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ABSTRACT 

In 1990, theNRC PublishedNUREG-1150 which assessed the risks for five U.S. nuclear power 
plants. This paper provides a comparison of the results and perspectives obtained fi-om the 
NUREG-1 150 study to those obtained form the Individual Plant Examination (IPE) program. 
Specifically, results and perspectives on core damage fiequency and containment performance 
are compared. 

BACKGROUND 

In 1990 the NRC published NUREG-1 150 (Ref l), which assessed the risks for five U.S. nuclear power plants: 

Unit I of Surry Power Station, a Westinghousedesigned three-loop reactor in a subatmospheric 
containment building; [also evaluated in WASH-1400 (Ref. 2)J 

Unit 1 of the Zion Nuclear Plant, a Westinghousedesigned three-loop reactor in a large, dry 
containment; 

Unit 1 of the Sequoyah Nuclear Power Plant, a Westinghouse-designed four-loop reactor in an ice 
condenser containment building; 

*This work was performed under the auspices of the U.S. Nuclear Regulatory Commission. 
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Unit 2 of the Peach Bottom Atomic Power Station, a General Electric-designed BWR-4 reactor in a 
Mark I containment building (also evaluated in WASH-1400); 

Unit 1 of the Grand Gulf Nuclear Station, a General Electric-designed BWR-6 reactor in a Mark 111 
containment building. 

While the NUREG- 1150 plants represent a spectrum of designs, they do not cover all vendors and do not 
represent a large enough sample to be considered representative of the industry. 

On August 8,1985, theNuclear Regulatory Commission (NRC) issued a Policy Statement on Severe Accidents 
regarding Future Designs and Existing Plants (50 FR 32 138) that introduced the Commission’s plan to address 
severe accident issues for existing commercial nuclear power plants. In this Policy Statement, the Commission 
addressed its plan to formulate an approach for a systematic safety examination of existing plants to study 
particular accident vulnerabilities and desirable cost-effective changes to ensure that there is no undue risk to 
public health and safety. To implement this plan, NRC issued Generic Letter 88-20 (Ref. 3) in November 1988 
requesting that all licensees perform an Individual Plant Examination (IPE) to identify any plant-specific 
vulnerabilities to severe accidents, and to report the results to the Commission. Most licensees performed a level 
1 and 2 PRA in response to the generic letter and reported core damage frequency (CDF) and accident 
progression results to the Commission. In this paper, the CDF and accident progression results reported in 
NUREG-1 150 are compared with IPE results for comparable reactor and containment designs. The perspectives 
obtained from NUREG-1 150 and the IPEs are also compared. 

Core Damage Frequency Results 

Figure 1 shows the NUREG- 1 150 CDF results compared to the IPE results. In the NUREG-1 150 analyses, an 
uncertainty distribution was calculated for each of the five plants. For those five plants, the lower and upper 
extremities of the bars in Figure 1 represent the 5th and 95th percentiles of the distributions, with the mean value 
of each distribution also shown. More detailed descriptions of the shapes of the distributions can be found in 
NUREG-1 150. As m be seen in Figure 1, the NUREG-1 150 CDF results fall within the range of the IPE CDF 
results. 

Figure 1 shows that the range between the 5th and 95th percentiles covers from one to two orders of magnitude 
for the five NUREG-1 150 plants. When comparing the NUREG-1150 results to the IPE results, the reader 
should remember that the IPE results reflect a mix of means and point estimates. Uncertainty distributions are 
not shown here for the IPEs, as they are not available in many cases. However, when uncertainties have been 
provided, their range is cumistent with the NUREG-1 150 distributions. The uncertainty ranges do make it clear 
that undue weight should not be put on small differences among the results. Based upon Figure 1, the overall 
NUREG-1 150 and IPE results are reasonably consistent. 

