TPE RAT £ SANVES

GPU Nuciear Corporation
Mucle ar One Upper Pono Road

: Parsippany, New Jersey 07054
201-316-7000

TELEX 136-482
Writer's Direct Dial Numper:

October 1, 1993

€321-93-2259
5000-93-0063

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D.C. 20555

Gentlemen:

Subject: Oyster Creek Nuclear Generating Station (OCNGS)
Operating License No. DPR-16
Docket No. 50-219
Generic Letter 86-20 (TAC No. M74443) - Individual Plant
Examination (IPE)
Response to Request for Additional Information

In response to the NRC staff’s request- for additional information, dated
July 30, 1993, Enclosure 1 of this letter addresses each of the individual
questions or concerns. .

Sipcergly, F

.Qe,-ﬁi/ . Keaten  V

Vice President and Director
Technical Functions

RWK/DJD/amc
Enclosure
cc: Administrator, Region I

Oyster Creek NRC Project Manager
Senior Resident Inspector

Acc# §31007022F



ENCLOSURE 1



OYSTER CREEK IPE
RESPONSE TO NRC REQUEST

FOR ADDITIONAL INFORMATION



G-1.
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OYSTER CREEK IPE
RESPONSE TO NRC REQUEST FOR ADDITIONAL INFORMATION

In addition to NUREG-1150, seven other PRAs were reviewed. However, the insights
from these PRA reviews are notincluded in the submittal, nor compared against findings

in the Oyster Creek IPE. How were these ms:ghts integrated into the Oyster Creek IPE
effort? _

RESPONSE

A list of some of the more significant insights gained as a result of the review of the
seven studies listed in the OCIPE submittal report are provided below. These insights

range from comparisons of results to examination of plant configurations. and meodeling
techniques.

The TMI-1 Probabilistic Risk Assessment originally indicated that loss of control
building ventilation was a dominant contributor to core damage frequency.
Subsequent room heatup testing showed that this was not the case. Consequently,
the Oyster Creek PRA team initiated early room heatup testing.to determine which .
rooms would require modeling of loss of ventilation. See response to FE-8.

"Fermi-2 - Level | Probabilistic Risk Assessment Interim Report* (Reference B.3-1)
interfacing system LOCA analysis was reviewed. The same general approach for
investigating interfacing systems LOCAs was employed in the Level 1 OCPRA.
Also, an empirical method for developing pipe break frequencies (Thomas
Correlation, Reference 4-13) was adopted for initiating event frequency
development.

The Beznau and TMI-1 studies served as a basis for the comparison with other
methodologies for human action evaluation (Reference 6-5). In addition Fermi-2
and Pilgrim human action values were used for comparison of results (Level 1
OCPRA, Section 6, pages 6.3-5, -6 and References 6-14 and 6-6).

Level 1 OCPRA ﬂoodlng analysxs uses the Beaver Valley-2 pxpe break frequencies
which are largely based on WASH-1400 data (see page 10.2-4).

D;scussions with Mlllstone risk analysis staff indicated that the highest frequency
sequence was functionally the same as the OCPRA highest sequence with the
exception that the OCPRA considered recovery of offsite power based on a plant
specific analysis.

A comparison of the Oyster Creek and Peach Bottom fractions of containment liner
melt-through failures indicate that Oyster Creek’s was significantly lower. This is
primarily due to the concrete curb in the Oyster Creek drywell that tends to mitigate
the impact of molten corium attack on the drywell shell (Level 2 OCPRA, Section 1,
page 1-4).
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The rule-based methodology with large logic module is difficult to follow, particularly
without event trees for the front-end analysis. Treatment of special sequences, such as
ATWS events, are not transparent and without the event trees, it was not clear how the
event sequence could be easily reviewed. For the proposed plant changes and
modifications, please explain how these changes will be incorporated into the model,
and discuss the familiarity of the uiility staff with this methodology.

RESPONSE

The above request is interpreted as three separate questions: First, what is the best
method for reviewing rules methodology based models? = Second, how will the

proposed modifications be incorperated into the model? Th:rd how farmhar is the utlhty
Risk Analysis staff with this methodology?

1. The best method for reviewing a rules based model to determine the accident
sequences which arise from a given initiating event is a three step process:

a. Assemble the linked model split fraction assignment rules (General Transwm
Small LOCA or Large LOCA).

b. Review the split fraction assignment rules to assure that each split fraction
contains the correct support systems and initiating event impacts. Review the
interim variables to understand their definition and apphcation (e.g. Interim
Variable SIC -Successful solation Condenser Shutdown).

c. Review the assignment of the success rule. (For example, ATWS success is
discussed in Section 8.2.1.6 of the Level 1 OCPRA, pages 8.2-11 through 8.2-
16.)

2. The recent addition of the alternate AC capability and a containment hardened vent

were incorporated into the mociel (based on preliminary design descriptions) before
submitting the IPE. The plant model developments for these modifications are
described in Appendix B.1 and Appendix F.25 of the Level 1 OCPRA. Proposed
changes to procedures, training and plant equipment resulting from the PRA that
are being considered are discussed in Section 8.1.1 through 8.1.5 of the OCIPE
Submittal Report. These changes include: the addition of procedures for loss of
offsite power, loss of DC power and response to reactor overfill transients. When
these procedures are implemented then the affect on the model will be examined
and changes will be incorporated as appropriate. Major changes to the results are
not anticipated.

3. GPU Nuclear personnel were heavily involved in all aspects of the OCPRA. Section

7 (Plant Model Report) which describes the rule-based methodology as well as the
plant model was exclusively authored by utility personnel. In addition, Reference
7-65, "Use of Rule-Based Methodology to Develop and Quantify Event Trees", ANS
Transactions, Volume 63, pages 271-273, June 1991 was co-authored by K. T.
Canavan of GPU Nuclear and Mitch A. Waller of Delta Prime, Incorporated. Utility
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personnel maintain membership on the computer code users group steering
committee (RISKMAN Technology Group (RTG)) and use the computer software
and methods to perform various case studies (Canavan, K. T., "Sensitivity of the
Oyster Creek PRA to Specific Modeling Assumptions®, Probabulxs’ac Safety
Assessment International Topical Meeting, January 1983, pages 684-630) and to
perform in-house analyses. Ulility personnel are also using this methodology in
developing a seismic PRA moda! for use in responding to Supplement 4 of Generic
Letter 88-20.

In conjunction with the above question G-2, please provide an example of actual
quantification of the model.

RESPONSE =~

Actual quantifications of accident sequences are provided in the Level 1 OCPRA,
Appendix C, Table C.5-2 titled "Detailed Listing of Split Fraction Status and Values".
This table provides a detailed listing of the top event status, split fraction used, split
fraction value and top event description for the top 20 core damage sequences. A
narrative description of the top 20 scenarios is also provided on pages C-28 through
C-48 of Appendix C of the level 1 QCPRA.

Due to the methodology on the rules-modules approach, the contribution of common
cause events to CODF can not be easily derived. Please discuss the significance of
common cause events with respect to the core damage frequency, and include expl:c:tly
the treatment of diesel generator failure.

RESPONSE

In as far as the contribution of common cause events are derived, the rules based
methods do not differ from the standard large event tree smali fault tree approach. With
the exception of AC power, common cause failure groups are defined in Appendix F,
Section F.XX.14 of each system analysis. Section F.XX.15 (Results) and Table F.XX-5
present the results of the split fraction evaluations including the common cause
contributions to system failure. At the time the study was performed the RISKMAN
software could not produce basic event importance, so the total affect of common
cause failure on core damage frequency was not provided. However, new software has
been used to generate this information for the top 50 common cause failure events
(excluding diesel generators) which appears as Attachment 1 to this response. We
understand from our conference call on September 9, 1993 that this is sufficient to
satisfy the staff's request.

In the case of 4160 VAC power and the diesel generators, common cause is handled
differently (see the Level 1 OCPRA, Appendix F.4), due to the need to model the 4160
VAC Bus 1C and 1D supplies from either 1A or 1B (non-essential power - offsite power
available) or from diesel generators (essential power - loss of offsite power). That is,
common cause failures in this case are modeled between top events (4160 VAC buses/
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switchgear 1A, 1B, 1C and 1D as wall as the diesel generators in the case of the failure
of buses 1C and 1D).

In each essential AC switchgear top event (EC/ED), an additional top event (EE), which
encompasses both divisions of AC power, was generated. This top event was used to
answer the question, "Given the failure of train 1, what is the probability of train 2
failure?" Since diesel generator failure contributes significantly, the status (success or
failure) of non-essential AC power (from buses 1A and 1B) has significant impact on the
calculation.

The four split fractions that were ¢enerated for this top event (failure of train 2 (top event
ED)) were based on the availability of non-essential AC power to each tram of essential
power. This resulted in failure rates for the cases where:

¢ offsite power is available - Split Fraction EDA
e 4160 VAC Bus 1A is failed - Split Fraction EDB
e 4160 VAC Bus 1B is failed - Split Fraction EDC
s offsite power is lost - Split Fraction EDD

These values were then used to generate the “common cause” failure terms for top
event ED as described on pages F.3-9 and F.3-10 of the Level 1 OCPRA. Table F.3-6
shows the calculation of the various split fractions for top event ED. - -

Of the four spilit fractions generated for top event EE, only EE4, which corresponds to
the loss of both trains of non-essential power, is of concern to the comment at hand.
This split fraction was used in the calculation of EDD, which is used in the plant mode!
to account for the failure of division 2 essential AC power following a loss of both trains
of non-essential power and a failure of division 1 essential AC power. Under these
conditions, the common cause failure of diesel generator 2 must be considered.

As noted on page F.3-14, failure of both diesel generators contributes 60.8% of the total
failure rate for split fraction EE4, while failure of the available diesel-generator when
performing maintenance on the second unit contributes 20.5% of the total failure rate.

As shown in Table F.3-5 (page F.3-17), common cause failure during diesel generator
operation contributes €6.5% while common cause start failure contributes 2.5%. The
reason for-this relatively low contribution can be seen from a comparison of diesel
generator failure modes (Table F.3-4b). Plant specific beta values are actually lower
than the independent failure rates and result in the lower contribution of common cause
failures of the diesel generators (see Level 1 OCPRA, Appendix F, database variables,
ZBDGSS, ZBDGSR, ZBDGS2, ZTDGSS, ZTDGS1 and ZTDGS2, Table F.3-4b).

To summarize, the total diese! generator normalized importance is:
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Normalized

Diesel Generator Failure Mode Importance

. to CDF
Common Cause Failure (start and run) , . 1.0%
Start/Start independent Failure 0.5%
Start/Run Independent Failure 2.4%
Run/Run Independent Failure : 2.9%
Maintenance/(Start or Run) Independent Failure 2.3%

TOTAL Diesel Generator Failure iImportance 9.1%

Although the bases for all success criteria were provided in the development process
of the rules, there is no overall summary of the success criteria and it is not clear where
the analyses diverged from the FSAR. For example, the success criteria for the core
spray system in the FSAR chapter 15 analysis require two main pumps and one booster
pump be operable. However, the IPE assumes that only one main and one booster
pump may be operable. Per NUREG-1335, please provide the bases for the success
criteria.

