November 9,

1999

Mr. R. P. Powers
Senior Vice President
Nuclear Generation Group
American Electric Power Company
500 Circle Drive
Buchanan, MI 49107-1395
SUBJECT:

DONALD C. COOK NUCLEAR PLANT, UNITS 1 AND 2 - ISSUANCE OF THE
SECOND DRAFT RISK ASSESSMENT

Dear Mr. Powers:
By letter dated August 12, 1999, the NRC transmitted the draft preliminary resUlts of an
analysis of the risk significance of issues that were identified at D. C. Cook Nuclear Plant
(D. C. Cook), Units I and 2, between August 1997 and January 1999. The analysis is being
performed to support our ongoing accident sequence precursor analysis program, which
evaluates operational events at nuclear power plants to determine the risk-significance of
events or conditions. This analysis is consistent with the new reactor oversight process for
analyzing the safety significance of inspection findings.
In our August 12, 1999, letter, we asked you to provide comments and also stated that the
analysis was ongoing, and as parts were completed, they would be transmitted to you for
additional comments. We have completed the second phase of the risk analysis and have
enclosed the draft preliminary results. In this portion of the analysis, the staff has identified the
following five issues to be potentially risk significant:

"* Vortexing in the containment sump due to diversion of sump water from the active areas of
the sump to the inactive areas of the sump (Issue #26);

"* Failure of high pressure injection pumps or throttle valves due to debris ingestion during the
sump recirculation function (Issue #27);

"* Vortexing in the refueling water storage tank (RWST) and resulting failure of the residual
heat removal (RHR) pumps (Issue #36);

"• Debris accumulation on recirculation sump screen causing head losses which may result in
RHR pump cavitation (Issue #28); and

"

A postulated crack in a Unit 2 main steamline degrading the ability of component cooling
water pumps of both units to perform their function (Issue #53).

"

A postulated crack in a Unit 2 main steamline degrading the ability of component cooling
water pumps of both units to perform their function (Issue #53).
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We are again providing to you the analysis methods and results of our continuing review effort.
We will be pleased to receive and address any comments that you may have. A final report that
contains the analyses of all issues is scheduled to be transmitted to you in December of 1999
for your review and comment.
The Manual Chapter (MC) 0350 Restart Panel will be using the risk analysis to aid in
determining the risk significance of the issues contained on the NRC Restart Action Matrix
(RAM). This will give the MC 0350 panel another factor in determining which issues contained
on the RAM will require further detailed inspection prior to restart of a unit at D. C. Cook.
Please contact me at 630-829-9700 if you have any questions regarding this letter.
Sincerely,
Original Signed By John A. Grobe

John A. Grobe, Director
Division of Reactor Safety
Region III
Docket Nos. 50-315; -316
Enclosure: Draft Preliminary Analysis of
Potential Risk Significant Issues
cc w/encl:

A. C. Bakken Ill, Site Vice President
T. Noonan, Plant Manager
M. Rencheck, Vice President, Nuclear Engineering
R. Whale, Michigan Public Service Commission
Michigan Department of Environmental Quality
Emergency Management Division
MI Department of State Police
D. Lochbaum, Union of Concerned Scientists
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LER No. 315-97/017-01 and 316/97-005-01
26.0 LER No. 315/97-017-01 and 316/97-005-01
Event Description:
Date of Event:
Plant:

Vortexing in Containment Sump Leading to the Failure of
RHR Pumps
October 8, 1997
D.C. Cook Units 1 and 2

26.1 Summary of Issue
Several conditions identified at D.C. Cook (Ref. 1) indicated the possibility of reducing the amount of
water available in the containment sump. A reduced water level in the sump can lead to either net
positive suction head (NPSH) problems or air entrainment problems (due to vortexing) for the residual
heat removal (RHR) pumps. Figure 1 shows the different elevations that are referred to in the text and
the relative location of the RHR suction pipe with respect to those elevations. Note that the sump level
required by design basis to ensure against NPSH problems as well as the vortexing problems is 602'- 10."
Issues related to premature termination of injection from RWST
Several issues discovered at Cook showed the possibility for premature termination of injection from the
refueling water storage system (RWST) to the reactor coolant system (RCS) during a loss-of-coolant
accident (LOCA). During the injection phase, water in the RWST is transferred from the RWST to the
containment via the RCS. At D.C. Cook, when the RWST level decreases to the low alarm setpoint
(nominally 32.23% of span), the operators start transferring from injection to containment sump
recirculation. Therefore, at least 68% of the RWST inventory of 350,000 gallons will be available in the
containment sump when the RHR pumps start taking suction from the containment. However, four issues
associated with the RWST level indication can result in termination of injection at a point much higher
that 32.23%. They are: (a) an error made in the setpoint calculation (friction loss calculation that did not
incorporate the entrance loss factor); (b) a seconid error made in the setpoint calculation that did not
correct for the velocity head loss correction factor in the Bernoulli equation; (c) failure to adequately
consider the uncertainties; and (d) a drip catch installed in the 10-inch RWST overflow line that could
result in an additional negative 8% level error due to the vacuum created inside the RWST at high flow
rates. Preliminary investigations performed by the licensee indicated that application of errors (a), (1),
and (c) could cause the actual RWST water level to be higher than the indicated level by approximately
20% of instrument span (about 6 feet of level) when the flow rates from both RHR and containment spray
(CTS) pumps are at their maximum. When combined with issue (d), the total error could be as high as
28%. As a result, inventory transferred from the RWST to the containment could be nearly 98,000
gallons (28% of 350,000 gallons) less than the amount anticipated to be present in the containment sump
when sump recirculation starts. The reduction in the amount of water in the sump, can reduce the
containment sump water level and lead to air entrainment of RHR pumps. Since all of the above errors
are dependent upon the flow velocity, for small break LOCAs (especially those that do not require CTS),
this issue is irrelevant.
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Issues related to diversion of water from the containment sump to the inactive containment sump
LER 315-97-017 (Ref. 3) reported a design flaw at Cook which results in diversion of water from the
active sump volume to inactive sump volumes. Water in the inactive volumes will not be available for
recirculation. Figure 2 shows the location of the reactor relative to the active and the inactive
containment sumps. Figure 3 shows how the containment spray pumps can transfer the inventory from
the active sump to the inactive sump. Figure 4 shows the volumes in the inactive and active sumps. The
magnitude and the nature of flow diversion paths are as follows: (a) The CTS system is designed to
provide a flow of 300 gpm per train to spray nozzles in the accumulator/fan rooms of the containment.
The accumulator/fan rooms are directly above the drain to the pipe annulus. (b) Inventory is lost from
CTS to the inactive sump not only through the lower containment nozzles to the fan accumulator rooms
but also through the upper containment nozzles down the stairwells. (c) Unsealed penetrations in the
crane wall allow water to flow from the active sump to the passive sump. Reference 8 provides the
elevations and effective areas of each of the penetrations. The total area of the penetrations is estimated
to be approximately 143 square inches. The lowest penetration is at 600'-7" and has a magnitude of 6.231
square inches. The two major penetrations are 35.579 and 57.617 square inches and they are located at
602'-4" and 600'- 10", respectively. Diversion of water from the active sump to the inactive sump can
reduce the containment sump water level and lead to vortexing and air entrainment in RHR pumps.
Issues related to containment water level and containment sump level indications
Step 1 of Revision 4 to the emergency operating procedure, (EOP) 01 -OHP 4023.ES- 1.3 (Ref. 4),
instructs the operator to check whether the containment water level is greater than 15% prior to
establishing sump recirculation. The 15% containment water level equates to an elevation of 601'-6".
According to Reference 1, while this water level is adequate for NPSH considerations, it does not assure
the prevention of emergency core cooling system (ECCS) pump vortex formation and air entrainment. A
minimum containment level of 602'- 10" is necessary to eliminate the likelihood of vortex formation and
air entrainment. The 602'- 10" level is named the "minimum safe level" and it was established using scale
model testing in 1977, when both RHR and CTS pumps were operated at run out flows. After including
instrument uncertainties, this relates to a 29% containment water level. If the containment water level has
not reached 15%, the procedure mentioned above would allow the operators to start establishing sump
recirculation if the containment sump level was greater than 97%. This equates to an approximate
elevation of 599'-4", which is nearly 3' below the level required to prevent vortexing and air entrainment.
As a result, during an event, the operators may start the RHR pumps prematurely and create vortexing
and air entrainment. Therefore, at large RHR and CTS flows, this cautionary statement in the EOP
cannot be credited as a defense against vortexing in the containment sump. For small break LOCAs,
since the combined RHR and CTS flows are much less than the total pump run out flows, this issue is
irrelevant.
The Froude number is indicative of the potential for vortexing. This number is proportional to the flow
velocity and inversely proportional to the square root of the elevation difference between the pump
suction and the free surface. For example, if the flow velocity is reduced by a factor of two, the elevation
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difference needed to avoid vortexing can be reduced by a factor of 4. Therefore, for small (or even most
medium) breaks, this issue is irrelevant.
Issues related to the ice mass
The inspections at Cook revealed a large number of issues related to the mass of ice in the ice condensers.
If there was a significant reduction in the mass of ice in the ice condensers in the "as-found" condition,
that could have impacted the sump water level after a LOCA. However, based on communications with
the licensee (Paul Schoepf, August 9, 1999), it was found that the ice mass in the as-found condition was
not significantly less than the technical specification requirement. Note that non-QA/crude estimates of
ice weights were 2.71E6 lbs for Unit 1 and 2.83E6 lbs for Unit2. The technical specification requirement
in the as-found condition was 2.3 7E6 lbs. Even if the absolute values were significantly (e.g., 10%)
lower than these crude estimates, the risk analysis would still be unaffected. Therefore, the issues
relating to ice mass are ignored in the risk analysis in all LOCA and feed-and-bleed sequences.
The changes to the core damage frequency (CDF) associated with the issues discussed above depend on
the impact of other issues on the RHR cooling and auxiliary feedwater (AFW) capabilities. The CDF
associated with the issues discussed above is summarized in Table 1. Table 1 summarizes the initiating
event frequencies of initiators that are affected by the debris in the sump, products of known probabilities
and the frequency for each initiator, summary of qualitative assessment of the unknown probability, and
the expected change in CDF for each initiator. Overall, the total CDF change associated with the issues
identified above is less than 1 x 106/Year and therefore, they are not risk-significant.

26.2 Modeling and Affected Sequences
The RHR pumps may vortex and entrain air if they are started when the sump inventory is inadequate.
Even if the pumps are successfully started, if the event requires containment spray, that spray pump may
gradually divert flow from the active sump to the inactive sump. As a result, air entrainment may occur
during late stages of sump recirculation. Any LOCA or feed-and-bleed scenario may require sump
recirculation. Therefore, the following core damage sequences are considered:
Sequence 1 - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs, Small pipe breaks) or Feed
and-bleed cooling - Early failure of sump recirculation

"* Small LOCA or feed-and-bleed cooling occurs;
"* Sump recirculation is required due to inability to depressurize RCS and establish RHR cooling;
"* Operator starts R-R pump even if the sump level is less than 15% of containment water level or 97%
of containment sump level;

"• RIR pumps entrain air due to vortexing when pumps start; and
"* RHR pumps fail due to vortexing
Sequence 2 - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs, Small pipe breaks) or Feed
and-bleed cooling- Late failure of sump recirculation
3
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"*
"*
"*
"*

Small LOCA or feed-and-bleed cooling occurs;
Sump recirculation is required due to inability to depressurize RCS and establish RHR cooling;
RHR pumps entrain air due to vortexing during long term operation; and
RHR pumps fail due to vortexing.

Sequence 3 - Medium LOCA - Early failure of sump recirculation

"* Medium LOCA occurs;
"* Operator starts RHR pump even if the sump level is less than 15% of containment water level or 97%
of containment sump level;
"* RHR pumps entrain air due to vortexing when the pumps start; and
"* RHR pumps fail due to vortexing
Sequence 4 - Medium LOCA - Late failure of sump recirculation

"* Medium LOCA occurs;
"* RHR pumps entrain air due to vortexing during long term operation; and
"* RHR pumps fail due to vortexing.
Sequence 5 - Large LOCA - Early failure of sump recirculation

"* Large LOCA occurs;
"* Operator starts RER pump even if the sump level is less than 15% of containment water level or 97%
of containment sump level;
"* RHR pumps entrain air due to vortexing when the pumps start; and
"* RHR pumps fail due to vortexing.
Sequence 6 - Large LOCA - Late failure of sump recirculation

"* Large LOCA occurs;
"* RHR pumps entrain air due to vortexing during long term operation; and
"* RHR pumps fail due to vortexing.

26.3 Frequencies, Probabilities, and Assumptions
Three analyses, two of which were performed by vendors sponsored by the licensee (Ref. 8, 9) and the
third analysis paid for by NRC (Ref. 10), provide the basis for many of the probabilities discussed in this
section.
Reference 8 is a MAAP4 analysis performed to determine the active sump conditions during a cold leg
recirculation following a double ended cold leg LOCA. Using an RWST inventory of 350,000 gallons
and an initial ice mass of 2.43E6 lbs, and factoring in communications between the active and the inactive
sumps below the 602'-10" level, the active sump level was determined to be 9.5 feet at the beginning of
4
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the switchover to recirculation. The calculation showed that the level would increase to 11 feet by the
time switchover is complete. The long term equilibrium level in the active sump is 7.8 feet. The
elevation 598'-9 3/8" is treated as the zero level. Therefore, the design basis required level (602'- 10")
equates to approximately 4 feet. This calculation used the original sump recirculation procedure that had
errors which could result in premature termination of injection from RWST during a design basis LOCA.
In conclusion, the analysis demonstrated that in spite of the several errors in the RWST level setpoints,
during a design basis LOCA, the active sump water level would have been well above the required limit
of 602'- 10" during the early and late phases of a large LOCA.
Reference 9 is a Fauske & Associates (FAI) calculation. This study showed that under design basis large
break LOCA and a spectrum of small break LOCAs, a proposed increase in total mass together with other
existing water sources would provide sufficient water in the sump. Even though the calculations were
performed with a proposed increase in the mass of ice rather than the mass of ice required by current
technical specifications, the calculations can be applicable to the "as-found" condition due to the
following. At the time of plant shutdown, the technical specifications required the ice weight to be
2,371,451 lbs. The proposed increase would require 2,590,000 lbs of ice. However, note that a non-QA
crude estimate of the weight of ice in the condenser showed 2.71 E6 lbs of ice in Unit I and 2.85E6 lbs of
ice in Unit 2. Since the weight of ice in the "as-found" condition exceeds the proposed ice mass,
calculations in Reference 9 have applicability to the "as-found" condition.
Reference 10 is a calculation performed by Science and Engineering Associates (SEA) for NRC. This
report provides results for two analyses; a 2 inch pipe break and a 6 inch pipe break. The 6-inch
scenarios showed that the containment water level would stay well above the minimum safe level, even in
the calculation that assumed the most conservative ice melt parameters. The limiting 2 inch break
showed that under conservative assumptions (no accumulator injection, break is in the annulus, CTS
sprays operate continuously, and ice dissolves slowly), the sump level could drop 3' below the minimum
safe level. However, the analyses concluded that this may be safe since (a) the minimum safe level was
established for run out flows rather than the 2-inch break flows, and (b) very conservative assumptions
were used.
Sequence I - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs, Small pine breaks) or Feed
and-bleed cooling- Early failure of sump recirculation

"

Small LOCA or feed-and-bleed cooling occurs - Rates of InitiatingEvents at U.S. Nuclear Power
Plants: 1987-1995 (Ref. 4) indicates that the frequency of small LOCAs (includes stuck open PORVs
and SRVs, RCP seal LOCAs, and small pipe breaks) is 9 x 10 3/year. Assuming the AFW reliability
at Cook was not significantly affected by other Cook issues related to AFW, the frequency of feed
and-bleed cooling scenario at Cook is negligible compared to the small LOCA frequency. Therefore,
the total frequency of small LOCAs and feed-and bleed cooling sequences is approximately 9 x 10
3/year.

"* Sump recirculation is required due to inability to depressurize and establish RHR cooling - Operating
experience shows that during most small LOCAs, the loss of coolant rates and the condition of the
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RCS allows the operators to depressurize and use RHR cooling. During the time period 1987-1995,
there were two stuck open SRV events (classified as small LOCAs in Ref. 4), and during both these
events, sump recirculation was not needed (Ref. 5, 6). During the event that occurred at Fort
Calhoun, approximately 21,500 gallons of RCS water was discharged from the RCS to the
containment. This is much less than the discharge required to demand ECCS sump recirculation.
During the event that occurred at Calvert Cliffs, only 5000 gallons of reactor coolant discharged to
the containment floor. During the TMI-2 event (March 28, 1979), a stuck open PORV released
271,000 gallons of RCS water to the sump. However, during the TAI-2 event, sump recirculation
was not demanded.
Two RCP seal LOCA events are discussed in Reference 4. During the 1975 May event at Robinson
Unit 2 (no LER, page 1-3 of Ref. 4), a total of 132,500 gallons of RCS water was released to the
containment sump before RHR cooling was established. The maximum leak rate was 500 gpm.
During this event, the sump recirculation function was not needed. During the event at Arkansas
Nuclear One Unit 1 (Ref. 7), approximately 60,000 gallons of water collected in the containment
before RHR cooling was established. The maximum leak rate was 300 gpm. The containment
pressure increased by 0.5 psi, at which time the reactor building containment coolers were put into
service. During this event, sump recirculation was not needed.
There have been no small pipe break LOCAs or feed-and-bleed cooling events in the industry. Feed
and-bleed cooling uses the pressurizer PORVs or SRVs to bleed RCS while injecting RCS with high
pressure injection. At D.C. Cook, the pressurize is equipped with three PORVs that are capable of
bleeding the RCS. Based on discussions with operations at D.C. Cook (Richard Stressed, June 30,
1999), using simulator exercises, the feed-and-bleed cooling can depressurize the reactor prior to
depleting the RWST. Therefore, the likelihood of cooling down the reactor with feed-and-bleed
cooling prior to requiring sump recirculation is assumed to be equal to the likelihood during a small
LOCA.
Using the Bays method and zero demands for sump recirculation during 5 small LOCAs, the
probability of requiring sump recirculation during a small LOCA is calculated to be 0.08 (½ events
on 6 demands).
0

Operator starts the RHR pump even if the sump level is less than 15% of containment water level or
97% of containment sump level - Step 1 of the EOP requires that the operators verify that the
containment water level is greater than 15% or containment sump level is greater than 97% prior to
transferring to sump recirculation. This assures at least a 599'-4" level of water in the sump. Even
though this level is lower than the minimum safe level for RHR and CTS pump run out flows, it is
adequate for low flow rates experienced during small break LOCAs. Therefore, for small LOCAs,
this procedural step can be credited as a defense.
Assuring adequate water level in the sump is the Step 1 of the EOP. Missing Step 1 of an EOP is not
likely. Reference 12 (Table 20-5) suggests 0.003 as the probability of failure to execute a step in the
procedure.
6
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"S RHR pumps entrain air due to vortexing when the pumps start - Break sizes less than 2 inches are
considered under small LOCAs. For small breaks this probability is negligible due to the following
reasons:
Reference 10 points out that for breaks less than 2" (Ref. 10 analyzed 1" and ½2 "breaks) the sprays
will not initiate until the ice depletes adding to the sump inventory. Without CTS, the flow rates
could be a few 100 gpm, and, at these flow rates, the velocity dependent RWST errors are essentially
absent. (A 2" break where the sprays initiate is discussed under medium LOCA).
As pointed out earlier, the minimum safe level was established for the condition in which both RHR
and CTS pumps incur run out flows. The total combined RHR and CTS flow is 15,600 gpm.
Following a small break without CTS, the total ECCS flow rate may be a few 100 gpm (Assume 1000
gpm). The Froude number, which is indicative of the potential for vortexing, can be used to explain
how the flow level required to prevent vortexing varies with the flow rate (or flow velocity). The
Froude number is proportional to the velocity and inversely proportional to the square root of the
level difference between the pump suction and water level. At 602'-10", the pump suction is
approximately 6' below the minimum water level of 602'-10". When the flow rate reduces from
15,600 to 1000 (nearly 1/16th), the level difference can reduce by a factor of 1/256 before the
identical Froude number (and thereby the same vortexing potential) is achieved. That is, at a few 100
gpm, having the suction pipe fully immersed may be adequate to prevent vortexing.

"* RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will
not immediately fail. The pumps can run for a limited period with air entrained, and indications in
the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the
pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end
vortexing and air entrainment. This capability to recover is not credited, and it is conservatively
assumed that the failure probability is 1.0.
Sequence 2 - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs, Small pipe breaks) or Feed
and-bleed cooling- Late failure of sump recirculation
*

Small LOCA or feed-and-bleed cooling occurs - Rates of InitiatingEvents at US. NuclearPower
Plants: 1987-1995 (Ref. 5) indicates that the frequency of small LOCAs (includes stuck open PORVs
and SRVs, RCP seal LOCAs, small pipe breaks) is 9 x 10-/year. Assuming, the AFW at Cook
reliability was not significantly affected by other Cook issues related to AFW, the frequency of feed
and-bleed cooling scenario at Cook is negligible compared to the small LOCA frequency. Therefore,
the total frequency of small LOCAs and feed-and bleed cooling sequences is 9 x 10-/year.

*

Sump recirculation is required due to inability to depressurize and establish RHR cooling - This
probability is estimated to be 0.08. The basis for this probability is discussed under Sequence 1.

SRHR pumps entrain air due to vortexing during long term operation - Sequence 1 showed why the
probability of this event is negligible for a small break LOCA at the time when RHR pumps need to
7

August 17, 1999

LER No. 315-97/017-01 and 316/97-005-01
be started to support sump recirculation. However, there is a potential for vortexing to occur in the
long-term operation since CTS will initiate after ice depletes and start transferring water from the
active sump to the inactive sump. Analysis of two small breaks (1" and V/2 ") documented in
Reference 9 shows that under both these breaks, the long-term equilibrium levels will provide
adequate sump levels to prevent vortexing. Reference 9 did not credit the penetrations in the crane
wail that tend to equalize the water levels in the active and passive sumps when the level exceeds
600'-7". Crediting these penetrations will make it even less likely that the active sump level fall
below 600'-7" in the long-term. As discussed in Sequence 1, this probability is negligible, especially
given the fact that at the low flow rates encountered, containment sump levels that are much lower
than minimum safe level are acceptable.
The total CTS and RER flow can be higher during long-term since CTS may be in operation due to
depletion of all the ice. Even if both CTS sprays operate, the total flow will be about 8000 gpm
(about /2 of total pump run out flows). At half of the flow velocity, the Froude number would
indicate an allowance to drop the elevation (difference between free surface and pump suction) by a
factor of 4. Since at 602'-10", the elevation is approximately 6', half of the flow will allow an
elevation of 1'-6", which equates to roughly 598'-4" as the minimum safe level.
RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will
not immediately fail. The pumps can run for a limited period with air entrained, and indications in
the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the
pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end
vortexing and air entrainment. This capability to recover is not credited, and it is conservatively
assumed that the failure probability is 1.0.
Sequence 3 - Medium LOCA - Early failure of sump recirculation

"* Medium LOCA occurs - Rates of InitiatingEvents at US. Nuclear Power Plants: 1987-1995 (Ref. 4)
indicates that the frequency of medium LOCAs is 4 x I 05 /year.

