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Instructor: Dr. M. Pandey and Dr. M. Jyrkama 

Department of Civil and Environmental Engineering, University of Waterloo 

Due Date: Sunday, March 12, 2017 

1. Choose one of the datasets (except Concrete Strength data) in the data1.xls file  

(available on the course website) and 

 a) Plot a histogram of the data. 

 b) Construct the Empirical distribution of the data. 

 c) Compute the sample statistics for the data, including the mean, variance, standard 

deviation and the coefficient of variation. 

 

2. Pickering Station uses a total of eight different separating screens to prevent debris and fish 

from entering the station cooling water intake on any given day. Assuming the probability of 

failure (i.e., due to excessive fouling, mechanical issues, etc.) of any one screen is 0.1 

 a) What is the probability that no screens will fail during the day? 

 b) What is the probability that more than one screen will fail? 

 c) If the cost of a failure is equal to $5,000 (i.e., for repairs, etc.) what is the risk associated 

with the screen operation over a one week period? 

 d) What is the probability of having no screen failures in a week? 

 

3. The average wait time for a new replacement diesel generator is around 6 months.  Assuming 

the wait time follows the Exponential distribution 

 a) What is the chance of obtaining a new generator in less than 1 month? 

 b) What is the probability that it takes more than 1 year to get a replacement? 

 c) How long will you have to wait for the new replacement in the worst case scenario 

(corresponding to the 95th percentile upper bound value)? 

 

4. Based on the in-reactor inspections of pressure tubes by the CIGAR tool, the maximum 

diametral strain was determined to have a mean equal to 2.5 % and a standard deviation of 

1.1 %.  Assuming the maximum diametral strain follows the Normal distribution 

 a)  Compute the 5th and 95th percentiles of the maximum diametral strain. 

 b)  What is the probability of an uninspected pressure tube having a maximum diametral 

strain greater than the critical limit of 5 %? 

 c) In the remaining 180 uninspected pressure tubes, how many pressure tubes do you expect 

to be exceeding the critical limit? 

 

5. The thermal plumes from industrial facilities, such as nuclear power plants, can have an 

adverse impact on the development and survival of fish embryos in the Great Lakes. Studies 

have shown that the survivability decreases rapidly at temperatures higher than 5 ºC, 

reaching 0 % at a constant incubation temperature of 10 ºC. The impact is most critical 

during the first 35 days of embryonic development following fertilization. 
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 Based on detailed monitoring and measurement, the average water temperature on a typical 

winter day near the outlet structure of a power generating facility was estimated as 3.6 °C 

with a standard deviation of 1.2 °C. Assuming the water temperature in the plume follows the 

Log-Normal distribution 

 a) What is the probability that the plume temperature exceeds the critical threshold of 5 °C 

on any given day? 

 b) How many times (i.e., number of days, on average) will the critical threshold be exceeded 

during the 35 day critical development period? 

 c) What is the probability that the critical threshold will be exceeded more than 20 % of the 

time during the critical development period? 

 

6. The time between severe earthquakes at a given region follows the Gamma distribution with 

a coefficient of variation of 40 %. The expected time between severe earthquakes is 100 

years. What is the probability that a severe earthquake will  

 a)  take place within 50 years from the previous one? 

 b) not take place within 100 years from the previous one? 

 c) If the last severe earthquake took place 100  years ago, what is the probability that a 

severe earthquake will take place in the next year? 
 

7. The time to failure of programmable logic controllers (PLCs) follows the Weibull 

distribution with the shape parameter equal to 0.5 and the scale parameter equal to 10 years. 

 a) What is the probability of failure of a new logic controller in the first year? 

 b) What is the reliability after two years? 

 c) Assuming the controller is ten years old, what is the probability of failure in the next year? 

 d) Why is the probability of failure of the old controller in part (c) much less than the 

probability of failure of the new controller in part (a) for the same mission time? 

 

8. Choose one of the datasets (except Concrete Strength data) in the data1.xls file  

(available on the course website) and construct probability paper plots for the data using the 

 a) Normal b) Log-Normal 

 c) Exponential, and d) Weibull distributions. 

Determine the distribution parameters from the probability paper plots and compare the 

results obtained using the Method of Moments (MOM). Briefly discuss the suitability of the 

distributions for describing the data and select the “best” distribution. 

 

9. After 6 years of operation, the average failure time of 20 failed air compressors in the 

instrument air system was equal to 3 years.  However, a total of 10 air compressors were still 

working reliably with no previous failures.  Assuming the air compressor lifetime follows the 

Exponential distribution, what is the probability that any one of the 10 reliable air 

compressors will fail in the next year? 

 

10. Choose one of the datasets in the data1.xls file (available on the course website) and apply 

the Maximum Likelihood Estimation (MLE) method to fit the 

 a) Gamma, and 

 b) Weibull distributions. 
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