Notes:

S

National Exams May 2009
' 04-Env-B2 Water Resources

3 hours duration

If doubt exists as to the interpretation of any question, the candidate is urged to
submit with the answer paper, a clear statement of any assumptions made.

‘This is closed book exam; however candidates are allowed to bring into the exam room
‘one textbook of their choice but no loose notes or written notations in the book.

FIVE (5) questions constitute a complete exam paper. The first five questions as they
appear in the answer book will be marked. '
Each question is of equal value. .
Some questions require an answer in essay format. Clarity and organization of the
answer are important. ,
If Question 2 is chosen, Tables 5 and 6 and Figure 4 must be submitted along with the
answer paper. - :
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Question #1 (20 marks)

A proposed 345 lots residential subdivision is shown in Figs. 1 and 2. As the north drainage area
after development will be significantly smaller than that before development, quantity control is
not necessary. However, the south drainage area will increase significantly after development
and the associated flows must be controlled to the pre-development conditions. The proposed
quantity/quality pond at the south will be designed for this purpose. After the development, the
time of concentration (t.) is estimated (by Upland Method) to be 10 minutes and the percent of
imperviousness is about 45%. It is assumed that the runoff hydrographs before and after
development have triangular shapes as indicated in Fig. 3.

Table 1 shows the areas and flows of the south drainage area before and after development.

Table 1 Uncontrolled peak flows.- south drainage area

Storm . Pré—develbpment Pre-development Post-development | Post-development
(vear) | drainage area (ha) | peak flow, Qe drainage area (ha) | peak flow, Qpost
| (m’/s) | | (m’s)
2 63 0.16 19.6 A 1.02
5 63 0.30 19.6 , . 1.72
10 6.3 041 - i 19.6 ' . 216
25 6.3 0.56 | - 19.6 2.73
100 v 6.3 - 0481 19.6 ' 3.61
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Figure 2 Post-development conditions of the residential subdivision
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Detention Storage Estimation =~

Figure3 Pre- and post-development synthetic hydrographs

5 0f 17, 04-Env-B2, May 2009



Flows will be controlled by the quantity pond via a lower orifice and an upper weir. Table 2

shows the stage-storage relationship of the quantity pond and the elevations of the orifice and the
weir.

_.Table 2 Stage-storage relationship of the quantity pond

Elevation (m) Cumulative Pond Volume (m?)
245.90 (Orifice invert) |0
246.00 59
246.25 | 519
246.50 : 1024
246.75 - 1579
247.00 (Weir invert) 2190
247.25 2844
24750 3525
24775 . | | 4241
248.00 , .| 4995
248.25 | ' 5902

| 248.50 , | ', 17075
248.75 8527
249.00 ‘ : 110260 . -
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The invert of the lower orifice is set at 245.90 m while the invert of the weir is sef at 247.0 m.
The flow equations for the orifice and the weir are as follows; '

Q0=Cd*Ao*'V2g*Ha

where Qo is the orifice discharge rate (m%/s)
- Cyis the orifice coefficient (=0.6);
A, is the area of orifice (m?)
g is the acceleration due to gravity (9.81 m/sz)
Ho, is the water depth above the centreline of the orifice (m)

0, =183*(H,)" *(03-01*H )

where Qy is the weir discharge rate (m*/s)
' Hy, is the water depth above the invert of the weir (m)

Quantity Pond Design Questions:

a) Given the peak flows after development in Table 1, develop triangular hydrographs
with time base of 2.67t, for 2 and 100 years (Fig. 3). Estimate the storage volumes to
control 2 and 100 year post-development flows back to the pre-development
conditions. (8 marks) : : _

b) - Determine the orifice size (in mm) to control the post-development flows for both 2
and 100 years. (8 marks) _ '

c) What is the orifice size to control the 2 and 100 post-development flows back to pre-

, development flows? (4 marks)
State all your assumptions. '
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Question 2 (20 marks)

The water supply source of a small town is the nearby river. Table 3 shows the annual daily low
flows (Y) or minimum daily flows of this river:

Table 3 Annual daily low flows -

Year | 1992 11993 | 1994 | 1995 | 1996 | 1997 | 1998 1999 | 2000 | 2001

‘1; 0.283 | 0.057 | 0.014 | 0.255 | 0.102 | 0.051 | 0.028 | 0.509 1 0.142 | 0.040
(m’/s) i ~

The following statistics are calculated from the above record

Table 4 Statistics of the annual daily low flows

Séries - | Mean ' Standard
Deviation
.Y 0.148 . 0.158

a) Using the attached Table 5 and Fig. 4, develop and plot the drought (low flow) frequency
curve of the measured flows. Use the Weibull plotting position (i.e. M/N+1) to assign
. frequency (i.e. return period) to the measured flows. (8 marks) ' '
b) Using the attached Table 6 and Fig. 4, fit a Gumbel distribution to the recorded low flows
and plot the estimated drought frequency curve (8 marks)
The probability of having a drought of w (P/W<w]) per year is given by’

PW <w]=1-e"

b= 1
0.77978

(W —W +0455)

where W is the drought flow random variable, w is a value that W can take, W is the mean

drought flow; and S is the standard deviation of the drought flow.

) If the town requires a daily flow of 0.03 m®/s for water supply, what is the probability
that the town will not get this flow next year? (4 marks)

For Part a) and b), show at least one sample calculation. For Part ¢), show all calculations.
State all your assumptions. '
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Table S Drough flow frequency calculation table

Daily low flow (m*/s)

Rank
M

Return Period (yr)=(M/N+1)
‘Where N is number of records

1

2

10

Sample Calculations:
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Table 6 Gumbel distribution computation table

Sample calculations:
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Figure 4 Low flow frequency curves
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Question #3 ( 20%)

The flood damages for a town w1th and without non-structural measures are shown in Table 7
and Fig. 5. The costs of non-structural measures are shown in Table 8. Assuming any
uncertainty damages are negligible, determine

a)
b)
marks)

State all your assumptions.

Table 7 Flood damages with and without non-structural measures

the expected annual damage without any ﬂood control measures ($/yr) (10 marks)
the expected annual flood control benefit for each level of flood control measures (10

12 0f 17, 04-Env-B2, May 2009

Frequency of |Flood damage |Flood damage after {Flood damage after Flood damage after
Flood without control [40% (or 0.4) non- 20% (or 0.2) non-  [10% (or 0.1) non-
(fraction/year)|($1000) structural controls  [structural controls  |structural controls
0 . 500 400 -300 210
0.01 495| 395 295 206.5
0.05| 475 375 275 - 192.5
0.1 450 350 250 175
0.15 425 325 225 157.5
0.2 400 300 200 140
0.25 - 375 275 175 122.5|
0.3 350 250( 150 105
0.35 325 225 125 87.5
0.4 300 200 100 70
0.45 225 150 75 52.5;
0.5 150 100 - 50 35
0.55 75 50 25 17.5
0.6 0 0 0 0



Damage frequency curves

. Frequency of flood (F) in fraction
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-Figure’5 Flood damagé frequency curves with and without non-structural controls
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