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Mary Drouin, Acting Branch Chief 
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Division of Systems Technology 
Office of Nuclear Regulatory Research 

John C. Lane, Senior Reliability & Risk Engineering 
Risk Based Regulation & Reliability Section 
Probabilistic Risk Analysis Branch 
Division of Systems Technology 
Off ice' of Nuclear Regulatory Research 

INTERNAL FLOOD INPUT FOR INDIAN POINT 2 IPE REVIEW

The staff has reviewed Chapter 5 of the Indian Point 2 IPE submittal pertaining to internal 
floods, as requested in the memorandum from Alan Rubin to Mary Drouin, dated June 5, 1998.  
The licensee calculated that internal flooding increased core damage frequency by 6.7E-06 per 
reactor year. Based on the. review we conclude the internal flood analysis meets the intent of 
Generic Letter r88-20.  

Attached is the staff Technical Evaluation Report which provides additional details and 
evaluations concerning the flooding analysis. This may be used as input into the Staff 
Evaluation Report.  

cc: M. Cunningham 
T. King 
A. Rubin 

990" 80 113E 990813 
PD DOK0-5000247 

P PDR



Atachment 2 

TECHNICAL EVALUATION REPORT 

INTERNAL FLOOD EVALUATION 

INDIAN POINT UNIT 2



Attachment

Technical Evaluation Report 

Internal Flood Evaluation 

of the Indian Point 2 IPE 

The licensee performed a flooding analysis which consisted of the following steps: 

1 . Information gathering 
2. Determination of the flood-areas 
3. Determination of the flood sources and damage mechanisms 
4. Structural evaluations and penetration integrity checks 
5. Screening analysis 
6. Analysis of remaining, unscreened flood scenarios.  

After screening, the licensee performed a detailed risk evaluation on nine flood scenarios.  
Based on these, they calculated a total flood induced CDF of 6.7E-06 per year.  

The three most significant scenarios, taken together, represented about 94 percent of the total 
flood CDF. The remaining flood scenarios, in total, contributed less than 1 E-06 per reactor year 
to core damage.  

The largest flood damage state contributor to CDF was a service water system flood 
attributable to a postulated break in a 3-inch diameter service water pipe located in the 
emergency switchgear room. Larger break sizes associated with this piping would not be totally 
accomodated by the drains, and, consequently, damage could result in as early as four minutes 
after onset of the break, assuming no credit for flood detection or isolation due to the limited 
time available.  

The second highest contributor was based on generic industry flood data for turbine buildings.  
It consisted of a turbine building flood which resulted in the non-recoverable loss of normal 
power to the emergency buses due to damage to 6.9 kW buses in that vicinity.  

The third highest contributor was based on a fire protection system pipe break in the deluge 
valve room located in the control building. Flood propagation occurred to the emergency 
switchgear room via an interconnecting door.  

Information Gathering and Determination of Flood Areas-rThe flood analysis team performed a 
plant walkdown to inspect all accessible flood areas in the major plant buildings (turbine 
building, primary auxiliary and auxiliary feedwater building, diesel generator building, control 
building, service water intake structure, and the fuel storage building.) Flood sources within the 
containment were not considered because their potential for causing core damage was already 
considered as part of the LOCA analysis. The walkdown included a review of the plant 
drawings, such as, piping and instrumentation diagrams, system descriptions, known flooding 
events and prior flooding analyses performed for previous PRAs. The purpose of the walkdown 
was to define significant flood sources and to note ingress/egress paths for water, protective
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Technical Evaluation Report 

Internal Flood Evaluation of the IPE 
of 

Indian Point Nuclear Generating Unit No. 2 

The licensee performed a flooding analysis which consisted of the following steps: 
1 . Information gathering 
2. Determination of the flood areas 
3. Determination of the flood sources and damage mechanisms 
4. Structural evaluations and penetration integrity checks 
5. Screening analysis 
6. Analysis of remaining, unscreened flood scenarios.  

After screening, the licensee performed a detailed risk evaluation on nine flood scenarios.  
Based on these, they calculated a total flood induced ODE of 6.7E-06 per year.  

The three most significant scenarios, taken together, represented about 94 percent of the total 
flood ODE. The remaining flood scenarios, in total, contributed less than 1 E-06 per reactor year 
to core damage.  

The largest flood damage state contributor to ODE was a service water system flood 
attributable to a postulated break in a 3-inch diameter servi-e water pipe located in the 
emergency switchgear room. Larger break sizes associated with this piping would not be totally 
accomodlated by the drains, and, consequently, damage could result in as early as four minutes 
after onset of the break, assuming no credit for flood detection or isolation due to the limited 
time available.  

The second highest contributor was based on generic industry flood data for turbine buildings.  
It consists of a turbine building flood which resulted in the non-recoverable loss of normal power 
to the emergency buses due to damage to 6.9 kV buses in that vicinity.  

The third highest contributor was based on a fire protection system pipe break in the deluge 
valve room located in the control building. Flood propagation occurred to the emergency 
switchgear room via an interconnecting door.  

