOCA followed by faiiure of both RER pumps 2.1e-8 0.04
LOCA with early to start due to conmon cause.
cere damage at low
L RCS pressures
FER Flood with early 7.28-10 1€-3 Awxiliary building zone 7 flood with successful 1.5€-10 3E-4




Table 1.4-2
Core Damage fFrequency By Initiating Event for Unit 1

Initiating Event Initiating Event COF from initiating % of Total COF from
Frequency (pro,f reactor | Event (per reactor year) Initiating Event
1-TRY
I 1-1R2 9.00€-2 2.98-8 0.06
1-1R3 0.23 1.26-6 2.4
E 1- TR 9.00E-2 5,267 1.0
1-LOCC 3 46E-3 5.58-7 .1
l 1-LOCL 1.82€-5 6.4E-7 1.3
l 1-LODCA 8,69€-3 2.2E-6 L)
{-LODCH B.69¢-3 4.bE-7 0.9
1-INSTAIR 1,176-2 3.26-6 6.3
1 -LOOP 6,50€-2 1,165 21.2
| -MSLB 3.90E-4 i ol
1-MFLB 2.50€-5 = .
1-8LOCA 3.00€-3 6. 1E-6 8.2
1 -MLOCA 8.00€ -4 4. 6E-6 9.3
1-LLOCA 3.00€-4 3.7€-6 7.5
i 1-SGTR 1,506-2 6.666 13.2
1+T1FLD 1.06€-5 1€-5 21
1-T13FLD 2.68E-5 * .
1-AB7FLD 5.056-3 8.56-10 2%-3
1-ABBFLD 1.34E-4 ¢ .
I 1-SHIFLD. 6.09 -6 467 0.8
1-SHZFLD 2.54E-3 4.36-10 € -4
“‘» v 2.36-7 2.38-7 0.5

(continued on next page)



Toble 1.4-2 (continued)
Core Damage Frequency By Initiating Event for Unit 1

Refinitions of Initistors

1-TR1 Normal transients

1-TR2 SG Hi Ni level transient

1-1R3 Inadvertent “S" aqignal transient

1-TRé Loss of main feedwater transient

I-Lotc Loss of component cooling water

I«LOCL Loss of cooling water

1-1L0DCA Loss of train A DC

1-L0DC8 Loss of train B DC

I-INSTAIR Loss of instrument air

I-LOOP Loss of offsite power

1-MSLB Main steam line break

1-MFLS Min feedwater |ine break

1+ SLOCA Small LOCA (3/8" to 5" equivalent pipe diameter)
1 ~MLOCA Medium LOCA (5" to 12" equivalent pipe diameter)
1< LLOCA Large LOCA (12" up to design basis pipe diameter)
1-SGTR Steam generator tube rupture

1-T1FLD Turbine building zone 1 flood

1-T13FLD Turbine building zone 13 flood

1-SH1FLD Screenhouse zone 1 flood

1-SH2FLD Screenhouse zone 2 flood

1-AB7FLD Auxiliary building zone 7 flood

1 -ABBFLD Auxiliary bullding zone B flood

v Interfacing systems LOCA

» These results were truncated out
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(able 1.64-3
Core Damage Frequency By ‘nitiating Event for Unit 2

Initiating Event Inftiating Event COF from X of Total COF % of Total COF
frequency initiating Event from from
{per reactor (per reactor year, Initiating Event Initiating
year, Unit 2) unit 2)
1<IR} 1.68 5.6E-07
1-182 9. 00€-02 3.1-08 0.06 0.06
1-TR3 0.23 1,26-06 2.4 2.4 J
| 1- TR 9.00€-02 5.56-07 1.1 1.0
1-L0CC 3.46€-03 5.5€-07 1.1 L3
1-LOCL 1.826-05 6. 4E-07 1.3 1.3
1-LODCA 8.69F-03% 2.26-06 4.3 4.4
H 1-L0DCB 8.69€-03 4.BE-07 0.9 0.9 I
1-INSTAIR 1,17€-02 3.26-06 6.2 6.3 I
__1-L00p 6,56-02 1.1E-05 22.4 21.2
1-M5LB 3.9€-04 . ' * l
|-MFLB 2.5k-05 * * *
1-SLUCA 3.008-03 4, 26-06 8.2 8.2
[ -MLOCA 8.00€-04 4. 6E-06 9. 9.3
ﬂ 1-LLOCA 3.00€-04 3.BE-08 7.3 7.5
1-8GTR 1,50E-02 6. 6E-06 i3.0 13.2 A
I 1-T1FLD 1, 04E-05 1.04€-05 20.4 21
1-T13FLD 2,68E-0% * i .
H 1-AB7FLD 5.05¢-03 1,56-09 0.00 2E-3
1-ABBFLD 1, 34E-04 . » »
1-SH1FLD &.09€-06 4, 0E-07 0.80 0.80 |
1-SH2FLD 2.54€-03 5.66-10 0,00 9E-4 I
1- 1SLOCA 2.27E-07 2,27E-07 0.5 0.5 I
» These rasults were truncated out

