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16-CI-B3 ENGINEERING HYDROLOGY

Question 1 (30 points)

You find below in table 1 the peak flows observed on an annual basis for the Rind River.

Table 1 — Annual peak flows for the Rind River

Year Peak flow [m?/s]
1975 102

1976 150

1977 91

1978 225

1979 183

1980 152

1981 115

1982 173

1983 134

a) Assuming a normal distribution, what peak annual flow would have a return period of 5
years? (10 points)

b) Assuming a normal distribution, what is the probability of having a peak annual flow that
exceeds 200 m®/s on a given year using only the data presented above? (10 points)

c) Using a binomial distribution and your previous answer, what is the probability of having
at least one year with a peak annual flow that exceeds 200 m’/s over 10 consecutive
years? (10 points)




Question 2 (25 points)

You are under contract by a small municipality in western Quebec. They have requested that you
evaluate the flow of a nearby stream that stems nearby, whose catchment area is 55 hectares.
They have supplied you with the results of a previous study, a 1h unit hydrograph (table 2) for a
point in the stream that seems at risk of overflowing onto prime real estate. The study also
supplies a reference synthetic storm presented on figure 2.

Table 2 — 1h unit hydrograph

Time [h] Flow [m?/s/mm]
0 0

1 2,5

2 10,0

3 12,5

4 7,5

5 3,5

6 0

Precipitation [mm/h]

0 1 2 3 Time [h]
Figure 2+ — Supplied 3h synthetic storm
You are tasked with:

a) Producing a hydrograph caused by the reference synthetic storm. Your answer must be in
table format with at least one clear example of how you proceeded. (15 points)

b) Transforming the 1h unit hydrograph into a 2h unit hydrograph. You must present your
answer in table format. (10 points)



Question 3 (30 points)

Data is presented to you for a river reach between two given points, A and B.

The kinematic wave celerity is 2 m/s for the entirety of the 7200m river reach between points A
and B and can be treated as a constant. The friction slope between these two points is 0.0001
m/m and is presumed equal to the bed slope.

As the flow increases or decreases, the width of the river changes accordingly. Therefore, to
simplify your approach you may treat the “total flow” / “river width” ratio as a constant at any

given time step. The width of the river was 24m for the first ordinate in table 3.

Table 3 — Upstream flows, at point A in the river

Time [h] Flow [m?/s]
1 12
2 48
3 96
4 72
5 60
6 48

Using the Muskingum-Cunge method, you must determine the flow downstream during the 3™
time step at point B, given the data on table 3. You may assume that the flow is uniform
throughout the reach for the first time step.



Question 4 (15 points)
a) Name 4 factors that directly affect surface water evaporation.
b) As the sun crests over the horizon, you take note of the air temperature and relative

humidity around you. You plan on star gazing tonight with your very expensive telescope
and would rather not have it get covered in dew midway through the night.

Y our notes read:
9:00 PM. 20deg. Celsius. 60% rel.hum.
The weatherman has forecast a temperature of 4 degrees Celsius by sunrise at 5:00AM.

If you assume a linear variation of the temperature from this point on, at what time will
dew settle on your telescope if you forget to pack up and leave on time.



Annex

Table I — Saturation vapour pressure by temperature

TFII]]}é]‘HHll'E' Saturation vapour T emnp érature Saturation vapour
A pressure ) o pressure
(degres C) (iPa) (degres C) (kPa)

=33 0.030 0 0.611
-30 0.050 5 0.873
=215 0.080 10 1.228
=20 0.125 L5 1.704
-15 0.184 20 2.339
-10 0288 25 3.169

-5 0.425 30 4244

Source:

Hydraulique et hydrologie (3¢ édition), S. Bennis




Table III — Area under the Normal Curve

TABLE 2-2 Areas Under the Normal Curve
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-1.1 357 1335 1314 1292 1271 1251 1230 210 190 170
=10 1587 1562 1539 L1515 1492 BEL 1446 1423 1401 A379

-9 1841 1814 ATRE 1762 1736 1711 1685 1660 1635 Aall
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Source: Hydrologic analysis and design (2™ edition), R. McCuen



(continued)
Table III — Area under the Normal Curve
TABLE 2-2 Arcas Under the Normal Curve (Continued)

z (.00 0.01 0.02 0.03 0.04 0.05 (.06 0.07 0.08 009
A 5000 040 SO0 S120 A160 G199 5239 5279 5319 3359
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Source: Hydrologic analysis and design (2 edition), R. McCuen