RESPONSE

A detailed summary of the overall plant model success criteria (i.e. system functions
required) is provided in Section 8 of the Level 1 OCPRA. In addition, the system level
success criteria can be found in the individual system analysis sections of Appendix F,
Section F.XX.2 titled "Success Criteria and Top Event Definition”. Where the system or
plant model success criteria differ from existing accepted safety analyses appropriate
justification is provided and referenced. Only RELAPS/RETRAN computer codes are
used in the development of thermal hydraulic analysis done in support of the Level 1
OCPRA (MAAP was not used to develop Level 1 OCPRA success criteria). In the case
listed above, core spray success criteria, References F.10-16 and F.10-17 provide the
justification for the one main and one booster pump success criterion. A summary of
the OCPRA success criteria is provided in Attachment 2 to this response to the request
for additional information.. :

Please explain and clarify the linkages between modules via the event sequence diagram
(ESD). The loss of feedwater control module is transferred to ESD LT3c, which does not
exist.

RESPONSE

The ESDs represent the first step in the development of the plant logic model. Input is
solicited from operations, maintenance, safety - analysis, risk analysis and plant
engineering using this format (See Section 7.1.2 of the Level 1 OCPRA). This
information serves as a guide in the development of the plant model modules. One-to-
one correspondence between moclules and individual ESDs does not necessarily exist.
This is due to constraints imposed by the modeling process, such as the imposition of
system and initiating event dependencies and the increased level of detail required in
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the plant model modules. For example, the investigation of intertacing system LOCAs
(Appendix B.3 of the Level 1 OCIPRA) is very detailed and results in the addition of an
initiating event (LBIO) and top event VS, whereas there is no ESD. Also, a single
function in the ESDs may be represented by multiple top events in the plant model
modules. Thus, the purpose of the ESDs is to help develop a broad picture of the
system functions required and not to provide detailed “linkages” between modules.

The loss of feedwater control as well as general transient ESDs reference ESD LT3¢
which does not exist. This is a typographical error and should read "LT3". The
conditions which apply to enter long term ESD LT3 are: MSIVs closed, no condensate,
no early condenser and the reactor is shutdown.

Please discuss the long term consequences of the loss of reactor building closed
cooling water to the recirculation pump seal cooling and the potential for the LOCA
during transient, especially involving station blackout. To what extent has induced pump
seal LOCA been considered in the station blackout analysis?

RESPONSE

The question above is interpreted as three questions. First, what is the affect of the
loss of the Reactor Building Closed Cooling Water (RBCCW) system following a station
blackout? Second, why is RBCCW not modeled as an initiating event? Third, what is
the affect of the independent failure of the RBCCW system following other initiating
events? .

1. In the case of loss of offsite power the loss of RBCCW is assumed to result in
insignificant increases in the loss of reactor coolant through the seals. This is due
to the guaranteed trip of the recirculation pumps due to loss of power and the
results of tests on the recirculation pumps seals that show only normal leakage '*
Therefore, this event does not contribute to core damage and is not modeled.

2. Aloss of RBCCW coupled with a failure to trip recirculation pumps is required for

a recirculation pump seal failure (i.e. with successful rec:rculatnon pump trip only

normal reactor coolant leakage through the seals is expected '4). The frequency

of this event (approximately 8x10° per year) was considered to be a small fraction

of the small below core break LOCA inside containment (SB!) frequency of 7.8x10°

per year, and since its consequences are the same as SBI, it was considered to be
bounded by the SBi initiator. Therefore, this event is not separately modeled.

NRC-RESP

Reference: "Performance of the CAN2A Recirculation Pump Seal Cartridge During
Station Blackout®, David B. Rhodes, AECL Research

Reference: "Evaluation of Shaft-Seal Leakage under Station Blackout Conditions for
the Reactor-Recirculation Pumps at NMP-1%, Greene, T. E. (MPR
Associates), Inch, Gi. B., Niagara Mohawk Power Corporation
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it should be noted that the writeup in the Level 1 OCPRA, Section 7.2, page 7.2-25,
was inadvertently left in the documentation from an earlier draft version and is
inaccurate.

3. The independent failure of the RBCCW system following other initiating events can
also result in a loss of cooling 1o the recirculation pump seals. If the initiating event
did not result in the trip of recirculation pumps then operators would be required
to do so. If operators fail then the resuit would be a loss of coolant through the
recirculation pump seals. This event is also considered to be bounded by the small
below core and inside the containment LOCA (SBI). i the transient or operators tr?
the recirculation pumps then only norrnal Ieakage is expected through the seals

The submittal, in its sensmwly study concluded that relaxing assumptions for the EMRVs
would reduce total COF by 18%. Please clarify and identify the assumptions for the 18%
reduction.

RESPONSE

The question above refers to Section 9.2.2.2 of the Level 1 OCPRA, entitled, EMRV
Failure Mode. The initial assumption made in the Level 1 OCPRA -is that all EMRV
failures to reclose result in a fully stuck open EMRV (100% maximum mass flow). To
study the effect on the Level 1 OCPRA results, this assumption was adjusted to: all
EMRYV failures to reclose are partial reclosure failure (50% of full mass flow). Therefore,
the impact on the model is an increase in the time available before core uncovery. The
increase in time affects only one initiating event: Loss of Offsite Power. Since the mass
flow rate from the partially stuck open valve is reduced by 50% the minimum time
available for offsite power recovery-increases from 30 minutes to one hour. The
mathematical derivation on page 9.2-7 calculates the decrease in CDF.

The submittal stated that the failure data sources for Oyster Creek came from the
operating experience (surveillance and operating procedures) and plant specific data
over a period of approximately 11 years (1978-1989: Tables 4.3.1 through 4.3.7).
However, it appears that the vast majority of the failure data are generic data, and no
specific discussions are presentec! in the submittal on the criteria for using plant specific
and generic data, particularly Bayesian update of generic data. Please identify and
discuss the rationale for instances in which generic data is used in lieu of available plant
specific data.

RESPONSE

All generic data is Bayesian updated with plant specific data where such data is
available. The result of Bayesian updating of genenc data with plant experience is the
plant specific database.

Table 4.3-7 and Table 4.4-6 of the Level 1 OCPRA contains 53 plant specific component

failure rate distributions and 61 common cause distributions, respectfully. Therefore,
a total of 114 plant specific data distributions are developed.
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In co-'nrast; Table 4.3-8 contains 79 generic component failure rate distributions. The
remainder of Table 4.3-8 is comprised of 82 common cause and 7 generic human
action distributions for a total of 148 total distributions.

The sum of all three tables produce the OCPRA database. All plant specific failure rates
are used in the system models. These include plant specific pump, heat exchanger,
valve (motor, air, solenoid operated as well as relief, safety, MSIV and EMRV) failure
data. Only in rare cases is generic data used where no plant specific data is available.
For example, no manual valve failures were discovered in the data gathering task. Due
to the difficulty in accurately determining successful demands no plant specrﬁc value
was generated and a generic value was used.

The submittal does not provide rationale or justification for screening out certain events.
Please provide additional infarmation on the screening process of the following events:

a. core spray failure following small LOCA to the reactor bu:ldfng (page 7.1-19, section
7.1.2.2 of the submittal). _

S~

b. feedwater line breaks outside containment as an initiating event.

¢c. line breaks at the bottom of the vesse!, e. g., CRD penetrauon and mstrument Imes,
as an initiating event.

"RESPONSE (a.)

The core spray failure following a smail LOCA to the reactor building (page 7.1-18,
Section 7.1.2.2 of the Level 1 OCPRA) is not screened from consideration. Rather, this
event is modeled and assigned its independent failure rate. In addition to the rationale
provided in Section 7.1.2.2, the core spray system is not assigned a guaranteed failure
since the initiator SAORB is within the environmental qualification envelope.

RESPONSE (b.)

Feedwater line break frequency does not contribute significantly to the loss of feedwater
and partial loss of feedwater initiating event frequencies (0.151 and 0.178, respectively)
or the system unavailability of the feedwater system. On this basis the feedwater line
break is not included in the internal events study. However, feedwater line breaks are
considered in the internal flooding analysis. (See Section 10 of the Level 1 OCPRA).

RESPONSE (c.)

Line breaks at the bottom of the vessel, including CRD penetrations and instrument
lines, are considered bounded by the below core initiating events. CRD penetrations
and instrument lines breaks (as well as seal LOCAs) which occur inside containment
are modeled as small below core and inside containment (SBI). Those lines (including
CRD and instrument lines) in which the break occurs outside the containment boundary
are modeled as small below and outside containment (SBO) and evaluated in Appendix
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B.3 of the Level 1 OCPRA report (specifically Section B.3.1).

Large line breaks at the bottom of the vessel (i.e. below the core) are modeled as the
large below core LOCAs. Those large line breaks below the core and inside
containment (LBI) are modeled as a recirculation line break. Those large below core
breaks outside the primary containment boundary are modeled as the initiating event
LBIO. This initiating event considers the overpressurization of the reactor water cleanup
system and is evaluated in Appendxx B.3 of the Level 1 OCPRA (specxﬁcally Section
B.3.3). : :

Please identify those HVAC systems assumed not to be required, .and provide.
justification for the assumption (Section 2.1.4). Please provide further justification for the
assumption that HVAC failures are not initiating events. [Initiating events are discussed
in Section 2.1.3, guideline #1 of NUREG 1335.) .

RESPONSE 2

All HVAC systems which support functions modeled in the plant model modules are
modeled except where not required either due to existing safety analysis. @g those
performed in support of the OCPIRA. .

As stated in Section 5.2 on page 5.2-4 the control room HVAC systems were not
modeled. Calculated control room heatup times, based on test data, indicated an
excess of 21 hours before design temperatures would be reached (References 5-5 and
5-6). This time was judged sufficient to exciude HVAC from the model.

Reactor Building corner room cooling is not modeled. The Oyster Creek FSAR states
that corner room cooling is not required for long term operation of the containment
spray and core spray systems (OCNGS FSAR, page 9.2-18).

Ventilation systems for the 4160 VAC 1C and 1D Switchgear Rooms is not modeled
based on loss of ventilation tests (GPUN Test Procedure - TP 254/15, Rev 0 - MTX
26.12.2.6, "A/B/C Battery, MG and C/D 4160 Switchgear Rooms Heatup Test') which
indicate very small heatup rates and projected temperatures well below design.
Ventilation systems for 125 VDC Battery Roomn B is conservatively modeled as affecting
the availability of long term power from battery B. Temperature rises as a resutt of failed
ventilation could be significant due to motor-generator sets in the room. In the case of
Battery Room C, ventilation is not modeled. This is due to fact that the ventilation tests
performed by GPUN (referenced above) indicated insignificant temperature rises with
ventilation failed and the fact that the battery is the only equipment in the room and
generally unaffected by temperature.

The 480 VAC Switchgear Rooms A and B ventilation is conservatively modeled. GPU
Nuclear heatup tests (OCNGS Functional Test Procedure TP-254/14, Rev 0, “480 VAC
Switchgear Room Heatup Test") indicated significant A and B room heatup rates. In
most cases several hours would be available before reaching design temperatures and

- more time would be available before failure temperatures were reached. However, the

NRC-RESP
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failure of ventilation systems are conservatively modeled to result in switchgear failure.
See Level 1 OCPRA, Appendix F, Section F.3.11, modeling assumption 7.

Please provide your rationale for limiting the discussion of DHR to ultimate héat removal,
excluding discussions of infection/core cooling? [DHR is addressed in Section 2.1.6,
guideline #4 of NUREG-1335.]