"

Operator starts the RHR pump even if the sump level is less than 15% of containment water level or
97% of containment sump level - Step I of the EOP requires that the operators verify that the
containment water level is greater than 15% or containment sump level is greater than 97% prior to
transferring to sump recirculation. This assures at least a 599'-4" level of water in the sump. Even
though this level is lower than the minimum safe level for RHR and CTS pump run out flows, it may
be adequate for most medium break LOCAs. However, for medium LOCAs, this step in the EOP is
not credited, and the failure probability is conservatively assumed to be 1.0.

"* RHR pumps entrain air due to vortexing when the pumps start - Medium break LOCAs include
breaks ranging from 2" to 6". Findings from References 9 and 10 on the 6" break analysis are
discussed under large LOCA. Further, detailed analysis on this issue has shown that the 2" break is
more limiting since a 2" break can occur in the annulus, and, as a result, break flow is discharged into
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the annulus or the reactor cavity rather than to the active sump. Therefore, the likelihood of this
event for a 2" break (limiting case of a medium break LOCA) is discussed below.
Reference 9 analyzed a 2" break LOCA in which RCS water was assumed to flow into the reactor
cavity rather than to the active sump. The accumulators were assumed to inject for this 2" break.
CTS was assumed to actuate and divert some flow to the inactive sump from the active sump. Under
this postulated scenario, the ice melt rate exceeded the water removal rate from the containment, and,
as result, active sump level continued to increase. After all the ice melted, the active sump level
decreased until the inactive sump filled and began to spill over to the active sump. The final active
sump equilibrium level was 604', which is 14" above the required minimum safe level.
Reference 10 analyzed a 2" break in the annular compartment. The accumulators were assumed to
not dump and the CTS sprays ran continuously, diverting flow from the active sump to the inactive
sump. The CTS sprays were not turned off, since the containment pressure remained slightly above
the 1.5 psig turnoff setpoint. Conservative ice melt parameters were used in this calculation (10% of
ice remaining even after 40 hours after the break). Under these assumptions, Figure 15 of Reference
10 shows that the water level in the sump would have been above the minimum safe level when the
RHR pumps needed to start taking suction from the containment sump (During this postulated event,
later on in the accident, the sump water level fell below the minimum safe level. This is discussed in
the next sequence). (It should also be noted here that the RWST level errors, which depend on the
flow velocity, are negligible for a 2" break.)
Based on the results of analyses of 6" break LOCAs (discussed under large LOCAs) and 2" break
LOCAs (discussed above), the probability of having a water level less than 602'- 10" at the time RHR
pumps must be started is negligible. Therefore, for a medium break LOCA the probability of this
event is negligible.
*

RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will
not immediately fail. The pumps can run for a limited period with air entrained, and indications in
the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the
pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end
vortexing and air entrainment. This capability to recover is not credited, and it is conservatively
assumed that the failure probability is 1.0.

Sequence 4 - Medium LOCA - Late failure of sump recirculation

"* Medium LOCA occurs - Rates of InitiatingEvents at U.S. NuclearPower Plants: 1987-1995 (Ref. 4)
indicates that the frequency of medium LOCAs is 4 x 105 /year.

"• RHR pumps entrain air due to vortexing during long-term operation -The probability of this event is
negligible.
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The limiting 2" break in the annulus analyzed in Reference 10 is summarized here to support the
above conclusion.
For a 2" break LOCA, under conservative assumptions on ice melt rates (10% of ice remains even
after 40 hours) and CTS sprays (sprays operate continuously, diverting flow from the active sump to
the inactive sump for 40 hours), the sump level can fall as much as 3' below the minimum safe level.
That is, the level may fall to approximately 599'-10" (See Figure 15 of Reference 10). However,
Reference 10 concludes that the probability of vortexing during this scenario is very low since the
minimum safe level was established for run out flow from CTS and RHR. Even though Reference 10
did not provide a basis for this conclusion, the following paragraph offers the possible explanation.
The total combined RHR and CTS flow is 15,600 gpm. Following a 2-inch break, the total ECCS
(CTS and RHR) flow rate is less than 8000 gpm. The Froude number is proportional to the velocity
and inversely proportional to the square root of the level difference between the pump suction and
water level. At 602'- 10", the free water surface is approximately 6' above the pump suction water
level. When the flow rate reduces from 15,600 to 8000 (nearly half), the level difference can reduce
by a factor of 4 before the identical Froude number (and thereby the same vortexing potential) is
achieved. That is, even if the water elevation is 1'-6" (i.e., the elevation is 598'-4"), vortexing is not
anticipated.
In addition to many of the conservatisms in the analysis that concluded the level could be 3' below the
minimum safe level, it ignored the holes in the crane wall (total area approximately 142 square
inches) that would allow water to flow back from the inactive sump to the active sump. These holes
(unless they get plugged up by debris) will allow water to return to the active sump and keep the
active sump level higher than the calculated value.
RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will
not immediately fail. The pumps can run for a limited period with air entrained, and indications in
the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the
pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end
vortexing and air entrainment. This capability to recover is not credited, and it is conservatively
assumed that the failure probability is 1.0.
Seguence 5 - Large LOCA - Early failure of sump recirculation

"* Large LOCA occurs - Rates of InitiatingEvents at US. NuclearPower Plants: 1987-1995 (Ref. 4)
indicates that the frequency of large LOCAs is 5 x 106/year.

"

Operator starts the RHR pump even if the sump level is less than 15% of containment water level or
97% of containment sump level - Step 1 of the EOP requires that the operators verify that the
containment water level is greater than 15% or containment sump level is greater than 97% prior to
transferring to sump recirculation. This assures at least a 599'-4" level of water in the sump. This
level is lower than the minimum safe level for RHR and CTS pump run out flows. Therefore, for
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large LOCAs, this procedural step in the EOP is not credited, and the failure probability is
conservatively assumed to be 1.0.
0

RHR pumps entrain air due to vortexing when the pumps start - Based on information provided in
References 8, 9, 10, and 11 the probability of this event is negligible. The probability of this event
for breaks ranging from 6" to design basis LOCA is discussed here.
Reference 8 has shown that during a design basis LOCA, in spite of RWST level errors, the active
sump level will be several feet above the design basis level. References 9 and 10 show that even
during other large LOCAs (greater or equal to 6"), even under conservative assumptions, the active
sump level will exceed 602'-.10". For these LOCAs, the rate of ice dissolution is sufficient to offset
any reduction in inventory from the RWST and diversions via the containment spray.

*

RHR pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will
not immediately fail. The pumps can run for a limited period with air entrained, and indications in
the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the
pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end
vortexing and air entrainment. This capability to recover is not credited, and it is conservatively
assumed that the failure probability is 1.0.

Sequence 6 - Large LOCA - Late failure of sump recirculation

"* Large LOCA occurs - Rates ofInitiatingEvents at U.S. Nuclear PowerPlants: 1987-1995 (Ref. 4)
indicates that the frequency of large LOCAs is 5 x 101/year.

"* RHR pumps entrain air due to vortexing during long term operation - There is a possibility that even
if the sump level was above 602'-10" when the sump recirculation begins, due to CTS operation or
the penetrations between the active sump and the inactive sump, the sump level may go below that
level after a period of time. The following discussions show that for large LOCAs this probability is
negligible.
Reference 8 shows that for a design basis LOCA, during the injection phase, the sump level continues
to increase during injection in spite of the penetrations and flow diversions via CTS since the injection
flow and the rate of inventory addition from ice dissolution exceed the rate of flow diversion. After, the
level peaks at 11 feet, the continuous flow diversion causes the level to reduce and stabilize at 7.8 feet.
Since the minimum required level for RHR and CTS run out flows (602'- 10") equates to approximately 4
feet, 7.8 feet allows adequate margin to prevent vortexing throughout the long term sump recirculation.
Figure 10 of Reference 10 shows how the containment sump level remains several feet above the
minimum safe level many hours after the accident. This reference states that even for a calculation
that assumes the most conservative ice melt parameters (30% ice remained when the calculation was
terminated at 40 hours), the calculated water level was three feet above the minimum safe level. This
calculation benefitted from the two realistic assumptions that (a) the break is in the lower containment
11
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since the annulus region does not contain 6" RCS piping, and (b) CTS was turned off 5.6 hours into
the accident when the containment pressure dropped below 1.5 psig.
SR.-R pumps fail due to vortexing - If the RHR pumps entrain air as a result of vortexing, they will

not immediately fail. The pumps can run for a limited period with air entrained, and indications in
the control room (e.g., fluctuating pump currents) may allow the operator to intervene (stop the
pumps) and avoid pump failure. Tripping of one of two pumps may cut down the flow rate and end
vortexing and air entrainment. This capability to recover is not credited, and it is conservatively
assumed that the failure probability is 1.0.

26.4 Core Damage Frequency Calculation or the Bounding Calculation
The frequency associated with the feed-and-bleed sequences depend on the resolution of other issues
affecting AFW and RHR cooling. To provide perspective on these sequences the following information
is provided.
If the resolution of issues results in no significant changes to AFW or RHR cooling failure probabilities,
the change in core damage frequency would be the sum of the following:
Sequence I - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs, Small Ripe breaks) or Feed
and-bleed cooling- Early failure of sump recirculation
(Frequency of small LOCA: 9 x 10 3/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x
(Probability of operator omitting Step 1 of EOP: 0.003) x
(Probability of RHR pumps entraining air due to vortexing when pumps start: negligible) x
(Probability of RHR pumps failing due to vortexing: 1.0) = 1.7 x 10"/year x probability of RHR pumps
entraining air. Since the unknown probability is negligible, the change in CDF is negligible.
Sequence 2 - Small LOCA (Stuck open PORVs or SRVs, RCP seal LOCAs. Small pipe breaks) or Feed
and-bleed cooling- Late failure of sump recirculation
(Frequency of small LOCA: 9 x 10"3/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x
(Probability of RHR pumps entraining air due to vortexing during long term operation: negligible) x
(Probability of RHR pumps failing due to vortexing: 1.0) = 5.8 x 104/year x probability of RHR pumps
entraining air. Since the unknown probability is negligible, the change in CDF is negligible.
Sequence 3 - Medium LOCA - Early failure of sump recirculation
(Frequency of medium LOCA: 4 x 10 5/critical year) x
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(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability of RHR pumps entraining air due to vortexing when pumps start: negligible) x
(Probability of RHR pumps failing due to vortexing: 1.0) = 3.2 x 105/year x probability of RHR pumps
entraining air. Since the unknown probability is negligible, the change in CDF is negligible.
Sequence 4 - Medium LOCA - Late failure of sump recirculation

(Frequency of medium LOCA: 4 x 10 5/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability of RHR pumps entraining air due to vortexing during long term operation: negligible) x
(Probability of RHR pumps failing due to vortexing: 1.0) = 3.2 x 105/year x probability of RHR pumps
entraining air. Since the unknown probability is negligible, the change in CDF is negligible.
Sequence 5 - Large LOCA - Early failure of sump recirculation

(Frequency of large LOCA: 5 x 106/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability of RHR pumps entraining air due to vortexing when pumps start: negligible) x
(Probability of RHR pumps failing due to vortexing: 1.0) = 4.0 x 101/year x probability of RHR pumps
entraining air. Since the unknown probability is negligible, the change in CDF is negligible.
Sequence 6 - Large LOCA - Late failure of sump recirculation

Frequency of large LOCA: 5 x 101/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability of RHR pumps entraining air due to vortexing during long term operation: negligible) x
(Probability of RHR pumps failingdue to vortexing: 1.0) = 4.0 x 10'/year x probability of RHR pumps
entraining air. Since the unknown probability is negligible, the change in CDF is negligible.
The summary of these sequences is provided in Table 1. As shown in Table 1, the change to the core
damage frequency associated with these issues, on their own, would not be risk-significant.
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Table 1
Sequence

Initiating Event
Frequency (IEF)

Product of IEF &
calculated
probabilities(3)

(1)

(2)

Unknown probabilities

Contribution to change in CDF

1. Small LOCA - early
recirculation failure

9 x 10 3/year

1.7 x 10-/year

negligible*

n/a

less than I x 10-

2. Small LOCA - late
recirculation failure

9 x 10 3/year

5.8 x 10 4/year

n/a

negligible*

less than I x 10.6

3. Medium LOCA - early
recirculation failure

4 x 10"S/year

3.2 x 10 5/year

negligible*

n/a

less than I x 10.6

4. Medium LOCA - late
recirculation failure

4 x I0-5/year

3.2 x 10"5/year

n/a

negligible*

less than 1 x 10.6

5. Large LOCA - early
recirculation failure

5 x 106/year

4 x 10"6/year

negligible*

n/a

less than I x 10.6

6. Large LOCA - late
recirculation failure

5 x 10-6 /year

4 x 10"6/year

n/a

negligible*

less than 1 x 10.6

(1) RHR pumps entrain air due to vortexing when pumps start
(2) RHR pumps entrain air due to vortexing during long-term operation
(3) Sequence frequency excluding (1) and (2) above.
* For the purposes of this analysis, all available information (operating experience or deterministic analysis) leads to the conclusion that the
event can not occur. The basis of this conclusion is provided in the discussion of the event.
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27.0 LER Nos. 315/97-018, 315/97-024, 315/98-012
Event Description:
Date of Event:
Plant:

1/4 Inch Particulate Requirement Not Maintained in
Containment Recirculation Sump
March 5, 1998
D.C. Cook, Units land 2

27.1 Summary of Issue
This issue addresses the cumulative impact of several conditions that had increased the likelihood of
failing the high pressure injection (HPI) system during the sump recirculation phase at D.C. Cook. The
impact of these conditions on the likelihood of failing the containment spray (CTS) system is also
addressed.
According to Reference 1, on September 5, 1997, it was determined that the 1/4 inch particulate retention
requirement for the containment recirculation sump was violated in 1978 due to an improper design
change. The 1/4 inch requirement ensures that debris which may be large enough to plug the CTS (size
3/8 inch) is not swept into the CTS header through the recirculation sump. The 1/4 inch requirement also
protects ECCS from foreign material during the sump recirculation phase. The safety injection and
centrifugal charging pumps are vulnerable to large debris due to tight clearances. Other components that
are vulnerable are safety injection needle valves and check valves throughout ECCS and CTS.
As shown in Figure 1, prior to the design change, a perforated plate installed inside the recirculation
sump and grating installed at the opening of the recirculation sump prevented debris from entering the
suction pipes for the residual heat removal (RHR) (during sump recirculation) and CTS. During the
design change, as shown in Figure 2, the perforated plate was moved. The particle retention capability
was retained only at the entrance to the recirculation sump. As shown in Figure 2, when the perforated
plate was removed, several pathways that could bypass the screens were created: (a) five 3/4 inch holes in
the upper roof of the recirculation sump, (b) gaps greater than 1/4 inch between the curb opening around
the recirculation sump entrance, (c) gaps greater than 1/4 inch in the lower containment sump cover
(particles larger than 1/4 inch may enter the lower containment sump which in turn could enter the
recirculation sump via the connecting 8" drain line), and (d) the 3" drain line from the ice condenser to
the containment sump. Figure 3 shows the communication paths between the recirculation sump,
containment sump, and the ice condenser.
The safety significance associated with these screen bypass paths exacerbated due to two other conditions
discovered at D.C. Cook. They are: (a) discovery of debris in the containment sump (Ref. 2), and (b)
discovery of debris in the ice condenser (Ref. 3, 4).
The changes to the core damage frequency (CDF) associated with this issue depends on the impact of
other issues on the RHR cooling and auxiliary feedwater (AFW) capabilities. The CDF associated with
1

August 26, 1999

LER No. 315/97-018, 315/97-024, 315/98-012
this issue, on its own, is summarized in Table 1. Table 1 summarizes the initiating event frequencies of
initiators that are affected by the debris in the sump, products of known probabilities and the frequency
for each initiator, summary of qualitative assessment of the unknown probability, and the expected
change in CDF for each initiator. Overall, the total CDF change associated with this issue is less than 1 x
10/Year and therefore, on its own, this issue is not risk-significant.

27.2 Modeling and Affected Sequences
During the design change, when the perforated plate was removed, four pathways that could bypass the
screens were created. They are: (a) the pathway through the five 3/4 inch holes in the upper roof of the
recirculation sump, (b) gaps greater than 1/4 inch between the curb opening around the recirculation
sump entrance, (c) gaps greater than 1/4 inch in the lower containment sump cover (particles larger than
1/4 inch may enter the lower containment sump which in turn could enter the recirculation sump via the
connecting 8" drain line), and (d) 3" drain line from the ice condenser to the containment sump. If debris
of large size (greater than 1/4 inch) bypasses the screen and enters the recirculation sump, during the
sump recirculation phase of a LOCA or feed-and-bleed cooling scenario, the debris may get ingested by
RHR pumps. Since RHR pumps are used with BPI pumps in piggy-back mode, the debris that passes
through the RHR pumps enters the HPI system. If large debris (greater than 1/4 inch) enters the HPI
system, then the HPI system may fail.
Therefore, for debris in the sump or the ice condenser to affect core damage sequences, an accident that
requires the sump recirculation function must occur. LOCAs of different sizes, and feed-bleed-cooling
sequences subsequent to transients or accidents require sump recirculation. For the ease of presenting
results of the analysis, multiple initiators (large LOCAs, medium LOCAs, small LOCAs, feed-and-bleed
cooling after transients, feed-and-bleed cooling after main steam line breaks inside containment, etc.)
were grouped into three classes: (a) large LOCAs, (b) medium LOCAs, and (b) small LOCAs and feed
and bleed sequences. These three groups were selected since the critical parameters such as ice
dissolution rates and the likelihood of the need to enter the sump recirculation vary between these three
classes.
Unlike small LOCAs, sump recirculation phase is essential for large and medium LOCAs, in order to
prevent core damage. In addition, for large and medium break LOCAs, the cross-tie capability cannot be
credited due to large uncertainties associated with time available to establish the cross-tie capability, and
the low probability of achieving success with the additional inventory of water available from the second
refueling water storage tank (RWST).
If large debris enters the recirculation sump, the CTS pumps may ingest that debris and fail that system
by clogging the spray nozzles. If CTS fails, the containment integrity can fail. Failure of the containment
integrity in turn could lead to sump recirculation failure.
Therefore, the six accident sequences considered in this analysis are:
Sequence I - Large LOCA and loss of HPI
2
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"* Large LOCA occurs;
"* Sufficient amount of debris in containment or ice condenser enters RHR pumps; and
"* Debris enters BPI system and fails HPI system.
Sequence 2 - Large LOCA and loss of CTS

"* LOCA occurs;
"* Sufficient amount of debris in containment or ice condenser enters CTS; and
"* Debris clogs CTS nozzles and fails CTS function.
Sequence 3 - Medium LOCA and loss of HPI

"* Medium LOCA occurs;
"* Sufficient amount of debris in containment or ice condenser enters RHR pumps; and
"* Debris enters BPI system and fails HIPI system.
Sequence 4 - Medium LOCA and loss of CTS

"* Medium LOCA occurs;
"* Sufficient amount of debris in containment or ice condenser enters CTS; and
"* Debris clogs CTS nozzles and fails CTS function.
Sequence 5 - Small LOCA (stuck open PORV or SRV, RCP seal LOCA, small pipe break or feed-and
bleed cooling) and loss of HPI

"*
"*
"*
"*
"*

Small LOCA or feed-and-bleed cooling occurs;
Sump recirculation is required due to inability to depressurize and establish RHR cooling;
Sufficient amount of debris in containment or ice condenser enters RHR pumps;
Debris enters HPI system and fails HPI system; and
HPI cross-tie from Unit 2 fails.

Sequence 6 - Small LOCA (stuck open PORV or SRV, RCP seal LOCA, small pipe break or feed-and
bleed cooling) and loss of CTS

"*
"*
"*
"*
"*

Small LOCA or feed-and-bleed cooling occurs;
Sump recirculation is required due to inability to depressurize and establish RHiR cooling;
Long-term containment heat removal is required to mitigate an accident;
Sufficient amount of debris in containment or ice condenser enters CTS pumps; and
Debris clogs CTS nozzles and fails CTS function.

27.3 Frequencies, Probabilities, and Assumptions
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Sequence 1 - Large LOCA and loss of HPI

"* Large LOCA occurs - Rates of InitiatingEvents at US. Nuclear Power Plants:1987-1995 (Ref. 5)
indicates that the frequency of large LOCAs is 5 x 10-6/critical year.

"

Sufficient amount of debris in containment or ice condenser enters RHR pumps - The likelihood of
generation and transport of debris from the containment or the ice condenser to the RHR or the CTS
pump suction is considered under this event. The likelihood of debris transport to the RHR pump
suction from two sources (sump and ice condenser) via four pathways (five 3/4" holes on
recirculation sump roof, gaps greater than 1/4 inch between the curb opening around the recirculation
sump entrance, lower containment sump cover gaps greater than 1/4 inch, and debris that may enter
the containment sump from the ice condenser via the 3" through the 8" line connecting the
containment sump and the recirculation sump) during a LOCA must be considered. The probability
of debris in containment or ice condenser entering the RHR or CTS pump suction cannot be
quantified. However, for reasons discussed below, it can be shown that only a small quantity of soft,
relatively small (less than 1") can arrive at the CTS or RHR pumps. Therefore, for large LOCAs this
probability is low. The bases of this conclusion are discussed below:
o

Debris from containment: The mechanisms associated with debris generation, transport, and
deposition are described below. Even if the debris is delivered.to the screens, they must find
their way into the sumps through gaps around the screen. The probability of this is low
except for debris that is small and soft (buoyant). The roof of the recirculation sump that
contains the five 3/4 inch holes is at an elevation of 604'- 11 3/8." Only buoyant debris
(since there is at least 10 minutes available for heavy debris to deposit) of small size (less
than 3/4 inch) can enter through these holes. Given the very small size (only 3/4 inches in
diameter and there are only 5 holes), the probability of debris entering through these holes is
low.
Debris Generation: Debris is generated in three phases of a large LOCA; initial blast
effect during pipe rupture, erosion during jet impingement, and pre-existing debris
such as dirt, dust, rust flakes, and failed coatings. All of these phases are applicable
to a large LOCA.
Debris Transport: Debris is transported by (a) blast forces within the containment,
(b) steam and air flows during the blow down phase, and finally (c) "washdown."
All of these transport methods will be available during a large LOCA. However,
there are many barriers that would prevent transport of debris to the suction of the
pumps.
Debris deposition: During a large LOCA, approximately 10 minutes may elapse
before sump recirculation is established. During this time, any heavy large debris
will deposit on the containment floor. Once debris is settled, unless high flow rates
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occur, the debris will not be transported. Therefore, the debris that is suspended and
available to block sump screens will be minimal.
Likelihood of debris depositing on screens versus passing through gaps: The soft
buoyant debris that arrives at the sump can either deposit on screens (and be held
there due to approach flow velocity) or go through one of the bypass paths. The
first bypass path, the five 3/4" holes on the roof of the recirculation sump, has a total
area of approximately 2 square inches. The size of the gaps around the screens is
unknown. Assuming a ½/2" all around the sump screen, the total area of the gap
would be 240 square inches (assuming a 480" periphery). Therefore, in
consideration of the size of the recirculation sump screen (the area of the 1/4" mesh
screen at the entrance to the containment sump is ignored in comparison to the
recirculation sump screen area), the probability of debris of undesirable size (greater
than 1/4 inch and less than size of gap around screen) is approximately 0.02.
0

Debris from the ice condenser: An additional source of debris was found in the ice
condenser. The nature and the volume of debris present were such that, if the debris could
be transported to the RHR or CTS pump suction, they may have capability to be ingested
and fail BPI or CTS. Material such as tape, gloves, coat wrap, plastic banding cloth, ice
basket coupling screws and screw heads, nuts and bolts, ice basket cruciforn wire, rope,
rags, wood paper, small and large tools were found in the Unit 1 ice condenser. There were
approximately three 55-gallon drums in the Unit 1 ice condenser. In order for the debris
described above to arrive at the RHR or CTS screens, the following events must occur:
The ice condenser baskets have 1" holes. The above debris must go through the 1"
holes. Therefore, debris (tools, tape rolls, plastic wraps etc.) that is greater than 1"
size will be trapped inside the ice condenser baskets (When the Unit 1 ice condenser
was thawed, most material that was considered as transportable to the sump stayed
inside ice baskets). Only the debris that was between ice baskets may go into the
containment sump.
-.

