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1. Example: Introduction, Quizzes, Definitions & Explanations 

 
1. Which of the following could cause 
flooding? 
A. Flat valley 
B. Impermeable rocks 
C. Permeable rocks 

B 
Impermeable rocks cause flooding as they 
don’t allow water to pass through them so it 
runs off into the river. 

2. What is a hydrograph? 
A. A graph to show how a river responds 
to flooding 
B. A graph to show how much damage is 
caused by flooding 
C. A graph to predict floods 

A 

A hydrograph shows how a river responds to 
flooding by showing the amount of rainfall 
and the discharge of the river. 
 

3. What is hard engineering management? 
A. Building artificial structures to control 
rivers 
B. A natural approach to control rivers 
C. Using technology to monitor river 
flooding rates 

A 
Hard engineering is the building of artificial 
structures which try to control rivers. 
 

4. What is soft engineering management? 
A. Building artificial structures to control 
rivers 
B. A natural approach to control rivers 
C. Using technology to monitor river 
flooding rates 

B 

Soft engineering does not involve building 
artificial structures, but a more sustainable 
and natural approach. 
 

5. What is a disadvantage of a dam and 
reservoir? 
A. It increases flood risk downstream 
B. It doesn’t reduce flooding 
C. It is expensive to build 

C 

Dams are very expensive to build. Flooding 
can be managed as the dam controls the 
amount of water in the river. 
 

6. What is river dredging? 
A. Making the river wider 
B. Making the river deeper 
C. Building up the banks of the river 

B 
Dredging makes the river deeper as the 
sediment is taken out from the bottom of the 
channel. 

7. What is a disadvantage of flood 
warnings? 
A. The equipment used is very expensive 
B. Flash floods happen too quickly for a 
warning to be effective 
C. People don’t listen to the warnings 

B 
A disadvantage is that flash floods happen 
too quickly for a warning to be effective. 

8. What is an advantage of floodplain 
zoning? 
A. It can easily be done in all existing built-
up areas 
B. Planning is simple as a standard model 
is followed 
C. Expensive buildings are further away so 

C 

Expensive buildings are further away so 
there is less economic impact in times of a 
flood. It's difficult to zone existing urban 
areas. 



  
  
 
 
 

 

4 
 

there is less economic impact 
9. What of these is a human cause of 
flooding? 
A. Heavy rainfall 
B. Steep slopes 
C. Urbanisation 

C 

Urbanisation is a human cause of flooding. 
The impermeable surfaces and drainage 
channels found in cities encourage rapid run-
off. 

10. What of these is a physical cause of 
flooding? 
A. Urbanisation 
B. Snowmelt 
C. Deforestation 

B 
Snowmelt is a physical cause of flooding. 
When snow melts, it releases large volumes 
of water 

11. What is impermeable rock? 
A. Rock that doesn't allow water through 
it 
B. Rock that does allow water through it 
C. Rock that allows water through it 
during times of flood 

A 
Impermeable rock is rock that doesn't allow 
water through it. This can make flooding 
worse. 

12. What does a storm hydrograph show? 
A. How and when a rainfall event affects 
the discharge of a river 
B. How many storms have occurred during 
one month 
C. How much rainfall an area has had in 
one week 

A 

A storm hydrograph shows how and when a 
rainfall event affects the discharge of a river. 
It can be used to plan for and prevent 
flooding events. 

13. Which part of the flood hydrograph 
shows how long it takes for rainwater to 
reach the river? 
A. Peak rainfall 
B. Lag time 
C. Peak discharge 

B 
Lag time shows how long it takes for the 
rainwater to reach the river. It is the time 
between peak rainfall and peak discharge. 

14. How do steep valley sides affect the 
flood hydrograph? 
A. They increase the peak rainfall 
B. They increase the peak discharge 
C. They increase the lag time 

B 

Steep valley sides increase the peak 
discharge. This is because the rainwater 
reaches the river more quickly and so the 
river fills up. Steep valley sides would not 
affect the amount of rainfall. 

15. How are people in More Economically 
Developed Countries (MEDCs) and Less 
Economically Developed Countries 
(LEDCs) affected differently by flooding? 
A. People in MEDCs live on lower ground 
so they cannot return home very quickly 
B. People in LEDCs lack education so they 
do not understand that floods are dangerous 
C. People in LEDCs cannot afford home 
insurance so they lose everything 

C 

People in LEDCs are affected more severely 
by floods. One reason for this is that they 
can't afford insurance. Some people may be 
less educated, but they would still understand 
the danger of flooding. 

16. What is a long-term response to 
flooding in Bangladesh? 

A 
Building dams is one long-term response to 
flooding. Dams help to regulate the flow of 
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A. Building dams 
B. Emergency food aid 
C. Water purification tablets 

the river but take a long time to plan and 
build. 

