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2025/2026 IIA 3D5 - Water Engin1eering Prof. D. Liang 

1.  

(a) Students should mention at least four of the following catchment characteristics and 
then sketch their effect on the hydrograph as per figure below. One point shall be given for 
each catchment characteristic identified, for a possible total of 4 points. 

 Size: More intense rainfalls are generally distributed over a relatively smaller area; a 
stream collecting water from a small catchment area is likely to give greater runoff 
intensity per unit area ( a hydrograph with a big peak early on) 

 Slope: If the surface slope is steep, water will flow quickly, and absorption and 
evaporation losses will be less, resulting in greater runoff.  

 Storage: more storage along the catchment (reservoirs, natural lakes,wetlands), less 
pronounced the hydrograph peak, because surface runoff travelling downstream is 
slowed down by the storage 

 Roughness: greater roughness will lead to lower runoff and a flatter hydrograph. 
 Density: greater channel density can contribute to greater surface runoff as water finds 

an easy way to travel fast downstream. Low channel density typically means that 
water travels downstream more slowly, and thus the hydrograph will also be flatter. 

 Geology: catchments underlain by highly permeable rocks (sandstone) tend to have 
flatter hydrographs, as more water infilitrates into the groundwater and contributes to 
baseflow, which is less variable than surface runoff. In catchments with impermeable 
soils (clays), we typically get hydrographs with more pronounced peaks in response to 
rainfall. 
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(b) A duration curve is a graph showing the fraction (percent) of time that the magnitude 
of a given variable is exceeded. 

Step 1: Sort (rank) average daily discharges for period of record from the largest value to the 
smallest value, involving a total of n values. 

Step 2: Assign each discharge value a rank (M), starting with 1 for the largest daily discharge 
value. 

Step 3: Calculate exceedance probability (P) as follows: 

P = 100 * [ M / (n + 1) ] 

P = the probability that a given flow will be equaled or exceeded (% of time) 

M = the ranked position on the listing (dimensionless) 

n = the number of events for period of record (dimensionless) 

 

 

(c)  

Hour Rainfall 𝑃 Interception 𝐿 Throughfall 𝑃௚ Infiltration 𝐼 Runoff 𝑅 

1 15.0 1.0 14.0 9.3 4.7 

2 20.0 1.0 19.0 8.2 10.8 

3 20.0 1.0 19.0 7.4 11.6 

4 5.0 1.0 4.0 4.0 0.0 
 

Infiltration capacity of the soil (f) is highest at the onset of rain and decreases to a constant, 
because rainwater can both fill the voids between soil particles (storage) and seep through the 
soil. At the beginning, the soil is drier, so it has a higher capacity to store rainwater. Once soil 
is saturated, the storage stops, and only seepage is possible, so f becomes a constant.  
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2. (a) 
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4.  

(a)   

 In a mild slope channel, the critical water depth is lower than the normal water depth, so the 
uniform flow is subcritical.  

 In a steep slope channel, the critical water depth is higher than the normal water depth, so 
the uniform flow is supercritical.  

 

(b) The flow over the weir is supercritical, so the flow speed is only dependent on the water 
depth and the weir geometry. Therefore, the flow rate is only a function of the water depth, given 
the weir shape is fixed. By calibrating the relationship between the flow rate and the water depth, 
we can find the flow rate by measuring the water depth.  

 

(c) Argue by contradiction. The flow should be uniform beyond certain distances upstream and 
downstream of the midpoint. As explained in the lecture notes, the water depth variation caused by 
the slope change is governed by the gradually varied flow equation. We will not be able to recover 
the normal depth sufficiently away from the midpoint, if the flow is either sub-critical or super-
critical at the midpoint.  

 

(d) 

(i) 

𝐴 = 𝑏ℎ +𝑚ℎଶ = 22 × 8 + 2 × 8ଶ =304 m2  

𝑃௛ = 𝑏 + 2ℎ√1 +𝑚ଶ = 22 + 2 × 8 × √5 = 57.78 m  

𝑅௛ =
஺

௉೓
= 304 57.78⁄ = 5.26 m 

Manning: 𝑈 =
ଵ

௡
𝑅௛

ଶ/ଷ𝑆௕
ଵ/ଶ =

ଵ

଴.଴ଵହ
× 5.26ଶ/ଷ × ቀ

ଵ଴଴

ଵଶ଻଴଴଴଴
ቁ
ଵ/ଶ

= 1.8 m/s 

𝑄 = 𝑈𝐴 = 1.8 × 304= 544 m3/s,   

(ii) 

𝐶 =
1

𝑛
𝑅௛

ଵ/଺ = 7.8ln ൬
12𝑅௛
𝑘௦

൰ 

1

0.015
× 5.26ଵ/଺ = 7.8ln ൬

12 × 5.26

𝑘௦
൰ 

87.92 = 7.8ln ൬
12 × 5.26

𝑘௦
൰ 

ks = 8 x 10-4 m = 0.8 mm 