The debris that escapes the ice baskets must go through the floor grating (1.75"
opening).
Debris that passes through the above obstacles enters 12" drain line. From here,
debris must go through a 12" flapper valve in order to enter the lower containment
or enter a 3" drain line that has low points. All heavy small items (e.g., bolts) will
deposit along low points during this transport. As a result of the above described
tortuous path only light (less density than water) small (less than 1") debris can be
transported to the entrance of the RHR or CTS pumps.
If any debris enters the lower containment, it must find the way into the RHR or
CTS pumps suctions via the 3/4" holes either on the sump roof or through the gaps
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around screens. Both these are unlikely unless the debris is very small in size and
buoyant.
If any debris enters the containment sump via the 3" drain line, that debris must
move through an 8" line connecting the recirculation sump and containment sump.
This line is above the bottom of the containment sump. Then the debris must move
approximately 4' up in order to be ingested by the pumps.
0

Debris enters HPI system and fails HPI system - If debris enters the RHR suction, several events
must occur in order to fail the BPI system. The discussion above on the probability of debris entering
the RHR or CTS suction showed that (a) it is not credible for heavy large size debris to enter the RHR
pump suction, and (b) the probability of soft, small size debris entering the RHR or CTS pump
suction during a large LOCA is low. If soft debris enters the RHR pumps, they will pass through the
RHR pump impellers that are capable of grinding them to even smaller pieces. In order to fail the
HPI, the debris must escape this grinding activity while passing through the RHR pumps. Then, the
soft debris must deposit in valves. At the high flow rates and high discharge pressure, it is difficult
for soft debris of small size to clog valves. Since the debris is small in size and soft, and broken into
even smaller pieces by the RHR pumps, the HPI pumps will not fail. In consideration of all of the
above, the above probability is considered low.

Sequence 2 - Large LOCA and loss of CTS

"* Large LOCA occurs - Rates of InitiatingEvents at US. Nuclear Power Plants: 198 7-1995 (Ref. 5)
indicates that the frequency of a large LOCAs is 5 x 10"/critical year.

"* Sufficient amount of debris in containment or ice condenser enters CTS - This probability is low.
The bases of this conclusion are discussed under Sequence 1.

"* Debris clogs CTS nozzles and fails CTS function - This probability is negligible due to the following
reasons:
o

CTS at Cook has two 100% capacity trains. That is, with both trains operating, even if 50%
of the spray nozzles plugged, design pressure during the design basis LOCA (12 psig) will
not be exceeded.

o

The design basis pressure for the containment is 12 psig. However, the containment failure
is significantly greater than 12 psig. According to the Cook IPE, the high confidence
(greater than 95%) low probability (less than 5%) failure pressure is 36 psig.

o

It is already established that soft, buoyant, and small (small enough to pass through either the
3/4" holes or 1" strainers, or gaps around the sump screen) would enter the CTS pumps. The
CTS pumps are vertical centrifugal pumps with 600 HP. Therefore, they can handle this
debris without failing. In addition, when this debris passes through the CTS pump they will
6
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be grinded to small pieces. Given that the ramp bottom spray nozzles are 3/8", the soft
debris, after they pass through the CTS pumps will most likely be able to pass through the
CTS nozzles.
Sequence 3 - Medium LOCA and loss of HPI

"* Medium LOCA occurs - Rates of InitiatingEvents at U.S. Nuclear Power Plants: 198 7-1995 (Ref. 5)
5
indicates that the frequency of a medium LOCAs is 4 x 10 /critical year.

"* Sufficient amount of debris in containment or ice condenser enters RHR pumps - In Sequence 1, a

basis was provided to conclude that this probability is low. For medium LOCAs, the probability will
be even lower due to the following:
o

In comparison to a large LOCA, a longer time would elapse before establishing sump
recirculation. The longer time would permit additional debris deposition.

o

In comparison to a large LOCA, a medium LOCA would generate less debris during the
break.

o

Compared to a large LOCA, the relatively lower flow rates inside containment would reduce
the likelihood of debris transport.

"* Debris enters HPI system and fails HPI system - Due to reasons discussed under Sequence 1, this
probability is low.
Sequence 4 - Medium LOCA and loss of CTS
*

Medium LOCA occurs - Rates of InitiatingEvents at U.S. Nuclear PowerPlants: 1987-1995 (Ref. 5)
indicates that the frequency of medium LOCAs is 4 x 105 /Year.

*

Sufficient amount of debris in containment or ice condenser enters CTS - Due to the reasons
discussed under Sequence 3, this probability is considered low.

*

Debris clogs CTS nozzles and fails CTS function - For a medium LOCA also, this probability is
determined to be negligible. See discussion under Sequence 2 for the basis for this conclusion.

Sequence 5 - Small LOCA (stuck open PORV or SRV. RCP seal LOCA, small pipe break or feed-and
bleed cooling) and loss of HPI
*

Small LOCA or feed-and-bleed cooling occurs - Rates of InitiatingEvents at U.S. Nuclear Power
Plants:1987-1995 (Ref. 5) indicates that the frequency of small LOCAs (includes stuck open PORVs
3
or SRVs, RCP seal LOCAs, small pipe breaks) is 9 x 10" /critical year. Assuming, the AFW at D.C.
Cook reliability was not significantly affected by other D.C. Cook issues related to auxiliary feed
77
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water (AFW), the frequency of feed-and-bleed cooling scenarios at D.C. Cook is negligible compared
to the small LOCA frequency. Therefore, the total frequency of small LOCAs and feed-and bleed
cooling sequences is 9 x 10'/critical year.
0

Sump recirculation is required due to inability to depressurize and establish RHR cooling - Operating
experience shows that during most small LOCAs, the loss of coolant rates and the condition of the
reactor coolant system (RCS) allows the operators to depressurize and use RHR cooling. During the
time period 1987-1995, there were two stuck open SRV events (classified as small LOCAs in Ref. 5)
and during both these events, sump recirculation was not needed (Ref. 6, 7). During the event that
occurred at Fort Calhoun (1992), approximately 21,500 gallons of RCS water was discharged from
the RCS to the containment. This is much less than the discharge required to demand ECCS sump
recirculation. During the event that occurred at Calvert Cliffs (1994), only 5000 gallons of reactor
coolant discharged to the containment floor. During the TMI-2 event (1979), 271,000 gallons of
RCS water was released to the sump. However, during the TMI-2 event sump recirculation was not
demanded.
Two RCP seal LOCA events are discussed in Reference 5. During the May 1975 event at Robinson
Unit 2 (no LER, page 1-3 of Ref. 5), a total of 132,500 gallons of RCS water was released to the
containment sump before RHR cooling was established. The maximum leak rate was 500 gpm.
During this event, the sump recirculation function was not needed. During the event at Arkansas
Nuclear One (Ref. 8), approximately 60,000 gallons of water collected in the containment before
RHR cooling was established. The maximum leak rate was 300 gpm. The containment pressure
increased by 0.5 psi at which time the reactor building containment coolers were put into service.
During this event, sump recirculation was not needed.
There have been no small pipe break LOCAs or feed-and-bleed cooling events in the U.S. operating
experience. Feed-and-bleed cooling uses the pressurizer PORVs or SRVs to bleed RCS while
injecting RCS with high pressure injection. At D.C. Cook, the pressurizer is equipped with three
PORVs that are capable of bleeding the RCS. Based on simulator exercises, the feed-and-bleed
cooling can depressurize the reactor prior to depleting the RWST. Therefore, the likelihood of
cooling down the reactor with feed-and-bleed cooling prior to requiring sump recirculation is
assumed to be equal to the likelihood during a small LOCA.
Using the Bayes method and a Jeffery's non-informative prior, zero demands for sump recirculation
during 5 small LOCAs, the probability of requiring sump recirculation during a small LOCA is
calculated to be 0.08 ('A event on 6 demands).

*

Sufficient amount of debris in containment or ice condenser enters RHR pumps - Under Sequence 1,
this probability was concluded to be low and a basis was given for that conclusion. For a small
LOCA, the following additional factors make the probability of this event negligible:

'Based on discussions with operations at D.C. Cook (Richard Strasser 6/30/99)
8
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0

Debris Generation: Debris is generated in three phases of a LOCA; initial blast effect during
pipe rupture, erosion during jet impingement, and pre-existing debris such as dirt, dust, rust
flakes, and failed coatings. During a stuck open PORV or SRV or a feed-and-bleed cooling
scenario, the liquid enters the quench tank and release from the ruptured disk. During an
RCP seal LOCA, the primary coolant exits through RCP seals. Small breaks are breaks less
than 2" and the zone of influence (area in which the break causes debris generation) for such
breaks are relatively small. Therefore, for small LOCAs, the initial shock waves, and jet
impingement effects are absent or minimal. As a result, the amount of debris created during
a small LOCA would be much less than that created during a medium LOCA or a large
LOCA. That is, the probability of creating a significant amount of debris is low.

o

Debris Transport Debris is transported by (i) blast forces within the containment, (ii) steam
and air flows during the blow down phase, (iii) and finally transported by water or
"washdown." Since for most LOCAs, primary water is released from the quench tank, or
RCP seal LOCAs, the amount of debris transported by the first two mechanisms is low. For
most LOCAs, CTS spray may not be demanded. This reduces the amount of debris
transported by "wash down."

o

Debris deposition: During a small LOCA, the rate at which the loss of coolant occurs is low.
During the Fort Calhoun event, the leak rate was 200 gpm. A total of approximately 21,500
gallons was released to the containment sump. The Calvert Cliffs event resulted in a
maximum leak rate of 25 gpm and a total of approximately 5000 gallons was released to the
containment. The Tech Spec required inventory of RWST inventory at Cook is 350,000
gallons. Therefore, during a small LOCA event at D.C. Cook, many hours may elapse
before recirculation is required. If any debris was generated and transported, there would be
ample time for debris to settle. Once debris is settled, the debris will not be transported.
During a small LOCA, the flow rates inside the containment will be low (except in locations
where there are flow restrictions). Therefore, the debris that is suspended and available to
block sump screens will be minimal.

*

Debris enters HPI system and fails HPI system - Due to reasons discussed under Sequence 1, this
probability is low.

*

Cross-tie from Unit 2 fails - The D.C. Cook station has two RWSTs (One RWST dedicated to each
unit). The RWSTs have cross-tie capability. In the event of sump recirculation failure during a small
LOCA, the cross-tie can be aligned to add borated water to RCS. The additional RCS inventory of
350,000 gallons will provide additional time to continue depressurizing and cooling down the RCS.
In order to cross-tie the RWSTs, the following actions must be performed: (a) recognize need to
cross-tie (sump recirculation failure and failure to recover by securing and restarting the pump that
cavitates), and (b) change valve alignments to inject from the other unit's RWST. Both of the above
actions must be accomplished prior to core uncovery. The time available to core uncovery is
significantly impacted by the decay heat levels when the sump recirculation function is demanded
and failed due to debris ingestion.
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Based on the Cook IPE (Ref. 9), 100 minutes elapse before sump recirculation is needed. Therefore,
if the sump recirculation fails during a small LOCA, it will happen a few hours into the accident, and
the decay heat levels would be relatively low. At low decay heat level, there will be adequate time to
cross-tie the other unit's RWST. In the absence of significant details on the steps that the operators
would follow to align the second unit's RWST, a probability of 0.34 is used for failure probability.
In the accident sequence precursor (ASP) analysis, a 0.34 recovery probability is used for those
failures that appears recoverable in the period at the failed equipment rather than from the control
room, given that the equipment was accessible (Ref. 10). Even though the Cook IPE does not
provide a failure probability for the cross-tie of RWST, it does provide failure probabilities for
several other cross-ties. For example, cross-tie of CVCS is assigned a failure probability of 2.2 x 10.2
for a loss of component cooling water scenario and failure probability of 0.29 forthe loss of
emergency service water (ESW) scenario. In comparison to these numbers, use of 0.34 for the
RWST cross-tie is reasonable.
Sequence 6 - Small LOCA (Stuck Open PORV or SRV. RCP seal LOCA. small pipe break or feed-and
bleed cooling) and loss of CTS

"* Small LOCA or feed-and-bleed cooling occurs - Rates of InitiatingEvents at U.S. Nuclear Power

Plants: 1987-1995 (Ref. 5) indicates that the frequency of small LOCAs (includes stuck open PORVs
3
or SRVs, RCP seal LOCAs, or small pipe breaks) is 9 x 10 /critical year. Assuming, the AFW
reliability at Cook was not significantly affected by other Cook issues related to AFW, the frequency
of a feed-and-bleed cooling scenario at Cook is negligible compared to the small LOCA frequency.
Therefore, the total frequency of small LOCAs and feed-and bleed cooling sequences is 9 x 10
S/critical year.

"* Sump recirculation is required due to inability to depressurize and establish RHR cooling - This
probability is 0.08. The basis for this probability is discussed under Sequence 1 above.

"

Long-term containment heat removal is required to mitigate an accident - It is assumed that any
accident that requires sump recirculation will require CTS for long-term containment heat removal.
Therefore, this probability is assumed to be 1.0.

"* Sufficient amount of debris in containment or ice condenser enters CTS pumps - For reasons
discussed in Sequence 5, this probability is negligible for a small LOCA.

"* Debris clogs CTS nozzles and fails CTS function - This probability is negligible. The basis for this

conclusion is discussed under Sequence 2 (large LOCA). The probability of this event will be lower
for a small LOCA compared to large LOCA since the likelihood of demanding CTS spray during
small LOCAs is low. (At Cook, the ice condenser starts providing cooling after the containment
pressure reaches 0.5 psig. Also, the auto start pressure of the CTS sprays at Cook is 2.9 psig.).

10
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27.4 Core Damage Frequency Calculation or the Bounding Calculation
The frequency associated with the feed-and-bleed sequences depend on the resolution of other issues
affecting AFW and RHR cooling. To provide perspective on these sequences the following information
is provided.
If the resolution of issues results in no significant changes to AFW or RHR cooling failure probabilities,
the change in core damage frequency would be the sum of the following:
Sequence 1 - Large LOCA and loss of HPI
(Frequency of large LOCA: 5 x 1O/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability that sufficient amounts of debris in containment or ice condenser enters RHR pumps: low) x
(Probability of debris entering the RHR system and failing the RHR system: low) = 4.0 x 106/Year x (a
low probability) x (another low probability). Since the unknown probabilities are low, the change in CDF
is less than 1 x 101.
Sequence 2 - Large LOCA and loss of CTS
(Frequency of large LOCA: 5 x 101/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability that sufficient amounts of debris in containment or ice condenser enters CTS pumps: low) x
(Probability of debris entering the CTS system and failing the CTS system: negligible) = 4.0 x 10'/Year x
(a low probability) x (a negligible low probability). Since the unknown probabilities are low or
negligible, the change in CDF is less than 1 x 10".
Sequence 3 - Medium LOCA and loss of HPI
(Frequency of medium LOCA: 4 x 10 5/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability that sufficient amounts of debris in containment or ice condenser enters RHR pumps: low) x
5
(Probability of debris entering the RHR system and failing the RHR system: low) = 3.2 x 10 /Year x (a
low probability) x (another low probability). Since the unknown probabilities are low, the change in CDF
is less than 1 x 101.
Sequence 4 - Medium LOCA and loss of CTS
(Frequency of medium LOCA: 4 x 10 5/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability that sufficient amounts of debris in containment or ice condenser enters CTS pumps: low) x

11
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5
(Probability of debris entering the CTS system and failing the CTS system: negligible) = 3.2 x 10 /Year x
(a low probability) x (a negligible probability). Since the unknown probabilities are low or negligible, the
change in CDF is less than 1 x 101.

Sequence 5 - Small LOCA (stuck open PORV or SRV, RCP seal LOCA, small pipe break or feed-and
bleed cooling) and loss of HPI
(Frequency of small LOCA or feed and bleed cooling event: 9 x 10 3/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability of sump cooling is required due to inability to depressurize and establish RHR cooling: .08) x
(Probability that sufficient amounts of debris in containment or ice condenser enters RHR pumps:
negligible)
(Probability of debris entering the HPI system and failing the BPI system: low) x
(Probability of cross-tie from Unit 2 fails: 0.34) = 1.9 x 10'/Year x (a low probability) x (a negligible
probability). Since the unknown probabilities are low or negligible, the change in CDF is less than 1 x
10-6.

Sequence 6 - Small LOCA (stuck open PORV or SRV, RCP seal LOCA, small pipe break or feed-and
bleed cooling) and loss of CTS
3
(Frequency of small LOCA or feed and bleed cooling event: 9 x 10 /critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability of sump cooling is required due to inability to depressurize and establish RHR cooling: .08) x
(Probability that long term heat removal requires CTS pumps: 1.0) x
(Probability that sufficient amounts of debris in containment or ice condenser enters RHR pumps:
negligible)
(Probability of debris entering the CTS system and failing the CTS system: negligible) x
'(Probability of cross-tie from Unit 2 fails: 0.34) = 1.9 x 104/Year x (a negligible probability) x (another
negligible probability). Since the unknown probabilities are negligible, the change in CDF is less than 1
x 10'.

The summary of these sequences is provided in Table 1. As shown in Table 1, the change to the core
damage frequency associated with this issue, on its own, would not be risk-significant.
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Table 1
Sequence

Initiating Event
Frequency (LEF)

Contribution to change in
CDF

Product of IEF &

Unknown probabilities

calculated
probabilities (6)

(1)

(2)

(3)

1. Large LOCA & HPI

5 x 10"6/Year

4 x 10-6/Year

low*, 4

low** 4

n/a

less than 1 x 10-6

2. Large LOCA & CTS

5 x 10"6/Year

4 x 106/Year

low**

n/a

negligible*

less than 1 x 10.6

3. Medium LOCA &
HPI

4 x 10 5/Year

3.2 x 105/Year

low*",

low**'

n/a

less than 1 x 10.6

4. Medium LOCA &
CTS

4 x 10o'/Year

3.2 x 105/Year

n/a

negligible*

less than 1 x 10.6

5. Small LOCA & HPI

9 x 10"/ Year

1.9 x 104/Year

negligible*

low**

n/a

less than 1 x 10.6

6. Small LOCA & CTS

9 x 10-/Year

1.9 x 10-/Year

negligible*

n/a

negligible*

less than I x 10.6

(1) Sufficient amount of debris in containment or ice condenser enters RHR or CTS pump suction
(2) Debris enters HPI system and fails HPI system
(3) Debris clogs CTS nozzles and fails CTS function
(4) The product of these two low probabilities is assumed to be less than 0.25
(5) The product of these two low probabilities is assumed to be less than 0.03
(6) Sequence frequency excluding (1), (2), and (3) above
* For the purposes of this analysis, "negligible" implies that all available information (operating experience or deterministic analysis) leads to
the conclusion that the event can not occur. The basis of this conclusion is provided in the discussion of the event.
** For the purposes of this analysis, "low" probability implies that available information (operating experience or deterministic analysis) can not
rule out occurrence of the event. However, several low probability barriers must be overcome for the event to occur. The basis of this
conclusion is provided in the discussion of the event.
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LER No. 315/97-024-04

28.0 LER No. 315/97-024-04
Event Description:

Date of Event:
Plant:

Material Discovered in Containment Degrades Containment
Recirculation Sump and Results in Condition Outside Design
Basis
September 17, 1997
D.C. Cook, Units land 2