17. Where did the red mud in Hungary  
come from? 
A. Paint spillage 
B. Industrial waste 
C. Red mud and clay from a river bed 

B 
The red mud in Hungary was caused from 
industrial waste. 

18. In the future, which of the following is 
unlikely? 
a. There will be an increased chance 
of flash flooding and coastal inundation. 
b. Flood risk will increase due to 
population growth and urbanisation. 
c. Improvements in flood forecasting 
and warning technologies will reduce the 
impacts of floods. 
d. We will be able to eliminate the risk 
of flooding. 

D It is not possible to eliminate the risk of 
flooding. Indeed, it is likely that flood risk 
will increase in the future due to climate 
change, population growth and urbanisation. 
However, we can better manage flood risk 
through improvements in flood forecasting 
and warning technologies, as well as 
improved land use planning, floodplain 
management and integrated water 
management. 

19. The Probable Maximum Flood is: 
a. An estimation of the largest 
possible flood that could occur at a 
particular location 
b. The maximum flood experienced in 
the last 100 years 
c. The maximum flood experienced in 
the last 200 years 
d. The maximum flood experienced 
since flood records have existed. 

A The Probable Maximum Flood (PMF) is an 
estimate of the largest possible flood that 
could occur at a particular location, under the 
most severe meteorological and hydrological 
conditions as they are currently understood. 

20. In the future, which of the following is 
expected to increase the risk of flooding? 
a. Population growth 
b. Urbanisation 
c. Climate change 
d. All of the above. 

D In the future, climate change is likely to 
result in an increased chance of flash floods 
and coastal inundation. Australia’s growing 
population and urbanisation are likely to 
place increased pressure on our waterways 
and to increase the chance of flooding in 
cities and the number of properties and 
people exposed to floodwaters. 

21. Which of the following can reduce the 
risk of flooding? 
a. zonings and building regulations for 
new developments 
b. dams, detention basins and levees 
c. flood awareness and education 
programs 
d. all of the above. 

D Flood risk in new developments can be 
reduced by restricting the location of 
development (zonings) and placing controls 
(regulations) on development. In existing 
developed areas, risk can be reduced by 
modifying flood behaviour (for example, 
through dams, detention basins, levees, 
waterway modifications), property 
modification measures (for example, land 
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filling, flood proofing, house raising, 
removing developments), and response 
modification measures (for example, 
upgrading flood evacuation routes, flood 
warnings, flood evacuation planning, flood 
education programs). 

22. A flash flood is a flood that: 
a. is caused by heavy rain rather than 
from the flooding of a river 
b. occurs in urban areas 
c. occurs suddenly and unexpectedly 
and for a short duration 
d. is caused by the blocking of drains. 

C Flash floods are defined by the speed of 
flooding, not the source or location of 
flooding. While flash floods are often caused 
by heavy rainfall, they can also result from 
other events, such as drain blockages and 
bursts or the flooding of a river. 

23. Flood risk refers to: 
a. the chance of a flood occurring 
b. the number of people and properties 
exposed to floodwaters if a flood occurs 
c. the vulnerability of people and 
properties that are exposed to floodwaters 
d. all of the above. 

D Flood risk includes both the chance (and 
probability) of a flood occurring, and the 
consequences if a flood occurs. The 
consequences of a flood are in turn affected 
by the number of people and properties 
exposed to floodwaters for a flood of a 
particular size, and the vulnerability of those 
people and properties. For example, a river 
might burst its banks regularly, but if this 
flooding occurs in an isolated area where 
there are no people or infrastructure, then the 
risk is low. Similarly, a river might flood 
very rarely, but if many people and 
properties are located near this river and they 
live in dwellings that are vulnerable to water 
damage, then the flood risk will be greater. 

24. If your house is in an area that will be 
flooded by a 1-in-100 year flood, then the 
chance that you will be flooded at least 
once within the next 70 years is: 
a. 1 in 2 odds (50%) 
b. 7-in-10 odds (70%) 
c. 1-in-70 odds (1.4%) 
d. 1-in-100 odds (1%). 

A If you live in a location that has a 1% chance 
of flooding in any one year (that is, it would 
only flood if a 1-in-100 year flood or greater 
occurred), then the chance of being flooded 
at least once in a 70 year period is: 100% 
minus the chance of a flood not happening 
70 years in a row, i.e. 1 – (0.99)70 = 0.5 (or 
50%). 

25. If you experienced a 1-in-100 year 
flood this year, what is the chance you will 
experience one next year? 
a. none 
b. 1 in 10,000 odds (0.01%) 
c. 1 in 1000 odds (0.1%) 
d. 1 in 100 odds (1%). 

D The chance of experiencing a 1-in-100 year 
flood in any given year is 1% (or 1 in 100), 
regardless of when the last 1-in-100 year 
flood was experienced. 

