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1. Based on detailed validation and verification studies in the laboratory, the measurement error 

associated with a new PT-CT gap assessment tool was determined to be ± 0.5 mm RMSE 

(root mean squared error) with zero bias.  Assuming the measurement error follows the 

Normal distribution with the RMSE corresponding to the standard deviation  

 a)  Compute the 5 % and 95 % percentiles of the measurement error. 

 b)  Given a gap measurement of 0.5 mm by the new tool, what is the probability that the 

pressure tube is actually in contact with the calandria tube? 

 c)  What is the probability of contact for a measured gap of 0 mm? 

 d)  What is the lowest allowable measured gap by this tool to ensure a low probability of 

contact of 10
-3

? 

 

2. A new cantilevered structure must have a probability of failure of 10
-4

.  The design load has 

been estimated to have a mean of 100 kN and a COV of 20 %. Assuming the capacity has a 

COV of 0.25, and both load and capacity follow the Normal distribution 

a) What is the reliability index associated with this design? 

 b) What should be the mean capacity to meet the probabilistic design criteria? 

 

3. The wall thickness loss of feeder piping due to flow accelerated corrosion (FAC) is often 

described by a linear model. Therefore, the wall thickness at any time, T(t) can be estimated 

as 

 ( )
I
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 where T
I
 is the initial wall thickness, R is the FAC rate, and t is the operating time.  Assume 

the initial wall thickness follows the Normal distribution with a mean of  7 mm and COV of 

10 %, and the FAC rate follows the Normal distribution with a mean of 0.1 mm/year and 

COV of 0.15.   

 After 18 years of operation, use Monte Carlo simulation to estimate the 

a) mean and standard deviation of the feeder wall thickness. 

 b) probability of not meeting the acceptance limit of 40 % wall loss from the specified initial 

thickness of 7 mm. 

 

4. The Tritium Removal Facility (TRF) uses two separate trains for the catalytic exchange of 

tritium from the heavy water.  The occurrence of a significant failure (of a single train) has 

been estimated as once in 10 years.  The average system downtime from such an event is 

estimated as one month.  However, if both trains fail in a single year, the downtime is 

increased to two months, on average.  The cost of failure (i.e., due to repairs, labour, lost 

productivity, etc.) has been estimated as $ 1,000 / hour.   

( 10 ) 

( 8 ) 

( 10 ) 

( 12 ) 



UN 0701 - Problem Set 2  Winter 2017 

  2. 

 Assume the time to failure of each train follows the Exponential distribution.  Assume the 

system downtime also follows the Exponential distribution. 

a) Compute the probability that the system will be down in the next year (assume the 

repaired trains are perfectly reliable). 

 Use Monte Carlo simulation to estimate the 

b) mean and standard deviation of risk in the next year. 

 c) probability that the risk will be greater than $ 1 million in the next year. 

 

5. Hydrogen ingress is a serious concern for the integrity of pressure tubes in CANDU reactors.  

Based on the inspection of 50 pressure tubes after 18 years of operation, the hydrogen 

concentration was found to follow the Normal distribution with a mean of 42.6 ppm and a 

standard deviation of 10.9 ppm.  Assuming the accumulation of hydrogen in the pressure 

tubes is linear in time 

a) What is the probability that an uninspected pressure tube will exceed the critical value of 

100 ppm before 25 years of operation? 

b) What is the probability that none of the remaining 330 uninspected pressure tubes will 

exceed the critical value of 100 ppm before 25 years of operation? 

c) At what time should the pressure tubes be replaced to ensure with 95 % probability that 

none of the tubes in the uninspected population exceed the critical value of 100 ppm? 

 

6.  The corrosion rate of a pipe is modelled as an Exponential random variable with an average 

rate of 4 % of wall thickness loss per year.  A group of 50 new pipes are placed in service for 

a period of 6 years.  According to the ASME standard, the remaining pipe wall thickness 

should not be less than 60 % of the original wall thickness at any point in time.  

a) How many pipes do you expect not to meet the ASME code requirement by the end of 

the 6 year service life?  

b) Suppose the penalty for not meeting the standard is $ 10,000 per pipe.  What is the 

expected loss (or risk) for the 6 year operating period? 

 

7. Over the last 20 years, there have been a total of four failure events associated with the 

primary heat transport system (PHTS) pump motors at a nuclear station.  Given that a reactor 

unit has a total of four pump motors 

a)  Estimate the failure rate for a single pump motor. 

b) What is the probability that a pump motor will not fail in the next three years? 

c) What is the probability that a pump motor will fail more than once in the next three years? 

d) What is the probability of having more than one pump motor failure event for the reactor 

unit in the next three years?  

 

8. Choose one of the datasets in the data2.xls file (available on the course website) and  

a) Construct a Nelson-Aalen trend plot of the data. 

b) Construct a CROW-AMSAA plot of the data and estimate the parameters of the NHPP 

Power Law process. Comment on the overall trend over time. 

c) Estimate the expected time of occurrence of the next event. 

d) Estimate the probability of having more than two events occurring in the next year. 
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