28.1 Summary of Issue
LER 315/97-024-04 (Ref. 1) reported the discovery of a fibrous material known as Fiberfrax in an
electrical cable tray inside the Unit 2 containment. Subsequent investigations revealed the existence of
this material in Unit 1 containment as well. It was determined that quantity of material present in Unit 1
and Unit 2 containments had the potential to cause excessive blockage of the containment recirculation
sump screen during the recirculation phase of an accident rendering the sump inoperable. Investigations
determined that the fibrous material resulted from design changes that installed fire stops in 12 cable trays
in the Unit 1 containment and 15 cable trays in the Unit 2 containment. The installation procedure used
during the design implementation did not require removal of the fibrous material from the containment
after completion of the change. Walkdowns identified other material which could block the sump screen
during sump recirculation. A fibrous insulation material known as Temp-Mat was identified in several
areas in the containment annulus (inactive sump) and the lower volume (active sump). Miscellaneous
materials such as tape, labels and equipment stored in the containments were also identified as potential
contributors to the sump clogging. In addition, a limited amount of unqualified coatings was identified as
well as some coatings that lacked suitable adhesion. Section b. 1 and b.2 of Reference 2 (NRC Inspection
Report on fibrous material in containment) provide details on the quantity of debris found inside the Unit
1 and Unit 2 containments.
Both Unit 1 and Unit 2 containments have ice condensers. Reference 3 reported the discovery of
additional debris inside these ice condensers. According to Reference 3, debris was found in a sample of
ice from the ice condenser system. When the whole Unit 1 ice condenser was thawed, three 55-gallon
drums of debris were collected. Since ice dissolves during a loss-of-coolant accident (LOCA), the debris
trapped in the ice could have exacerbated the fibrous material condition.
The changes to the core damage frequency (CDF) associated with this issue, on its own, are summarized
in Table 1 (See page 18). Table 1 summarizes the initiating event frequencies of initiators that are
affected by the debris in sump, product of known probabilities and the frequency associated with each
initiator, summary of qualitative assessment of the unknown probability, and the expected change in the
CDF for each initiator. Overall, unless the issues associated with the residual heat removal (RHR) system
or the auxiliary feedwater (AFW) system significantly affects the functionality of those systems (which
would increase the feed-and-bleed scenario frequency), the total CDF change associated with this issue,
on its own, is less than I x 106/year. Therefore, on its own, this issue is not risk significant.
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28.2 Modeling and Affected Sequences
During a LOCA, fibrous material and other debris is generated initially during the blast effects and the
initial shock wave resulting from the pipe rupture. Additional debris will be generated during blowdown,
due to jet impingement. Particles of corrosion products may also be released as a result of the LOCA or
they may exist in the sump as "sludge." Furthermore, loose materials that are present in the containment
such as loose paint coatings are a possible source of debris. The debris generated during a LOCA is
transported in three phases. Initially, the debris will be distributed by blast forces within the containment.
During blowdown, the debris will be transported by steam and air flow. Finally debris will be transported
by water as "washdown" occurs. During washdown, the transport depends on whether the containment
spray system is activated or not.
Any accident sequence that demands sump recirculation will be affected by the potential to clog the sump
screen by material in the containment. Large, medium, and small LOCAs can generate sump debris and
transport them to the sump. In order to recognize the difference in the debris generation potential for
reactor coolant system (RCS) inventory losses via the quench tank and also to differentiate between the
location of the break with respect to the RCS hot legs, the three types of small LOCAs [stuck open safety
relief valves (SRVs) or power-operated relief valves (PORVs), reactor coolant pump (RCP) seal LOCAs,
and small pipe breaks] are treated separately.
Depending upon the break location and size, a small LOCA may be mitigated by cooling down and using
In
residual heat removal (RHR) cooling before the depletion of the refueling water storage tank (RWST).
cooled
and
depressurized
be
can
fact, past operating events show that during small LOCAs, reactors
down without entering the sump recirculation phase. This capability is credited in the small LOCA and
feed-and-bleed accident sequences. Due to rapid loss of the RWST and low likelihood of re-filling the
RCS, the large and medium LOCAs will always require sump recirculation after successful injection.
no
Clogging of suction strainers does not always lead to non-recoverable pump failures. Even though
actual experience is available on Pressurized Water Reactors (PWRs), past events at Boiling Water
by
Reactors (BWRs) provide insights to the behavior of RHR pumps when the screens are clogged up
the
experience,
past
on
debris. Therefore, a recovery factor will be added to the sequences. Based
debris.
recovery actions include (a) securing and re-starting pumps, or (b) continuing to run pumps with
This
At D.C. Cook, the RWST of one unit can be cross tied and used to feed the RCS of the second unit.
the
depressurize
additional source of borated water would provide additional time to cool down and
reactor for small LOCA sequences. Since the RCS cannot be refilled in a timely manner to establish
RHR cooling, medium LOCAs and large LOCAs cannot credit the cross-tie capability.
is used
Transient events where the steam generator cooling function is failed and feed-and-bleed cooling
Feed-and
to remove decay heat may eventually need sump recirculation when the sump debris depletes.
(MFLBs)
breaks
line
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bleed cooling sequences resulting from main steam
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inside the containment needs to be considered separately from other feed-and-bleed sequences since
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initiating event (steam line or feed line break) can result in increased debris generation compared to the
feed-and-bleed sequences associated with other transients.
Clogging of the sump screens can cause net positive suction head (NPSH) problems for containment
spray (CTS) pumps as well as for the RHR pumps. CTS pumps are used to remove heat from the
containment in the long-term operation (ice condensers complement the CTS sprays until all ice is
melted). Failure of the CTS pumps could lead to overpressurizing the containment, and this in turn could
challenge containment integrity and sump recirculation capability. However, CTS pumps are not
considered in the accident sequences since the CTS pumps have much higher margins compared to the
RHR pumps. At the design flow rate of 4600 gpm, assuming a pool 4' deep, the RHR pumps have a
NPSH margin of 9'. At its design flow rate of 3200 gpm, the CTS pumps have a NPSH margin of 20'.
(Ref. 12). Therefore, when head losses occur as a result of debris clogging up the screens, the RHR
pumps will fail before the CTS pumps. There can be situations where during some small LOCA or feed
and-bleed sequences where only CTS pumps rather than RHR pumps are needed. For example, during
small LOCAs, the CTS pumps may be demanded before the RHR pumps since the containment pressure
can reach the CTS automatic actuation set point (2.9 psig) before the RWST level drops to a level that
requires establishing sump recirculation. However, the discussion of small LOCA sequences shows that
debris generation, and transport during these sequences do not allow adequate debris buildups and head
losses to challenge the 20' NPSH margin available to CTS pumps (Ref. 12).
Therefore, the sequences of interest are as follows:
Sequence I - Stuck Open PORVs or SRVs

"*
"*
"*
"*
"*

Stuck open PORV or SRV occurs;
Sump cooling is required due to inability to depressurize and establish RHR cooling;
Screen clogs up during recirc and causes a head loss across screen resulting R}HR pump cavitation;
Operator fails to recover RHR pumps or continue flow in degraded condition; and
Cross-tie from Unit 2 fails.

Sequence 2 - Feed-and-bleed cooling (except those resulting from MSLB & MFLB inside containment)

"*
"*
"*
"*
"*

Feed-and-bleed cooling occurs;
Sump cooling is required due to inability to depressurize and establish RHR cooling;
Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation;
Operator fails to recover RHR pumps or continue flow in degraded condition; and
Cross-tie from Unit 2 fails.

Sequence 3 - Feed-and-bleed cooling associated with MSLB & MFLB inside containment

"* Following a MSLB & MFLB inside containment event, feed-and-bleed cooling occurs;
"* Sump cooling is required due to inability to depressurize and establish RHR cooling;
"• Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation;
3
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* Operator fails to recover RHR pumps or continue flow in degraded condition; and
* • Cross-tie from Unit 2 fails.
Sequence 4 - RCP seal LOCAs

"*
"*
"*
"*
"*

RCP seal LOCA occurs;
Sump cooling is requiied due to inability to depressurize and establish RHR cooling;
Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation;
Operator fails to recover RHR pumps or continue flow in degraded condition; and
Cross-tie from Unit 2 fails.

Sequence 5 - Small pipe break LOCA

"*
"*
"*
"*
"*

Small pipe break LOCA occurs;
Sump cooling is required due to inability to depressurize and establish RHR cooling;
Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation;
Operator fails to recover RHIiR pumps or continue flow in degraded condition; and
Cross-tie from Unit 2 fails.

Sequence 6 - Medium or large LOCA

"* Medium or Large LOCA occurs;
"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation;
and
"* Operator fails to recover RHR pumps or continue flow in degraded condition.

28.3 Frequencies, Probabilities, and Assumptions
Sequence 1 - Stuck Open PORVs or SRVs

"* Stuck open PORV or SRV occurs - Rates of InitiatingEvents at US. Nuclear Power Plants: 1987
1995 (Ref. 14) indicates that the frequency of stuck open PORVs and SRVs at PWRs is 6 x 10 /
critical year.

"* Sump cooling is required due to inability to depressurize and establish RHR cooling - Operating
experience shows that during a stuck open SRV or a PORV the leak rates and the condition of the
RCS allows the operators to depressurize and use RHR cooling. During the time period 1987-1995,
there were two stuck open SRV events and during both these events, sump recirculation was not
needed (Ref. 4, 5). During the event that occurred at Fort Calhoun, approximately 21,500 gallons of
RCS water was discharged from the RCS to the containment. This is much less than the discharge
required to demand emergency core cooling system (ECCS) sump recirculation. During the event
that occurred at Calvert Cliffs only 5000 gallons of reactor coolant discharged to the containment
floor. During the TMI-2 event (3/28/79), a stuck open PORV released 271,000 gallons of RCS water
4
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to the sump. However, even during the TMI-2 event sump recirculation was not demanded. In
addition to these events, during 2 RCP seal LOCA events (see sequence 4 for the details of the RCP
seal LOCAs), the operators were able to successfully depressurize the RCS and establish RHR
cooling. Since there were zero needs for sump recirculation during five occasions, using the
Bayesian method the probability of requiring ECCS sump recirculation is estimated at 0.08 (2 sump
recirculation events during 6 events).
S

Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation
Whether the screen can clog up during sump recirculation depends on (a) the amount of debris
generated during this small LOCA, (b) the amount of debris transported to the recirculation sump,
and (c) the amount of debris that would eventually deposit on the sump screen.
0

Debris Generation Debris is generated in three phases of a LOCA; initial blast effect during
pipe rupture, erosion during jet impingement, and pre-existing debris such as dirt, dust, rust
flakes, and failed coatings. During a stuck open PORV or SRV, the liquid enters the quench
tank and releases from there. The initial shock waves and jet impingement effects are
absent. As a result, there is consensus (Ref. 6, 7, 8) that the amount of debris created by this
small LOCA is much less than that created during a medium LOCA or a large LOCA.
Therefore, the probability of creating a significant amount of debris is negligible.

0

Debris Transport Debris is transported by (i) blast forces within the containment, (ii) steam
and air flows during the blowdown phase, (iii) and finally transport by water or
"washdown." Since RCS water is released from the quench tank, the amount of debris
transported by the first two mechanisms is low. At D.C. Cook, the containment spray
actuates at 2.9 psig. Therefore, the possibility of spray actuation cannot be ruled out for
breaks classified under stuck open SRVs and stuck open PORVs, even though during the
actual two events at Fort Calhoun and Calvert Cliffs (Ref. 4 and 5) that form the basis for
this initiating event frequency, spray actuation did not occur. If the sprays actuate, that
would enhance transport of debris.

o

Debris from the ice condenser At Cook, an additional source of debris was present since
there was debris trapped in the ice condenser. The nature and the volume of debris present
were such that, if the debris could be transported to the sump screens, it had the potential to
block the screens. Material such as tape, gloves, coat wrap, plastic banding cloth, ice basket
coupling screws and screw heads, nuts and bolts, ice basket cruciform wire, rope, rags,
wood, paper, and small and large tools were found in the Unit 1 ice condenser. There were
approximately three 55-gallon drums of debris in the Unit 1 ice condenser. In order for the
debris described above to deposit on the screen the following events must occur:
The ice condenser baskets have I" holes. The above debris must go through the 1"
holes. Therefore, debris (tools, tape rolls, plastic wrap, etc.) that is greater than 1" in
size will be trapped inside the ice condenser baskets (When the Unit 1 ice condenser
was thawed, most of the material that was considered as transportable to the sump
stayed inside ice baskets). Only during a large LOCA can one postulate blowdown
5
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forces large enough to send the material trapped inside ice baskets up the 48' tall ice
baskets. Even if material travels up the 48' ice baskets, it must go through upper
deck grating, and over to and down the refueling cavity drains.
Debris that escaped the ice baskets and the debris outside of the ice condenser must
go through the floor grating (1.75" opening).
Debris that passes through the above obstacles enters a 12" drain line. From here,
debris must go through a 12" flapper valve in order to enter the lower containment
or enter a 3" drain line that has low points. Any debris that enters the 3" line will
bypass the screens. All heavy small items (e.g., bolts) will deposit along low points
during this transport.
As a result of the above described tortuous path only light (less density than water)
small (less than I ") debris can be transported from the ice condenser to the sump,
and the contribution from this material to the sump clogging is negligible.
0

Debris deposition During a stuck open PORV or SRV, the rate at which the loss of coolant
occurs is relatively low. During the two events at Fort Calhoun and Calvert Cliffs, the flow
rates were as follows: During the Fort Calhoun event, the leak rate was 200 gpm. A total of
approximately 21,500 gallons was released to the containment sump. The Calvert Cliffs
event resulted in a maximum leak rate of 25 gpm and a total of approximately 5000 gpm was
released to the containment. The Tech Spec required RWST inventory at Cook is 350,000
gallons. Even though RWST depletion may occur due to CTS (CTS starts when the
containment pressure reaches 2.9 psig) CTS will be turned off when the pressure reaches 1.5
psig. Furthermore, an ice condenser door will open at 0.5 psig. The overall impact is low
likelihood of CTS demand during small breaks. In fact, for breaks smaller than 2", the
sprays may not actuate until all of the ice in the ice condensers melt. Therefore, during a
stuck open PORV or an SRV event at D.C. Cook, many hours will elapse before
recirculation is required. If any debris was generated and transported, there would be ample
time for the debris to settle. Once debris is settled, unless high flow rates occur, the debris
will not be transported. During small LOCAs, the flow rates inside the containment will be
low (except in locations where there are flow restrictions). Therefore, the debris that is
suspended and available to block sump screens will be minimal.

o

Head Loss at sump The NPSH required for the RHR pumps depend upon many parameters
that include the following: Design characteristics of pump, Pump speed (NPSH required
increases with speed), Pump flow rate (NPSH required increases with flow rate), and Liquid
temperature (NPSH required decreases with increasing temperature). During a stuck open
PORV or an SRV event, even if the sump recirculation function was demanded, it would
occur late in the accident (hours or days after the event) when the decay heat levels are low.
Therefore, the flow rates required to cool the core would be relatively low. As a result, the
NPSH required at pump suction will be low during a small LOCA. In addition, since the
flow rates across the screen are low, the head loss across the screen would be smaller than
what is required during a large LOCA. For example, based on analysis performed and
documented by the licensee in Reference 12, the head loss across the sump screen is 9 ft6
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water at 15,600 gpm (maximum flow rates during a large LOCA from both RHIR and CTS
trains). At about 2000 gpm, the head loss for the same debris loading is less than 1 ft-water.
The net effect is increased NPSH margin at the pump suction during a small LOCA
compared to a large or medium LOCA. As a result, during small LOCAs, the likelihood of
cavitation will be low even if debris deposits on the screen.
As the discussion above shows, (a) the low like likelihood of generating debris during a RCS release that
occurs through the quench tank, (b) low flows that do not support debris transport to the sump, (c)
considerable time elapsed before sump recirculation starts that allows debris and fibrous material to
deposit, and (d) the low NPSH requirement and low head losses associated with low flow rates, the
probability of the screen clogging up leading to the cavitation of sump pumps during the stuck open
PORV or SRV event is negligible.
*

Operator fails to recover RHR pumps or continue flow - Operating experience from BWRs and
engineering analysis can be used to estimate an upper bound for this probability. Even if the RHR
pumps incur cavitating conditions, both operating experience and pump vendor data has shown that
the pumps will not immediately fail. Rather, operating experience supports the notion that cavitating
conditions will annunciate their existence in the control room via fluctuating motor currents or alarms
for the high differential pressure across a sump screen and prompt the operators to take remedial
actions.
The following two events show that during stuck open relief valves, the strainers may continue to
operate in a degraded condition, even though sump debris deposits on them. These two operating
experiences are related BWRs. (There are no actual events from PWRs). During the suction strainer
plugging event at Limerick Unit 1 (Ref. 9), which is a BWR, when the suction strainer plugged,
operators detected that abnormal condition by observing the fluctuating motor current and flow on the
"A" loop of suppression pool cooling. The operator believed the cause to be cavitation and secured
the loop. After it was checked, the "A" pump was successfully restarted and no further problems
were observed. During the event at Perry, following an unexpected shutdown on March 26, 1993
(Ref. 13), safety relief valves were utilized for reactor pressure control, and RHR A and B pumps
were operated simultaneously in the suppression pool cooling mode for two hours. Following the
shift of RHR A loop to the shutdown cooling mode, RHR B was operated for an additional 5 hours.
An inspection performed on April 14, 1993, showed that the RHR B strainer was fouled and
deformed. Without disturbing the debris on the strainer, a test run of the RHR B pump was
performed with suction pressure monitored. With a static suction pressure of 9.25 psig, pump suction
pressure decreased to an indicated 0 psig after 8 hours of operation, and although the pump flow
remained adequate, the pump was secured.
Even though the above two conditions relate to BWRs whose strainers are different from those of
PWRs, in terms of the propensity to be plugged, the vertical strainer at Cook is less likely to plug
compared to the cylindrical strainer at BWRs (Ref. 18). Therefore, the Bayesian method is used to
calculate the probability of not failing the RHR due to clogging after a small LOCA event. Given
that there were no failures of pumps during two demands, using the Bayesian update the likelihood of
77
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failing RHR pumps given debris deposits on the strainers can be estimated to be 0.16 (½ failures in 3
demands). In addition to this operating experience, other information available suggests that RHR
pumps do not fail immediately upon clogging. In its regulatory analysis section, Reference 8 points
out that the ECCS would be able to continue operating for some period of time under cavitation
conditions. It goes on to state that some licensees have vendor data demonstrating this capability.
*

Cross-tie from Unit 2 fails - The D.C. Cook plant has two RWSTs, one dedicated to each of its units,
and these RWSTs have cross-tie capability. During a stuck open PORV or SRV, in the event the
suction strainer clogs due to fibrous material and other debris, and that eventually leads to the failure
of RHR pumps, the cross-tie can be aligned to add borated water to the RCS. The additional RCS
inventory of 350,000 gallons will provide ample time to continue depressurizing and cooling down
during flows that are typically encountered during stuck open PORVs or SRVs.
In order to cross-tie the RWSTs given that sump recirculation has failed, the following actions must
be performed: (a) recognize need to cross-tie (sump recirculation failure and failure to recover by
securing and restarting the pump that cavitates), and (b) change valve alignments to inject from the
other unit's RWST. Both of the above actions must be accomplished prior to core uncovery. The
time available to core uncovery is significantly impacted by the decay heat levels when the sump
recirculation function is demanded and failed due to debris ingestion. Based on the Cook IPE (Ref.
11) 100 minutes elapse before sump recirculation is needed. This is conservative since it is assumed
that a significant amount of RWST depletes due to containment spray. After sump recirculation is
established (approximately 100 minutes after the LOCA), additional time will be expended for the
screens to clog up. Based on the past BWR related events, screens do not clog immediately due to
debris. During the event at Limerick, the screen clogged in 30 minutes. During the Swedish
Barseback event, the screens plugged up in 70 minutes. Therefore, if the sump recirculation fails due
to debris clogging during a small LOCA, it will happen a few hours into the accident, and the decay
heat levels would be relatively low. At low decay heat level, there will be adequate time to cross-tie
the other unit's RWST. In the absence of significant details on the steps that the operators would
follow to align the second unit's RWST, a probability of 0.34 is used for failure probability. In the
Accident Sequence Precursor (ASP) analysis, 0.34 recovery probability is used for those failures that
appear recoverable in the period at the failed equipment, rather than from the control room, given that
the equipment was accessible (Ref. 10). Even though the Cook IPE (Ref. 11) does not provide a
failure probability for the cross-tie of RWSTs, it does provide failure probabilities for several other
cross-ties. For example, cross-tie of chemical and volume control system (CVCS) is assigned a
failure probability of 2.2 x 10.2 for a loss of component cooling water scenario and a failure
probability of 0.29 for the loss of emergency service water (ESW) scenario. In comparison to these
numbers, use of 0.34 for the RWST cross-tie failure probability is reasonable.

Sequence 2 - Feed-and-bleed cooling (except those resulting from MSLB & MFLB inside containment)
Feed-and-bleed scenario occurs - Rates of InitiatingEvents at U.S. NuclearPower Plants 1987-1995
(Ref. 14, Table 3.3) indicates that the frequency of a loss of offsite power is 0.046/critical year; the
frequency of a total loss of feedwater flow is 0.085/critical year; and the frequency of a total loss of
88
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condenser heat sink events (power conversion system) is 0.12/critical year. This adds up to a total
frequency of 0.25/critical year. For Cook Unit 1, the criticality factor is 0.79 critical year/reactor
calendar year (Ref. 14, Table H-3). Therefore, the frequency of a reactor trip with a loss of
feedwater, offsite power, or the power conversion system is about 0.2/year (0.79 x 0.25). From the
Cook standardized plant analysis risk (SPAR) model, the failure probability of the auxiliary
feedwater (AFW) system is 1.1 x 10'. Therefore, the frequency of feed-and-bleed events requiring
recirculation is 1.1 x 10' times 0.2, or about 2 x 10"5/year.

"

Sump cooling is required due to inability to depressurize and establish RHR cooling - Feed-and-bleed
cooling uses the pressurizer PORVs or SRVs to bleed RCS while injecting RCS with high pressure
injection. At D.C. Cook, the pressurizer is equipped with three PORVs that are capable of bleeding
the RCS. Based on discussions with operations at D.C. Cook (Richard Strasser 6/30/99, Cook
Operations), simulator exercises have shown that the feed-and-bleed cooling can depressurize the
reactor prior to depleting the RWST. Therefore, the probability that was calculated for the stuck
open PORV or SRV case (0.08) is reasonable for the Cook feed-and-bleed cooling scenario.

"

Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation
The debris generation, transport, and deposition mechanisms, and the factors affecting head loss
across the sump screen during a feed-and-bleed cooling scenario are similar to those encountered
during a stuck open PORV or SRV scenario. Therefore, due to the reasons identical to those
discussed in Sequence 1, this probability is negligible.

"* Operator fails to recover RHR pumps or continue flow - Due to the reasons discussed under this
event in Sequence 1 a probability of 0.16 is used.

"* Cross-tie from Unit 2 fails - Due to the reasons discussed under this event in Sequence 1, a
probability of 0.34 is used.
Sequence 3 - Feed-and-bleed cooling associated with MSLB & MFLB inside containment

"* Following a MSLB & MFLB inside containment event, feed-and-bleed cooling occurs - Rates of
InitiatingEvents at U.S. Nuclear PowerPlants 1987-1995 (Ref. 14, Table 3.1) indicates that the
frequency of a steam line break/leak event inside containment is 1 x 10-/critical year. The frequency
of feed line break/leak events is 3.4 x 10 3/critical year. Conservatively assuming that all feed line
breaks occur inside containment, the total frequency of steam and feed line breaks/leaks inside
containment is 4.4 x 10"3/critical year. For Cook Unit 1, the criticality factor is 0.79 critical
year/reactor calendar year (Ref. 14, Table H-3). From the Cook standardized plant analysis risk
(SPAR) model, the failure probability of the AFW system is 1.1 x 10-'. Therefore, the frequency of
feed-and-bleed events requiring recirculation after a steam line break or a feed line break event is 3.8
x 10 7/calendar year.

"* Sump cooling is required due to inability to depressurize and establish RHR cooling -Feed-and-bleed
cooling uses the pressurizer PORVs or SRVs to bleed RCS while injecting RCS with high pressure
injection. At D.C. Cook, the pressurizer is equipped with three PORVs that are capable of bleeding
9
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the RCS. Based on discussions with operations at D.C. Cook (Richard Strasser 6/30/99, Cook
Operations), simulator exercises have shown that the feed-and-bleed cooling can depressurize the
reactor prior to depleting the RWST. Therefore, the probability that was calculated for the stuck
open PORV or SRV case (0.08) is reasonable for the Cook feed-and-bleed cooling scenario.

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation
The debris transport, and deposition mechanisms, and the factors affecting the head loss across the
sump screen during a feed-and-bleed cooling scenario are similar to those encountered during other
feed-and-bleed cooling scenarios in which no pipe break occurred inside the containment. The main
difference between this scenario and the other scenarios is the potential to generate significant
amounts of debris due to the break inside containment. However, other factors (transport and
deposition mechanisms) associated with feed-and-bleed cooling will keep this probability negligible.

"* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to the reasons
discussed under this event in Sequence 1 a probability of 0.16 is used.

"* Cross-tie from Unit 2 fails - Due to the reasons discussed under this event in Sequence 1, a
probability of 0.34 is used.
Sequence 4 - RCP seal LOCAs

"

RCP seal LOCA occurs - Rates of InitiatingEvents at U.S. NuclearPower Plants 1987-1995 (Ref.
14, Table 3.1) indicates that the frequency of an RCP seal LOCA is 2.5 x 10 3/critical year. This
frequency results from two actual events that resulted in a significant loss of coolant through the RCS
seals. In the May 1975 event at Robinson Unit 2 (no LER, page 1-3 of Ref. 14), a total of 132,500
gallons of RCS water was released to the containment sump before RHR cooling was established.
The maximum leak rate was 500 gpm. During the event at Arkansas Nuclear One Unit 1 (Ref. 15),
approximately 60,000 gallons of water collected in the containment before RHR cooling was
established. The maximum leak rate was 300 gpm. The containment pressure increased by 0.5 psi, at
which time the reactor building containment coolers were put into service.