Figure 2 shows the results broken down for PWRs and BWRs. The average CDFs for Surry, Sequoyah, and Zion 
fall within the range of PWR IPE values. Note that two values are presented for Zion in NUREG- 1 150, with the 
second, lower value reflecting some plant changes as of October 1990. Likewise, the Peach Bottom and Grand 
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Gulf average CDFs fall within the range of BWR IPE values. Figure 3 further shows the NUREG- 1 150 results 
compared to particular IPE plant groupings. In each case the differences are within the range expected, given that 
there are many plant-specific design differences and PRA modeling differences. 

Both NUREG-1 150 and the IPEs have shown that the relative contributions of accident sequences to the CDF 
are plant specific. Therefa the accident sequence which dominates in one plant may not be dominant in another. 
However, Figures 4 and 5 show that the mix of contributors is consistent with the results found in NUREG-1 150. 
That is, for the PWRs, station blackout, transients and loss-of-coolant-accidents (LOCAs) tend to be important 
contributors, while for the BWRs, station blackout and transients tend to be the most important, with lesser 
contributions fiom anticipated transients without scram (ATWS) and LOCAs. Internal flooding was examined 
only for the Suny and Peach Bottom plants in NUREG-1 150 and was not found to be important. Internal 
flooding is a signf’cant contributor for a few of the IPEs. At a more detailed level, the specific failures leading 
to core damage sequences are plant-specific and cannot be easily compared between NUREG-1 150 and the IPEs. 

Accident Progression Results 

After evaluating the accident sequences leading to a r e  damage and calculating the CDF, both the NUREG- 1 150 
and IPE programs evaluated the ability of the containments to prevent the release of radioactivity. The five 
containment types included in the NUREG-1 150 study are compared with IPE results for similar containment 
designs. The only exception is the IPE results for BWRs with Mark I1 containments. This containment design 
was not included in NUREG-1 150 and therefore could not be compared with the IPE results for Mark I1 
containments. 

Figures 6 and 7 show the probability of early containment failure conditional on core damage obtained in 
NUREG-1 150 compared to the IPE results. These probabilities include events that cause structural failure of 
containment and also isolation failure. Accidents that cause containment bypass (such as interfacing systems 
LOCA and steam generator tube rupture) are not included in these figures. However, the frequency of these 
events is combined with the fiequency of early containment failure for the results presented in Figures 8 and 9. 

In the NUREG-1 150 analyses, uncertainty distributions were calculated for the containment failure and bypass 
estimates. Therefore, for the five NUREG-1 150 plants the 5th and 95th percentiles and the means of the 
distribution am shown in the figures. As can be seen in the figures, the NUREG-1 150 results (mean values) fall 
within the range of the IPE results for each containment type. However, the ranges between the 5th and 95th 
percentiles for some of the NUREG-1 150 results are quite wide (fiom two to three orders of magnitude) and span 
the IPE results. 

Figures 6 and 7 provide a comparison of the NUREG-1 150 results for the conditional probability of an early 
failure for each containment type evaluated in NUREG-1 150 with those calculated in the IPEs. NUREG-1 150 
found that the conditional probability of early failure is significantly lower for PWRs with large volume and 
subatmospheric containments than for PWRs and BWRs with pressure suppression containments. This trend 
is not as apparent in the IPE results. The conditional probability of early failure for large volume containments 
in the IPEs varies from 0.002 to 0.33 with an average value of 0.05 and for subatmospheric containments from 



0.004 to 0.25 with an average of 0.1. These results can be compared with the conditional probabilities of early 
Containment failure for ice condenser containments, which vary from 0.005 to 0.05 with an average value of 0.0 1 , 
and for BWR containments, which vary from about 0.0 1 to 0.63 with an average of 0.26. 

The IPE results do indicate that BWR containments generally have higher conditional probabilities for early 
failure than for PWR plants but there is significant variability in the results. For example, there are several IPEs 
with Mark I containments that have extremely low early failure probabilities. These low probabilities are in some 
cases caused by modeling assumptions (neglecting liner melt-through) or by plant specific features (sumps or 
curbs that physically prevent liner melt-through). Conversely there are PWRs with large dry containments that 
have relatively high early failure probabilities. These higher probabilities are also caused by modeling 
assumptions (e.g., containment failure pressure) and by plant specific features (e.g., the sump and recirculation 
piping in the Palisades plant) not found in other large dry containment designs. The greater variation in the IPE 
results was expected because a much larger number of plants were analyzed using a wider range of modeling 
assumption than in the NUREG-1 150 study. 