RESPONSE

Section 2.1.6, guideline #4 of NUREG-1335 states, "A thorough discussion of the
evaluation of the decay heat removal function because the adequacy of the decay heat
removal capability at the plant for preventing severe accident situations is to be resolved
within this examination program. Plants without feed-and-bleed capability should
particularly address the capability of the plant to recover from loss of feedwater events

(Refs. 13, 14, and 15). For purpose=s of the IPE, only power operation and hot standby
need to be considered." , ,

Section 5.0 of the IPE Submittal Reponr, titled, “Unresolved Safety Issue A-45 - Shutdown
Decay Heat Removal Requirements" indicates that “The Level 1 PRA models successful
mitigation as the various combinations of reactor vessel Inventory makeup and the
above decay heat removal refjection pathways." .

To elaborate, the sources of reactor vessel mventofy makeup are, in order of priority:
Feedwater, control rod drive (CRD), condensate, core spray and diesel driven fire
protection.

What are the size definitions (equivalent holé diameters). for the LOCA categories,
including the distinction between water and steamline breaks? [Initiating events are
discussed in Section 2.1.3, guideline #1 of NUREG-1335.]

RESPONSE

The small loss of coolant accident in the OCPRA is defined as those break sizes which
do not resuit in RPV depressurization such that automatic depressurization is necessary
to allow for the injection of low pressure sources to cool the core (see Section 7.8 of
the Level 1 OCPRA). For above core LOCAs (steam discharge) this is equivalent to

proximately 0.02 f2 and for below core breaks (water discharge) approximately 0.20
ﬂg (OPM, Module 5, page 05-4).

Were containment bypass sequences considered in the Master Logic Diagram? [Section
2.2 of NUREG-1335 discusses containment considerations.] Please explain.

RESPONSE

Yes. Figure 7.2-1 titled "Master Logic Diagram" (page 7.2-10) illustrates the master logic
diagram. Level D of the diagram specifies the safety functions which include
"Insufficient Containment Isolation". Insufficient containment isolation is assumed to
include ISLOCAs which are discussed in Appendix B.3, primary containment isolation
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top event dévelopment (Top Event Pi) and the LOCAs which occur outside the primary
containment pressure boundary.

Describe the HRA “in-house" review and per NUREG-1335, the review team members that
participated in the HRA review portions of the IPE.

RESPONSE

The independent in-house review group participated in the review of all aspects of the
OCPRA including the Human Action Analysis. The participants are as listed on page
D-2 in Appendix D of the Level 1 OCPRA. Specific comments related to operator
actions modeled can be found on page D-5, comment C) i; page D-6, comment 1; page
D-7, comment 7 and 8; page D-3, comment 2; page D-11, comment 7; page D-12,
comment 3; page D-13, comment 3. Independent consuttam rewew comments on the
HRA can be found on pages D-41 thru D-44, : :

It is not clear why operator actions were evaluated for inclusion or exclusion in the plant
and system models. For example, containment flooding was identified by the
independent review as an EOP-required action for "bottom breaks" in the comments
Section (ses p. D-6 in submittal.) The resolution to this comment implied that flooding

...iS not required to establish or maintain stable shutdown conditions,.... and is not
expected to szgnrf‘cantly increase the likelihood of plant damage.* Howaver the operator
is instructed to take action by the EOPs,; an action excluded from the analysis. Other
IPEs have found that containmem flooding can cause early containment failure if the
molten core breaches the RPV with the RPV with the torus flooded (loss of pressure
suppression). Therefore, the anelysis of this operator action helped these plants to
identify an area of concemn in their EOPs. Was the potential downside of flooding
containment identified? If so, what is the rationale for screening out human actions
associated with flooding containment?

From this example, please explain what criteria was used to assure that important
operator actions were not excluded fromn the analysis.

RESPONSE

Emergency Operating- Procedure (EOP) actions are modeled in the OCPRA with the
exception which is noted in the example above. However, no credit is taken for detailed
recovery actions such as attempts to insert control rods (following ATWS) or operation
of core spray pumps following a loss of NPSH. The positive benefit of these actions
are not modeled whereas the down-side is modeled in the operator confusion and
distraction PSFs for performances of actions which inject liquid poison or recover NPSH
by alternate injection. In addition to the EOP actions modeled, supporting procedures
are also reviewed for potential inclusion in the OCPRA. The governing criterion for
inclusion in the study is that the action affects the possible outcome of the sequence

~ of events whether this effect is positive or negative. Many of the actions modeled in the

NRC-RESP

OCPRA have down-sides which are explicitly treated. For example, action OM,
operators take mode switch to shutdown, disables MSIV automatic closure on low
pressure. On the positive side, this action preserves the main condenser as a heat
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removal path. On the negative side, success of this action results in no automatic MSIV
closure in the case where a small steamline break occurs . Such is the case for all
actions modeled in the study.

With regard to the specific example cited, the down-side of the containment flooding
action was evaluated. However, the event described in the question was not included
in the analysis due to its low likelihood of occurrence. That is, to have successful
containment flooding, two injection paths must be available; one to cool the core and
the other to flood containment. The likelihood of the loss of both sources (which must
occur for core damage) as well as the failure of all other vessel makeup sources (i.e.
all injection source must fail or they are available for injection) is small in the time
interval when water level has increased above the drywell downcommers but is below
the break location. The available injection sources mclude CRD, feedwater, condensate.
core spray and diesel driven fire protection. .

It is common practice to include pre-inr‘tiating evants as part of the HRA. Experience
shows that this is an important aspect of the HRA because it provides an opportunity to
examine and scrutinize plant maintenance and calibration practices and identify
additional areas for potential improvements (Generic Letter 88-20, Section 2, examination
process, page 2). The IPE states that the frequency of actions occurring prior to an
initiating event are captured in the basic event equipment failure rates (p. 6-1) and
consequently were not modelec explicitly (p. 5.4.3). However, the NUREG-1150
experience (Peach Botton) demonstrated that the analysis would have missed significant
risk reduction events as well &s significant risk increase events (summarized in
NUREG/CR-4450, Vol. 4, pgs. 1-3 & 4) had they not performed a detailed pre-initiating
event analysis. The licensee is requested to assure that important events were not
overlooked by omitting a detailed modeling of the pre-initiator human errors.

RESPONSE

The NUREG/CR-4450, Vol. 4, pgs IV-182-184, Pre-Accident Errors states, "..few
important pre-accident errors were identified.” and later lists only two cases.

In case 1, Miscalibration of reactor pressure sensors, a range of 1E-3 to 1E-5 is listed
as acceptable values to use. A 1E-4 value is used and produce plant damages states
"... in the E-B range...". In addition an the “Effect of using a 1E-3 would be less than
a factor of ten increase in the A and S1V plant damage states which are presently in the
E-8 range...".

In case 2, failure to restore the cerrect standby alignment of the Standby Liquid Control
(SLC) system after test, a range of 0.02 to 0.001 is indicated as acceptable. A 0.01
value is used. No effect on the results is provided for this case. In contrast, the failure
rate for the SLC system in the OCPRA ranges from 0.0175 to 0.0975.

GPU Nuclear believes as stated in NUREG/CR-4450 that few pre-accident errors can be
identified using HRA techniques and it is unlikely that any of these contribute
significantly to total core damage frequency. In many cases one could double count
failures which are already accounted for in the database, such as the common cause
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failure of sensors and the SLC system pump start. For example, a failure in the
database for SLC controllers in the wrong cube could be construed as a human pre-
accident error. In the OCPRA this event is included in the common cause failures and
results in a plant specific beta factor of 0.127. In conclusion, sufficient operator
experience is available for the determination of pre-accident events and this data is
considered more accurate and less uncertain than HRA analysis.

Per NUREG-1335, “...unless proper justification is provided, all important recovery actions
should have written procedures® (Appendix C, Section 9, Response to question 9.1, pg.
C-19). The licenses, however, included “non-procedure guided actions.* Such an
approach has the positive effect cf identifying all possible ways of recovering safety
system functions during an accident which is one of the ocbjectives of the IFE. On the
negative side, however, modeling miany operator recovery actions in a PRA has the effect
of driving the core damage frequency to very low estimates. Unless & -sensitivity is .
performed, such a method may mask true plant capability to cope with severe accidents.

Discuss the significance of non-procedure guided actions modeled in the IPE to the total
core damage frequency. Also discuss the measures taken (or available) to assure
consistency of the IPE with the available procedures and training for these actions.

RESPONSE - L o

The operator actions modeled in tha Level 1 OCPRA are procedurally guxded except
1. Reoovery of Ofisite Power (Appendix B.1) .
2. Recovery of Containment iHeat Removal Actions (Appendnx B. 4)
3. Top Event RS3 - Manual Reactor Scram (Appendix E, page E-131)
4. Top Event ME - Manual M3IV Closure (Appendix E, page E-152)

in the case of the recovery of offsite power actions (Level 1 OCPRA, Appendix B.1), no
guidance was available at the time the study was performed. In anticipation of the
addition of the Alternate AC Capability modification a general guideline was -used to
estimate human error likelihood. The Level 1 OCPRA conclusions and planned actions
contain the commitment to develop these procedures (see IPE Submittal Report,
Section 8.1.1, page 8-2). The values for human error rate currently used in the study
are considered conservative and subsequent updates of the Level 1 OCPRA would use
more realistic values. A discussion of the sensitivity of the result to offsite power
recovery is provided in Section 8.2.1 of the OCPRA Level 1 report.

In the case of the recovery of containment heat removal (Level 1 OCPRA, Appendix
B.4), no guidance was available at the time the study was developed for the recovery
of DC power (assigned a 0.5 probability) or the recovery of instrument air (assigned a
0.06 failure rate). These two recoveries occur during a loss of containment heat
removal scenario which is expectec to develop over a significant period of time (greater
than 24 hours - Reference B.4-8 and B.4-8). Given the long term nature of the scenario
the values chosen are considerec to be reasonable estimates. In addition, OCIPE
Submittal report, Section 8.1.1, recommends the development of loss of DC power
procedures which will address available options following a loss of DC power. Section
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8.2.3 of the Level 1 OCPRA contains sensitivity of the OCPRA results to the containment
heat removal recoveries. The value assigned to the DC power recovery models the
potential for the cross-connect of battery A to supply certain station DC loads. The
value assigned to the instrument air recovery is based on the likelihood of success of
the gagging shut of a stuck open relief vaive or the switch to alternate air driers. A
discussion of the sensitivity of the results to the recovery of containment heat removal
is provided in Section 9.2.3 of the Level 1 OCPRA.

In the case of split fraction RS3 guidance is available and operators are instructed to
manually trip the reactor whenever a reactor trip should have occurred (i.e. normal post-
trip action). The documentation in the Level 1 OCPRA report to the contrary is in error.

The manual MSIV closure following high HPV level (top event ME) is not procedurally
directed. However, the purpose of this event in the model is to ensure that MSIV
closure is questioned either before or following carryover of RPV water into the main
steamlines.-: This event is modeled pre-carryover, however failure is conservatively
assumed to result in main steamline failure (steamline break) and therefore the model
questions the autornatic MSIV closure on low pressure. Also, following main steamiline
failure, procedures do exist for the manual closure of MSIVs. Therefore, whether pre-
carryover or following MSIV closure this action would have the same result on the MSIV
isolation transient. From a modeling standpoint this is equivalent to havmg aprocedure
for top event ME. .

How were operator action dependencies accounted for in the human action analysis?
(Question added in September 9, 1993 teleconference with NRC Staff)

RESPONSE

Operator action dependencies are accounted for by considering potential effects on

human error rate of preceding unsuccessful actions (V22) and preceding and

concurrent unrelated actions (V21). These performance shaping factors are discussed
in Section 6.2.5.1 of the Level 1 OCPRA. To verify that dependencies were reasonably
handled a sensitivity of muitiple operator actions was performed. (See Section 6.4 of
the Level 1 OCPRA). The conclusion of these evaluations (page 6.4-14) was that no
dependent actions were incorrectly treated as independent in the study, and that the
performance shaping factor approach was adequate.