"* Sump cooling is required due to inability to depressurize and establish RHR cooling - Even though
there have been many RCP seal degraded events, only the two events discussed above were used to
calculate the initiating event frequency since the leak rates associated with the others did not exceed
40 gpm. In both these events, the operators were able to establish RHR cooling prior to requiring
sump recirculation. In addition to these, the operators were able to establish RHR cooling during 3
stuck open PORV/SRV events (See sequence 1 for details). Using the Bayesian method, the
probability of requiring sump recirculation during a small LOCA event is calculated to be 0.08 (/2
events on 5 demands).

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation
As pointed out under the discussion on the RCP seal LOCA initiating event frequency, the flow rates
encountered during RCP seal LOCAs are relatively low. The maximum flow rate encountered during
an RCP seal LOCA was 500 gpm (May 1975 event at Robinson 2, Ref. 14). Therefore, the debris
10
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generation, transport, and deposition mechanisms, and the factors affecting head loss across the sump
screen during an RCP seal LOCA scenario are similar to those encountered during stuck open PORV
or SRV scenarios. During the stuck open PORV or SRV scenario, the RCS water is released through
the quench tank. Therefore, initial blast effects or the blowdown forces that generate debris are
absent. Similarly, during an RCP seal LOCA events, such forces that generate debris are absent. As
a result, this probability is negligible.

"* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to the reasons
discussed under this event in Sequence I a probability of 0.16 is used.

"* Cross-tie from Unit 2 fails - Due to the reasons discussed under this event in Sequence 1, a
probability of 0.34 is used.
Sequence 5 - Small pipe break LOCA

"* Small pipe break LOCA occurs; - Rates of InitiatingEvents at US. Nuclear Power Plants 1987-1995
(Ref. 14, Table 3.3) indicates that the frequency of a small pipe break LOCA is 5.0 x 10"/critical
year. This frequency results from zero events since WASH- 1400 (Ref. 16) in both PWR and BWR
history.

"* Sump cooling is required due to inability to depressurize and establish RHR cooling - There is no
operating experience to estimate the probability of the capability to establish RHR cooling following
a small LOCA. Unlike a stuck open pressurizer PORV or an SRV, the break may not be at a high
location. Unlike an RCP seal LOCA, the break may not be via a seal which can be stopped after
cooling down RCS. In the absence of data, experience related to RCP seals and stuck open
SRVs/PORVs is used to estimate this probability at 0.08.

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation
The debris generation, transport, and deposition mechanisms, and the factors affecting head loss
across the sump screen during a small LOCA scenario are similar to those encountered during a stuck
open PORV or an RCP seal LOCA since the flow rates are low. The main difference between this
scenario and the stuck open PORV scenarios is the potential to generate more debris since there is a
pipe break. However, since the pipe break is small (less than 2" in diameter), the area of impact is
relatively small. Therefore, the amount of debris generated will be much less compared to a medium
or a large break LOCA. In addition, other factors (time available for debris deposition, low flows that
do not support debris transport, relatively low NPSH required due to low flows combined with high
NPSH margin available due to reduced head loss across screens as a result of low flow rates) make
this probability negligible.

"* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to the reasons
discussed under this event in Sequence 1 a probability of 0.16 is used.

"* Cross-tie from Unit 2 fails - Due to lack of operating experience, this probability is conservatively
assumed to be 1.0.
11
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Sequence 6 - Medium or large LOCA

"0 Medium or large LOCA occurs - Rates of InitiatingEvents at U.S. Nuclear Power Plants 1987-1995
(Ref. 14, Table 3.3) indicates that the frequency of a medium or large LOCA is 4.5 x 10"5/critical
year.

"* Screen clogs up during recirc and causes a head loss across screen resulting RHR pump cavitation
Based on the discussion below under medium or large LOCAs, the probability of this event is
assumed to be low (low enough so that the product of the medium LOCA frequency and this event is
less than 1 x 10"/year.) The issue of sump debris potentially clogging up the sump screen such that
the head losses across the screen fails the recirculation pumps, has been a generic issue that has
received both regulatory and industry attention over many years (Ref. 8). For BWRs, considerable
research has been carried out to investigate this area. However, for PWRs, the research program has
just begun (with D.C. Cook as a pilot plant)(Ref. 8). A plant specific analysis performed to assess the
"as found" condition (Ref. 12) and the independent review of that analysis (Ref. 17), lead to the
conclusion that for the "as found" condition the probability of clogging the sump during a medium or
a large LOCA is low (low enough so that the product of the large LOCA frequency of 5.0 x 10- and
the probability of this event is less than 1 x 10-/year.). The bases for this conclusion, in summary are
as follows:
o

A plant specific analysis performed by Innovative Technology Solutions (ITS) (a vendor
contracted by licensee) concluded that the "as found" conditions would not have blocked the
sump screen to a degree that would have prevented effective functioning of the sump in the
recirculation mode for the full spectrum of LOCAs (Ref. 12).

o

An NRC inspection report agreed that the assumptions used in the ITS analysis are
acceptable (Ref. 2). (Note that NRC did not review and concur with the final analysis. NRC
simply agreed that the assumptions of the analysis are acceptable).

o

An independent review performed by Scientech (Ref. 17) agreed with the ITS findings.

o

ITS has made a conservative (extremely conservative for medium LOCAs) assumption in a
parametric input that has a significant impact on head loss (flow rate through sump was
assumed to be 15,600 gallons).
The summary of analysis and key assumptions of the analysis documented in Reference 12
is as follows. The analysis used models developed by the USNRC, as reported in
NUREG/CR-6224 (Ref. 19) for BWR ECCS suction strainers. Selected guidance was also
adopted from the BWR Owner's Group (BWROG) resolution guidance. Consistent with the
analysis in BWRs, large breaks were postulated to occur at weld locations of RCS pipes.
Hence, the analysis assumed only insulation in the lower containment will be available as
sump debris. Even though only insulation near the actual location of a postulated break is
expected to be damaged, the analysis conservatively assumed that all insulation below the
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614' level will act as debris (Note that for medium LOCAs, whose size is limited to breaks
less than 6" in diameter, the zone-of-influence or the area affected by the break is much less
than that for large breaks. Therefore, for a medium LOCA, the actual amount of debris
generated will be less than that for a large LOCA). Based on the two-dimensional
computational fluid dynamics of the flow field of water on the containment and based on
other engineering analysis, 50% of the debris is expected to be carried to the sump screens.
Since Fiberfrax insulation was found only outside of the crane wall, it was assumed that
Fiberfrax will not impact the large LOCAs. However, some of the Fiberfrax (5 lbs.) was
assumed to enter the lower containment from the containment annulus. Assuming a 4' deep
pool, the NPSH margin for RHR pumps at a flow rate of 4600 gpm was estimated at 9'. For
the CTS pumps, the NPSH margin at 3200 gpm was 20 ft. Therefore, RHR pumps are
limiting for NPSH. These NPSH margins are for the large break LOCAs for which the flow
rates are at the maximum. ( For medium and small LOCAs, flow rates are lower and
therefore, the NPSH margin will be greater than 9'.) The analysis used an effective sump
screen area of 76 square feet. Head losses were calculated using a total flow rate of 15,600
gpm (both RHR and CTS pumps running at maximum flow). Based on BWROG resolution
guidance, head loss due to reflective metallic insulation (RMI) was neglected. Two LOCA
scenarios (large and small) were analyzed. Since large LOCAs can only occur in RCS
piping, this break was assumed to occur in the lower portion of the containment building. In
comparison, the small LOCA was assumed to occur in the containment annulus. The
quantities of dirt/dust and rust flakes listed in the BWROG Utility Resolution Guidance
(URG) were assumed to be applicable to D.C. Cook. The debris bed that develops on the
sump screen was assumed to be uniform. Based on discussions with Michael Marshall (Ref.
18), many of the above assumptions were determined to be conservative. The bases of some
assumptions (e.g., the assumption that composition of Fiberfrax is similar to Min-K for the
purposes. of this analysis) were unknown.
This analysis identifies the two major contributors to the head loss across sump screens to be
the debris quantity and the screen approach velocity. The analysis made conservative
assumptions for both those parameters. For the debris, the analysis assumed that the total
quantity of Temp-Mat insulation below 614' in the containment would be destroyed. No
credit was taken for the spatial separation -between the location of the break and the location
of the insulation. For the approach velocity, the analysis assumed the maximum approach
velocity by assuming total flow from both RHR and CTS pumps, even though the actual
flows required during the recirc phase would be much lower. The analysis showed that the
head loss across the screen will be less than 9 ft. It concluded that the "as found" conditions
would not have blocked to a degree that would have prevented effective functioning of the
sump in the recirculation mode for the full spectrum of LOCAs.
Reference 2 (the NRC inspection report) did not agree with the initial analysis that was
performed by ITS on the sump operability in 1997. However, it did agree with revised
assumptions and models used in the analysis. The licensee used Scientech (Ref. 17) to
perform an independent review of the safety implications of the "as found" conditions at
D.C. Cook. One analysis reviewed by Scientech engineers was the ITS analysis of sump
13
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debris. Scientech's independent review team considered two additional sources of debris that
were not included in the ITS analysis (foreign material found in the ice beds and charcoal
paper in the containment auxiliary clean-up ventilation units) and concluded that neither of
them would have contributed significantly to the debris generated during a LOCA. In
summary, Scientech concluded that the ITS analyses are acceptable.

"* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to the reasons
discussed under this event in Sequence 1 a probability of 0.16 is used.

"* Operator fails to recover RHR pumps or continue flow in degraded condition - Due to lack of
operating experience, this probability is conservatively assumed to be 1.0.

28.4 Core Damage Frequency Calculation or the Bounding Calculation
The frequency associated with the feed-and-bleed sequences depend on the resolution of other issues
affecting AFW and RHR cooling. To provide perspective on these sequences the following information
is provided.
If the resolution of issues results in no significant changes to AFW or RHR cooling failure probabilities,
the change in core damage frequency would be the sum of the following:
Sequence I - Stuck Open PORVs or SRVs
(Frequency of stuck open PORV or SRV: 6 x 10 3/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x
(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps:
negligible)
(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x
(Probability cross-tie from Unit 2 fails: 0.34) = 2.1 x 10"5/year x probability screen clogging up during
recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is
negligible, the change in CDF is negligible.
Sequence 2 - Feed-and-bleed cooling (except those resulting from MSLB & MFLB inside containment)
(Frequency of feed-and-bleed cooling: 2 x 10 5/critical year) x
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x
(Probability screen clogs up during recirc and causes adequate head loss to cavitate R!HR pumps:
negligible)
(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x
(Probability cross-tie from Unit 2 fails: 0.34) = 8.6 x 10 8/year x probability screen clogging up during
recirculation causing adequate head losses to cavitate RJR pumps. Since the unknown probability is
negligible, the change in CDF is negligible.
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Sequence 3 - Feed-and-bleed cooling associated with MSLB & MFLB inside containment
(Frequency of feed-and-bleed cooling: 3.8 x 10 7/critical year) x
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x
(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps: low)
(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x
(Probability cross-tie from Unit 2 fails: 0.34) = 1.7 x 10 9/year x probability screen clogging up during
recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is
low, the change in CDF is negligible.
Sequence 4 - RCP Seal LOCAs
(Frequency of RCP seal LOCAs: 2.5 x 103/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x
(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps:
negligible)
(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x
(Probability cross-tie from Unit 2 fails: 0.34) = 8.6 x 10"/year x probability screen clogging up during
recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is
negligible, the change in CDF is negligible.
Sequence 5 - Small pipe break LOCA
(Frequency of small LOCAs: 5.0 x 10 4/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability sump cooling is required due to inability to depressurize and establish RHR cooling: 0.08) x
(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps:
negligible) x
(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x
(Probability cross-tie from Unit 2 fails: 1.0) = 5.1 x 10"/year x probability screen clogging up during
recirculation causing adequate head losses to cavitate RHR pumps. Since the unknown probability is
negligible, the change in CDF is negligible.
Sequence 6- Medium or large LOCA
(Frequency of medium or large break LOCAs: 4.5 x 10 5/critical year) x
(Criticality factor for Cook Unit 1: 0.79 critical years/calendar year) x
(Probability screen clogs up during recirc and causes adequate head loss to cavitate RHR pumps: low) x
(Probability of operator failing to recover RHR pumps or continue flow: 0.16) x
(Probability of operator failing to recover RHR pumps or continue flow: 1.0) = 5.8 x 104/year x
probability screen clogging up during recirculation causing adequate head losses to cavitate RHR pumps.
Since the unknown probability is low, the change in CDF is negligible.
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The summary of these sequences are provided in Table 1. As shown in Table 1, the change to the core
damage frequency associated with this issue, on its own, would not be risk significant.
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Table 1 - Changes to Core Damage Frequency (CDF) for LER No. 315/97-024-04

Initiating Event
Frequency (IEF)

Product of IEF
& calculated
probabilities
(1)

Probability of screen
clogging up during
recirculation and causing
adequate head loss to
cavitate RHR pumps

Contribution

Stuck open
PORVs or SRVs

6 x 103 /critical
year

2.1 x 10-5/year

negligible*

less than 1 x
10/year

Feed-and-Bleed
cooling
sequences
(except MSLB &
MFLB)

2 x 10 5/critical
year

8.6 x 104/year

negligible*

less than 1 x
104 /year

Feed-and-Bleed
cooling
sequences (after
a MSLB &
MFLB)

3.8 x 10 7/critical
year

1.7 x 10 9/year

negligible*

less than 1 x
101/year

RCP Seal
LOCAs

2.5 x 103 /critical
year

8.6 x 106/year

negligible*

less than 1 x
10'/year

Small LOCAs

5 x 10"/critical
year

5.1 x 101/year

negligible*

less than 1 x
10-/year

Medium or Large
LOCAs

4.5 x 10 5/critical
year

3.6 x 105 /year

low**

less than 1 x
I 01/year

Initiator

to change in
CDF

For the purposes of this analysis, all available information (operating experience or deterministic
analysis) leads to the conclusion that the event can not occur. The basis of this conclusion is
provided in the discussion of the event.
** For the purposes of this analysis, available information (operating experience or deterministic
analysis) can not rule out occurrence of the event. However, several low probability barriers must be
overcome for the event to occur. The basis of this conclusion is provided in the discussion of the
event. For this sequence, it is assumed that the probability of this event is less than 0.027.
(1) Sequence frequency excluding the probability of screen clogging up during recirculation and causing
adequate head loss to cavitate RHR pumps.
*
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36.0

NRC Inspection Report No. 50-315/97-201, Finding E1.1.1.2.A(1) and LER
315/97-011 Rev. 2

Event Description:

Failure to Account for RWST Level Setpoint Errors Caused by Flow-Induced
Effects and the Potential for RHR Pump Failure due to Vortexing

Date of Event:

November 1997, August 1997

Plant:

D.C. Cook, Units I and 2

36.1

Summary of Issue

This issue addresses several Refueling Water Storage Tank (RWST) level errors that had not been
accounted for in the RWST level instrumentation uncertainty (error) analysis when calculating the
setpoints related to transfer of the post-loss-of-coolant accident (LOCA) injection source from the RWST
to the containment sump, as well as the potential for residual heat removal (RHR) pump damage due to
vortexing while the pump suction was being supplied from the RWST (Refs. 1, 2).
Procedure 01-OBP 4023.ES-1.3, "Transfer to Cold Leg Recirculation," Rev. 4 (Ref. 3), is entered from
procedure 01 -OHP 4023.E- 1, "Loss of Reactor or Secondary Coolant," Rev. 7 (Ref. 4), when indicated
RWST level is less than 32%. Provided both RHR pumps are available following a LOCA and either the
containment water level is greater than 15% or the containment sump level is greater than 97%1, the West
RHR and containment spray (CTS) pumps are stopped if they are running (large- and medium-break
LOCA), aligned for recirculation, and restarted. Both safety injection (SI) and charging pump suction
pathways are then aligned to take suction from the West RHR train, after which the SI and charging
pump suctions are isolated from the RWST (the SI and charging pumps continue to run during the
transfer to the sump).
If both RHR trains are operating and after the West RHR and CTS pump suctions are aligned to the
containment sump, the East RHR and CTS pumps will continue to take suction from the RWST until an
indicated RWST level of 10% reached, when operators realign the East trains to the containment sump.
The SI and charging pump suctions are then configured such that either the East or West RHR trains can
provide flow to these pumps. If the East train transfer is delayed, the East RHR pump will automatically
trip when the RWST low-low level setpoint is reached (nominally 9.09% of span). Any other pumps that
are still taking suction from the RWST when the low-low level trip setpoint is reached are placed in pull
to-lock by the operators.
If either the East or West RHR train is unavailable, Ref. 3 instructs the operators to align the operable
RHR train for sump recirculation at the time the procedure is entered, i.e., not to wait until the RWST
1A containment water level of 602' 10" provides adequate NPSH and protection against vortexing during cold leg
recirculation for all LOCA scenarios (Ref. 1). However, an indicated containment water level of 15% (601' 6"), while acceptable
from an NPSH and vortexing standpoint, provides no margin of protection against vortexing for limiting breaks. An indicated
containment sump level of 97% does not prevent pump damage due to vortexing (Refs. 1, 5).
I
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level is less than 10% if the East train is the only operable train.
Ref. 1 determined that a potential for vortexing and air entrainment existed prior to reaching the RHR
pump automatic trip setpoint. Vortexing and air entrainment, if severe, could damage the pumps that
were still taking suction from the RWST. A draft licensee calculation, available at the time that the Ref. 1
inspections were performed, indicated that incipient RHR pump vortexing could occur at an RWST level
12 inches above the low-low level setpoint, and that 2% air entrainment [the limit of pump operability
defined in Loss of RHR Cooling While the RCS is PartiallyFilled, WCAP- 11916, July 1988 (Ref. 6)]
could be experienced at a level 2.5 inches below the low-low level setpoint.
However, the draft licensee calculation did not consider RWST level instrument uncertainties. When
these are taken into account, Ref. 1 concluded that an actual water level that was below the top of the
ECCS suction pipe could exist when the RWST low-low level trip occurs. Instrument error could
increase the vortexing duration and potentially result in RHR and CTS pump failure before the pumps
were transferred to the containment sump.
The potential for RHR and CTS pump vortexing was offset by RWST level setpoint errors identified
during the Ref. 1 inspection and in Ref. 2. These errors were caused by flow-induced effects:
a.

RWST level transmitters 1LS-950 and -951, which cue the operators to initiate transfer to sump
recirculation, are located in the ECCS suction pipe connected to the RWST. The flow rate
through the suction pipe results in entrance and velocity head losses which negatively bias the
static pressure sensed by the transmitters and results in an indicated RWST water level that is
lower than the actual level. Preliminary licensee investigations reported in Ref. 1 indicated that
the combined effect from flow-induced errors and instrument uncertainty would be
approximately 20% of instrument span at the time the low level alarm setpoint is reached
following a large-break LOCA.

b.

Ref. 2 identified a further condition that could result in an additional negative 8% level error
when the low level setpoint was reached. This condition involved the installation of drip catches
on the 10-in RWST overflow lines at Units 1 and 2. The overflow lines provide RWST venting if
the normal 8-in vent line becomes plugged. A 1976 calculation estimated a tank-to-atmosphere
maximum differential pressure of 0.2 psi following a large-break LOCA if the overflow line was
blocked. A revised calculation performed prior to the submittal of Ref. 2, which corrected
several discrepancies in the original calculation, estimated instead a differential pressure of 1.03
psi, with a corresponding RWST level error of 2.4 ft.

The RWST level setpoint errors also potentially impact the RHR pumps following transfer to the
containment sump, because the decreased inventory transferred to the sump as a result of the level errors
increases the likelihood of air entrainment due to vortexing during recirculation. The potential for
vortexing in the containment sump is addressed under Issue 26, together with other concerns that also
affect vortexing in the sump (e.g., the impact of water diversion from the active to the inactive sump).
The change in core damage frequency associated with this issue is dependent upon resolution of the
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issues affecting auxiliary feedwater (AFW) and RHR cooling capabilities. If AFW failure probability or
RHR cooling capability are not significantly affected by other issues, the change in core damage
frequency associated with the potential for RWST vortexing, offset by the negative error in indicated
RWST level caused by flow-induced effects, is less than 1 x 10'. This issue, on its own, is therefore
considered to be non-risk significant.
36.2

Modeling and Affected Sequences

Ref. 4 instructs the operators to begin transferring to cold leg recirculation when the indicated RWST
level decreases to 32%. The RWST level errors caused by flow-induced effects and installation of the
RWST overflow drip catch would result, following a maximally-sized large-break LOCA (double-ended
cold leg break), in approximately 40% of the RWST volume being injected prior to initiating sump
recirculation instead of the expected 68%. The additional water remaining in the RWST when sump
switchover was complete, due to the same level errors, would reduce the probability that the RHR pumps
would be damaged by vortexing before sump recirculation is completely established (the potential for
vortexing in the containment sump because of the reduced amount of water injected from the RWST is
addressed in Issue 26).
The RWST level errors and potential for.RHR pump vortexing affects large- and medium-break LOCA
sequences, which require RHR pump success for core cooling success and which always require cold leg
recirculation. In addition, small-break LOCA and feed and bleed sequences that are not recovered before
cold leg recirculation is required are potentially affected if the HPI and charging pumps are also
vulnerable to vortexing. The following sequences are predominately affected:
Sequence 1- Large-break LOCA:
Large-break LOCA; and
Failure to establish sump recirculation resulting in part from failure of the RHR pumps due to
vortexing because of inadequate RWST level caused by RWST level instrument errors.
Sequence 2- Medium-break LOCA
Medium-break LOCA; and
Failure to establish sump recirculation resulting in part from failure of the RHR pumps due to
vortexing because of inadequate RWST level caused by RWST level instrument errors.
Sequence 3 - Small LOCA or feed and bleed cooling situation
Small-break LOCA;
Failure to place the unit on RI-IR cooling prior to RWST depletion; and

.5

August 12, 1999

NRC Insp. Report No. 50-315/97-201, Finding E1.1.1.2.A(1); LER 315/97-011-02
Failure to establish sump recirculation resulting in part from failure of the BPI and charging
pumps due to vortexing (if applicable) because of inadequate RWST level caused by RWST level
instrument errors.
Sequence 4 - Feed and Bleed following a loss of all feedwater
Feed and bleed following a loss of all feedwater;
Failure to recover secondary-side cooling prior to RWST depletion; and
Failure to establish sump recirculation resulting in part from failure of the HPI and charging
pumps due to vortexing (if applicable) because of inadequate RWST level caused by RWST level
instrument errors.