Figures 8 and 9 provide a comparison of the NUREG-I 150 and IPE results for the frequency (per reactor year) 
of a severe accident with early containment failure or bypass. The NUREG- I 150 results show that on the basis 
of absolute hquency, early containment failure or bypass for the BWR designs analyzed are similar (the means 
are within lE-6h-y to 6E-6/1y) to that of the PWRs. The reason for this result is that the core damage frequencies 
were found to be lower for the BWRs than for the PWRs studied in NUREG- 1 150. Therefore, although the 
conditional probabilities of early failure were higher for BWRs this was compensated for by the lower CDF. The 
average IPE frequencies are similar to the NUREG-1 150 values but individual plant results vary significantly. 
The frequency of early failure and bypass for the PWR IPEs varied from about 7E-8lry to 6E-5h-y with an 
average of 9E-6/ry and BWR IPEs varied from about 3E-7/ry to 3E-5/ry with an average of 6E-6/ry. 

In general the events that contribute to the IPE frequencies in Figures 8 and 9 are similar to those that contributed 
in the NUREG-I 150 study. For example, direct containment heating is an important failure mode for PWRs with 
large dry and subatmospheric containments, hydrogen combustion is important for PWR ice condensers and 
BWR Mark III containments, and liner melt-through is important for BWR Mark I containments. In addition, 
accidents that bypass containment are significant contributors to the frequencies shown in Figure 8 for some 
PWR plants. However, both studies have shown that the relative contributions of the various containment failure 
modes vary between plants and depend on plant specific features and modeling assumptions. 

Core Damage Frequency Perspectives 

NUREG- 1150 provided general perspectives for BWRs and PWRs based on the five plants included in that 
study. The perspectives derived from NUREG-1 I50 are compared with those obtained from the IPE results 
below. The approach adopted is to summarize a NUREG- 1 I50 perspective and then determine whether or not 
the IPE results support those findings. 



NUREG-1150 Perspective: B WRs tend to have lower CDFs than PWRS 

BWRs tend to have internal event core damage frequency distributions that are lower than those of PWRs, 
although this finding is less pronounced for the IPEs. Figure 2 shows that there is overlap between the P W R  and 
BWR CDFs in the PES. There are several reasons why the BWR CDFs tend to be lower than the PWR CDFs. 
Tbe LOCA sequences, often significant in the P W R  core damage frequencies, are usually minor contributors in 
the case of the BWRs. This is not surprising, since most BWRs have many more systems than PWRs for injecting 
water d m d y  into the reactor coolant system to provide makeup. Further, BWRs can more easily depressurize 
to use low pressure systems. PWRs have highly reliable emergency core cooling (ECC) systems, but with less 
redundancy and diversity than BWRs. PWRs generally have one high-pressure and one low-pressure ECC system 
(both muititrain), plus a set of accumulators. For many types of transient events, BWRs also tend to have more 
systems that can provide decay heat removal than PWRs. For transient events that lead to loss of water inventory 
due to stuck-open relief valves or primary system leakage, BWRs have numerous systems to provide makeup. 
PWRs usually have somewhat higher station blackout frequencies, because, unlike BWRs, if AC power is lost 
they have no systems to inject directly into the reactor coolant system to provide makeup in the case of system 
leakage from stuck-open relief valves or seal leaks. 