26. A flood can vary in: 
a. size 

D The size, duration and water flow speed of 
floods can vary. The volume, rate of rise and 
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b. speed of water flow 
c. duration 
d. all of the above. 

areal extent (i.e. the total area under flood 
waters) of flooding can also vary. 
 

27. When a river’s water level reaches 10 
metres, this means that: 
a. the water level is 10 metres above 
an arbitrary ‘zero’ level 
b. the water level is 10 metres above 
mean sea level 
c. the water level is 10 metres above 
mean sea level or an arbitrary 'zero' level 
d. it will flood. 

C River height is the level of water in a river as 
measured by a river gauging station and is 
expressed in metres above either the 
Australian Height Datum (i.e. mean sea 
level) or an alternative arbitrary ‘zero’ level, 
depending on the location. 

28. The size of a flood is measured by: 
a. the rate of flow of water in a 
waterway or river 
b. the level of water in a waterway or 
river 
c. a river gauging station 
d. all of the above. 

D The size of a flood can be measured by the 
highest level that water in a waterway 
reaches, referred to as the ‘peak water level’ 
or ‘flood peak’. It can also be measured by 
the maximum water flow rate in a waterway, 
referred to as the ‘peak flow rate’ or ‘peak 
water flow’. Each of these variables can be 
measured using a river gauging station. 

29. Which of the following is associated 
with a La Niña event? 
a. The Southern Oscillation Index 
(SOI) is strongly negative. 
b. The ocean surface off the coast of 
South America is warmer than usual. 
c. There is an increased chance of 
above average rainfall in eastern Australia. 
d. All of the above. 

C In a La Niña event, the equatorial ocean 
surface off the coast of South America is 
abnormally cool, and the SOI is strongly 
positive. Trade winds blow strongly across 
the warm Pacific, picking up plenty of 
moisture and increasing the likelihood of 
above average rainfall in eastern Australia. 

30. Which of the following potentially 
affects the size of a flood? 
a. bridges and other structures in 
waterways 
b. the size and windiness of a river 
c. vegetation in and around a river 
d. all of the above 

D Many factors can affect the size of a flood, 
including rainfall intensity, weather 
conditions prior to a rainfall event, tidal and 
storm surges, dams and other man-made and 
natural water storages, catchment size and 
shape, soil types in a catchment, vegetation 
in and around a waterway, the size and 
windiness of a waterway, levees, bridges and 
other structures in waterways and 
catchments, and urbanisation. 

31. Which of the following statements is 
false? 
a. Weather forecasts for a small region 
are more accurate than those for a large 
region. 
b. Weather forecasts are more accurate 
in Melbourne than in Darwin. 

A The accuracy of weather forecasts varies 
depending on lead time, the size of the 
region of interest, the weather variable being 
forecast, and the latitude of the region. 
Generally, temperature forecasts are more 
accurate than rainfall forecasts; the mid-
latitudes are easier to forecast than the 
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c. Forecasts of temperature are more 
accurate than forecasts of rainfall. 
d. All of the above. 

tropics; and it is generally easier to forecast 
rainfall over a large area (for example, a 
large catchment) than local rainfall (for 
example, a reservoir). 

32. Which of the following is used to 
estimate which areas will be inundated 
during a flood, based on river height 
information? 
a. satellite and radar images 
b. flood maps / floodplain hydraulic 
models 
c. river gauging stations 
d. all of the above. 

B b. Floodplain hydraulic models and flood 
maps are used to estimate which areas will 
be inundated based on river height 
information. Satellite and radar images, rain 
gauges and river gauging stations are used to 
estimate river heights. 
 

33. Which of the following is an 
environmental consequence of floods? 
a. dispersal of weed species 
b. erosion of soil 
c. release of pollutants into waterways 
d. all of the above. 

D Floods can have negative environmental 
consequences, such as soil erosion, release of 
pollutants and excess sediments and nutrients 
into waterways and the ocean, dispersal of 
weed species, and negative impacts on fish 
and other aquatic life. Floods can also have 
positive environmental consequences, such 
as recharging groundwater systems, filling 
wetlands, moving useful nutrients around the 
landscape, and triggering breeding events 
(for example, of water birds). 

34. Which of the following is true? Flood 
warnings: 
a. should not be released until the 
information is certain 
b. should indicate what the threat is, 
what action should be taken, by whom and 
when 
c. are best if they come from a single 
source (for example, an internet website) 
d. all of the above. 

B Flood warnings should provide information 
on what the threat is, what action should be 
taken, by whom and when. While it is 
desirable for flood warnings to be accurate, 
warnings are predictions about the future, so 
there is inevitably some uncertainty. 
Accuracy needs to be balanced with 
timeliness, to allow enough time for 
appropriate action. Warnings are most likely 
to reach different audiences and to be heeded 
if they come from multiple trusted sources. 