36.3

Frequencies, Probabilities and Assumptions

Sequence I- Large-break LOCA:
•

Large-break LOCA - The frequency of a large-break LOCA is assumed to be 5 x 10k/yr (Ref. 7).
Failure to establish sump recirculation resulting in part from failure of the RHR pumps due to
vortexing because of inadequate RWST level caused by RWST level instrument errors. The flow
induced RWST level errors during a large-break LOCA negatively bias indicated level by up to
approximately 28% of span, including instrument error. Subtracting a positive instrument error of
3.07% (Ref. 1) results in an RWST level bias of approximately 25%. Therefore, even if the West
RHR pump transfer to cold leg recirculation failed and the East RHR train transfer was delayed
until an indicated RWST level of 9.09% (where an automatic RHR pump trip is actuated),
substantial RWST inventory would still exist. An RWST level error of at least 6.3% would exist
throughout the large-break LOCA size range (see the discussion for Sequence 2). Such
inventories would prevent vortexing. The probability of RHR pump failure due to vortexing in the
RWST is therefore negligible.

Combining the large-break LOCA initiating event frequency (5.0 x 101/yr) with the probability of RHR
pump failure due to RWST vortexing (negligible) results in a negligible significance estimate for large
break LOCA.
Sequence 2 - Medium-break LOCA:
•

Medium-break LOCA - The frequency of a medium-break LOCA is assumed to be 4 x 10 5 /yr
(Ref. 7).

•

Failure to establish sump recirculation resulting in part from failure of the RHR pumps due to
vortexing because of inadequate RWST level caused by RWST level instrument errors. The flow
induced RWST level errors during a medium-break LOCA would negatively bias indicated level

1+

August 12,1 99

NRC Insp. Report No. 50-315/97-201, Finding E1.1.1.2.A(1); LER 315/97-011-02
to a lesser extent than for a large-break LOCA. The effect of ECCS flow on RWST level error is
not precisely known, but is a sum of velocity (v) and velocity-squared (v2) terms. Minimum
RWST level error due to flow-induced effects, which would increase the likelihood of RWST
vortexing, would occur if the error was dominated by v2-terms. Since containment spray is
actuated following a medium-break LOCA, the ECCS flow rate would be expected to be no less
than 50% of that for a large-break LOCA (Ref. 5, Table B-i). Assuming the RWST level error is
a function of v2, an RWST level error of 25% of the large-break LOCA error, or 6.3%, can be
estimated. This again would result in a significant RWST inventory at the point that the East RHR
pump would trip. This inventory would eliminate the potential for East RHR pump damage due to
vortexing in the RWST if transfer of the West RHR pump were to fail. The probability of RHR
pump failure due to vortexing in the RWST is therefore negligible.
Combining the medium-break LOCA initiating event frequency (4.0 x 10-5/yr) with the probability of RHR
pump failure due to RWST vortexing (negligible) results in a negligible significance estimate for medium
break LOCA.
Sequence 3 - Small-Break LOCA

•
*

Small-break LOCA; and
Failure to place the unit on RHR cooling prior to RWST depletion.
The frequency of a small-break LOCA with failure to place the unit on RHR cooling prior to
depleting the RWST and transferring to cold leg recirculation is 9.5 x 10-/yr, based on the model
documented in Ref. 8.
Failure to establish sump recirculation resulting in part from failure of the HPI and charging
pumps due to vortexing as a result of inadequate RWST level caused by RWST level instrument
errors. As described in the Summary, provided both RHR pumps are available, the HPI and
charging pumps are aligned for sump recirculation in conjunction with the alignment of the West
RHR train at 32% indicated RWST level.
For the purposes of this analysis a small-break LOCA is assumed to result in a peak containment
pressure that does not demand containment spray. The ECCS flow rate is therefore substantially
smaller than for a medium- or large-break LOCA, on the order of 500 - 1000 gpm. This low flow
rate would result in little flow-induced RWST level error to offset the potential for pump damage
due to vortexing if transfer of the HPI and charging pumps in conjunction with alignment of the
West RI{R train to the containment sump were to fail.
Using the same approach as for a medium-break LOCA, the flow-induced RWST error can be
bounded. Assuming the flow-induced error is dominated by v2-terms (which minimizes the level
bias), a flow rate of 1000 gpm results in a level bias of 0.2%. This is much smaller than the
nominal RWST level instrument uncertainty described in Ref. 1 (-3.75%, +3.07%). In this case,
the potential may exist for vortexing-induced failure of the IIPI and charging pumps if they are
vulnerable to vortexing and if their realignment with the West RHR train fails.
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Based on Ref. 1, air entrainment at a 2% operational limit is estimated to occur for the RHR
pumps at 2.5 inches below the RHR pump trip setpoint (RWST low-low level setpoint of 9.09%).
Assuming the RWST instrument error described in Ref. 1 represents ±2F of an approximately
normal distribution2 , a probability of 0.4 of unacceptable RHR pump vortexing prior to RHR
pump trip is estimated. Assuming the operators delay East train alignment until the -10%
indicated RWST level is reached when vortexing becomes a potential problem (this is
conservative since Ref. 3 instructs the operators to transfer the operable train at 32% level if one
of the trains is inoperable) and that the 0.4 probability is also applicable to the HPI and charging
pumps (this is most likely conservative, considering the BPI and charging pump flow rates) and
combining it with the probability of failing to align the West RHR train to the containment sump,
1.3 x 10.2 [West RHR pump suction valve IMO-320 fails to close (3.0 x 10-), West recirculation
sump isolation valve IMO-306 fails to open (3.0 x 10-), West RHR pump fails to start and run
(3.7 x 10-3), HPI pump suction valve IMO-350 from West RHR heat exchanger fails to open (3.0
x 10-), or HPI pump suction cross-tie valves IMO-361 or -362 fail to open (2.7 x 10-)], results in
an overall failure probability of 0.4 x 1.3 X 10.2, or 5.2 x 10'.
However, for a small LOCA without containment spray, the flow rates are relatively low (less than
1000 gpm). Therefore, between initiation of sump recirculation to reaching a RWST level that
could introduce vortexing, significant amount of time is available (at least 1 hour). This long time
period minimizes the chance that the East RHR train transfer will be delayed until the -10%
RWST level is reached when vortexing becomes a potential problem.
Combining the frequency of a small-break LOCA with failure to place the unit on RHR cooling prior to
depleting the RWST (9.5 x 10"5/yr) with the failure probability estimated in the previous paragraph results
in a most-likely conservative significance estimate for small-break LOCA of 4.9 x 10"/yr. When
combined with the likelihood of failing to establish East RHR train recirculation before -10% RWST level
(assumed to be 0.1), the sequence frequency becomes 4.9 x 10"/yr.
The above frequency assumes containment spray is not actuated for a small-break LOCA. If containment
spray is actuated and is not terminated by the operators, then the ECCS flow rate from the RWST would
approximate that for a medium-break LOCA in the 2+-in range. In this case, the flow-induced RWST
level instrument errors would offset the potential impact of vortexing (as described for a medium-break
LOCA under Sequence 2) and result in a negligible significance estimate.
Sequence 4 - Feed and Bleed following a loss of all feedwater
•
*

Feed and bleed following a loss of all feedwater;
Failure to recover secondary-side cooling prior to RWST depletion.
The frequency of feed and bleed with failure to recover secondary-side cooling prior to depleting
the RWST is 1.6 x 10-/yr, based on the model documented in Ref. 8.

2 See the precursor analysis of LER 269/98-004.
0
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Failure to establish sump recirculation resulting in part from failure of the HPI and charging
pumps due to vortexing as a result of inadequate RWST level caused by RWST level instrument
errors.
This probability is the same as developed for a small-break LOCA, 5.2 x 10".
Small-Break LOCA for a description of this development.

See Sequence 3

Combining the frequency of feed and bleed with failure to recover secondary-side cooling prior to
depleting the RWST (1.6 x 101/yr) with the probability of failing to transfer to sump recirculation (5.2 x
10-3) results in a significance estimate for feed and bleed of 8.3 x 10"/yr. When combined with the
likelihood of failing to establish East RHR train before -10% RWST level when vortexing becomes a
potential problem (0.1), the sequence frequency becomes negligible.

36.4 Core Damage Frequency Calculation or the Bounding Calculation
The frequency associated with the feed-and-bleed sequence depends on the resolution of other issues
affecting AFW and RHR cooling capabilities.
The change in core damage frequency associated with the potential for vortexing, offset by the negative
error in indicated RWST level caused by flow-induced effects, is less than 1 x 10-6. Therefore, if resolution
of issues affecting AFW and RHR cooling do not significantly affect AFW or RHR failure probabilities,
this issue, on its own, is non-risk significant.
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38.0 NRC Inspection Report No. 50-315, 316/97-201, Finding E1.2.1.2.H(b)
Event Description:
Date of Event:
Plant:

Licensee's GL 89-13 Performance Trending of EDG Water
Jacket Cooler Degradation Found to be Ineffective
August 1997
D. C. Cook, Units 1 and 2

38.1 Summary of Issue
The NRC staff conducted a design and performance review of the heat exchangers associated with the
EDG water jacket coolers, lube oil, and aftercoolers at D. C. Cook, Units 1 and 2 (Cook 1 and 2) from
August 4 through September 11, 1997 (Ref. 1). This review was performed based on the preliminary
team findings associated with the elevated lake temperatures. Its purpose was to determine the adequacy
of the testing performed by the licensee and the associated acceptance criteria contained in the licensee's
program guidance for complying with Generic Letter (GL) 89-13, "Service Water System Problems
Affecting Safety-Related Equipment."
The inspection team found that the licensee's GL 89-13 performance trending of EDG water jacket cooler
degradation was ineffective. Performance trending of the EDG water jacket coolers consisted of flowing
CCW/ESW cooling in-series through the EDG water jacket, lube oil, and aftercoolers. ESW outlet
temperatures were recorded and trends were charted over several tests. Results of the temperature profile
from the heat exchangers, which was used as a measure of heat exchanger degradation, indicated that
temperature values were relatively constant over the several testing periods monitored by the licensee.
However, the inspection team identified that the heat exchanger outlet temperature was controlled by
temperature valves, which automatically regulate temperature by changing the flow rate through the heat
exchangers. Therefore, the data collected by the licensee was only an indication that the temperature
control valves were functioning, and not an indication of whether there was any heat exchanger
degradation.
The core damage frequency associated with this issue is less than I x 10/year, making the issue non-risk
significant.

38.2 Modeling and Affected Sequences
Results of a review of operating experience at Cook do not support the increase in the failure probability
of the EDG water jacket coolers due to excessive fouling beyond the nominal failure probability that is
implied by this finding, for the following reasons (Note that both Cook units report EDG problems in
accordance with Regulatory Guide 1.108):
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"* AEOD's report on EDG reliability (Ref. 2) identified only two LERs (2/92 and 9/92) submitted by
Cook 1 and 2 that reported EDG train failures - neither involved problems with EDG cooling or the
EDG water jacket coolers.

"* A search of the SCSS database (Ref. 3) for the years 1990-98 yielded only one LER reporting
problems with the emergency ac power system (including the EDG water jacket coolers) at the Cook
units other than the two LERs identified in the first bullet item above. This LER reported a problem
with an EDG auxiliary system that was unrelated to the EDG water jacket coolers.

"* A search of NPRDS (Ref. 4) for failure records regarding the EDG cooling water system at the Cook
plant for the period 1985-1995 yielded no reported failures involving the EDG waterjacket coolers.
Therefore, no core damage sequences increased in frequency as a result of this condition.

38.3 Frequencies, Probabilities, and Assumptions
Since no core damage sequences increased in frequency, frequencies and probabilities were not
calculated.

38.4 Core Damage Frequency Calculation or the Bounding Calculation
No core damage sequences increased in frequency as a result of this condition. Therefore, the change in
core damage frequency was determined to be zero.

38.5 References
1. Donald C. Cook, Units 1 & 2 Design Inspection (NRC Inspection Report No. 50-315, 316/97-201).
November 26, 1997.
2.

"Emergency Diesel Generator Power System Reliability: 1987-1993," AEOD/S96-03, Idaho National
Engineering Laboratory, Idaho Falls, Idaho, February 1996.

3.

"Sequence Coding and Search System for Licensee Event Reports: User's Guide," NUREG/CR
3905, Nuclear Operations Analysis Center, Oak Ridge National Laboratory, Oak Ridge Tennessee
37831, August 1984.

4. Nuclear Plant Reliability Data System, Institute of Nuclear Power Operations, Atlanta, Georgia.
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41.0

Improper Splice Configurations for Pressurizer Power-Operated Relief
Valve Limit Switches
Event Description:
Date of Event:
Plant:

Improper Splice Configurations for Pressurizer Power
Operated Relief Valve Position Indication Limit Switches
March 6, 1998
D.C. Cook, Units I and 2

41.1 Summary of Issue
On March 6, 1998, it was determined that the splices for the limit switches on the Unit 1 power-operated
relief valves (PORVs) were installed without the "breakout boot" required for Environmental
Qualification (EQ). A single Raychem splice was used instead of the required EQ breakout boot, which
is used to splice a pair of leads to a single field cable. Although the breakout boot was installed on the
Unit 2 PORV limit switches, a problem with the length of the splice overlap existed at a different splice
location, resulting in the PORVs for both units being declared inoperable. The Unit 2 splice did not have
the required overlap length of 2 inches and therefore did not meet EQ requirements; the root cause could
not be determined. The event is described in LER 315/98-013-01 (Ref. 1).
The change in core damage frequency associated with this issue is negligible and the issue has negligible
synergistic effects with other issues. Therefore, this issue will be screened out from the integrated
analysis.

41.2 Modeling and Affected Sequences
Affected sequences are those that result in steam in the containment and require pressurizer PORVs for
mitigation. Loss-of-coolant accidents (LOCAs) of all sizes, high energy line breaks (HELBs) inside
containment, and feed and bleed sequences result in steam in the containment, but not all require
pressurizer PORVs for mitigation. The sequences of interest therefore include medium LOCAs (in the
event of high pressure injection failure), which require opening of 2 of 3 pressurizer PORVs for
depressurization, and small LOCAs, transients, and large steamline/feedline breaks inside containment,
all of which require opening of 2 of 3 pressurizer PORVs for primary bleed and feed (Ref. 2).

41.3 Frequencies, Probabilities, and Assumptions
The licensee conducted an engineering evaluation of the installed configurations. The first issue was the
lack of a breakout boot, which is designed to provide a seal where two conductors leave a single
conductor. The three individual Unit 1 conductors were insulated with Raychem WCSF heat shrink
tubing instead of a breakout boot. The entire assembly was then covered with the same tubing. The
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tubing has pre-coated adhesive whose function is to provide an environmental seal for isolating the
component from moisture. The entire sleeve is then heat shrunk to seal against the conductor. The
adhesive flows to provide the sealing normally provided by the breakout boot.
Raychem had qualified the breakout boots for installations exposed to direct steam impingement on a
splice for a 1000 volt circuit. The existing circuits do not require protection against direct impingement
because the splices are inside terminal boxes, and, because the possibility of a short circuit is a function
of circuit voltage, it is considered less likely the moisture would penetrate the 250 volt circuit instead of
the 1000 volt circuit. Moisture intrusion into the splices is therefore unlikely (Ref. 1).
The second issue was the Unit 2 overlap used for conductor to conductor splices. The current Raychem
installation practice requires a 2-inch overlap for LOCA installations. However, overlap lengths as short
as one-eighth inches have been qualified by industry testing. In addition, the application is for a 250-volt
DC circuit inside terminal boxes, as opposed to a 1000 volt configuration exposed to direct steam
impingement.
Although this event resulted in an unanalyzed condition and the installed configuration not meeting EQ
requirements, the licensee determined that the configuration would have functioned adequately during
accident and post-accident conditions.

41.4 Core Damage Frequency Calculation or the Bounding Calculation
Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.
Therefore, the change in core damage frequency is determined to be zero.

41.5 References
1. LER 315/98-013-01, "Improper Splice Configurations for Power Operated Relief Valve Limit
Switches Results in Unanalyzed Condition," April 17, 1998.
2. Donald C. Cook Nuclear Plant, Units 1 and 2, IndividualPlantExamination, Revision 1, October
1995
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44.0 Two Pressurizer Safety Valves Fail to Lift Within Setpoint Tolerance
Event Description:
Date of Event:
Plant:

Two of three pressurizer safety valves failed to lift within TS
set point tolerance of 1 percent.
March 4, 1998
D.C. Cook, Unit 2

44.1 Summary of Issue
On March 4, 1998, two of three Unit 2 pressurizer safety valves were found to have lift points that
exceeded their Technical Specification (TS) value by more than the 1 percent tolerance allowed. The
event was reported as an unanalyzed condition and as an operation prohibited by the plant's TS (Ref. 1).
One valve lifted at 1.52 percent above the TS value, and the other at 3.42 percent above the TS value.
The valves failed to lift due to set point drift; no cause of the set point drift was identified.
The change in core damage frequency associated with this issue is negligible and the issue has negligible
synergistic effects with other issues. Therefore, this issue will be screened out from the integrated
analysis.

44.2 Modeling and Affected Sequences
Affected sequences are those that require pressurizer safety valves for accident mitigation. The
sequences of interest therefore include anticipated transient without scram (ATWS) events (if the
transient is initiated from 40 percent power or greater), which require opening of three of three
pressurizer safety valves (in addition to opening of pressurizer PORVs) for primary pressure relief, and
transients, which may require opening of safety valves as backups for pressurizer PORVs for primary
bleed and feed (Ref. 2).

44.3 Frequencies, Probabilities, and Assumptions
The reactor vessel and pressurizer were designed to Section III of the ASME Boiler and Pressure Vessel
code which allows a maximum transient pressure of 2735 psig, 110 percent of the design pressure (2485
psig). The highest found lift point, 2570 psig, would not have allowed the reactor coolant system to
exceed 110 percent of the design pressure. Based on Updated Final Safety Analysis Report (UFSAR)
Table 4.1-2 (Ref. 3), the hydrostatic test pressure (cold) is 3106 psig. Therefore, the minor deviation in
the lift point does not increase the reactor coolant system (RCS) failure probability due to overpressure.
The licensee intends to submit a TS revision for Unit 2 to change the se tpoint tolerance to plus or minus
3 percent. This revision will make the Unit 2 TS consistent with the Unit 1 TS.
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According to the UFSAR, the charging pumps at Cook have a maximum discharge pressure of 2740 psig
(Ref. 3). Therefore, even at the highest lift point of 2570 psig, the charging pumps are capable of
performing feed and bleed using the pressurizer safety valves.
According to the Cook IPE (Ref. 2), ATWS sequences that initiate at power levels grater than 40 percent,
require three out of three pressurizer safety valves to control RCS pressure. Setpoint drift could cause a
small delay in opening of two of the three as-found safety valves, but would not impact their
functionality. Considering that the RCS hydrostatic test pressure is 3106 psig and the highest as-found
safety valve lift point was 2570 psig, and the very low frequency of ATWS events, the potential increase
in core damage frequency due to the ATWS sequence is negligible.
Although this event resulted in an unanalyzed condition and operation prohibited by the plant's TS,
maximum RCS pressure would not have been exceeded. Therefore, no core damage sequences were
affected

44.4 Core Damage Frequency Calculation or the Bounding Calculation
Since no core damage sequences increase in frequency, frequencies and probabilities are not calculated.
Therefore, the change in core damage frequency is determined to be zero.

44.5 References
1. LER 316/98-003, "Two Pressurizer Safety Valves Fail to Lift Within Setpoint Tolerance" April 1,
1998.
2. Donald C. Cook Nuclear Plant, Units 1 and 2, Individual PlantExamination,Revision 1, October
1995
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53.0 LER No. 316/98-005
Event Description:

Potential for High Energy Line Break to Degrade Component
Cooling Water System

Date of Event:
Plant:

July 1998
Donald C. Cook Nuclear Plant, Units 1 and 2

53.1 Event Summary
On July 15, 1998, with Donald C. Cook Nuclear Plant, Units 1 and 2 (Cook 1 and 2) in cold shutdown, it
was determined that a postulated crack in a D.C. Cook Unit 2 main steam line could degrade the ability of
the component cooling water (CCW) pumps to perform their design function (Ref. 1). The CCW pumps for
both units are adjacent to one another in a semi-enclosed area in the Auxiliary Building. Next to the area
where the pumps are located is a pipe chase enclosing two Unit 2 main steam lines and a main feedwater line.
This pipe chase can be accessed through any one of three doors. Although the pipe chase walls provide a
qualified high energy line break (HELB) barrier, the licensee could find no calculations which show that the
doors would withstand the energy released from a postulated critical crack. The CCW pump motors and
other equipment are not qualified for a high temperature/high humidity environment. As a result, if the
postulated HELB were to occur, the potential would exist for both units to suffer a total loss of CCW.
The estimated conditional core damage probability (CCDP) associated with this condition is 6.9 x 10-1. This
is an increase (importance) of 1.3 x 10' over the nominal core damage probability (CDP) for a one-year
period for Cook 1 of 5.6 x 10-1. The same results apply to Unit 2 as well.

53.2 Event Description
On July 15, 1998, with both units in Operating Mode 5, cold shutdown, the licensee determined that a
postulated crack in a Unit 2 main steam line could degrade the ability of adjacent CCW pumps for both units
to perform their design function. The condition was reported on August 14, 1998, as an unanalyzed condition
in Interim LER 316/98-005, Rev. 0, (Ref. 1).
The CCW pumps for both units are adjacent to one another in a semi-enclosed area in the Auxiliary Building.
Next to the area where the CCW pumps are located is a pipe chase enclosing two Unit 2 main steam lines and
a main feedwater line, which can be accessed through any one of three access doors. Although the walls of
the pipe chase provide a qualified HELB barrier, the licensee was unable to find any calculations which show
that these access doors would withstand the energy released from a postulated critical crack in a high energy
line. The CCW pump motors and other equipment are not qualified for the high temperature/high humidity
environment that would exist following a HELB.

I

LER No. 316/98-005
53.3 Additional Event-Related Information
As stated above, there are two main steam lines and one main feedwater line running through the pipe chase
of interest. This pipe chase contains only main steam and main feedwater (lage bore) piping. There are no
small bore high energy branch lines in this area. The licensee's preliminary investigation found that there
are no high stress pipe segments in this area which are vulnerable to cracks or breaks. There are three access
doors between the pipe chase and CCW room, which open into the CCW room. The length of piping
adjacent to each of the doors is about 20 to 30 feet, which means a total of about 60 to 90 feet are situated
near the doors. This represents an estimated five percent of all of the high energy piping in the plant (Ref.

2).
References 2 and 3 provides the following information: The pipe chase in question communicates with a
steam tunnel, which is a large area. Roughly 50 percent of the total high energy piping in the plant is located
in this area. A postulated failure of the high energy piping in this large area could send steam into the pipe
chase adjoining the CCW rooms. If the pressure increase due to the postulated piping failure is high enough,
then the doors from the pipe chase to the CCW pump room may open, and allow steam to enter that room.
No calculations were available which showed whether a break in a location in the steam tunnel could create
a pressure increase large enough to open doors to the CCW pump room. However, based on References 2
and 3, it is known that one end of the steam tunnel is open to the turbine building. Therefore, the turbine
building provides a large, potential escape path for steam generated from postulated breaks in the piping in
the steam tunnel. The other end of the steam tunnel is also open to a very large, potential steam escape
volume. Due to the existence of these potential escape paths, only those postulated pipe breaks that occur
close to the doors leading from the pipe chase to the CCW rooms are likely to send steam into the room that
houses the CCW pumps.