W R E G I I S O  Perspective: Support qwtems are crucial to the COF 

For both BWRs and PWRs, the reliability of the support systems is quite important in determining the CDF. 
These systems include electric power, service water, instrument air, HVAC, and other systems that support the 
frontline emergency core coolig systems. Because the design of these support systems vanes considerably among 
plants, caution must be exercised when making statements about generic classes of plants, such as PWR versus 
BWR Both types of plants have sufficient redundancy and diversity so as to make multiple independent failures 
unlikely. Support system failures introduce dependencies among the systems and thus can become dominant for 
both types of plants. For example, the interdependencies introduced by the support systems can override the 
higher redundancy of the BWR ECCS. Several of the perspectives below result from support system 
vulnerabilities. 

NUREGLll50 Perspective: Operator recovery adions significantly reduce the CDFs 

Recovery actions range from simple actions such as manually opening a valve to complex actions such as 
providing injection fi-om nonsafety systems. The NUREG- 1 150 PRAs and the IPEs have taken extensive credit 
for operator recovery actions. Improvements in emergency operating procedures over the past several years are 
responsible for increased reliability of the operators and identification of additional actions that they can take. 
The move to symptom-based procedures during the 1980s has been a very positive step. While there is 
considerable variability among the plants concerning the effectiveness of particular recovery actions, the overall 
impact is positive. 



N V ” G I I S 0  Perspcdive: Bopedv designed crossties between svstem can substantial!v decrease the core 
damage frequency 

Many plants can crosstie at least a few important systems. Crossties allow failures within systems to be 
circumvented. The crossties can be fairly simple connections among parallel trains of a system or complex 
connections among dif€ixent units of a multiunit site. Crossties typically involve systems such as electric power, 
auxiliary feedwater, service water, and various water storage tanks. These crossties have lowered the CDF at 
many plants. Since there is a potential for incorrect cross connecting, proper administrative control is very 
important. 

W W G I I S O  Perspective: Station blackout is important at both PWRs and BWRs 

Station blackout events are usually important at both PWRs and BWRs. On average, station blackout accidents 
contribute a higher percentage of the core damage frequency for the BWRs. However, when viewed on an 
absolute scale, station blackout tends to have a higher fiequency at the PWRs than at the BWRs. To some extent 
this is due to design differences between BWRs and PWRs leading to different susceptibilities. For example, in 
station blackout accidents, Westinghouse PWRs are potentially vulnerable to reactor coolant pump seal LOCAs 
following loss of sed cooiin& leading to loss of inventory with no method for providing makeup. BWRs, on the 
other hand, have at least one injection system that does not require ac power. While important, it would be 
i n w m t  to imply that the dif€erenm noted above are the only considerations that drive the variations in the core 
dzunrtge fiequency. Probably more important is the electric power system design at each plant, which is largely 
independent of the plant type. 

N U R E G I I S O  Perspective: Containment venting can reduce CDF ut B WRS 

Unlike most PWRs, the response of containment is often a key in determining the core damage frequency for 
BWRs. For example, in Mark I containments, there are a number of ways in which containment conditions can 
affect coolant injection systems. High pressure in containment can lead to closure of primary system relief valves, 
thus failing low pressure injection systems, and can also lead to failure of steam-driven high-pressure injection 
systems due to high turbine exhaust back pressure. High suppression pool temperatures can also lead to the 
failure of systems that are recirculating water from the suppression pool to the reactor coolant system. If the 
containment ultimately fails, certain systems can fail because of the loss of net positive suction head in the 
suppression pool, and also the reactor building is subjected to a harsh steam environment that can lead to failure 
of equipment located there. Venting the containment can reduce or eliminate many of the above concerns. 
NUREG-1 150 examined the effect of containment venting on the core damage frequency at Peach Bottom which 
has a Mark I containment. Assuming the containment venting system was not available, the point estimate of the 
core damage frequency increased by a factor 2.6. Many of the BWR IPEs have taken credit for containment 
venting. 