Information Gathering and Determination of Flood Areas--The flood analysis team performed a 
plant walkdown to inspect all accessible flood areas in the major plant buildings (turbine 
building, primary auxiliary and auxiliary feedwater building, diesel generator building, control 
building, service water intake structure, and the fuel storage building.) Flood sources within the 
containment were not considered because their potential for causing core damage was 
considered as part of the LOCA analysis. The walkdown included a review of the plant 
drawings, such as, piping and instrumentation diagrams, system descriptions, known flooding 
events and prior flooding analyses performed for previous PRAs. The purpose of the walkdown 
was to: define significant flood sources and note ingress/egress paths for water; note 
protective features such as sumps, alarms, moats and splash guards, inter-area connections 
relevant to flood propagation, and vital equipment locations.



PDetermination of the Flood Sources and Damage Mechanism-The licensee defined two 
potential flood hazard mechanisms: (1) hazard mechanisms associated-with the loss of function 
of the water-filled equipment, and (2) hazard mechanisms resulting from the flood event itself.  
Flood scenarios which could not be ronsidered benign or bounded by other floods were 
identified. The associated area was evaluated for susceptible equipment and the potential for 
the flood to cause an initiating event was determined. The impact on accident mitigating 
equipment was also examined.  

Structural Evaluations and Penetration Integrity Checks-The licensee considered flood barrie r 
failure modes including: Leakage through unsealed doors and hatches, mechanical failures, 
and failures of doors and seals due to excessive water head. Leakage through wall seams was 
disregarded since observed leakage rates were low. In general, the collapse of walls or 
leakage through joints was not considered a significant issue with respect to flooding.  

Screening Analysis-In the screening analysis, flood propagation was assumed to occur if a 
given path exists, unless it required a physical barrier whose failure probability was independent 
of flood height. In those cases, propagation was assumed to occur with a probability equal to 
the probability of the barrier failure. Susceptible equipment was assumed to be damaged given 
that a flood occurred, unless damage could easily be ruled out on the basis of an inadequate 
maximum flood height and no possibility of spraying. As a result of the screening analysis 
many potential flood scenarios were screened out because they were not judged to be risk 
significant, i.e., the core damage frequency was estimated to be much less than 1 E-06 per 
year, or the scenario was already included in other parts of the internal events PRA.  

An example of scenarios screened out is maintenance induced floods. To estimate the flood 
frequency from maintenance actions at full power, plant data was used to determine the 
frequency of major maintenance on pumps and valves that might require the total disassembly 
of a pump or valve. The maintenance action was then coupled with the failure to remcvie power 
from the associated isolation valve. This was followed by a coincident demand on the system 
(or valve rupture), thereby opening the isolation valve initiating the flood. The floods were 
screened out for one of the following reasons: 

1. The pumps were located in buildings containing no safety-related equipment or equipment 
required for a plant shutdown, e.g., the fire pumps.  

2. The systems being maintained are continuously operated and any leakage would be 
detected quickly, e.g., the charging and component cooling water pumps.  

3. The initiating event frequency was a small percentage of that which resulting from the very 
similar scenario initiated by pipe rupture, e.g., failures of the safety injection valves, RHR 
valves, or core spray valves, resulting in spilling of the RWST inventory in the primary auxiliary 
building; or failure of the auxiliary feedwater pumps (similar to condensate storage pipe break).  

Analysis of Remaining, Unscreened Flood Scenarios-For the remaining scenarios, the 
consequences of flooding were analyzed by considering the effects of water accumulation, 
water spraying, environmental conditions, and flood propagation. The parameters considered 
for the effects of water accumulation included: The flood area volume, flood source inventory,



flooding rate, flood propagation rate, and the drain capacity. For water spraying effects, the 
parameter of interest in determining the effects of water spraying was the proximity of pipes to 
safety related equipment and the protection afforded the equipment against spray effects. The 
effects of environmental conditions were based on the determination of the effects of high 
pressure and temperature on nearby safety related components. The effects of flood 
propagation were based on the propagation into the adjacent flood areas and the susceptibility 
of the safety related equipment in those areas.  

The approach fo~r the flood-induced core damage frequency quantification consisted of the 
following steps: 
1. Determination of the frequency and size of potentially significant flood sources.  
2. Definition of flood damage states.  
3. Evaluation of flood growth.  
4. Quantification of .'ood induced accident sequence frequencies.  

Included in the assessment of individual sources of flooding were pipes, tanks, expansion joint 
failures, and spurious fire system activation. Component leakage and rupture failures were 
based upon industry data as was the estimate of fire system actuation frequency of magnitude 
sufficient to disable plant systems or initiate a plant transient.  

Each flood damage state was defined in terms of the time at which it would occur after the initial 
flooding incident together with the important systems w 'hich would be damaged. Damage could 
occur immediately due to spraying or dripping or could later due to rising flood level (flood 
growth) or propagation to adjacent areas and equipment.  

Finally, the flood damage states and core damage frequencies were quantified. This was 
accomplished by making modifications to the IPE general transient event tree to reflected the 
specific flood damage states and the associated impacts on related equipment and operator 
error probabilities. As indicated above, the overall CDF resulting from flood Was reported by the 
licensee to be 6.7E-06 per reactor year.  

The staff has evaluated the flood analysis provided in the Indian Point 2 RPE submittal. We 
have determined that the licensee has reasonably assessed the potential effects from internal 
flooding and therefore conclude that this portion of the IPE meets the intent of Generic Letter 
88-20.
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