(continued on next page)



Refinitions of initietors

1-TRY Normal transients

1-TR2 SG Hi Hi level transient

1-1R3 Inadvertent "S* gignal transient

1-TR4 Loss of main feedwater transient

1-Locc Loss of comnent cooling weter

1-LOCL Loss of cooling water

1-LODCA Loss of train A OC

I-Lopcs Loss of train B OC

I-INSTAIR Lnss of instrument air

I-L00P Loss of offsite power

1-MSL8 Main steam line break

1-MFLB Kin feedwater |ine break

1-SLOCA Small LOCA (3/B" to 5" equivalent pipe diameter)
1-MLOCA Medium LOCA (5" to 12 equivalent pipe diameter)
1-LLOCA Large LOCA (12" up to design basis pipe diameter)
1-8GTR Stecam generstor tube rupture

1-TIFLD Turbine building zone 1 flood

1-T13FLD Turbine building zone 13 flood

I-SHIFLD Screenhouse zone 1 flood

1 -SH2FLD Screenhouse zone 2 flood

1-ABTFLD Auxiliary building zone 7 floud

1-ABBFLD Auxiliary building zone 8 flood

v interfacing systems LOCA

These results were truncated out

[

Table 1.4-3 (continued)
Core Damage Freguency By Initiating Event for Unit 2

L



Level 2 Containment

Table 1.4-4

Event Trez Results By Plant End State

Cond. Prob. End State Description Dominant CET Probability
fol lowing Core Sequences

X-XX- 0 No Vezsel Failure SLLCET-01
No_Containment Failure SLHCET-01 3E-06

X-DH-L 0.0 0.0 No Vessel Failure N/A /A
fontairment DHR Failure
late Containment Failure

X-H2-E 9E-08 0.2 %0 Vessel Failure SLLCET-04 SE-08
Wydrogen Combustion
Early Containment Failure

L-XX-% BE-08 0.2 Luw Pressure Vessel Failure SELCET-08 4E- 08
No Containment Failure

L-DH-L BE-09 <<0.1 Low Pressure Vessel Failure TLHCET-10 TE-09
Containment CHR Failure
Late Containment Failure

L-CC-L GE-08 0.1 Low Pressure Vessel Foilure SELCET-12 3E-08
Cure-Concrete Interaction SELCET-11 BE-09
Late Conteinment Failure

L-H2-E 8E-10 0,1 Low Pressure Vessel Faillure SE.CET-13 3E-10
Hydrogen Combustion SELLET-18 3E-10
Early Containment Failure

HeXM-X 2e-05 40.0 High Pressure Vasee! Failure FEHCE, - 19 1€-05
No Containment Failure

H-DH-L 3E-06 6.0 Wigh Pressure Vessel Tailure SENCET-21 2E-06
Contairment DHR railure TEHCET-2! SE-07

hf Late Containment Fallure

K0T~ BE-06 16.0 High Pressure Vessel Failure SEHCET-23 SE-D6
Containment Overpressure TEHCET-23 4LE-D6
Late Containment Failure

H-H2-E 3E-07 0.6 High Pressure Vessel Failure FENCEY-24 1€-07
Hydrogen Combustion
Early Containment fail.ire

X-Ci~E 4E-09 <<0.1 No Vegsel Failure SLLCET-15 3E-09
Containment lsclation Failure
Early Containment Failure

L-C1-E 0.0 0.0 Low Pressure Vessel Failure N/R N/A
Containment Isolation Failure
Early Contairment Faiiure

H-C1-E BE-09 «<0.1 KHigh Pressure Vessel Failure PENCET-40 6E-09
Containment Isolation Failure
Early Contairment Failure

{continued on next page)



Cord. Prob.
Following Core
Damage (%)

