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1. The data1.xls file (available on the course website) contains time to failure data for air 

compressors.  Assuming the air compressor time to failure follows the Exponential 

distribution, estimate the 

a) Life expectancy of the air compressors, and the 95 % confidence interval for the estimate. 

b) Reliability of an air compressor of this type after 2 years, and the 95 % confidence 

interval for the estimate. 

 

2. The cryogenic refrigeration system (CRS) is a key part of the Tritium Removal Facility 

(TRF) at Darlington Station.  To ensure high production capability, the system is shut down 

every three years for planned inspection and maintenance activities.  Due to lack of detailed 

records, assume there have been a total of 6 unplanned production outages caused by the 

failure of the CRS during the 28 year operating life of the TRF.   

Assuming the occurrence of CRS failure follows the homogeneous Poisson Process 

a) Estimate the CRS failure rate and the 95 % confidence interval for the estimate. 

b) What is the probability that the CRS will fail more than once in the next 3 year outage 

interval? 

c) Estimate the 95 % confidence interval for the estimate in part (b). 
 

3. During the installation of new pressure tubes at a nuclear reactor, a member of the technical 

crew happened to notice a small manufacturing defect on the outside surface of the tube 

being installed.  As a result, the remaining 159 yet to be installed pressure tubes were 

carefully examined for similar flaws, however, none were discovered.  Given that the reactor 

has a total of 480 pressure tubes 

a) How many of the already installed pressure tubes would be expected to have a 

manufacturing flaw? 

b) Compute the 95 % confidence interval for the estimate in part (a). 

c) What is the probability that at least one of the already installed pressure tubes will have a 

manufacturing flaw? 

 

4. The manufacturer of the pressure tubes in the previous question claims to follow highly 

rigorous quality control standards, with the chance of a manufacturing defect being very low, 

estimated at around 10
-4

.  Does the information given in the previous question seem to 

indicate that the quality of the pressure tube manufacturing process is in fact worse than 

claimed by the manufacturer? 

 

5. The data3.xls file (available on the course website) contains data on feeder thinning.  The 

data consist of wall thickness measurements after 15 EFPY (effective full power years) and 

the corresponding total average velocities for 2.5 inch outlet feeders at a CANDU 6 plant. 
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 Previous studies have shown that the thinning rate, R, for a particular feeder is linearly 

correlated with velocity raised to the power of 1.5 as 

 1.5R aV b  

 where a and b are the slope and intercept, respectively.  Assuming the feeder initial thickness 

is equal to 7.0 mm and the thinning rate is linear in time (i.e., the rate is constant for a 

particular feeder), use linear regression to 

a) Fit the model of thinning rate vs. velocity shown above, and estimate the coefficient of 

determination. 

b) What is the expected thinning rate and the 95 % prediction interval for the highest 

velocity feeder having a total average velocity of 16.5 m/s? 

c) When is the highest velocity feeder expected to reach the acceptance limit of 40 % wall 

loss from the initial thickness? 

d) What is the probability that the highest velocity feeder will reach the acceptance limit by 

18 EFPY? 
 

6.  Powerhouse Emergency Venting (PHEV) is a safety related system, protecting the 

powerhouse from overpressure in the event of a Main Steam Line Break.  The system uses 

several microprocessors to monitor for abnormal pressure and temperature conditions in the 

powerhouse.  The microprocessors are purported to be highly reliable and will respond to 

abnormal conditions with 0.99 probability, and have an error rate of only 0.5 % (i.e., they 

will send a trip signal 0.5 % of the time under normal conditions).   Given that the chance of 

occurrence of a main steam line break is estimated as 10
-4

 

a) What is the probability that a main steam line break is actually occurring, given that a 

single microprocessor is indicating a trip signal? 

b) What is the probability when two microprocessors are indicating a trip signal? 

 

7. Based on the analysis of industry data on main output transformer (MOT) failures, it was 

determined that on average, there have been 4.6 MOT failures in 24.1 operating years.  

Assuming the failure of the MOTs follows the homogeneous Poisson process (HPP) 

a) Determine the parameters of the industry prior for the constant failure rate, , assuming it 

follows the Gamma distribution. 

b) Compute the parameters of the posterior distribution for a plant that has experienced two 

MOT failures in 17.4 operating years. 

c) What is the probability of having no MOT failures at the plant in the next 3 years? 
 

8. A nuclear power plant uses emergency diesel generators to supply power to critical safety 

systems and equipment in case of an accident.  Based on expert assessment, the time to 

failure of the diesel generators has been determined to follow the Weibull distribution.  

However, due to uncertainties regarding the aging degradation mechanisms and their 

progression over time, the shape parameter, , has been estimated as 2 (i.e., linear increase in 

hazard rate) with a COV of 10 %.   

 What should be the mean lifetime of the diesel generators to meet the safety requirement of 

95 % reliability after 3 years with 95 % probability (i.e., the 95/95 rule)?  Assume the shape 

parameter, , follows the Normal distribution. 

 (80) 

( 8 ) 

( 10 ) 

( 8 ) 