Please provide a discussion of key uncertainties (phenomenological, systems, and
operator actions) and their potential impact on the release categories.

RESPONSE
Phenomenological Uncertainties:

The GKA EPRI report conceming recommended uncertainty analyses for IPE using
MAAP 3.0B was studied and a certain approach was chosen based on a combination
of parameters recommended in the above document which will give a conservative
response in source term released. The underlying reason was to reduce the confusion

-—
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due to the wide spectrum of uncertainties and focus on a conservative response. We
shall address each group of paramaters identified in the above document and what we
did to bound the uncertainties involved:

1. Containment Failure Mode:

MAAP was not used to calculate containment failure mode and an outside analysis
was done by EQE (Appendix A of the Level 2 OCPRA). The analysis was based on
a probabilistic approach that involved material uncertainties at different containment
conditions, Tables (3-1, 2, 3, 4, 5). Although this study showed that there is a
probability of leakage through the drywéll head flange, it has been assumed, for the
source term calculation, that the containment failure mode is catastrophic in nature
and would resutt in high and c:enservatwe source term - '

2. In-Vessel Phenomena T o
- Hydrogen Generation and Fission Product Release and Revap_erizatien

The parameters chosen which will bound the uncertainties in hydrogen
generation and source term release were the no blockage and the double side:
oxidation. This choice will maximize hydrogen production and fission product
release into the containment resulting in early containment failure and high
source term release. Please see Q3 and A3 on page D-4/D-5 of Appendix D
of the Level 2 OCPRA where a discussion is presented to' support the
conclusion that these options wnll maximize fission product release

In this discussion conservatism means early containment failure and high
source term release which would minimize evacuation time.”

- Lower Head Failure

The mechanistic lower head failure model in MAAP was used which would fail
the lower head a few seconds after core collapse. This approach is
conservative because fission product decay is reduced since in-vessel
residence time is reduced and containment time to failure is reduced since it
is challenged earlier.

The uncertainties in other parameters involving eutectic meiting temperature,
latent heat of fusion and mass of steel consumed by core debris were not
investigated. The GKA EPRI document cited above does not recommend such
investigation since the no blockage option would bound the amdunt of
hydrogen generated and will demonstrate the impact of uncertainties in the
core melt progression modeling on the overall plant response.

3. Ex-Vessel Phenomena

The applicable issues here are debris dispersal and distribution, debris coolability
and fission product sources.
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The GKA guidance document cited above does not recommend any sensitivity
analysis once the no blockage option is used, hence no sensitivity was done.
Changing the drywell floor area was not found to be useful because debris
spreading and corium concrete interaction are important in dry drywell floor
scenarios and because these sequences (NIFW) were already in the early
containment failure category & reduction in drywell floor area will not change such
a classification (reduce time to failure). The reactor building was not taken credit
for in decontaminating fission products before exiting to the environment. It is
assumed here that the drywell catastrophic failure will quickly pressurize the reactor
building and open blow-out panels (0.25 psig delta P needed), Please see Q6, A6
and Q12, A12 on pages D-6, D-7 of Appendix D of the Level 2 OCPRA. This
assumption also maximizes the source term released into the environment.

Based on the above discussion, modeling assumptions used would adequately
bound uncertainties known in different parameters related to phenomenological
issues.

Systems and Operator Actions Urnicertainties

S e REY
The Level 2 OCPRA utilizes a phenomenological containment event tree (CET). System
and operator action uncertainties are considered in the Level 1 OCPRA. See Section
9 of the Level 1 OCPRA Propagabon of Data Uncertalntzes and Sensitivity Analyses.

- L RV VT R ae

Please provide the value for the condmonal probablmy that the containment is not
isolated and a discussion of the process used toestimate its value.

RESPONSE

The conditional probability that the containment is not isolated is not separately
calculated in the Level 1 PRA. Rather, the plant damage states are binned into four
containment endstates which are: Intact, Bypassed, Failed Early and Failed Late. These
endstates represent containment conditions at the time of core damage. In the case
of containment bypassed (PDS xJxx) the containment isolation function may not have
been required since the transient or LOCA may have resulted in a bypass of
containment (i.e. interfacing systern LOCA or LOCA outside containment). However, this
endstate would qualify as a contzinment un-isolated condition. As indicated in Table
3.2-6 (page 3.2-14) of the Level 1 OCPRA, the containment bypass percentage is 6%.

The containment failed early encistate (PDS xKxx) is the result of the failure of the
primary containment isolation function (top event PI) or the failure of the reactor scram
function where containment is assumed to be unable to handle resulting heat loaas.
Therefore, this endstate is the result of both primary containment isolation failure and
the early failure of containment due to ATWS. For Appendix C, Table C.4-2 the total
contamment unisolated and failed early CDF is the sum of the xJxx and xKxx endstates
or 4.79x107 per year, This corresponds to a conditional containment unisolated and
failed early frequency of 0.13.

For additional information on the numerical results of the plant damage states see
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Appendix C, Table C.4-2, page C-19 of the Level 1 OCPRA. For additional information
on the process used to estimate endstate values see Section 8.3.1.2 and 8.3.3.2 of the
Level 1 OCPRA.

The IPE does not account for recovery of electrical power follow:'ng core damage.
Please discuss how the containment failure characterization would change if power was
restored. Identify and discuss any negative effects of restoring electric power.

RESPONSE

It is assumed in the analysis that if power is not recovered (in SBO or LOSP) within one
hour then the adverse conditions in the plant will limit its usage if it:istecovered later
and was therefore assumed to be unavailable. If, however, one would argue that there
is a probability that it can be useci once it is recovered then if we follow the scenario
NIFW which is a station blackout with independent DC failure then a restoration of
power may prompt the operator to vent the containment as required by procedure. This
may not be a desirable action since it will result in early source term release which
would be avoided if proper Accident Management Guidelines are in place. Also drywell
sprays might be activated with corium in the drywell and it is not clear how containment
will respond to probable early steam de-inertion and/or steaming. These issues are
postponed to the AMG development phase when better tools will be available (MAAP4)
that can take care of such effects.

What does “"such scenarios" refer to in the middle of page 1-4 of the L.evel 2 PRA portion
of the submittal report.

RESPONSE

"Such scenarios” refer to scenarios that involve molten corium spreading on the dry
drywell floor. at vessel breach (worst conditions for liner melt-through) The apphcable
scenario would be NIFW.

On page 8-2, first line, Level 2 PRA position of the submittal report, it is noted that the
PDSs described as "Y* and "Z" (reactor building not isolated) are not represented.
Please explain why this is the case.

RESPONSE

The plant damage states which have the designators “Y* and "Z* in the fourth position
do not appear in the Level 2 OCPRA since they are below the cutoff used in the
determination of key plant damage states. it should be noted that plant damage states
with “Y* and “Z" in the fourth position do appear in the Level 1 OCPRA results at much
lower values (i.e. <5x10%)

Is any credit taken for “passive mitigation" in the reactor building? It appears that all

relevant dominant release categories have a "B" designator (note page 11-3 of the Level
2 PRA), which indicates no credit. Please explain.
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RESPONSE

No credit was taken for the reactor building. Please see Q6 and A6 on page D-6, Q12
and A12 on page D-7 (Appendix D of the Level 2 OCPRA) for more details.

Is the title of Table 12-12, page 12-16, of the Level 2 PRA portion of ihe submittal report
correct? The table states that it is for early containment failure but it seems to be for late
contamment failure.

RESPONSE
The title is incorrect. The table should read “... Late Containment Failures.”

You state (page 4-2 of Submittal Report) that °..."no water to core debris" endstate
contributes 8.75% to the total calculated core damage frequency.” Further, you suggest
that drywell sprays could potentially eliminate at least part of this contribution. How do
drywell sprays contribute to reducing core damage frequency?

RESPONSE

The core damage frequency of Oyster Creek contains an endstate for “no water to core
debris* which is equal to 8.75% of the total calculated core damage frequency. Partof
this 8.75% is the result of the drywell spray failure to function and therefore failure to
provide a wet drywell floor. In addition to the spray function, Oyster Creek drywell
sprays also provide cooling (i.e. cirywell sprays are the link to the ultimate heat sink via
the emergency service water system). Without containment spray and the containment
vent core damage is assumed to occur due to the catastrophic failure of containment
(TW sequence). Therefore, the success of the drywell spray system can potentially
mitigate a fraction of these loss of containment heat removal ("TW") sequences.

It is not clear how the information developed in the Level 1 (front end) section of the
report is used in the Level 2 (bacik end) portion of the report. Please provide the basis
for the quantification of the CETs for each of the seven KPDS, and split fractions useg.

RESPONSE i

The interface between Level 1 information and Level 2 is described in the Level 2 report,
Section 8.1 on pages 8-1 and &-2 where the selection of key plant damage states
(KPDS) and the selection criteria are described. The representative accident sequence
for each KPDS is described in the remaining parts of Section 8, pages (8-2, 8-3, 8-4)
together with the basis for this selection. The CET quantification is described in Section
10 and the split fraction logic is shown in Table 10-1 page 10-15. Table 10-2, page 10-
19 through 10-22, shows the values of the split fractions used in each KPDS. The basis
for those values is shown under "Description* column in the table. An explanation of
the steps used in determining the release categories from the CET is documented in
Appendix C.

The spilit fractions for suppression pool bypass (top events S1 and S3 in Table 10-2)
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are based on vacuum breaker cycling frequency for the relevant sequences as
determined by MAAP. These cycles are documented in Table 10-3 for the relevant
sequences and Sections 10.5 and 10.10 describes how the split fractions were
calculated from these values. Containment failure split fractions calculation is shown
in Sections 10.7, 10.12, 10.13. The basis for the remaining spilit fractions is discussed
in the above table and/or in applicable top event description in Section 10.

On page 10-12 of the Level 2 PRA, you note that procedure-activated dirty venting via
the drywell is activated as part of the representative sequence for the KPDS OJAU. The
OJAU KPDS results in a containmant bypass 100% of the time. What is the source term
associated with this KPDS and what affect does vent:ng have on the magnitude and
timing of the source term? .

RESPONSE

Please see page 11-10 of the Level 2 OCPRA (Sec'tuon 11.3.7) for release category.
KRC6 which represents KPDS OJAU. The source term is shown in Figure 11-6 and the
effects of venting is discussed in above section.

On page 7-4, the report states that about haif of the CDF is allocated to "No-Vessel
Breach®, resulting in no radionuclide releases. Vessel breach (after core damage) is
only prevented by either introducing fire protection water when the vessel is under low
pressure or providing sufficient “control rod drive hydraulic system" flow when the vessel
is under high pressure. For both vessel injection modes, operator action is required.
Thus, this operator-controlled cooling function appears to have a key bearing on the
radionuclide release profile for Oyster Creek.

Please discuss the sources of the uncertainty associated with core cooling by these
means after core damage and the implications of these uncertainties for the radlonucl:de
release chatactenzatron ,

On page 4-2, the report states that "MAAP was not used to investigate in-vessel recovery
under damage core conditions ... where RETRAN/RELAPS results were mainly used
where needed.* This implies that "No Vessel Breach" is related to those sequences
where RETRAN/RELAPS analysis showed that there was adequate core cooling to
prevent fuel relocation. This is different from the information on page 7-4. PFPlease
provide a discussion which clarifies the two "No Vessel Breach" approaches.