NUREGIISO Perspective: Loss of service water or component cooling water can be dominant at PWRs 

FortheNUREG-1150 Zion analysis and many of the PWR IPEs, it was assessed that component cooling water 
is needed for operation of the charging and high-pressure safety injection pumps. Loss of component cooling 
water (or loss of service water, which will also render component cooling water inoperative) will result in loss 
of these high-pressure systems. This CM further lead to loss of cooling to reactor coolant pump seals, resulting 
in leakage fiom the reactor coolant system without the capability to inject high-pressure makeup into the primary 
system. Thus, loss of component cooling water or service water can both cause a small LOCA and disable the 
systems needed to mitigate it. Seal leakage tends to be more of an issue for Westinghouse plants, although the 
problem is not confined solely to those plants. New seals, which are already being implemented at some plants 
will considerably reduce the likelihood of significant leakage. 

N U ~ G I l S O  Perspective: Feed and bleed cooling is an important safety strategv at many PWRs 

Feed and bleed cooling substantially reduces the CDF at many PWRs. It represents an alternative method for 
decay heat removal in transients involving a total loss of feedwater. Successful feed and bleed cooling requires 
either opening at least one PORV or, at some plants, using high pressure pumps that can lift the safety relief 
valves. Therefore, it is important to keep power-operated relief valves unblocked at many PWRs. At some 
plants, chronic problems with PORV l&ge leads to operation with the associated block valves closed. Opening 
these block valves requires operator action and is prevented by loss of power or hardware failures in certain 
scenarios. This reduces the availability of decay heat removal via feed and bleed cooling. 

NUREG1150 Perspective: Switchover to recirculation is important to LOCA CDFs at PWRs 

There is substantial variation among the PWR LOCA CDFs. A significant part of this variation is driven by 
plant-specific aspects of the switchover to recirculation in the later stages of a LOCA. For example, NUREG- 
1150 found higher LOCA CDFs for Sequoyah than the other plants due to three factors: (1) a low containment 
spray setpoint that resulted in early spray actuation for small LOCAs ( the sprays take suction from the refueling 
water storage tank which is also supplymg makeup to the reactor coolant system), (2) a relatively small refueling 
water storage tank, and (3) manual switchover to recirculation. Other PWRs with some or all of these features 
tend to have the highest LOCA CDFs. 

Accident Progression Perspectives 

A similar approach is adopted in this section. First the NUREG-1 150 perspective is summarized and then it is 
determined whether or not the IPE results support the finding. 

NUREG-I I SO Perspective: Large dry and subatmospheric containments are highly likely to maintain 
integrity during a severe accident 

TheNUREG-1150 results for theZion and Suny Plants indicate that large dry and subatmospheric containment 
designs appear to be quite robust in their ability to contain severe accident loads. This study shows a high 



likelihood of maintaining integrity throughout the early phases of severe accidents in which the potential for large 
release of radionuclides is greatest. The predicted likelihood of early containment failure in the Zion (large volume 
containment) plant and the Surry (subatmospheric containment) plant in NUREG- 1 150 are quite small (mean 
value of about 0.01). The principal mechanisms leading to these failures are loads resulting from high-pressure 
melt ejection in accident sequences with high reactor coolant system (RCS) pressures (at time of vessel breach) 
and in-vessel steam explosions in sequences with low RCS pressure at vessel breach. The uncertainties in 
describing the magnitude of severe accident loads at vessel breach for pressurized scenarios and the likelihood 
of depressurization prior to lower head failure are large, however. The principal reason that the probability of 
early containment failure from loads at vessel breach is so small in the NUREG-1 150 Suny and Zion analyses 
is that the reactor coolant system is not likely to be at high pressure when vessel meltthrough occurs. Some of 
the mechanisms that were found to be effective in depressurizing the vessel are hot leg or surge line failure at 
elevated temperature, failure of a reactor coolant pump seal, or a stuck-open relief valve. 