Probability

Table 1.4-4, cont,
tevel 2 Contairment Event Tree Results By Plant End State

End State Description

Dominent CET

Sequences

Probability

Early Core Damage at High
Pressure

Steam Generator Tube Rupture SGTR-SEQS'
Late Core Damage at High
Pressure
GEH’ 6E-07 1.2 Steam Generator Tube Rupture SGTR-SEQY' 6E-07

Intersystem LOCA

1SLOCA-5EQ1'

wpyf Fi 1.56-5 30.0 Steam Generator Tube Creep N/A 1.56-05
Release Rupture
Early Core Damage at High
Pressure (SG Relief Valves
Cycle)
L-SR-E' Te-07 1.4 Steam Generator Tube Creep TENCET-SEQLS SE-CT7
Rupture FEHCET-SEQ4H 1£-07
Early Core Damage at High
Pressure (SG Relief Valve
Fail m)
NOTE 1: These are Level 1 core damage sequences rather than CET sequerwes. They are listed here because

NOTE 2:

MOTE 3:

they involve contairment failure.

These are Level 1 accident classes rather than CET end states.
See Section 4.3 for descriptions of these sccident classes,

invelve containment failure.

See Section 3.4 for descriptions of these sequences.

They are listed here because they

The frequencies for the SG Tube Creep Rupture end states were not subtracted from the other erd
states results for this table, but were in the source term results table (see discussion Section

4.6.1 and Table 1.4-6).




Table 1.4-5
Dominant Level 2 Containment Event Tree Seguences

Probability | Cond. Prob. Sequence
Following State
Core Damage
(%)
N/A "Puff"
Release’
I 2 6E-06 12.0 SGTR-SEQS' GLH?
3 SE-06 10.0 SEHCET-23
B 4E-06 8.0 TEHCET-23
5 2E-06 4.0 SEHCET-21
6 6E-07 1.2 SGTR-SEQ9'
7 SE-07 1.0 TEHCET-21
8 SE-07 1.0° TEHCET-46"
9 2E-07 0.4 BEHCET-24
10 1E-07 0.2 FEHCET- 24
Lt | 1E-07 0.2° FEHCET-46’
NOTE 1: These are Level 1 core damage sequences rather than CET seguences.

They are listed here because they involve containment failure.
See Section 3.4 for descriptions of these sequences.

NOTE 2: These are Level 1 accident classes rather than CET end states.
They are listed here because they involve containment failure.
See Sectiocn 4.3 for descriptions of these accident classes.

NOTE 3: The frequencies for the SG Tube Creep Rupture seguences were not
subtracted from the other sequence results for this table, but
were in the source term results table (see discussion Section
4.6.1 and Table 1.4-6).
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Table 1.4-6
Summary Source Term Categorization

Releases limited to

Relevant_CET End States

H-XX-X, L-XX-X, and X-XX-X

31.2%

volatile, and non-
volatile releases

"

leakage (60.2%)'

11 High Noble gas, low or H-OT-L, H-DH-L, and L-DH-L, 52.0%
low-low volatile and and "Puff" release (22.0%)°
non-volatile releases

111 High Noble Gas, medium L-H2-E, X-H2-E, L-CI-E, 0.3%
volatile, and low or X-CI-E, and L-CC-L
low-low non-velatile
releases

v High noble gas, medium H-H2-E and H-CI-E 0.6%
volatile, and high non-
volatile

v High noble gas, high SGTR and L-SR-E 14.6%
volatile, and low non- (13.2%)"'
volatile releases

VI High noble gas, ISLOCA 0.5%

'‘Excluding SG Tube Creep Rupture contribution



Table 1.4-7

Prairie Island IPE
Impecrtant Operator Actions

Bleed and Feed 8 to 22min
Depressurize RCS 49 min .07 .1E-4/yr
before SG overfill
following a SGTR
Transfer to Low Diagnosis time not .05 .DE-4/yr
Head Recirc applicable here. The
fellowing LOCA annunciator response
model (Table 8-4 of
NUREG/CR-4772) was used
to determine operator
diagnesis error.
Transfer to High Diagnosis time not .08 .8E-4/yrx
Head Recirc applicable here. The
following LOCA annunciator response
model (Table 8-4 of
NUREG/CR-4772) was used
to determine operator
diagnosis error.
H Crosstie motor 24 min .04 .E6E-5/yr
driven AFW pump
from opposite unit
Open doors on loss iS5min .03 .SE-5/yr
of room cooling to
480v switchgear
Depressurize RCS to 146 min .02 .TE-~4/yx
RHR SDC before RWET
depletion following
ruptured SG
overfill
Restore main 39 min .01 J1E-4/yr
i feedwater after a
reactor trip
Crosstie EDG to 95 min .01 ,O0E-4/yx
emergency bus in
opposite unit

! Fussell-Vesely importance is a measure of risk reduction potential and
represents that fracticn of core damage frequency to which the coperatcer
actions in the table contribute.