RESPONSE

To clarify the inconsistent documentation on pages 4-2 and 7-4, the MAAP 3.0B
computer code was used in the determination of in-vessel mitigation. The
RETRAN/RELAPS computer codes were used in the development of the Level 1 OCPRA
success criteria only.

The scenarios in which "No Vessel Breach® is assigned are those where fire protection
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injection (RPV at low pressure) or control rod drive flow (RPV at high pressure) is
available. In the low pressure cass, fire protection injection, operator action to align the
system for injection is necessary. In the CRD case normal bypass flow (120 gpm) is
sufficient for in-vessel mitigation and no operator action is required (Level 2 OCPRA,
page 7-4).

The thermal hydraulic analysis done in support of the in-vessel mitigation cases used
the MAAP 3.0B computer code and show that adequate core cooling to prevent vessel
breach is available. Several factors contribute to the uncertainty of the mitigation
endstate and resultant radionuclicle release.

One of the factors affecting the uncertainty of this method of core coolirig is associated
with the endstates PIFW and OIAU (the two endstates in which in-vessel recovery is
applied). The PIFW and OlAU endstate uncertainty is illustrated in the tevel 1 OCPRA,
Section 9, Figure 9.1-1 and in tabular format on Table 8.1-1.

The mean value of PIFW endstate is 2.23x10°® with the 5th and 95th percentiles
covering a range of approximately a factor of 20 (2.71x1 07 and 5.52x10%,
respectively). Contributing to this endstate distribution is the uncertainty
associated with the operator action for fire protection injection. This action was
evaluated in the Level 1 OCPRA using an estimated 30 minutes to perform the
action (before onset of core damage) and produced a frequency of 6.93x10%,
(it should be noted that the MAAP 3.0B analysis indicated that up to one hour
was available before extensive fuel damage, Level 2 OCPRA, page 7-4.) In any
case, even if fire protection injection was not successful and vessel breach
eventually occurred at the low RPV pressure associated with this PDS, no
increase in early containment failure fraction would be expected.

The mean value of the OIAU endstate is 5.25x107 with the 5th and 95th
percermles covering a range of approxsmatety a factor of 8 (1.25x107 and
1.13x10%, respectively).

The distributions of these encistates illustrate the uncertainty in the Level 1
OCPRA due to dispersions (uncertainties) in component and human action
failure data.

in addition to the uncertainty in the frequency of the in-vessel mitigation endstates
(PIFW and QIAU), uncertainties involving fuel-coolant interactions when cold fire
protection water is sprayed on the hot core (after damage) also effect the radionuclide
releases. Despite the potential for fuel-coolant interactions it is believed that the vessel
would remain intact with the majcrity of the source term remaining in the vessel or
containment because level recovery is assured rather quickly with fire protection
injection.
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ATTACHMENT 1

CCF Event Total Event | Normatized Total
Value Importance | importance | Event imponance]|
9.1762E05 | 6.4058E-02 . T
PM03B Booster cs2 9.1762E05 | 1.1745E-03
PM03C Pumps CS3 | 9.1762E-05 | 1.1602E-03
PM03D] (deita) CS4 | 9.1762E-05 | 0.0000E +00
CSé 9.1762E-05 | 2.0111E-04
Ccs7 9.1762E05 | 2.9220E-04
CSs8 9.1762E-05 | 3.7769E-09 | 6.6886E-02 3.47%
2 [PMO1A Core Spray Cs1 5.7515E-05 | 4.0151E02
PMO1B Main Cs2 5.7515E-05 | 7.3617E-04
PMOIC Pumps CS3 | 5.7515E-05 | 7.2720E-04
PMO1D) (detta) CS4 | 5.7515E-05 | 0.0000E+00
Cse S§.7518E05 | 1.2605E-04 | .
Cs7 5.7515E-05 | 1.8314E-04 e
CS8 | 5.7515E-05 | 2.3673E-09 | 4.1923E-02 2.18%
3 | [MV034D |isolation Condenser| IC1 9.1524E-05 | 9.7809E-03
MV035D] isolation valves IC2 | 9.1524E05 | 4.9789E-05
failure to open ox] 9.1524E-05 | 5.6371E-06
(beta) IC4 | 9.1524E-05 | 0.0000E+00| 9.8364E-03 0.51%
4 [MVO15 Core Spray Cs1 9.0095E-06 | 6.2894E-03
MV040 Parallel isolation cs2 9.0095E-06 | 1.1532E-04 -
MV021 Valves fail toopen| CS3 | 9.0095E-06 | 1.1391E-04 )
MV041] (deita) Cs4 9.0095E-06 | 0.0000E +00
CS5 | 9.0095E-06 | 4.5369E-06
Cs6 9.0095E-06 | 1.9745E0S
Cs7 9.0095E-06 | 2.8689E-05
css 9.0095E-06 | 3.7083E-10 | 6.5716E-03 0.34%
5 | [SP23BD Main steam low ME1 | 1.1546E-04 | 3.4217E-03 S
SP23DD] pressure switches ME2 | 1.1546E-04 | 6.8585E-08
fail to operate (beta) : 3.4217E-03 0.18%
6 | [SP23AD Main steam low ME1 1.1546E-04 | 3.4217E-03
SP23CD) pressure switches ME2 | 1.1546E-04 | 6.8585E-08
fail to operate (beta) 3.4217E-03 0.18%
7 [PMO3A Core Spray Cst 2.2238E-04 | 6.8351E-05
PMO03D] Booster Cs3 2.2238E-04 | 2.8117E03
' Pumps CS4 | 2.2238E-04 | 0.0000E +00
(beta) CS6 | 2.2238E-04 | 4.8737E-04
cs7 2.2238E-04 | 6.2783E06
Css 2.2238E-04 9.15;_35-09 3.3737E-03 0.18% __
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Common Cause Failure importance Report
(Top 50 Common Cause Events) 7 J
T Spit | CCF Event | Basic Event | Total Event | Normalized Total|
Crif ] Value Importance | Importance | Event Importance
8 | [PMo3B Core Spray CS1 | 2.2238E-04 | 7.4814E05 '
PM03C] Booster CS2 | 2.2238E-04 | 2.8464E-03
Pumps CS4 | 2.2238E-04 | 0.0000E+00
(beta) Cs7 2.2238E-04 | 6.2747E-06 | 2.9274E-03 0.15%
9 [PM0O3B Core Spray CS1 2.2238E-04 | 1.3156E-03
PMO03D] Booster CS2 | 2.2238E-04 | 6.0429E05
Pumps CS3 | 2.2238E-04 | 7.1979E-05
(beta) CS4 | 2.2238E-04 | 0.0000E+00
csé 2.2238E-04 | 1.2401E-05
Ccs7 2.2238E-04 | 7.0813E-04
CS8 2.2238E-04 | 9.1533E-09 | 2.1686E-03 0.11%
10 | [VLSYSt Core Spray CS1 | 2.8983E-06 | 2.0233E-03
VLSYS2] System 1 and 2 CS2 | 2.8983E-06 { 3.7097E-05
Valves Cs3 2.8983E-06 | 3.6645E05
(beta) CS4 | 2.8983E-06 | 0.0000E+00
CS5 - | 2.8983E-06 |: 1.4595E-06
csé 2.8983E-06 | 6.3520E-06
Ccs7 2.8983E06 | 9.2291E-06
. Ccss 2.8983E-06 | 1.1929E-10 | 2.1141EQ3 0.11%
1 [PMO1A Core Spray CS1 1.393%E-04 | 2.2767E-05
PMO1D] Main Cs3 1.3939E-04 | 1.7624E-03
Pumps Cs4 | 1.3939E-04 | 0.0000E +00
(beta) CS6 | 1.3939E-04 | 3.0549E-04
CS7 | 1.3939E-04 | 2.0375E-06
Css 1.3939E-04 | 5.7372E-09 | 2.0927E-03 0.11%
12 | [PMO1AS DG fuel oil transfer EC2 3.5556E-04 | 2.0606E-03
PMO1BS] pumps fail to start
(beta) 2.0606E-03 0.11%
13 | [PMO1B Core Spray Cst 1.3939E04 | 2.2767E05
PMO1C] Main cs2 1.3939E-04 | 1.7841E-03
Pumps Cs4 1.3839E-04 | 0.0000E+00
(beta) Cs7 1.3839E-04 | 2.0375E-06 | 1.8089E-03 0.09%
14 | [NVO3AD MSIVs fail to close ME1 5.3492E-05 | 1.5852E-03
NVO4AD] on demand (beta) ME2 5.3492E-05 | 5.9952E07 | 1.5858E-03 0.08%
15 | [NVO3BD MSIVs fall to close ME1 5.3492E-05 | 1.5852E-03
NV04B8D] on demand (beta) ME2 5.3492E-05 | 5.9952E-07 | 1.5858E-03 0.08%
16 [PMO3A Core Spray Cs1 2.2238E-04 | 1.3085E-03
PM0O3C] Booster Cs2 2.2238E-04 | 6.0443E-05
Pumps Cs3 2.2238E-04 | 5.9520E-05
| (beta) CS4 | 2.2238E-04 | 0.0000E+00
| - CS6 | 2.2238E-04 | 1.0243E-05 | 1.4398E-03 0.07%
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ATTACHMENT 1

" Common Causa Failure Importance Report
(Top 50 Common Cause Events)

CCF Event CCF Event | Basic Event | Total Event | Normalized Total
Fctions Value Importance | Importance | Event importance
17 | [PMO1B Core Spray Cs1 1.3939E-04 | 8.2465E-04
PMO1D] Main Cs2 1.3839E-04 | 3.7878E-05
Pumps CS3 | 1.3839E-04 | 4.5117E-05
(beta) CS4 | 1.3939E-04 | 0.0000E +00
' CSs 1.3939E-04 | 7.7728E-06
Cs7 1.3939E-04 | 4.4385E-04
Css8 1.3939E-04 | 5.7372E-09 | 1.3593E-03 0.07%
18 | [PMO1AR DG fuel oil transfer { EC2 | 1.7256E-04 | 1.0000E-03
PMO1BR] pumps fail to run
(bata) . 1.0000E-03 0.05%
19 | [PMO1A Core Spray CS1 | 1.3839E-04 | 8.2088E-04
PM01C] Main CS2 | 1.3839E-04 | 3.7887E05
Pumps CS3 | 1.3839E-04 | 3.7308E-05
(beta) CS4 | 1.3939E-04 ‘| 0.0000E +00
CS6 1.3939E-04 | 6.4206E-06 | 9.0250E-04 0.05%
20 | [RLPM1A Core Spray CS1 | -1.1845E-06 | 8.2689E-04
RLPM1B Relays Ccs2 | 1.1845E-06 | 1.5161E05
RLPM1C (detia) cs3 1.1845E-06 | 1.4976E-05
RLPM1D] CS4 | 1.1845E-06 | 0.0000E +00
' CS6 | 1.1845E06 | 2.5960E-06
CS7 | 1.1845E-06 | 3.7718E06
Css 1.1845E-06 | 4.8755E-11 | 8.6339E-04 0.04%
21 [SV591D Containment Vent o 5.2712E-05 | 7.2031E04
Sv5985D] solenoid valves fail : - -
to open (beta) ov2 5.2712E05 | 4.1201E08 | 7.2035E-04 0.04%
22 | [Sv591D Containment Vent ovi 5.2712E05 | 7.2031E-04
| svs96D] | solenoid valves fail o s
: to open (beta) ov2 5.2712E-05 | 4.1201E-08 | 7.2035E-04 0.04%
23 | [Svs82D Containment Vent ovi 5.2712E-05 | 7.2031E-04
SV5850] solenoid vaives fail ' :
to open (beta) ov2 5.2712E05 | 4.1201E-08 | 7.2035E-04 0.04%
24 [Svs92D Containment Vent ov1 5.2712E05 | 7.2031E-04
SVv596D] solenoid valves fail
to open (beta) ov2 5.2712E05 | 4.1201E-08 | 7.2035E-04 0.04%
25 | [PM31AS Liquid Poison Bit 5.8549E-04 | 3.7819E-04
PM91BS] pumps faif to BI2 5.8549E-04 | 0.0000E+00
start (beta) B3 5.8549E-04 | 2.3384E-04
Bl4 5.8549E-04 | 7.0599E-10
8IS 5.8549E-04 | 0.0000E+00
Bl6 5.8549E-04 | 0.0000E+00! 6.1203E-04 0.03%
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ATTACHMENT 1