Generally, the IPE results for large dry and subatmospheric containments indicate probabilities of early 
containment failure that are higher than those calculated in NUREG- I 150. The IPE average early failure 
probabilities are 0.05 for large dry containments and 0.1 for subatmospheric containments with some individual 
plant results above 0.3. The higher probabilities of early containment failure for the IPEs are caused in some 
cases by plant specific features and in other cases by modeling assumptions. For example, the highest early 
failure probability (0.33) in Figute 6 is for the Palisades plant and it reflects a containment failure mode that is 
unique to Palisades. The postulated failure mode assumes that molten core debris from the reactor cavity flows 
into the sump and subsequently inta recirculation piping. The debris is assumed to meltthrough the pipe wall and 
enter the Auxiliary Building. This failure mode was not identified in other PWRs with large volume or 
subatmospheric containment. 

NUREG-1150 Perspedive: me fikelihoodof early containment failure is higher for ice condenser designs 
than for latge dry and subatmospheric designs 

The NUREG-1 150 results for the Sequoyah plant indicate that the likelihood of early failure during a severe 
accident for the Sequoyah plant is higher (0.065) than for the large dry and subatmospheric designs, but is less 
than for the BWRs analyzed. Early failure is primarily associated with loads introduced at the time of vessel 
breach. Containment rupture from high overpressure loads at the time of vessel breach is likely to result in 
sign&ant damage to the containment wall and subsequent bypass of the ice bed. The IPE results indicate that 
in general ioe denser containments have lower probabilities for early failure than large dry and subatmospheric 
designs. The average of the IPE early failure probabilities is 0.02 for ice condenser containments compared with 
0.05 for large dry and 0.1 for subatmospheric designs. Although the differences in the average values for the 
various designs are less than a factor of five the IPE results for ice condenser containments are lower than might 
have been expected based on NUREG-1 150. All of the failures modes (direct containment heating, hydrogen 
combustion, in-vessel steam explosions and direct contract of the core debris with the container wall) found 
important in the NUREG-1150 Sequoyah analysis were considered in the IPEs but judged to have lower 
probabilities. In some cases these lower probabilities were derived from modeling assumptions in other cases 
accident sequence and plant specific f a m e s  (flooded cavity, ice remaining, etc.) were used to justify the results. 



NuREG.1150 Perspedive: There is a substantial likelihood for ear@ failure in B WR Mark I containments 
as a result of direct attack of the drywell shell by molten core debris 

This failure mode was found to be the dominant failure mechanism in the NUREG- 1 150 Peach Bottom (Mark 
I containment) study. However, at the time Generic Letter 88.20 (Ref. 3) was issued there was considerable 
uncertainty regarding the likelihood of failure of the drywell as a result of this mechanism. The utilities were 
therefore given the option of not addressing it in their IPEs. However, most utilities did include consideration 
of liner meltthrougk For those utilities that did consider this failure mechanism, a significant potential was found 
for early drywell Mure (as shown in Figure -7). In those submittals that did not consider liner meltthrough, the 
potential for early containment failure was generally found to be quite low. In some IPEs, this failure mechanism 
was eliminated because of plant specific fatures (such as large sumps or the presence of curbs). 

NUREGIlS0 Perspective: Venting can eliminate some sequences that would otherwise result in gradual 
overpressure failure of Mark I containments 

The principal benefit of wetwell venting indicated by the NUREG- 1 150 Peach Bottom study is in the reduction 
of the core damage frequency. In many BWR IPEs the CDF was also reduced by taking credit for containment 
venting. Although the NUREG-I 150 study found that venting is not effective in eliminating some early drywell 
failure mechanisms, venting could eliminate other sequences that would otherwise have resulted in gradual 
overpressure failure of the containment. Therefore, venting was found to lower the likelihood of late containment 
failure in NUREG-1 150. In general, most IPE results for Mark I containments also include late containment 
venting as a way of preventing late containment failure. However, in at least one submittal early drywell venting 
is a predominant venting mode. In these plants early drywell venting accompanies a containment flooding 
procedure. 