53.4 Modeling Assumptions
The frequency ofHELBs in main steam lines and main feedwater lines used in this analysis was derived from
data in NUREG/CR-5750 (Ref. 5). In this report, the mean frequency per critical year for steam line
breaks/leaks outside containment, based on seven events in 729 critical years, is estimated to be 1.0 x 10-2
per year. The frequency for feedwater breaks/leaks, based on two events in 729 critical years, is 3.4 x 10-3
per year.
Of the seven steam line events that contributed to the 1.0 x 10-2 per year frequency only one occurred in a
main steam line. Since the area next to the CCW rooms contains only main steam lines (i.e., no small bore
piping or branch lines), only this event was considered applicable to the issue being analyzed. Howeve; this
event was also dismissed from further consideration, since it consisted of a sample probe failure in a main
steam line that would not have been large enough to pressurize the large area and cause a door to open. The
frequency for steam line breaks/leaks was therefore estimated to be 7 x 10' per year using Bayesian update
methods with 0 events in 729 critical years.
Based on Reference 5, the two events that contribute to the main feed line break frequency occurred at
Millstone Point Units 2 and 3. The root causes of both these breaks were erosion and corrosion. Therefore,
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these two failures may be applicable to the area under consideration. (Reference 6, the mechanical
engineering branch technical position, MEB 3-1, does not provide a basis to exclude these failures from the
initiating event frequency calculation for this area, since it does not require postulation of failures attributed
to erosion and corrosion.) As a result, the estimated frequency remained at 3.4 x 10-3 per year.
The criticality factor for Cook Unit 2 is 0.68 (Ref. 5). The criticality factor for Unit 2 was used in this
analysis to calculate the initiating event frequency rather than the factor for Unit 1 because the piping in the
pipe chase of concern is associated with Unit 2. As a result, the frequency is 4.7 x 101 per year (0.68 x 7 x
101) for steam line breaks/leaks, and 2.3 x 10' per year (0.68 x 3.4 x 10-1) for feedwater breaks/leaks. The
frequency of HELBs is therefore the sum of the two frequencies, or 2.8 x l0-1 per year.
The above estimate applies to HELBs in main steam lines or main feedwater lines anywhere in the plant. TB
determine the initiating event frequency in the specific area of interest, the above frequency is multiplied by
0.05, the percentage of the piping in the pipe chase that is located in the vicinity of the doors. Ream from
a pipe break anywhere in the tunnel could potentially enter the pipe chase. Howeveg due to the large
potential escape paths, it was assumed that only breaks which occurred in the piping in the vicinity of the
doors to the room that houses the CCW pumps would be capable of opening any one of the three doors.
Since approximately 5% of the piping is in the vicinity of the doors, the estimated frequency of HELBs in
the area of interest is therefore 0.05 x 2.8 x 10', or 1.4 x 101 per year.
As stated in Reference 1, the CCW pump motors and associated equipment are not qualified for the high
temperature/high humidity environment. Operating experience was reviewed to investigate the response of
pumps that are not qualified to high humidity to events that impose those environmental conditions on these
pumps. First, approximately 80 LERs that reported water spray, cascade, flood, or high humidity problems
affecting pumps were identified using the sequence coding and search system (SCSS). Of these, a sample
of approximately 50% were reviewed and 4 were identified for detailed review, since they contained
information on pumps impacted by steam environments. The review identified whether the pumps failed
when subjected to high humidity or temperature environment. If a failure did occur, the nature of the failure
was examined to determine the recoverability. Some observations from this review are as follows. Of the
four events that were reviewed in detail (LER 302/91-003 and 251/90-008), during two events, pumps failed
when exposed to steam environment due to moisture intrusion in to the motor winding. These did not appear
to be recoverable. There was one event where the pumps continuously ran even when water had collected
in the lower motor bearings (LER 285/92-031). The forth event (LER 272/90-033) appeared to be a
recoverable pump failure. Exact count of failures and demands could not be used to estimate a failure
probability due to biases in reporting failed versus successful pumps exposed to moisture. However, in light
of these observations, a probability of 0.5 appears to be a reasonable estimate for the probability of failing
both CCW pumps and the spare CCW pump when exposed to the steam environment. Considering the nature
of the failures (e.g., shorts in motor windings), it was assumed that for recovery is not credible.
Ifthe CCW pumps failed due to the postulated steam environment, cooling to the reactor coolant pump (RCP)
seals would be lost. Even though the RCP seals can also be cooled by seal injection, since the charging
pumps require CCW for charging pump seal cooling, the seal injection function would also be lost. With no
seal cooling, the Westinghouse type RCP seals would degrade rapidly. The D. C. Cook Nuclear Plant
Individual Plant Examination (IPE) (Ref. 4) assumes that the RCP seals will fail with a probability of 1.0 if
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seal cooling is unavailable for one hour. This assumption is overly conservative since all 8 RCPs at D.C.
Cook Units 1 and 2 have newer high temperature seals. Based on the RCP seal failure models suggested
NUREG/CR-4550 (Ref. 7), for new high temperature seals, the failure probability when seal cooling is lost
for an extended period is 0.19.
If an RCP seal LOCA were to occur, according to the modeling discussed in the Cook IPE (Ref. 4), and
based on actual RCP seal LOCA events, high pressure injection (high pressure, low volume) is needed to
mitigate the accident. Howeveir all four high pressure injection pumps at the D. C. Cook plant are cooled
by CCW, so a loss of CCW would lead to a loss of high pressure injection. According to the D.C. Cook
FSAR (Ref. 3), all high pressure injection (BPI) pumps at Cook are highly dependent on CCW The seal and
lube oil heat exchangers of the two safety injection pumps are cooled by CCW In addition, the pump gear,
lube oil, and seal exchangers of the centrifugal charging pumps are also cooled by CCW. Even if the HPI
pumps could inject for a short duration, in order to terminate the RCP seal LOCA and stabilize the reactor
coolant system (RCS), the RCS must be cooled down and depressurized. With CCW unavailable, the
operator would be expected to trip the RCPs. Therefore, forced circulation would be unavailable. Wth only
natural circulation in the RCS and auxiliary feedwater (AFW) available, it is unlikely that the RCS would
be stabilized before the HPI pump seals would be damaged due to loss of cooling. Therefore, the probability
of failure of all HPI pumps, given that CCW was unavailable, was assumed to be 1.0.
Since the CCW for both units would have failed due to the steam environment, cross-tie capability was not
credited in this analysis.

53.5 Analysis Results
Figure 1 shows the accident sequence that leads to core damage. This sequence consists of the following:
*

A main steam line break occurs in the high energy pipe chase in the vicinity of one of the three doors
leading to the CCW pump room

0

Failure of running and standby CCW pumps and the spare CCW pump due to high humidity and high
temperature environment

•

Failure of RCP seals given failure to recover any CCW pump and restore seal cooling to the RCPs

0

Failure to recover HPI pumps prior to core uncovery

The results of this analysis is based on one key assumption. Since there are no calculations showing the
capability of the CCW pump room pipe chase access doors to withstand the pressures created by steam line
or main feed line breaks, at least one of them would open during a break, allowing steam to enter the CCW
pump room.
Since failure of the CCW pumps would cause an RCP seal LOCA and would also fail the mitigating
capability (i.e., the HPI pumps), a steam line break or a main feedwater line break in the vicinity of these
doors will lead to core damage. Thus the conditional core damage frequency (CCDF - conditional frequency
4
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of subsequent core damage given the failures observed during an operational event) associated with this
condition becomes the is 1.3 x 10'. (1.4,x 10' x 0.5 x .19) per year. The overall nominal core damage
frequency is 5.6 x 10-1 per year [estimated using the NRC's standardized plant risk analysis (SPAR) model
for the D. C. Cook plant]. Therefore, the conditional core damage frequency (CCDF) is 1.3 x 10i-+ 5.6 x
10.' = 6.9 x 10.' per year. For a one year period, the associated CCDP is 1- exp[(6.9 x 10"S/year) x (1 year)]
= 6.9 x 10"s. The nominal CDP for the same period is 1 - exp[(5.6 x 10"'/year) x (1 year)] = 5.6 x 10"'. Using
these two values, an increase in CDP (importance) of 6.9 x 10-1 - 5.6 x 10-' = 1.3 x 10-1 is estimated.

53.6 Acronyms
AFW
CCDF
CCDP
CDF
CDP
CCW
HELB
HPI
IPE
LOCA
RCP
RCS

auxiliary feedwater
conditional core damage frequency
conditional core damage probability
core damage frequency
core damage probability
component cooling water
high energy line break
high pressure injection
individual plant examination
loss-of-coolant accident
reactor coolant pumps
reactor coolant system
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Event Description:
Date of Events:
Plant:

"As Found" Conditions in the Ice Condenser Containment Not
in Accordance with Design Basis
January 4- August 30, 1998
D. C. Cook, Units 1 and 2

65.1 Summary of Issue
The issues considered in this risk assessment are associated with the performance of the ice condenser
containment. Thirteen Licensee Event Reports (LERs) were issued by D. C. Cook as the result of
questions raised by an NRC inspection in 1998 (Ref. 1). The inspection identified several degraded
conditions of the ice baskets. An assessment of the "as found" conditions in the ice condenser was made
by the licensee with assistance from Westinghouse (Ref. 2). SCIENTECH was contracted by the licensee
to conduct an independent review of the analyses and evaluation conducted by the licensee and
Westinghouse (Ref. 3).
The 13 LERs that describe "as found" containment performance conditions can be grouped into three
safety functions: (1) ice condenser bypass, (2) ice basket structural integrity, and (3) ice condenser
performance. These three safety functions maintain the peak containment pressure within its design
capability during a postulated loss-of-coolant accident (LOCA) or main steam line breaks (MSLB) inside
containment. The LERs are listed in References 4-16. These issues are summarized below.
The synergistic effects of all ice condenser issues except those associated with postulated earthquakes are
included in this assessment. The aggregated impact of issues 6, 8, 52, 65, 67, 68, 69, 71, 72, 73, 74, and
75 are considered here. This assessment addresses the aggregate of the 12 issues on the containment
overpressure failure and the associated core damage sequence. The impact on core damage sequences
due to debris in the containment sump and the ice condenser are addressed under issues 26 and 28,
respectively.
The change in core damage frequency associated with the aggregate impact of all conditions is less than
1 x 10"/year, making these issues non-risk significant. In addition, the increase in the probability of
containment failure due to overpressure, as a result of the aggregate impact of all ice condenser issues
considered in this assessment, is negligible. Therefore, the synergistic effects of the 12 issues have no
impact on containment performance.
Ice condenserbypass. Ice condenser bypass is a condition where steam released from a pipe break
LOCA can flow directly from the lower compartment into the upper deck area without being condensed
in the ice condenser. According to the D. C. Cook Updated Final Safety Analysis Report (UFSAR), the
design basis (maximum) bypass flow area around the ice bed is five square feet (Ref. 17, Section 5.2.2.4).
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Three LERs (LERs: 315/98-001-2, 316/98-004-1, 3 15/98-037-1) reported that the accumulative area of
potential ice condenser bypass in the "as found" condition was about 36.5 square feet for Unit 1 and 35.0
square feet for Unit 2.
The safety issue concerning the "as found" increase area of ice condenser bypass is the potential for the
peak containment pressure exceeding design limits, thereby potentially impacting containment integrity.
Ice basket damage. The D. C. Cook containment contains 1,944 ice baskets in 24 bays (81 baskets per
bay). Each ice basket is approximately 48 feet in length and 12 inches in diameter. Plant technical
specifications require that a sample of 144 buckets be weighed every 18 months. The technical
specifications also provide requirements on the sampling and additional testing when an ice basket fails to
meet the minimum weight requirement. Damage to the ice baskets was found to have occurred during
ice-weighing in which the ice baskets must be slightly picked up. Damage included buckled bottoms,
broken ligaments, bent rims, dents, damaged weldments, basket deformation, unpinned baskets, and
missing or broken connecting screws from vertical ice basket sections (LERs: 315/98-005-3, 315/98-006
2, 315/98-032-0).
The safety issue concerning the "as found" condition of the ice baskets is the potential ejection of
loosened and broken baskets from the ice bed during an accident. A displaced ice basket could affect the
ice bed geometry during an accident, thereby creating bypass flow routes. Also, ejected ice baskets could
impact structures or equipment located in the upper containment compartment.
Ice condenserperformance. Several LERs were issued that identified "as found" conditions in the ice
condenser containment relating to ice mal-distribution and steam flow mal-distribution conditions. The
ice mal-distribution conditions were due to unweighed, under- and over-weight ice baskets caused by
non-conservative assumptions in surveillance procedures and supporting software programs (LERs:
315/98-007-1, 315/98-015-1, 315/98-024-0, 315/98-026-0); and ice displacement caused by three barrel
loads of debris found in the ice baskets during ice melt/replacement (LER 315/98-017-1). The steam
flow mal-distribution conditions were caused by partially blocked ice channels between ice baskets
caused by flow blockage due to excessive frost build-up in the channels between ice baskets (LER
315/98-004-2).
The minimum technical specifications weight requirement for an ice basket is 1,333 pounds. An NRC
inspection report (Ref. 1) reports that out of 1,944 ice baskets, the licensee determined that 221 baskets in
Unit 1 and 171 baskets in Unit 2 have never been weighed. In addition, a sample of 54 of these baskets in
Unit 2 was weighed. About 75% of the baskets sampled were less than the technical specifications
minimum weight. The lightest ice basket weighed 800 pounds. Several baskets had missing ice in
segments ranging from 6 to 18 feet in height.
Based on a 100% inspection, the flow passage blockage was estimated to be 6.7% to 18.8% per bay in
Unit 1 and 4.1% to 17.4% per bay in Unit 2. Ten of the 24 bays were found with blockages greater than
15%. The flow passages in between the ice baskets must be kept clear of obstruction to assure even steam
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flow through the ice beds during a post-accident period. The technical specifications do not state what
amount of blockage in flow passages renders the ice condenser inoperable. However, LER 315/98-004-2
stated that in response to previous instances of flow passage blockages, a blockage limit of 15% of the
total upward flow area was determined based on the analysis performed for the Unit 1 Reduced
Temperature and Pressure program.

65.2 Affected Containment Failure Modes and Core Damage Sequence
Any accident that releases energy to containment relies on the ice condenser for heat removal from the
containment. Containment heat removal is essential to keep the peak containment pressure below the
design value. At the D. C. Cook plant, the containment pressure is controlled by two systems. In the
short-term, the ice condenser and the containment spray remove heat from the containment atmosphere
by condensing steam. In the long-term, the containment spray system, which is equipped with a heat
exchanger, recirculates water from the containment recirculation sump and removes heat from the
containment.
Conditions that bypass steam flow routes around ice baskets (due to ejected ice baskets and bypass
openings greater than analysis assumptions) or limit pressure suppression performance of the ice
condenser (due to mal-distributed ice and steam flow through the baskets) will result in the reduction in
steam condensation. If steam does not adequately condense, the pressure rise in the containment will not
be arrested and the peak pressure may be exceeded. If the peak pressure exceeds the design value, there
is a probability that the containment will fail due to overpressure. As a result, the sump recirculation
capability may be affected since a breached containment has the potential to reduce the available net
positive suction head for the residual heat removal pumps. In addition, a cracked containment may allow
water to bypass the recirculation sump.
The following accidents release energy to the containment: (1) a LOCA of any size, (2) MSLB inside
containment, and (3) an accident condition which relies on the feed and bleed cooling capability. Of
these accidents, only LOCAs and feed and bleed sequences resulting from MSLBs are considered since
other systems or actions required to mitigate MSLBs (isolation of the break and cooldown with intact
loops) are unaffected by loss of containment integrity.
Therefore, the sequence of interest is as follows:
0

Any size LOCA, or feed and bleed cooling scenario; and

0

Sump recirculation failure due to inadequate inventory for sump recirculation. Inadequate
containment performance causes containment failure due to excessive containment overpressure.
A ruptured containment boundary results in excessive steam bypass and loss of sump inventory.

65.3 Frequencies, Probabilities, and Assumptions
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The D. C. Cook containment design basis criterion is 12 psig. The UFSAR states that the maximum
calculated pressure for various postulated design basis accident scenarios is 11.49 psig (Ref. 17, Section
14.3.4.1.3.1). The failure pressure of the containment is much greater than the design pressure of 12 psig,
based on the D. C. Cook Individual Plant Examination (Ref. 18, Section 4.2.1). The Individual Plant
Examination (IPE) reports that the high condition low probability failure limit for the containment is 36
psig. That is, there is 95% confidence that at 36 psig the probability containment failure is less than 5%.
As shown in the attached figure (from Ref. 18, Figure 4.2-1), the containment failure probability is near
zero at peak pressures less than about 30 psig. Further, the licensee reported in a letter to the former
Atomic Energy Commission dated July 24, 1973, that the containment for Unit 1 was subjected to an
internal pressure of 16.1 psig during a containment integrity check in 1973 with no evidence of damage to
the integrity of the containment.

65.4 Effect on Containment Failure and Core Damage Sequence
The three issue groups relating to the performance to the ice condenser containment are assessed
qualitatively to determine the change in containment performance using realistic (rather than design
basis) failure limits, redundancies, and the magnitude of degradations. The assessment of containment
performance based on "as found" conditions is discussed in three parts. First, the effect on the peak
containment pressure due to the ice condenser bypass issue is discussed. Second, the synergistic effect
on the peak containment pressure due to ice condenser performance (mal-distributions) and ice basket
damage issues is presented. Finally, the synergistic effect of all three issue groups concludes this
assessment.
Ice condenser bypass. The cumulative effect of the "as found" bypass flow paths was 36.5 square feet
for Unit I and 35.0 square feet for Unit 2. The UFSAR states that the design basis bypass area is 5
square feet (Ref. 17, Section 5.2.2.4). The UFSAR describes the accident analyses for different size pipe
breaks and the allowable ice condenser bypass flow for each case. Analysis results indicate a value of 35
square feet as the allowable deck leakage area for the entire spectrum of break sizes (Ref. 17, Table
14.3.4-2). The limiting case is an 8-inch break with one spray pump operating at 2000 gpm (80 degrees
F), which results in a peak containment pressure of 12.0 psig. The design flow rate of one containment
spray pump is 3200 gpm (Ref 17, Table 6.3-1). An 8-inch break with two spray pumps operating (4000
gpm at 80 degrees F) results in a peak containment pressure of 12.2 psig with a 56 square foot bypass
area. Thus, the identified historical value of bypass of about 36 square feet for Unit 1 and about 35
square feet for Unit 2 is bounded by UFSAR analysis when assuming the operation of both containment
spray pumps, but is outside of the ice condenser design basis value of 5 square feet.
Ice basket damage. The safety issue concerning the "as found" conditions of the ice baskets is the
potential ejection of loosened and broken baskets from the ice bed during an accident. An ejected ice
basket affects the ice bed geometry during an accident, thereby creating bypass flow routes. All of the
"as found" ice basket damage conditions are bounded by the potential degraded ice basket condition
reported in LER 315/98-006-2. This LER reported a deficiency in the surveillance procedure for
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weighing ice baskets. The procedure contained a step which potentially allowed the unpinning of up to
60 ice baskets during Modes 3 and 4.
The LER reported that the safety significance of 60 baskets ejecting during a postulated accident has been
evaluated by Westinghouse for two cases: unobstructed baskets and obstructed baskets. During a
postulated accident, if unobstructed baskets are not secured at the bottom rim, they could eject 13 feet 5
inches upward into the upper plenum area of the ice condenser due to blowdown forces. Unobstructed
baskets are those baskets that are not impeded by an intermediate deck frame. The upward displacement
of these baskets would not be enough to open steam bypass flow routes around the ice condenser.
For the obstructed baskets that are located below the intermediate deck frames, multiple unsecured
baskets ejecting simultaneously and impacting an intermediate deck frame in one bay may cause the
frame to plastically deform. However, this scenario was judged by Westinghouse to be extremely
unlikely for the following reasons: (1) basket columns would need to be of identical weight and exert
identical frictional forces on the lattice steel framework; (2) no lateral forces could be exerted against the
basket columns during the blowdown, and (3) basket columns would need to have exactly the same net
uplift force transient. Further, it was judged that the current calculated subcompartment loadings for the
peak differential pressure across the shell, the operating deck, the lower crane wall, and the upper crane
wall will essentially be unaffected whenever the effects of the 60 unpinned baskets is considered.
The LER concluded that the possibility of the unpinned ice baskets or ice basket columns ejecting from
the ice bed is extremely remote. If an ejection were to occur, the resultant configuration would not
prevent the ice condenser from performing its intended function. A recent evaluation by Westinghouse
reported in Reference 2 supported this earlier conclusion.
Ice condenserperformance. The safety issue concerning the performance of the ice condenser involves
the mal-distribution of steam flow through the ice baskets due to partially blocked ice channels between
baskets, and mal-distribution of ice the baskets due to underweight or missing ice. Reference 2 reports
the results of the licensee's analysis to determine the peak containment pressures for design basis LOCAs
and MSLBs for the "as found" condition of the ice condenser containment. The results of an earlier
analysis that was performed by Westinghouse for the licensee in May 1998 are referenced in this
document.
The analysis used the NRC-approved LOTIC containment response computer code. Models were
developed to include the varying weights of ice in the baskets, the partially blocked ice channels between
ice baskets, and the effects of a steam flow bypass through the ice condenser due to postulated ice basket
displacement caused by blowdown forces. In addition, the models included an increase in the total ice
mass that closely represents the actual mass of the ice in the ice condenser. The total mass of ice used in
the analysis was 2.53E+6 pounds. The "as found" weight of the ice was estimated by the licensee' to be
Rough estimates of ice weights in the Units 1 and 2 ice condensers were provided by the
licensee. The ice weights were estimated from ice melt volumes as the result of ice
replacement operations in 1998. The estimates factored the volume of ice melt in the
temporary ice melt tanks, the volume of water spilled in the containment, and specific
gravity. These estimates are not design verified calculations.
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2.7E+6 pounds in Unit 1 and 2.8E+6 pounds in Unit 2. The minimum technical specification for the total
ice weight at the time of plant shutdown was 2.37E+6 pounds. The total mass assumed in the UFSAR
analysis was 2.11E+6 pounds.
From Reference 2, the increased ice mass resulted in a calculated peak containment pressure of 11.2 psig,
which is below the current UFSAR analysis of 11.49 psig. The slight reduction in the calculated peak
pressures is attributed to the utilization of enhanced heat sink modeling and increased initial ice mass
(420,000 pounds more or a 20% increase). This shows that even a 12% decrease in the minimum mass of
ice as required by the technical specifications (at the time plant shut down) has little effect on the peak
pressure.
Reference 2 further reports the results of an earlier analysis that considered the increase in ice mass
(2.53E+6 pounds) and three synergistic conditions discussed above: (1) mal-distribution of ice weight in
the baskets, (2) mal-distribution of steam flow through the baskets, and (3) effects of flow bypass due to
ice basket displacement during an accident. The peak containment pressure calculated under these
conditions is 11.92 psig or 0.71 psig higher than the identical LOTIC analysis that assumed only the
increase in ice mass (i.e., 11.2 psig).
Synergistic effects of all three safety issues. From the assessment of the synergistic effect of "as found"
ice and steam flow mal-distributions, and flow bypass from postulated partially ejected ice baskets, the
peak containment pressure calculated by Westinghouse is 11.92 psig. The increase in the peak pressure
as the result of this synergistic effect is less than 1 psig for a large break LOCA or MSLB.
From a UFSAR sensitivity analysis that calculated peak containment pressures for varying sizes of
LOCAs and bypass flows areas, the worst case break size resulted in a peak containment pressure of 12.2
psig for a 35 square foot bypass area. This analysis assumes one-third the total design flow rate of both
containment spray pumps.
The combined effects of a 36 square foot bypass flow area and slight reduction in ice condenser
performance will be well below the 35 psig containment failure pressure assumed in the IPE.
In light of this information, the probability of the peak pressure exceeding the containment failure
pressure leading to sump recirculation failure due to these "as found" ice condenser containment
conditions is negligible. Therefore, the change in core damage frequency associated with the affected
sequence is zero.
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Hydrogen recombiner issues
January 4, 1998; February 17, 1998; April 7, 1998;
June 1, 1998
D.C. Cook, Units 1 and 2