COause Fnce

(Top 50 Common Cause Events)
CCF Event CCF Event Spitt | CCF Event | Basic Event | Total Event | Normalized Total
Name | _Description _ |Fractions]|  Value importance | Importance | Event Importance
26 | [PM91AR Liquid Poison Bl 5.4740E-04 | 3.5359E-04
PMS1BR] pumps fail to Bi2 5.4740E-04 | 0.0000E +00
run (beta) BI3 5.4740E-04 | 2.1862E-04
BI4 5.4740E-04 | 6.6007E-10 |
BIS §.4740E-04 | 0.0000€ +00
Bl6 5.4740E-04 | 0.0000E+00| 5.7221E-04 0.03%
27 | [RL273D MSIV actuation MEt 1.6877E-05 | 5.0015E-04
RL274D] relays fail (beta) ME2 1.6877E-05 | 1.0025E-08 | 5.0016E-04 0.03%
28 | [RL217D MSIV actuation MEt | 1.6877E-05 | 5.001SE-04
RL218D] relays fail (beta) ME2 1.6877E05 | 1.0025E-08 | 5.0016E-04 0.03%
[RL173D MSIV actuation ME1 | 1.6877E-05 | 5.0015E-04
RL174D] relays fail (beta) ME2 1.6877E-05 | 1.0025E-08 | S.0016E-04 0.03%
[RL117D MSIV actuation ME1 1.6877E-05 | 5.0015E-04 ' :
RL118D] relays fail (beta) ME2 1.6877E-05 | 1.0025E-08 { 5.0016E-04 0.03%
31 [Av092D Core Spray CSt 5.6986E-07 | 3.9781E-04
AVQ33D Minimum Flow Cs2 5.6986E-Q7 | 7.2939E-06
AV094D Valves Cs3 5.6986E07 | 7.2051E-06
AV035D] (delta) ~ CS4 5.6986E-07 | 0.0000E+00
) , CS_S 5.6986E-07 | 2.8696E07
CS6 | 5.6986E07 | 1.2489E06 |-
CS7 | 5.6986E-07 | 1.8146E-06
Ccss 5.6986E-Q7 | 2.3455E-11 | 4.1566E-04 0.02%
32 | [PV18BAD EMRYV failure AD6 2.9005E-05 | 0.0000E +00
PV18BD to open AD2 2.9005E-05 | 5.4327E-06
PV18CD (delta) AD3 2.900SE-05 | 3.6930QE-04
PV18DD AD4 2.9005E-05 | 2.9106E-05
PV18ED] AD5 2.9005E-05 | 3.0611E-10 | 4.0384E-04 0.02%
33 | [PViIBAD EMRYV ftailure AD6 3.3934E-04 | 0.0000E +00
PV188D] to open AD2 | 3.3934E-04 | 4.0431E06
(beta) AD3 | 3.3934E-04 | 2.6651E-04
AD4 3.3934E-04 | 2.1005E-05
ADS 3.3934E-04 | 2.2091E-10 | 2.9156E-04 0.02%
34 | [PV1BAD EMRY failure ADG 3.3334E-04 | 0.0000E+00
PV18CD) to open AD2 | 3.3934E-04 | 4.0277E-06
(beta) AD3 | 3.3934E-04 | 2.6651E-04
AD4 | 3.3934E-04 | 2.1005E-05
ADS 3.3934E-04 | 2.2081E-10 | 2.9155E-04 0.02% l
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ATTACHMENT 1

m

Common Cause Failure Importance Report
(Top 50 Common Cause Events)
No. | CCF Event CCF Event Split CCF Event | Basic Event | Total Event
Name . Description Fractions Importance
35 | [PV18AD EMRV failure ADS | 3.3334E-04 | 0.0000E+00
PV18ED] to open AD2 | 3.3934E-04 | 4.0277E-06
(beta) AD3 | 3.3834E-04 | 2.6651E-04
AD4 | 3.3834E-04 | 2.1005E-05
ADS | 3.3934E-04 | 2.2031E-10 | 2.9155E-04 0.02%
36 | [Pv18BD EMRY failure ADE | 3.3934E-04 | 0.0000E+00
PV18CD] to open AD2 3.3934E-04 | 4.0124E-06
(beta) AD3 | 3.3834E-04 | 2.6651E-04
| AD4 | 3.3334E-04 | 2.1005E-05
AD5 | 3.3934E-04 | 2.2091E-10 | 2.9153E-04 0.02%
37 | [PV18BD EMRYV failure ADE | 3.3934E-04 | 0.0000E+00
PV18ED] to open AD2 | 3.3934E-04 | 4.0124E06
(beta) AD3 | 3.3834E-04 | 2.6651E-04
AD4 | 3.3934E-04 | 2.1005E-05
) ADS 3.3934E-04 | 2.2031E-10 | 2.9153E-04 0.02%
38 | [PV18CD EMRYV failure ADG- | 3.3934E-04 | 0.0000E +00
PV18ED] to open AD2 | 3.3934E-04 | 3.9972E-06
(beta) AD3 | 3.3934E-04 | 2.6651E-04
AD4 | 3.3934E-04 | 2.1005E-05
ADS 3.3934E-04 | 2.2091E-10 | 2.9151E-04 0.02%
39 | [PV18AD EMRY failure AD6 | 3:3934E-04 | 0.0000E+00
PV18DD] to open AD2 | 3.3934E-04 | 4.0463E-06
(beta) AD3 | 3.3934E-04 | 2.6454E-04
AD4 | J.3934E-04 | 2.0857E-05
AD5 3.3934E-04 | 2.1936E-10 | 2.8954E-04 0.02%
40 | [PV18CD EMRV failure ADG | 3.3934E-04 | 0.0000E+00
PV18DD] to open AD2 | 3.3934E-04 | 4.0155E-06
(beta) AD3 | 3.3934E-04 | 2.6464E-04
AD4 | 3.3934E-04 | 2.0857E-05
AD5 | 3.3934E-04 | 2.1936E-10 | 2.8951E04 | 0.02%
41 | [PV18DD EMRV failure AD6 | 3.3934E-04 { 0.0000E+00
PV18ED] to open AD2 | 3.3934E-04 | 4.0155E-06
(beta) AD3 | 3.3934E-04 | 2.6464E-04
AD4 | 3.3934E-04 | 2.0857E-05
ADS 3.3834E-04 | 2.1936E-10 | 2.8951E-04 0.02%
42 | [PV18BD EMRY failure AD6 | 3.3834E-04 | 0.0000E+00
PV18DD} to open AD2 | 3.3934E-04 | 4.0004E-06
(beta) AD3 | 3.3934E-04 | 2.6464E-04
AD4 | 3.3934E-04 | 2.0857E-05
| AD5 | 3.3934E-04 | 2.1936E-10 | 2.8950E-04 0.02%
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ATTACHMENT { ,
Common Cause Failure Importance Report

_ (Top 50 Cammon Cause Events) ;
CCF Event | Basic Event | Total Event | Normalized Total
Fractions Value Importance { Importance | Event Imponancen
2.2238E-04 | 7.4828E-05
2.2238E-04 | 6.0443E-05
2.2233E-04 | 7.1979E-05
2.2238E-04 | 0.0000E +00
2.2238E-04 | 1.2401E-05
2.2238E-04 | 6.2783E-06
2.2238E-04 | 9.1533E-09 | 2.2594E-04 0.01%
44 | [PMO3A Core Spray CSt1 | 2.2238E-04 | 6.8337E-05 '
PM038]) Booster CS2 | 2.2238E-04 | 6.0429E-05
Pumps CS3 | 2.2238E-04 | 5.9520E-05
(beta) CS4 | 2.2238E-04 | 0.0000E+00
CS6 | 2.2238E-04 | 1.0243E-05
CS7 | 2.2238E-04 | 6.2747E-06 | 2.0481E-04 0.01%
n 45 | [Mvo21 Core Spray CS1 | 2.0784E-05 | 1.2296E-04
MV041] Parallel Isolation CS2 | 2.0784E-05 | 5.6478E-06 .
Valves CS3 | 2.07B4E-05 | 6.7272E-06
(beta) CS4 | 2.0784E-05 | 0.0000E+00
CS5 | 2.0784E-05 | 7.6281E-09
CS6 | 2.0784E-05 | 1.1590E-06
CS7 | 2.0784E-05 | 6.6184E-05
CS8 | 2.0784E-05 | 8.5548E-10 | 2.0269E-04 0.01%
46 | [PDOO1R Diesel Fire Pumps | FP1 | 5:9388E-05 { 0.0000E +00
PDO02R] fail to run (beta) FP2 | 5.9388E-05 | 1.7912E-04 | 1.7912E-04 ' 0.01%
47 | [PV18AD EMRYV failure ADE 1.2187E-Q5 | 0.0000E+00
PV18BD "to open AD2 | 1.2187E05 | 2.2826E-06
PV18CD} (gamma) AD3 | 1.2187E-05 | 1.5517E-04
AD4 | 1.2187E05 | 1.2229E05
AD5 | 1.2187E-05 | 1.2862E-10 | 1.6968E-04 0.01%
48 | [PV18AD EMRYV failure - AD6 | 1.2187E-05 | 0.0000E +00
PV18BD to open AD2 | 1.2187E05 | 2.2826E-06
PV18DD) (gamma) AD3 | 1.2187E-05 | 1.5517E-04
. AD4 | 1.2187E-05 | 1.2229E-05
AD5 | 1.2187E-05 | 1.2862E-10 | 1.6968E-04 0.01%
49 | [PV1BAD EMRY failure ADB 1.2187E-05 | 0.0000E+00
PV18BD to open AD2 | 1.2187E-05 | 2.2826E-06
PV18ED] (gamma) AD3 | 1.2187E-05 | 1.5517E-04
AD4 | 1.2187E-05 | 1.2229E05
AD5 | 1.2187E-05 | 1.2862E-10 | 1.6968E-04 0.01%
50 | [PV18AD EMRYV failure AD6 | 1.2187E-05 | 0.0000E +00 '
PV18CD to open AD2 | 1.2187E-05 | 2.2826E-06
PV18DD] (gamma) AD3 | 1.2187E-05 | 1.5517E-04
‘ AD4 | 1.2187E-05 | 1.2229E-05
- AD5 | 1.2187E-05 | 1.2862E-10 | 1.6968E-04 0.01%
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SUCCESS CRITERIA SUMMARY

This attachment provides the OCPRA Level 1 success criteria in summary format. Detailed
success criteria or the specific application of the criteria in the logic model are avaifable in
OCPRA Section 8. It shouid be noted that the success criteria provided gives the systems
and functions required for successful mitigation of transients and LOCAs in the plant model
logic. Any sequence of events which do not meet the requirements of success are assigned
to core damage. For organizational and presentation purposes the success criteria are
grouped and presented in the following tables.