NUREGl I50 Perspective: Hydrogen deflagration is the principal mechanism for early containment 
failure in B WR Mark 111 containments 

In NUREG-1 150 the Grand Gulf containment was predicted to fail at or before vessel breach in a substantial 
fhction (0.4) of severe accident sequences. Hydrogen deflagration was found to be the principal mechanism for 
early containment failure in NUREG-1 150. The IPE results indicate that energetic events at the time of vessel 
breach including hydrogen combustion are the principal causes of early containment failure. However, the 
conditional probabilities of early failure in the IPEs were less (0.005-0.25) than the NUREG-1 150 value (0.4). 
The IPEs also found energetic events at the time the core debris penetrates the reactor vessel as important 
contributors to the probabilities of early failure. However, these events were again judged to have lower 
probabilities in the IPEs than in NUREG-1150. The differences seem to be largely driven by modeling 
assumptions (magnitude of pressure loading, failure pressure of containment, etc.) and by the high reliability 
associated with the hydrogen ignition systems in the IPEs. 



M / R E G l l S O  Perspective: Venting was not found efscdive in preventing containment failure for accident 
scenarios involving core damage in Mark 111 containments 

In the NUREG-I 150 Grand Gulf study accidents involving station blackout (SBO) were found to dominate the 
core damage hquency. Containment venting was considered unlikely for SBO accidents and therefore it was 
not found to be particularly effwtive at Grand Gulf. However, in the Grand Gulf IPE venting of the primary 
system using the Main Steam Isolation Valves (MSIVs) was a significant contributor to the probability of loss 
of early containment integrity. In other IPEs venting was also found to be a significant contributor to loss of 
containment integrity but late in an accident sequence. 

NUREG-1 150 Perspective: If core damage is arrested invessei, the likelihood of containment failure is 
small for all containment types 

The potential was found in NUREG-I 150 for the arrest of core degradation within the reactor vessel as the result 
of recovery procedures (such as in the TMI-2 accident) in a significant fraction of core damage scenarios. The 
likelihood of containment failure is very small in these scenarios. The potential for arrest of in-vessel core 
&gradahon was not considered for all of the IPE submittals. However, for those IPEs that did consider this effect 
the impact on the accident progression results was significant. The IPE results also indicate that if the core is 
retained in the reactor vessel then the likelihood of containment failure is very small. 

NUREG-1 150 Perspective: Containment bypass events represent a large fraction of high consequence 
accidents for PWR containments 

NUREG-1 150 results indicate that containment bypass sequences (severe accidents initiated by steam generator 
tube ruptures, tube ruptures induced by hot circulating gases, or interfacing systems LOCAs) represent a 
substantial fixtion of high consequence accidents. The absolute frequency of these types of failure were however 
found to be small (about 5E-6/ry) in NUREG-1 150. The IPE results also found that these types of events have 
a relatively low frequency (the average of the P W R  IPE result is very similar to the NUREG-1 150 values). 
Bypass events were also found to be significant contributors to the frequency of early containment failure and 
bypass in the IPE submittals. In fact, some of the highest frequencies (IE-S/ry> in Figure 8 are dominated by 
bypass accident frequencies. 

SUMMARY 

Results and perspectives reported in NUREG-I 150 for five nuclear power plants have been compared with the 
IPE results and perspectives for similar reactor and containment designs. The results and perspectives obtained 
fiom the two studies are generally similar. However, there are a number of notable differences. These differences 
are caused in some cases by plant specific features and in others by modeling assumptions. 
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Figure 1 Comparison of NUREG- I I50 and IPE CDFs 



s 

s 
Q) 

s 

P 
0 
.r 

Y 
0 
.r 

9 
0 
.r 

C 
0 
N 
- 
r 
Q 
)r 
0 
3 
CT a 
v) 

Y 
E 
cp 
L 
0 
o\ 
o\ 

CI 

v+ 

E 
0 

z 

n 

U J  
cp 
9 
crc 
u 
E 
0 

G 

Figure 2 Comparison of NUREG- 1 150 and IPE CDFs for PWRS and BWRs 
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Figure 3 Comparison of NUREG-I 150 and IPE CDFs for Selected Plant Types 
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Figure 4 Comparison of NUREG- 1 150 and IPE P W R  Dominant Contributors 
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for Early Containment Failure for BWR Plants 
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