? Birnbaum importance is a measure of risk increase potential and in this

table is roughly equivalent to the increase in core damage freguency if the
operator were not able to perform each of these actions.



Prairie Island Level Il PRA

Core Damage Frequency by Accident Class




Prairie Island
Core Damage Frequency
Internal Events

Figure 1.4-2
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Prairie Island Level Il PRA

Int. Events by Ctmt. Failure Mode

\ Overpressure
8.0E-08
No Ctmt Fallure \ : easbﬁjf‘.“
3.0E-056 S e
3G Tube Rupture

(Leakage Oniy)

QOther
8.0E-0Q7

Note: Exeludes 8G Tube Creep Rupture

{Cther: H2 Combustion, 0.7%; I1SLOCA,
G.5; Core Congrete Interaction, Ctmt,
isolation Failure <0.1%)

Figure 1.4-3
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Prairie Island Level Il PRA
Int. Events by Ctmt. Failure Mode

No Ctmt Failure /
1.6E-05

{Leakage Only}

Ctmt DHR Faliure
SG Tube Rupture 3.0E-06

7.0E-08

Qverpressure
8.0E-06

(Other: H2 Combustion, 0.7%; ISLOCA,
0.5; Core Concrete Interaction, Ctmt
isolation Fallure <«0.1%)

Figure 1.4-4
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@ L
Prairie Island Level || PRA

Internal Events by Release Timing

No Ctmt Fallure
3.0E-08

{Leakage Oniy]}

Late Release
1L.1E-05

Early Release
7.9E-06

{Eariy Release inciudes Ctmt Bypass
except for SG Tube Creep Rupture}

Figure 1.4-6
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Figure 1.4-8
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Prairie Island Level || PRA

Source Term Results
(Excludes SG Tube Creep Rupture)

(See Table 1.4-8 for category

descriptions)
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2. EXAMINATION DESCRIPTION
2.1 Introduction

This section describes how the primary objectives of the IPE are met and that the
methods used to perform the IPE conform with the provisions of the generic

letter,

The primary objectives of the IPE, as stated by the NRC in the generic letter,
are for each utility to: develop an overall appreciation of severe accident
behavior; understand the most likely severe accident sequences that could occur
at its plant; gain a more guantitative understanding of the overall probabilities
of core damage and fission product releases; and, if necessary, to reduce the
overall probabilities of core damage and fission product releases by modifying

hardware and procedures.

The method used for the IPE was a full scope level 2 PRA with containment
analysis meeting the intent of Appendix 1 to the Generic Letter

2.2

The NSP plant and general office engineering staff have been involved with the
IPE process since its inception. They directed all aspects of the analysis with
consulting services provided by TENERA, L.P., Fauske & Associates, Westinghouse
Electric Corporation, and Gabor, Kenton & Associates. This was done to insure
the knowledge gained from the examination would become an integral part of plant
procedures and training programs and allow future activities to be performed with
limited involvement by consultants. Further details of the organization are
provided in Section 5.0.

A comprehensive review of the IPE work was performed by NSP perscnnel in addition
to the standard practice of calculation verification. A review team composed of
a multidisciplinary group of plant and corporate staff members reviewed this
report prior to publication. Operations personnel and plant technical staff will
be trained on the results of the IPE which will provide an additional review,

The internal events are covered in Section 3. A level 2 PRA was used for the
containment release analysis and is presented in Section 4. An analysis of the
reliability of decay heat removal (USI A-45) was performed and is documented in
Section 3.4. An evaluation of internal flooding was performed and is provided
in Section 3.3.8. The general review of results to determine the insights is

covered in Section 6

2.3 General Methodology



2.3.1 Event Trees

The Level I event trees were functionally coriented, based on safety functions
used in the EOPs. This allowed for comparison of the Level I results with the
IDCOR conclusions as well as those from other PRAs. The event tree structure
includes:

Reactivity Control

Secondary Heat Removal

Short Term Inventory Control (Injection)
Long Term Inventory Control (Recirculation)

Containment Contral.