General Transient Success Criteria Page 2
(Initiators EPRH, PLOFW, RT, TT)

General Transient (Loss of Main Heat Sink) Success Criteria Page 3
(Initiators CMSIV, LOIA, EPRL, LOCV, LOCW,
LOFW and LOSP)

Loss of Feedwater Control (RPV High l.evel) Success Criteria Page 6
(Initiator LOFC)

ATWS Success Criteria . Pagé 8

(Any Initiator and Top event RS Failure)

Small LOCA Inside Containment Success Criteria Page 10
(Initiators SAl, IEMRV and SBI)

Small LOCAs Above Core and Outside Containment Success Criteria Page 12
(Initiators SAQIC, SAOTB and SAORB)

Small LOCAs Below Core and Outside Containment Success Criteria Page 13
(Initiator SBO)

Large LOCAs Above Core and Inside Containment Success Criteria Page 14

(Initiators 1ADS, LAIMS and LAICS)

Large LOCAs Below Core Success Criteria Page 14
(Initators LBI and LBIO)

Large LOCA (Initator LAOMS) Success Criteria Page 15

Large LOCA (Initiator LAOIC) Success Criteria Page 15



General Translent Success Criteria
Applies to EPRH, PLOFW, RT and TTRIP Initiating Events

Function System Success Criteria Basis / Comments
Required | Reactor 125 or more control rods | Reference F.6-8, "Hot Zero Power Ciriticality Calculation".
Mitigation | Trip insert Reactor scram failure transfers to the ATWS success criteria.
RPV Level RPV Level Control Prevents RPV high water level excursion. Level control failure
| Control results in a transfer to LOFC success criteria.
SDV Isolation | 2 of 2 SDVs Isolate Scram Discharge volume required to isolate to prevent loss of
coolant.
AND Path 1
Mitigation | Feedwater 1 of 3 Feedwater Pumps | 5000 gpm - in excess of decay heat (UFSAR section 10.4.7).
Path 1 Tuibing 20! 978V cporate This success path models the normal cooldown, Turbine
Bypass ' | bypass valves must operate and control pressure. In addition
Feedwater
and all supports of TBV operation are required such as circ water,
Turbine condenser vacuum. If these supports fail, transient success
Bypass criteria is as provided on loss of main heat sink.
and | Steam Relief 2 of 5§ EMRVs open Relief valves required to open provided in reference 7-13,
Steam Relief or *OCPRA: Opening EMRVs and Safety Valves". Conservatively
4 safety valves open all 2 of 2 EMRVs and 4 of 4 safety valves are required to close
and to prevent drywell heatup and inventory loss.
2 of 2 EMRVs close
or
4 of 4 safety valves close
NOTE: Loss of the turbine bypass supports (circ water or condenser) results in isolation transient (Loss of main heat

sink) and utilizes those success criteria.




General Translent (Loss of Maln Heat Sink) Success Crtterlu -
Applies to CMSIV, LOIA, EPRL, LOCV, LOCW and LOFW Initlating Events

Function System Success Criteria Basis / Comments
Required Reactor 125 or more control rods insert | Reference F.6-8, “Hot Zero Power Criticality Calculation®.
Mitigation Protection Reactor scram failure transfers to the ATWS success criteria.
RPV level RPV Water Level Control Prevents RPV high water level excursion. Reactor level
. control control failure transfers to the LOFC success criteria.
. AND (Paths 1 or 2 or 3)
Mitigation | 1sotation 1 of 2 ICs (with shell side Decay heat removal using isolation condensers (3.9% of
Path 1 condenser makeup) rated thermal power, UFSAR section 6.3.1.1.3) with long
term shell side makeup.
Isolation
Condenser Steam Reliaf 4 of 5§ EMRVs open Rolis! valves required o opon piovided in reference 7-13,
and or . "OCPRA: Opening EMRVs and Safety Valves".
Steam Reliet 4 safety valves open Conservatively all 5 of 5 EMRAVs and 4 of 4 satety valves are
and and required to close.
SDV Isolation All open EMRVs close
and and
MS Isolation All open safeties close

SDV Isolation | 2 of 2 SOVs Isolate SDV isolation Prevents RPV inventory losses.
Main Steam 1 of 2 MSIVs (in each Isolation condenser used for decay heat removal. MSIV
Isolation steamline) close closure limits inventory loss.

OR

.J




General Translent (Loss of Maln Heat Sink) Success Criterla
Applies to CMSIV, LOIA, EPRL, LOCV, LOCW and LOFW Initlating Events

Function System Success Ciriteria Basis / Comments
Mitigation Isolation 1 of 2 Isolation Condensers Isolation Condensers used as short term decay heat
Path 2 Condenser removal (3.9% of rated thermal power, UFSAR 6.3.1.1.3)
path until CRD flow matches decay heat levels.
C' sg:?;:?:er CRD 1 of 2 pumps Long term makeup for decay heat removal through EMRVs
? tnd | to containment.
CRD Steam Relief 4 of 5 EMRVs open Relief valves required to open provided in reference 7-13,
and or “OCPRA: Opening EMRVs and Safety Valves". ,
Steam Relief 4 safety valves open Conservatively all 5 of 5 EMRVs and 4 of 4 safety valves are
and and required to close.
Containment All open EMRVs close
Haat Remaval and
All open saleties close
SDV Isolation | 2 of 2 SDVs isolate SDV isolation prevents RPV inventory losses.
Main Steam 1 of 2 MSIVs (in each Isolation condenser used for decay heat removal. MSIV
Isolation steamline) close closure limits inventory loss.
Containment 1 of 2 containment spray trains | 1 of 2 containment spray trains sufficient (UFSAR, Section
Heat or 6.2.2.2). Containment vent sized to remove 1% decay heat
Removal Containment Vent and directed by EOPs (UFSAR, Section 6.2.7). 1 of 3SDC

or
1 of 3 trains of SDC

trains sufficient for decay heat removal and is the system
design (USFAR 5.4.7 and OCPRA Appendix B.4).

OR




General Translent (Loss of Main Heat Sink) Success Criterla
Applies to CMSIV, LOIA, EPRL, LOCV, LOCW and LOFW Initlating Events -

Success Criteria

Basis / Comments

1 of 3 feedwater pumps
ofr
ADS (3 or more EMRVSs)
and
1 of 3 condensate pumps
or
1 main and 1 booster Core
Spray pumps

Each source provides sufficient RPV inventory makeup for
decay heat removal. Feedwater provides 5000 gpm of RPV
makeup, USFAR 10.4.7 (not applicable to the LOFW
initiating event). Automatic depressurization required for low
pressure sources (condensate and core spray). ADS
success criteria provided by references UFSAR Table 15.6-2
and EOP step DEP-1.4. Core spray (one main and one
booster pump) success criteria from references F.10-16,
F.10-17 and UFSAR page 6.3-2. Long term core spray
success requires fire protection infection for makeup to
torus. -SDV isolation not required since injection sources
have long term makeun capabhility,

4 of 5 EMRVs open’
or -
4 safety valves open
and
All open EMRVs close
and
All open safeties close

Relief valves required to open provided in reference 7-13,
"OCPRA: Opening EMRVs and Safety Valves". 5 of 5
EMRVs and 4 of 4 safety valves are required to close.

Function System
Mitigation Feedwater
Path 3 Condensate
Core Spray
RPV Inventory
and
Steam Relief
and
Containment
Heat Removal
Steam
Relief
Containment
Heat
Remaval

1 of 2 containment spray trains
or
Containment Vent
or
1 of 3 trains of SDC

1 of 2 containment spray trains sufficient (UFSAR, Section
6.2.2.2). Containment vent sized to remove 1% decay heat
and directed by EOPs (UFSAR, Section 6.2.7). 1 of 3 SDC
trains sufficient for decay heat removal and is the system
design (USFAR 56.4.7 and OCPRA Appendix B.4).

NOTE:

Loss of ofisite power with failure of both diesel generators' (station blackout) requires either restoration of power
within one hour (OCPRA, Appendix B.1) or only success path 1 applies (i.e., independent of AC power).




Loss of Feedwater Control (ngh RPV Water Level) Success Crltorla —
Applies ta LOFC Initlating Event Only

Function System Success Criteria Basis / Comments
Required Reactor 125 or more control rods insert Reference F.6-8, "Hot Zero Power Ciriticality Calculation”.
Mitigation Protection Reactor scram failure transfers to the ATWS success criteria.
| AND (Paths 1 or 2 or 3 or 4) '
Mitigation | Operator Operators regain control of Following the failure of feedwater flow control operators
Path 1 Action feedwater manually reduce feedwater flow. Success of this event
Feedwater transfers to the general transient logic.
Control
II OR
Mitigation Main FAILURE of 2 of 2 MSIVs High level excursion results in steam/water carryover into
Path 2 Steam in either steamline main steam lines. Main steamline break in turbine building
Isolation ' or - . ' assumed to occur. Feedwater and core spray assumed to
MS Isolation | Failure FAILURE of 2 0f 2 IC mitigate induced LOCA. See also LAOMS (MSIV failure) or
FAILURE isolation Valves LAOIC (IC isolation valve failure) success criteria.
and in either IC
223 ADS 3 or more EMRVs open References USFAR Table 15.6-2 and EOP Step DEP-1.4.
Core Spray
Contaa?:ment Core Spray 1 main and 1 booster pump Core spray success ctriteria provided in references F.10-16,
Spray F.10-17 and UFSAR page 6.2-3. '
Containment | 1 of 2 Containment Spray Trains Ultimate heat sink. USFAR Section 6.2.2.2.
Spray

OR




Loss of Feedwater Control (High RPV Water l.ovel) Succeas Crlterla
Applies ta LOFC Initlating EventOnly =

Function System Success Criteria Basis / Comments
Mitigation Main 1 of 2 MSIVs (both steamlines) close | Isolates level excursion to RPV piping inside containment.
Path 3 Steam :
isolation and
MS Isolation
i IC steamline isolation ,
and
Feedwater 1 of 3 feedwater pumps 5000 gpm of high pressure makeup. (UFSAR 10.4.7)
Steam Relief
and -
Steam 4 of 5 EMRVs open Relief valves requlred to open provided in reference 7-1 3,
Foodwalsr Bslis! "OCPRA: Opan.ng EMRAVS and ouwly Vaives®. Reilef vaives
or : are assumed not to close and result in an induced above
and - core LOCA inside containment.
4 safety valves open
Containment .
Heat Removal Containment 1 of 2 Containment Spray pumps 1 of 2 containment spray trains sufficient (UFSAR Section
Heat 6.2.2.2). Containment vent sized to remave 1% decay heat
Removal or and directed by EOPs (UFSAR Section 6.2.7). 1 of 3 SDC
trains sufficient for decay heat removal and is the system
Containment Vent design (UFSAR section 5.4.7 and OCPRA Appendix B.4).
or
1 of 3 SDC Trains

OR




Loss of Feedwater Control (High RPV Water Level) Success Crlterla
Applies to LOFC Initiating Event Only e

Basis / Comments

Function System Success Criteria
Mitigation Steam Less than 4 EMRVs open Assumed to induce a small or large break LOCA inside
Path 4 Relief ' containment.
Failure or
Steam Relief
i Less than 4 safety valves open .
and Containment | 1 of 2 MSIVs (both steamlines) close | Prevents inventory loss outside primary containment.
Containment | Isolation and |
Isolation n
and IC steamline isolation
APV Injection 1 of 3 fesdwaler puimps reedwaier - 5000 gpm of high pressure makeup (small
RPV injection " break) UFSAR 10.4.7 and core spray for low pressure
and makeup (large break). One main and one booster pump .
and success criterla provided by references F.10-16, F.10-17 and
1 main and 1 booster CS pump UFSAR page 6.3-2.
Containment -
Spray Containment | 1 of 2 Containment Spray Trains USFAR Section 6.2.2.2.
Spray




ATWS SUCCESS CRITERIA

Besis I Commems

Function System Success Criteria
Recirculation 5 of § pumps trip TDR-671 - "RELAPS OC ATWS Analysis®, Reduces reector f

Required Pump Trip (RPT) power from 100% fo about 40%.