80.1 Summary of Issues
This writeup addresses the synergistic effects of issues #80, #82, #83, and #84.
Low Air Flow in at Least One Localized Portion of the Containment (Issue #80)
During follow-up to a licensee identified blockage of a containment hydrogen mixing line in January
1998, airflow testing of the containment air recirculation/hydrogen skimmer system was performed. The
hydrogen skimmer system is designed to control the hydrogen concentration in the compartments below 4
percent. This is accomplished by purging the compartments using a portion of the atmosphere in the
lower containment. This flow mixes the atmosphere from the lower containment with the atmosphere in
the compartment, diluting any hydrogen that is generated in the compartment. The test demonstrated that
as-found flows in certain steam generator and pressurizer compartments, fan-accumulator rooms, and
instrument rooms were less than the flows stated in Updated Final Safety Analysis Report (UFSAR)
Section 5.5.3. The lower flows could reduce the effectiveness of mixing effect of the system. In
addition, an incorrectly installed valve actuator in the system created a flow path that bypassed the ice
condenser, creating the potential for increased peak pressure in the upper containment following an
accident. The event was reported as a condition outside the design basis (Ref. 1). An apparent violation
was identified for the failure to comply with 10 CFR 50.59 (Ref. 2).
Hydrogen Recombiner Resistance to Ground Surveillance Requirement Not Met (Issue #82)
On February 17, 1998, it was determined that the Unit 1 hydrogen recombiner surveillance requirement
4.6.4.2.b.4 was not met on June 17, 1997 (Ref. 3). This requirement verifies the integrify of all heater
electrical circuits associated with the electric hydrogen recombiners by performing a continuity and
resistance to ground test immediately following a system functional test and achieving a minimum
resistance of 10,000 ohms. On June 17, 1997, the timing of the resistance measurement was not in
accordance with the Technical Specification (TS) requirement to immediately perform the resistance to
ground test. In addition, resistance to ground was found to be 6,000 ohms instead of the 10,000 TS
minimum. A second test about one-half hour later produced acceptable results.
Hydrogen Recombiner Temperature Circuit Technical Specification Surveillance Requirement Not Met
(Issue #83)
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On April 7, 1998, it was determined that the electric hydrogen recombiner (EHR) Technical Specification
(TS) surveillance requirement 4.6.4.2.b.1 was not met. The licensee's procedure for calibrating
temperature measurement circuitry directed the technician to calibrate only the control room readout
device instead of all instrumentation and control circuits in the loop. EHR temperature is used to prove
operability of the recombiners. In addition, a design deficiency existed in the temperature circuit,
resulting in the plant being in an unanalyzed condition. Details of the event are provided in LER 315/98
019-02 (Ref. 4). A related issue on an inadequate.
Hydrogen Recombiner Wattmeter Circuit Technical Specification Surveillance Requirement Not Met
(Issue #84)
On June 11, 1998, it was determined that the electric hydrogen recombiner technical specification (TS)
surveillance requirement 4.6.4.2.b. 1 was not met. This requirement calls for a channel calibration of all
recombiner instrumentation and control circuits. However, the procedure used directs the technician to
calibrate only the control room readout device. Calibration of the recombiner wattmeter logic converter,
which controls electrical power to the heater elements, was not included in the calibration procedure.
Details of the event are provided in LER 315/98-033 (Ref. 5).
The effect on containment performance associated with these issues (#80, #82, #83, and #84) is
negligible and the issues have negligible synergistic effects with other issues. Therefore, these issues are
screened out from the integrated analysis (except for the potential impact of issue #80 on the ice
condenser performance). That impact has been combined with all other ice condenser related issues (see
issue #65).

80.2 Affected Containment Failure Modes
These issues have the potential to affect the containment failure mode of overpressure due to hydrogen
combustion.
With respect to issue #80, the pressurizer and steam generator compartments were analyzed for hydrogen
generation by the licensee. The results showed that hydrogen remained below the 4 percent volume limit
even with the low flow condition. In addition, the licensee analyzed post-LOCA ice condenser
performance with the flow path in the system that bypassed the ice condenser. Containment performance
was not affected by the bypass flow path. Therefore, Although the event resulted in a condition outside
the design basis for an extended period of time, containment failure modes were not affected by this
condition.
With respect to issue #82 above, this Unit 1 TS violation was reviewed against Unit 2 TS requirements.
The Unit 2 TSs, which are based on the standard Westinghouse TSs, do not have the requirement to
perform the resistance test immediately after the functional test, and no basis for performing the test
could be found. After discussions between the licensee and Westinghouse, it was determined that the
requirement for testing immediately was an error (Ref. 3). Moreover, a review of past surveillance test
data between 1989 and 1998 by the licensee showed no instances where hydrogen recombiners were
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returned to service with resistance values less than the required TS minimum. In addition, no other
instances were found where it was necessary to perform a second test. Therefore, although the plant was
operated in a condition prohibited by TS, there is reasonable assurance that the recombiners would have
performed their intended function if called upon.
With respect to issue #83, actual plant data showed that errors associated with the EHR temperature
circuits to be minimal, and that the recombiners would have performed their function in the event of a
postulated accident.
With respect to issue #84, the hydrogen recombiner wattmeter controller circuit is used to control
electrical power to the recombiner electrical heater elements. The controller circuit did not receive a
proper channel calibration. Even though this lack of a calibration resulted in a condition prohibited by
the plant's TSs, licensee's TS surveillances have shown no degradation, based on the actual time for the
hydrogen recombiners to reach the TS required temperature, given an initial power setting on the
wattmeter controller.

80.3 Effect on Containment Failure
In all of the above issues, the "as-found" condition plant showed no degraded or failed components.
Therefore, hydrogen recombiners would have functioned successfully if demanded. The increase in the
likelihood of containment overpressure failure due to hydrogen combustion was negligible. Therefore,
these issues have is essentially no impact on containment performance.

80.4 References
1. LER 315/98-001-02, "Containment Air Recirculation System Flow Testing Results Indicate
Condition Outside the Design Basis," May 8, 1998.
2. Donald C. Cook, Units 1 & 2, NRC Inspection Report No. 50-315, 316/98-007 (DRP), June 3, 1998.
3

LER 315/98-009-01, "Hydrogen Recombiner Surveillance Requirement Not Being Met Results in a
Condition Prohibited by Technical Specifications," April 20, 1998.

4

LER 315/98-019-02, "Hydrogen Recombiner Temperature Circuit Technical Specification
Surveillance Requirement Not Met," July 31, 1998.

5

LER 315/98-033, "Hydrogen Recombiner Wattmeter Circuit Technical Specification Surveillance
Requirement Not Met," July 13, 1998.
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9.0 LERs No. 315/97-026-01 and 315/98-052-01
Event Description:

Potential for Overpressurization of Control Air Headers Could

Have Resulted in Degradation of Safety-Related Equipment
Date of Event:
Plant:

LER 315/97-026 - September 1997
LER 315/98-052 - November 1998
D.C. Cook, Units 1 and 2

9.1 Summary of Issue
This writeup addresses the synergistic effects of issues #9 and #63 when they aggregate.
Failure of a single pressure regulator in open position leading to the failure of both safety-related trains

(Issue #9)
At D.C. Cook, the main control air header is at a pressure of 100 psig. It feeds three headers which are at
20, 50, and 85 psig. In each of the low pressure headers, two pressure regulator that are in parallel lines
maintain the pressure boundary between main header and low pressure header. Normally, one of the
parallel paths are left closed while the regulator on the other parallel line will open or close to regulate
pressure in the low pressure header. Failure of this regulators in the open position can lead to
overpressurization of the low pressure headers and subject redundant safety-related relief valves on the
20, 50, and 85 psig control air headers to 100 psig (Ref. 1).
Overpressurization of the 85 psig header does not affect core damage mitigating systems.
Overpressurization of the 50 psig header can cause a reactor trip with some containment isolation valves
(CIVs) going to "fail safe" positions. Overpressurization of the 20 psig header could result in the
degradation of the residual heat removal (RHR) system. In LER 97-026, it was assumed that both RHR
heat exchanger outlet valves assume a partially closed position while high pressure lasts. However, the
licensee is re-evaluating that assumption. In this analysis, therefore, to be conservative, it is assumed that
the RHR heat exchanger outlet valves assume a closed position. As a result, both trains of RHR are
assumed to be unavailable for mitigating any size loss-of-coolant accident (LOCA) or feed and bleed
situation. In addition, over pressurizing the 20 psig header could lead to a reactor trip (Ref. 1).
Failure of the turbine-driven AFW pump manual loader (Issue #63)
During a safety system functional inspection self-assessment of the auxiliary feedwater (AFW) system in
the fall of 1998, it was concluded that a potential failure mode for an air operated component, the turbine
driven AFW pump (TDAFP) speed control manual loader, could result in the AFW system failing to
produce the flow rates assumed in accident analyses (Ref. 2). The pneumatic input to the speed control
manual loader is supplied from the 20 psig compressed air header. When the input to the speed control
manual loader is 20 psig, the loader output can vary from 3 psig to 15 psig (a loader output of 3 psig
corresponds to the maximum pump speed of 4350 rpm and a loader output of 15 psig corresponds to the
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minimum pump speed of 1900 rpm.) If the pressure regulator in the 20 psig header fails open, the input
to the speed control manual loader will be 100 psig rather than 20 psig. At a 100 psig input, the speed
control manual loader could fail such that the AFW flow is minimum. Assuming an additional single
active failure of a motor-driven AFW pump, the AFW system would not be able to produce the AFW
flow rates assumed in the accident analyses. Additional instances of the same failure mode may also
exist; in January 1999 it was identified that the Centrifugal Charging Pumps discharge flow control valve
was also susceptible to this failure mode.
The change in core damage frequency (CDF) associated with these two issues is dependent upon
resolution of the other issues affecting the core-damage frequency. If other issues do not significantly
affect the functionality of the motor driven auxiliary feedwater (AFW) trains, feed-and-bleed cooling, or
the high pressure injection systems, the change in CDF associated with these two issues, on their own, is
less than 1 x 10'/year. Therefore, on their own, these two issues are not risk significant.

9.2 Modeling and Affected Sequences
Six different cases were considered for modeling the issues reported in LERs 315/97-026 and 315/98
052: (a) failure of the regulator in the open position in the 85 psig, 50 psig, or the 20 psig header followed
by an accident; or (b) an accident or reactor trip followed by a pressure regulator failure.
According to Ref. 1, if the pressure regulator in the 85 psig header fails open, it does not affect core
damage mitigating systems or cause a reactor trip or an accident. Therefore, this scenario is not modeled.
Failure of the pressure regulator in the 50 psig header in the open position trips the reactor and causes
some CIVs to go to their fail-safe position (Ref. 1). This scenario is modeled as Sequence 1.
Failure of the pressure regulator in the 20 psig header in the open position degrades the performance of
the RHR, AFW, and charging systems. According to Ref. 1, the RHR heat exchanger outlet valves go
partially closed. According to Ref. 2, the TDAFP goes to its minimum speed of 1900 rpm, and the
charging pumps could be degraded. A controlled manual shutdown may be needed after this event. This
scenario is modeled as Sequence 2.
If the pressure regulator in the 85 psig header fails open after an accident, according to Ref. 1, no core
damage mitigating systems are affected. Therefore, this scenario will not be modeled.
The impact of a failure of the pressure regulator in the 50 psig header in the open position subsequent to
an accident is limited to a reactor trip. Therefore, if this regulator fails open after an accident, the
additional impact on the scenario is negligible since the accident would already have tripped the reactor.
If the pressure regulator in the 20 psig header fails open after an accident or reactor trip, the following
systems will be degraded: (a) RIDR; (b) AMW; and (c) charging. The following initiators will be
considered: (i) large or medium LOCA (Sequence 3); (ii) small LOCA or feed-and-bleed cooling
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(Sequence 4); (iii) loss of offsite power, including station blackout (Sequence 5); and (iv) reactor trip
(Sequence 6).
In consideration of the above, the six sequences of interest are as follows:
Sequence 1 - Reactor trip as a result of pressure regulator failure in open position in 50 psig header:

"* Reactor trip (as a result of pressure regulator failure in the open position in the 50 psig header); and
"* Core damage probability given a reactor trip.
Sequence 2 - Pressure regulator failure in the open position in the 20 psig header:

"* Pressure regulator fails open in the 20 psig header;
"* Controlled manual shutdown, given pressure regulator failure;
"* Reactor trip during controlled manual shutdown; and
"* Core damage probability given RT and degraded RHR system, TDAFW pump, and charging system.
Sequence 3 - Large or medium LOCA:

"* Large or medium LOCA;
"* Pressure regulator fails in the open position in the 20 psig header; and
"* Both trains of RHR fail to inject or recirculate, given the pressure regulator failure.
Sequence 4 - Small LOCA or feed-and-bleed coolinu:

"* Small LOCA or feed-and-bleed cooling;
"* Sump cooling is required due to inability to depressurize and establish RHR cooling;
"* Pressure regulator fails in the open position in the 20 psig header; and.
"* Both trains of RHR fail to recirculate, given the pressure regulator failure.
Sequence 5 - Loss of offsite power. including station blackout:
0

Loss of offsite power, including station blackout;
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"* Pressure regulator fails in the open position in the 20 psig header; and
"* Core damage probability given degraded TDAFPs, RHR system, and charging system.
Sequence 6 - Reactor trip:
0

Reactor trip; and

"* Pressure regulator fails in the open position in the 20 psig header.
"* Core damage probability given degraded TDAFPs, RHR system, and charging system.

9.3 Frequencies, Probabilities, and Assumptions
Sequence 1 - Reactor trip as a result of pressure regulator failure in open position in 50 psig header:

"* Reactor trip - A review of Cook operating experience using Reference 3 revealed no reactor trips due
to pressure regulator failures in 22 reactor years. Using the criticality factor of 0.79 for Cook 1 and a
Bayesian update, the frequency of a reactor trip due to a pressure regulator failure is 1.7 x 10.2.

"* Core damage probability given a reactor trip - From the Cook standardized plant risk analysis
(SPAR) model, the conditional probability of core damage given a reactor trip is 1.3 x 10'.
Sequence 2 - Pressure regulator failure in the open position in the 20 psig header:
*

Pressure regulator failure in the open position in the 20 psig header - Based on IEEE-500, page 1038,
one-inch 150 psi pressure regulator valve failure rate is 3.3 x 101 per hour. For a two- to six-inch
line, the failure rate is 2.9 x 106 per hour. In order to determine whether the use of these generic
failure rates for Cook is justifiable, a discussion was held with the control air system manager at
Cook (Ref. 6). Based on this discussion, the failure rate of the pressure regulators at Cook in the
open position was calculated as follows. There are 20 pressure regulators at both Cook units (10 per
unit). Six of these regulators are valved in 2the time since they have parallel paths. Therefore, at
any given time, effectively, only 7 regulators are in service. To the best recollection of the control air
system manager, there was only 1 regulator failure in the open position during the approximately 20
years of operation of both Cook units. Using Bayes method, one failure in approximately 40 years of
operation at an average criticality factor of .74 (The criticality factor for Unit 1 is 0.79. For Unit 2,
the criticality factor is 0.68) results in a failure rate of 1.5/(14 x 20 x 8760 x .74). This is
approximately equal to 8 x 10.1 per hour. Even though the plant specific rate is less than the generic
rates by approximately a factor of 4, conservatively, the generic rates are used. Using the higher of
the two generic failure rates and assuming a uniform pressure regulator failure rate, and using a 24
hour mission time, the pressure regulator failure probability within a 24 hour mission time is 8 x 10'.
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"* Controlled manual shutdown, given pressure regulator failure - Assume 1.0 to be conservative.
"* Reactor trip during controlled manual shutdown - Based on Ref. 5, (page 8-12), there were 10 reactor
trips during 148 controlled plant shutdowns. Therefore, the probability of reactor trip during the
event is approximated by a value of .068.

"* Core damage probability given reactor trip and degraded RHR system, TDAFW pump, and charging
system - Based on the SPAR model, core damage probability (CDP) is 2 x 10'. The CDP was
calculated assuming that both RHR trains, the TDAFW pump, and the charging system are failed due
to the pressure regulator failure.
Sequence 3 - Large or medium LOCA:

"* Large or medium LOCA occurs - The frequency of a large break LOCA is 5 x 10' per year, and the
frequency of medium LOCA is 4 x 101 per year (Ref. 3). The sum of the above frequencies is
therefore 4.5 x 10-1 per year.

"* Pressure regulator failure in the open position in the 20 psig header - A probability of 8 x 10-1 is
used. The basis for this probability is discussed under sequence 2.

"* Both trains of RHR fail to inject or recirculate - Since it is conservatively assumed that both trains of
RHR are unavailable, the probability of both RHR trains failing to inject or recirculate is assumed to
be 1.0.
Sequence 4 - Small LOCA or feed-and-bleed cooling:

"* Small LOCA or feed-and-bleed cooling - The frequency of a small LOCA is the sum of the frequency
of a small pipe break LOCA, 5 x 10', a stuck open pressurizer PORV, 1 x 10', a stuck open
safety/relief valve, 5 x 10', and a reactor coolant pump seal LOCA, 2.5 x 10' per year, or a total of 9
X 10" per year (Ref. 3). Feed-and-bleed can be disregarded since two motor-driven AFW pumps are
unaffected.

"* Pressure regulator failure in the open position in the 20 psig header - A probability of 8 x 101 is
used. The basis for this probability is discussed under sequence 2.

"* Sump cooling is required due to inability to depressurize and establish RHR cooling - Since the RHR
is affected due the pressure regulator failure, it is conservatively assumed that the RHR cooling
cannot be established. Therefore, this probability is assumed to be 1.0.
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0 Both trains of RHR fail to inject or recirculate - Since it is conservatively assumed that both trains of
RHR are unavailable, the probability of both RHR trains failing to inject or recirculate is assumed to
be 1.0.

Sequence 5 - Loss of offsite power, including station blackout:

"* Loss of offsite power, including station blackout - The frequency of a loss of offsite power is 4.6 x
10-2 per critical year (Ref. 3).

"* Pressure regulator failure in the open position in the 20 psig header - A probability of 8 x 10' is
used. The basis for this probability is discussed under sequence 2.

"* Core damage probability given a loss of offsite power, degraded TDAFPs, RHR system, and charging
system - The core damage probability is 1.1 x 10.' (SPAR model).
Sequence 6 - Reactor trip:

"* Reactor trip - Ref. 3 indicates that the average industry frequency of any event that requires a reactor
trip from all causes is 1.4 trips per critical year. When adjusted by the average criticality factor of
0.79 for Cook Unit 1 (Ref. 3, Table H-3), the initiating event frequency is 1.1 per reactor calendar
year (1.4 x 0.79).

"* Pressure regulator failure in the open position in the 20 psig header - A probability of 8 x 10-5 is
used. The basis for.this probability is discussed under sequence 2.

"• Core damage probability given reactor trip and degraded TDAFPs, RHR system, and charging system
- 2 x 10. (SPAR model).

9.4 Core Damage Frequency Calculation or the Bounding Calculation
The frequencies associated with the sequences depend on the resolution of other issues affecting the core
damage frequency. To provide perspective on these sequences the following information is provided.
If the resolution of issues results in no significant changes to the high pressure injection system, motor
driven AFW trains, and RHR cooling failure probabilities, the change in core damage frequency would
be the sum of the following frequencies:
Sequence 1- Reactor trip as a result of pressure regulator failure in open position in 50 psig header:
The change in core damage frequency for Sequence 1 is:
(Frequency of reactor trip given pressure regulator fails open in 50 psig header): 1.7 x 10-2) x
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(Core damage probability given a reactor trip: 1.3 x 10") = 2.2 x 10.8 per year.
Sequence 2 - Pressure regulator failure in the open position in the 20 psig header:
The change in core damage frequency for Sequence 2 is:
(Frequency of pressure regulator failure in the open position in the 20 psig header: 2.9 x 10-2 per year) x
(Controlled manual shutdown, given pressure regulator failure: 1.0) x
(Reactor trip during controlled manual shutdown: 0.068) x
(Criticality factor: 0.79 critical year/reactor calendar year) x
(CDP given RT and degraded RHR, TDAFP, and charging system: 2 x 105) = 3.1 x 10' per year.
Sequence 3 - Large or medium LOCA:
The change in core damage frequency for Sequence 3 is:
(Frequency of a large or medium LOCA: 4.5 x 10- per year) x
(Pressure regulator failure rate in the open position in the 20 psig header: 8 x 10- ) x
(Probability of failure of both trains of RHR during injection or recirculation: 1.0) x
(Criticality factor: 0.79 critical year/reactor calendar year) = 2.8 x 10.' per year.
Sequence 4 - Small LOCA:
The change in core damage frequency for Sequence 4 is:
(Frequency of small LOCA: 9 x 10' per year) x
(Sump cooling is required due to inability to depressurize and establish RHR cooling: 1.0) x
(Pressure regulator failure in the open position in the 20 psig header: 8 x 105) x
(Criticality factor: 0.79 critical year/reactor calendar year) = 5.8 x 10-7 per year.
Sequence 5 - Loss of offsite power, including station blackout:
The change in core damage frequency for Sequence 5 is:
(Frequency of loss of offsite power, including station blackout: 4.6 x 102 per critical year ) x
(Criticality factor: 0.79 critical year/reactor calendar year) x
(Pressure regulator failure in the open position in the 20 psig header: 8 x 10"') x
(CDP given degraded TDAFPs, RHR, and charging system: 1.1 x 10- per year) = 3.2 x 10.10 per year.
Sequence 6 - Reactor trip:
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The change in core damage frequency for Sequence 6 is:
(Frequency of reactor trip: 1.1 per calendar year) x
(Pressure regulator failure in the open position in the 20 psig header: 8 x 10-) x
(CDP given degraded TDAFPs, RHR system, and charging system: 2 x 10"5) = 1.8 x 101 per year.
The sum of all of the above sequence frequencies is less than 1 x 10' per year. Therefore, synergistic
effect of these two issues, on their own, are not risk-significant.
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