The event tree initiators are grouped by similarity of the resulting accident
sequences and by their effect on mitigation systems. Event trees used for the
analysis are shown in Section 3. No support state event trees were found to be
necessary in this analysis, since fault tree linking was used to accomplish
sequence guantification. Fault tree linking explicitly accounts for the success
and failure of frontline systems in the quantification process as well as the
interrelationships among frontline systems and support systems.

The Level I analysis was used as direct input to the Level II seguence
quantification. The focus of the Level II analysis was on containment response
to core damage. As a number of the functions important to core damage may also

impact containment response, many of the same functions and systems appear in the
containment event trees, The functions on Level Il event trees are listed below
and have been structured to reflect those actions specified in the plant EOPs.

Containment Isclation

Recovery In-vessel

Reactor Depressurization

Early Phenomenclogical Containment Challenges
Ex-vessel Debris Cooling

Containment Pressure Control

Release Control (Containment Spray).

Level 1II containment event trees (CETs) are gtructured arcund the major accident
classes of the Level 1 PRA. These CETs were used to determine the containment
response and ultimately the release mode, given a core damage event has occurred.

All CETs represent containment response to events in which core damage occurs
with an intact containment. The variocus challenges to containment that might
occur as a result of phenomena associated with core melt progression are examined
as part of these CETs. BSection 4 provides further description of post accident

2-2



phenomena and CETs.

Interfacing systems LOCA and steam generator tube rupture accident segquences
repregent bypass of the containment as part of the initiator, and therefore the
need for a separate containment event tree is not required.

2.3.2 System Apalvsis
2:3.3:1 Systems List for PRA by Function

The Level I PRA functions were discugsed in Section 2.3.1. This section will
summarize the plant systems analyzed under each function

PRA Function Plant Systems Credited
Reactivity Control Reactor Prctection System
Secondary Heat Removal Auxiliary Feedwater
Main Feedwater

Short Term Reactor High Head Safety Injection
Inventory Contrel Low Head Safety Injection
(Injection) Pregsurizer PORV
Long Term Reactor High Head Recirculation
Inventory Control Low Head Recirculation
(Recirculation)
Containment Pressure/ Residual Heat Removal
Temperature Control Modes - Shutdown cooling

- Recirculstion

Fan Coil Units
Containment Spray Injection

A detailed description of each of the above systems can be found in Section
. W - 8 These safety functions were used as headings for the event trees
constructed for each initiating event category.

2:3:2.3 Success Criteria

Success criteria for each of the systems listed above are summarized in Section
3, The bases for the success criteria were a combination of realistic
calcalations using MAAP, USAR and operations manual descriptions.

2:3.%.3 Fault Tree Modeling

The IPE/PRA attempts to represent realistic failure potential for each system in
the PRA through development of fault trees. Fault tree top events were defined
for each function for systems that served multiple functions. RHR injection and
RHR recirculation provide an example of a fault tree for each function of the
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same system. Transfers to other systems were included teo account for
dependencies on support systems. Support systems were modeled up to the
interface with the frontline system or another support system.

The level of detail is a prime consideration in failure model development. Two
criteria were used in developing the Prairie Island fault trees: the
availability of data to support quantification of system components; and the
relative importance of failure modes for a given system or component. It is not
necessary to model a pump down to the bearings or control circuits if the
available data does not include these types cf subcomponent failures and further
insights would not result from more detailed fault trees. Faults associated with
passive components, such as pipes and manual valves with failure rates that ave
orders of magnitude lower than the active component failure rates, were excluded
from the model. The major components that were included in the Prairie Island
fault trees are listed below:

All major active components - wmotors, pumps, diesel generators, air
CoOmMpressors.

All components reg.iired to change position to fulfill function (including
check valves) .

Instrumentation and controls (I&C) to contact/relay level when the I&C
affected the success of an entire system or redundant components in more
than cne system.

Removal of equipment from service for testing or maintevance.

Restoration of egquipment that may have been out of service for tssting or
maintenance.

Human actions necessary to initiate non-automatic system operation.

With rare exceptions, no passive component failures (e.g. pipe failure)} were
included.