ATWS
Mitigation Liquid poison 1 of 2 pump trains UFSAR Section 9.3.5. Full power ATWS assumed.
Functions (boron) injection '
' AND (Path 1 or 2 or 3)

Mitigation Feedwater ] 1 of 3 feedwater pumps UFSAR section 10.4.7.

(PATH 1)

b

Feedwater :
Turbine Bypass | 9 of 9 turbine bypass valves open Removes 40% of reactor power (UFSAR saction 10.4.4),

and

Turbine Bypass
and

Steam Relief

Steam Reliet

4 of 5 EMRVs open
and
4 salety valves open
or

8 safety valves open
(after EMRV Failure)

Relieves 32% of reactor pawer (40% for all 5). UFSAR
soction 5.2.2. Main steam reliet is only required until
reactor power Is less than turbine bypass capacity,
following recirc. pump trip.

:' OR




ATWS SUCCESS CRITERIA

Basis / Comments

Function System Success Criteria
Operator Actions | EOP Actions EOP required actions. TDR-671 - "RELAP5 OC ATWS
Mitigation Analysis".
PATH 2 Steam Reliet 8 safety valves open Power mismatch until IC or CC heat removal is adequate.
Level Control One EMRV is adequate for decay heat after shutdown.
apd Feedwater 1 of 3 feedwater pumps UFSAR Section 10.4.7. RPV makeup.
Feedwater ‘
- 5t a""; liet Containment Main and backup pumps operate Maximum heat removal until reactor shutdown. Heat
“2:1 d ele Spray remaval for FW/SO path.
Cont. Spray or | Isolation Both ICs actuate, shell side USFAR Section 6.3.1.1.3..
Iso Cond Condenser makeup available
OR _
Mitigation Operator Actions | EOP Actions EOP required actions. TDR-671 - "RELAP5 OC ATWS
PATH 3 Analysis®.
Level Control Steam Relief 4 of 5 EMRVs open Relieves 32% of reactor power (40% for all 5). UFSAR
and and : section 5.2.2. Main steam rellet is only required until
St 4 safety valves open reactor power isolation condenser heat removal
eam Relief
or capacity. :
and 8 safety valves open : o aE
IsoCond S P ' ’
with CRD | ¢ Both ICs actuate UFSAR Section 6.3.1.1.3.
makeup ‘ SR

CRD Hydraulic

1 of 2 trains

Méketjp until reactor power below IC capability
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Small Breaks Inside Contalnment (SAl, [EMRV, SBI)

Function System Success Criteria Basis / Comments
Required | Reactor 125 or more control rods insert Reference F.6-8, "Hot Zero Power Ciriticality Calculation".
Mitigation | Protection No credit for simultaneous LOCA and ATWS mitigation.
| AND (Path 1 or 2 or 3) |
Mitigation | Feedwater 1 of 3 pumps run Each pump train delivers approx. 5000 gpm and is in
iPath 1 excess of small LOCA inventory loss (UFSAR Section
10.4.7). ‘
Feedwater
and Containment 1 of 2 Containment Spray Pumps | 1 of 2 containment spray trains sufficient (UFSAR,
Containment | |gat or Section 6.2.2.2). Containment vent sized to remove 1%
Heat Removal Containment Venting decay heat and directed by EOPs (UFSAR, Section
Removal or 6.2.7). 1 ot 3 SDC trains sufficlant for decay heat
' 1 of 3 trains of Shutdown cooling removal and is the system design (USFAR 5.4.7 and
L OCPRA Appendix B.4).
OR - '
Mitigation | Core Spray 1 main and 1 booster pump One main and one booster pump as per reference F.10-
Path 2 : 16, F.10-17 and UFSAR page 6.3-2. .
Core Spray | aps 3 EMRVs open References EOP step DEP-1.4, UFSAR Table 15.6-2.
ADS
and
Containment | Containment 1 of 2 Containment Spray Trains Sufficient for design basis as well as small LOCA
Spray Spray containment heat removal. Maintains NPSH for core

spray. UFSAR Section 6.2.2.2.

LA




Small Breaks Inside Contalnment (SAI, IEMRV, SBI) B

Basis / Comments

Function System Success Criteria
OR
Mitigation | Condensate 1 of 3 pumps 5000 gpm capacity in excess of small LOCA inventory
Path 3 loss.
| Cqndensate | aps 3 EMRVs open References EOP step DEP-1.4, UFSAR Table 15.6-2.
ADS
and
Containment | Containment 1 of 2 Containment Spray Pumps | 1 of 2 containment spray trains sufficient (UFSAR,
Heat Heat or Section 6.2.2.2). Containment vent sized to remove 1%
Removal Removal Operator vents containment decay heat and directed by EOPs (UFSAR, Section
or 6.2.7). 1 of 3 SDC trains sufficient for decay heat

1 ot 3 trains of shutdown cooling

removal and is the system design (USFAR 5.4.7 and
OCPRA Appendix B.4).
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e

Small Above Core Breaks Outside Contalnment (SAOIC, SAOTB, SAORB) Success Criterl

Function System Success Criteria Basis / Comment

Required Reactor 125 or more control rods insert | Reference F.6-8, "Hot Zero Power Ciriticality Calculation”.

Mitigation Protection No credit taken for simultaneous LOCA and ATWS
mitigation.

AND (Path 1 or 2 or 3)
Mitigation Feedwater | 1 of 3 pumps Feedwater system provides approx. 5000 gpm which Is in
Path 1 excess of small LOCA capacity (UFSAR 10.4.7). CST

provides long term makeup,

Feedwater ‘

OR
Mitigation Core Spray 1 main and 1 booster pump Core spray (one main and one booster pump) success
Path 2 , criteria from References F.10-16, F.10-17 and UFSAR
: page 6.3-2. Fire protection provides long term makeup.
C°'z,ﬁ,‘"°" ADS 3 EMRVs open Reference UFSAR Table 15.6-2 and EOP step DEP-1.4.
ADS
and
Containment | Containment | 1 of 2 Containment Spray trains | Containment spray or vent required since ADS discharges
Heat Removal | Heat or decay heat to containment. 1 of 2 containment spray
Removal Containment Vent pumps UFSAR section 6.2.2.2. Containment vent sized to

remove 1% decay heat and directed by EOPs (UFSAR
section 6.2.7). Fire protection for long term makeup.
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Small Above Core Breaks Outside Contalnment (SAOIC, SAOTB, SAORB) Success Criterla . .~ .

Function System Success Criteria Basis / Comment
OR
Mitigation Condensale :| 1 of 3 pumps Condensate provides approx. 5000 gpm which is in
Path 4 excess of small break inventory losses.
Condegsate ADS 3 EMRVSs open Reference UFSAR Table 15.6-2 and EOP step DEP-1.4.
an )
ADS
and Containment | 1 of 2 Containment Spray frains | Containment spray or vent required since ADS discharges
Containmeml Heat or decay heat to containment. 1 of 2 containment spray
Heat Removal | gomayal Containment Vent pumps UFSAR section 6.2.2.2. Containment vent sized to
remove 1% decay heat and directed by EOPs (USFAR
L Section 6.2.7). CST sufficlent for long term makeup.

Small Below Core and Outside Coritalnment (SBO) Success Crite

~ Function System Success Criteria Basis / Comment
RPS 125 or more control rods Reference F.6-8, "Hot Zero Power Ciriticality
Mitigation insert Calculation®. NO credit taken for mitigation of
Path simultaneous LOCA and ATWS.
Core Spray | Core Spray 1 main and 1 booster pump | References F.10-16, F.10-17 and UFSAR, page 6.2-3.
mandp' y Fire protection provides long term makeup.
ADS ADS 3 EMRVs open References EOP step DEP-1.4, UFSAR Table 15.6-2. .
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Large Above Core Breaks Inside Containment (IADS, LAIMS; LAICS) Success Criterla = - S S

Function System Success Criteria Basis / Comments
Required RPS 125 or more control rods | Reference F.6-8, "Hot Zero Power Criticality Calculation®. No
Mitigation insert credit taken for simultaneous mitigation of LOCA and ATWS.
RPV 1 main and 1 booster Core spray success criteria given In refences F.10-16, F.10-
Core Spray | Inventory pump in either system | 17 and UFSAR page 6.3-2. Core spray success (with
(system 1 for LAICS) containment spray failure) requires makeup to the torus from
. and or fire protection. Condensate provides 5000 gpm and since
! 1 of 3 condensate pumps | break is above core and refiood is possible consider success
Containment (in excess of core spray flow).
Heat Containment | 1 of 2 Containment Spray | 1 of 2 containment spray trains sufficient (UFSAR, Section
Heat or 6.2.2.2). Contalnment vent sized to remove 1% decay heat
Removal Removal Containment Vent and directed by EOPs (UFSAR, Section 6.2.7).
i

Large Below Core LOCAS Sticcess Criteria (LBI - Design Basls' and LBIO - RBEDT Fallure) . = |

Function

Core spray
and
Containment

Heat Removal

System

_

Success Criteria

—

Core Spray

1 main and 1 booster pump

Basis / Comments

Core Spray success criteria per reference F.10-16,
F.10-17 and UFSAR page 6.3-2. Long term makeup
from fire protection required when vent is used for
containment heat removal.

Containment
Heat
Removal

or
Containment Vent

1 of 2 Containment Spray trains

1 of 2 containment spray trains sufficient (UFSAR,
Section 6.2.2.2). Containment vent sized to remove
1% decay heat and directed by EOPs (UFSAR,
Section 6.2.7). ,

NOTE:

Large below core inside and to the RBEDT (event LBIO) requires successful reactor protection system since it |
is conservatively assumed that insufficient voids will be created to prevent criticality. :
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Large Main Steamline Break Outside Contalnment (LAOMS)

Function System Success Criteria Basis / Comments
LAOMS RPS 125 or more control rods Reference F.6-8, "Hot Zero Power Criticality
Mitigation insert Calculation®. No credit taken for simultaneous
Path LOCA and ATWS mitigation.
Core Spray Core Spray 1 main and 1 booster pump | Steamline break aflows reflood. Fire protection
‘ _provides long term makeup. Core spray
success criteria per reference F.10-16, F.10-17,
and UFSAR page 6.3-2.
Large IC Steamline Break Outside Contalnment (LAOIC) . ;" ..
Function System Success Criterla Basis / Comments
LAOIC RPS 125 or more control rods | Reference F.6-8, "Hot Zero Power Criticality
Mitigation insert Calculation™. No credit taken for simuitaneous
Path LOCA and ATWS mitigation, -
Condensate Condensate 1 of 3 pumps Break location allows reflood. Long term

makeup from CST sufficlent for safe shutdown.
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