2:3:3.4% Dependency Treatmeni

Dependency matrices were also developed as part of the PRA. These matrices are
pregented in Section 3.2.3 of this report. The dependency matrices were
developed to document the following:

Initiator effect on frontline and support systems.
Support system effect on frontline and other support systems.

Frontline system effect on other frontline systems.



The dependency matrices were used to assist in understanding the results of
gsequence analysis. With the use of fault tree linking, the dependencies between
gystems were explicitly accounted for by the cutset generator during esequence
gquantification.

2.3:3:%, Quantification Process

The computer program CAFTA (EPRI) was used for managing fault trees. CAFTA
operates on B80386-based personal computers. The computer programs HPSETS and
PCSETS (Logic Analysts, Inc.) were used for sequence guantification. PCSETS and
HPSETS are identical codes that run on different platforms (80386-based perscnal
computer and Hewlett-Packard workstation respectively) and are based on the SETS
computer code which is Gescribed in NUREG/CR-4213, "SETS Reference Manual",
Fault tree solution sequence guantificatica were primarily performed with HPSETS
on the HP workstation.

N5P used the fault tree linking approach as opposed to developing support states
or special fault tree models depending on previous success or failure of
supporting systems. The failure equations of support systems were linked to the
frontline system fault trees as a part of the sequence quantification. Therefore
each frontline system fault tree contains explicit modeling of support system
failures that could disable the fro..tline system. Dependencies of several
frontline systems on a given support system are therefore modeled explicitly in
the Boolean logic used to combine frontline system failures.

The event tree functional headings were defined by using the Boolean "AND" and
"OR" operators to combine the failure equations of multiple systems which must
fail for the safety function to be unsuccessful. For instance, the equation for
Short Term Injection during medium LOCA is the combined failure of Safety
Injection "AND"ed with RHR. Short Term Injection for transients without
secondary cooling is the "OR" of safety Injection and pressurizer PORVs.

Core damage sequence cutsets were calculated by "AND"ing together an appropriate
initiating event with the failure eguations of the safety functions that must
fail to reach a particular endstate. Credit for successful safety functions was
taken using the delete term feature of HPSETS. This eliminated cutsets which
would indicate a lose of systems which were already determined to be successful
by the event tree. This produced minimal cutset equations for core damage
sequences for the Level I portion of the PRA and a core damage probability for
Prairie Island.
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The probability and characterization of radicactive release was the subject of
the Level Il sequence quantification. The Level I results acted as the input to
the Level II analysis. Seguence quantification proceeded as described above, by
"AND‘ing the failure equations for the safety functions in the CETs to produce
eguations for each sequence and plant damage state.

Throughout these analyses, a truncation limit of 1E-9/yr or less was used. This
truncation limit is well below the reporting criterion of 1E-6/yr.

2.4 Information Assembly
2.48.1 Desiqgn Features

This section provides an overview of the design features, positive (+) or
negative (-), significant te the results of the Level I and II PRA. A more
complete description of the Prairie Island plant design features and operating
characteristics, and their effects on the results, can be found in Section 6.
The first area to be discussed is Secondary Heat Removal, which is considered
reliable due to the following:

L] Motor driven feedpumps which are independent of main steam
availability. (+)

- Feedwater regulating and bypass valves which fail closed on loss of
instrument air or a train of DC. (-)

® Diverse drivers for auxiliary feedwater pumps (one motor and one
turbine for each unit). (+)

e Ability to crosstie moteor driven auxiliary feedwater pumps between
units. (+)

B Large condensate storage tanks which provide several days of decay

heat removal without the need for makeup. (+)

[ Reliable switchyard configuration. (%)

The second area was grouped under inventory control. The important features are
listed below:

. A large RWST which provides many hours of makeup to the reactor for
small break LOCA and SGTR. (%)

© A high containment spray actuation setpoint (23 psig) which
preserves RWST inventory for a large fraction of the break spectrum.
(+)

L Pressurizer PORV dependencies on instrument air and both trains of
DC power for bleed and feed operation. (-)

L 81 pump suction MOV breakers from RHR which are locked open during
power operation. (-)

8]
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The third area covers reactivity control, and an important feature is:

. ® Favorable moderator temperature cceificient for the majority of the
cycle allowing the plant to effectively ride out an ATWS with

feedwater or AFW. (+)

® A reliable RPS. (+)
The last Level I area to be discussed is grouped under station blackout.

® Multiple diverse emergency diesel generators having good
reliability. (+)

® Each diesel generator has the capability to supply the power
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