 

2. Example: Subsurface water Quizzes & explanation 

(1) The water table is the 
altitude (below ground) where 
the water level in a well will 
rise to when the well taps a 
confined aquifer. 

F 

Maybe it is not fair to start off with a trick question, 
but the correct answer is false. The only thing that 
makes it false is referring to "confined aquifer," 
instead of an "unconfined aquifer." A confined aquifer 
is an aquifer with layers of generally impermeable 
rock above and below the aquifer (aquifers tend to run 
in horizontal layers below ground). As water flows 
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into this aquifer it gets "squeezed" between the rock 
layers, thus causing pressure to build up in the aquifer. 
 
Unconfined aquifers do not have this internal pressure 
(called artesian pressure), so if you drill a well into it, 
the water will only rise in the well casing up to the top 
of the aquifer (the water table); you will need a pump 
to get the water to the surface. In a confined aquifer if 
you drill a well, the pressure will push water up the 
well casing; sometimes all the way to the land 
surface—no pump is needed! 

(2) Land subsidence occurs in 
areas underlain by highly-
fractured granite, which is 
readily dissolved by moving 
groundwater, especially when 
the water is slightly acidic. 

F 

This is false. You might be confusing land subsidence 
with sinkholes, and this statement is truer for sinkholes 
(not for the "granite" part). Sinkholes can occur when 
water, sometimes a bit acidic in nature, dissolves 
underground rock, often limestone or dolomite. The 
land surface can collapse, often dramatically, into the 
void space underneath. 
 
Land subsidence takes place on a larger scale and is 
usually a much slower process, but it still involves 
land that collapses. Actually, "sinks" is a more proper 
term. Land subsidence is a gradual settling or sudden 
sinking of the Earth's surface owing to subsurface 
movement of earth materials. The basic cause of land 
subsidence is a loss of support below ground. In other 
words, sometimes when water is taken out of the soil, 
the soil collapses, compacts, and drops. This depends 
on the type of soil and also on the type of rock below 
the surface. 

(3) Water can flow in streams 
even during periods of drought 
due to groundwater seeping 
into stream banks. 

T 

Lucky for us this is true! If rivers dried up every time 
there was drought, we (and the fish) would be in 
trouble. Although we only see surface water on the 
Earth's surface, there is a strong connection between 
nature's surface-water and groundwater systems. 
Groundwater contributes to streams in most 
geographic areas and climatic settings. The proportion 
of stream water that comes from groundwater inflow 
varies according to a region's geography, geology, and 
climate. Water scientists (hydrologists) can determine 
the amount of water that groundwater contributes to 
streams by analyzing streamflow hydrographs. This 
groundwater component of a stream's flow is called 
"base flow." 
In a USGS study, streams in the United States were 
studied to see how much of the streamflow came from 
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groundwater flow. The Forest River Basin in North 
Dakota is underlain by poorly permeable (water moves 
through it relatively slowly) silt and clay deposits, and 
only about 14 percent of its average-annual flow 
comes from groundwater. In contrast, the Sturgeon 
River Basin in Michigan is underlain by highly 
permeable (water moves through it relatively quickly) 
sand and gravel, and about 90 percent of its average-
annual flow comes from groundwater. The median 
value for 54 streams was 55 percent from 
groundwater. 

(4) Artificial recharge to an 
aquifer can occur when people 
inject water down into a well to 
force it back into an aquifer so 
they can withdraw it later. 

T 

True, this is one way of using the same groundwater 
again and again. Sure, it costs money and takes time to 
do this, but if the groundwater is valuable enough 
(probably because enough surface water is scarce) it 
may make sense to artificially inject groundwater back 
into the same aquifers it came from for use on another 
day. 
In places where the water table is close to the land 
surface and where water can move through the aquifer 
at a high rate, aquifers can be replenished artificially. 
For example, large volumes of groundwater used for 
air conditioning are returned to aquifers through 
recharge wells on Long Island, New York. In Orlando, 
Florida, water is spread across small basins, sinks into 
the ground, and recharges the shallow surficial aquifer 
to be used for irrigation of local citrus crop fields. 

(5) Big cities drill deep wells to 
tap naturally heated water 
because the heat kills bacteria 
and the water needs less 
treatment. 

F 

This is false, even if temperatures do increase the 
further down you go from the land surface. You do not 
have to get to the center of the Earth before things get 
too hot for comfort. In some deep mines, about 3,000 
feet down, temperatures can be as hot as in a desert. 
Water coming from these depths is hot, too, but not 
near the boiling point. Boiling water would be found at 
much deeper depths. 
Besides, it is a lot cheaper to just add some chlorine to 
water to kill bacteria rather than bear the cost of 
drilling a well a mile deep. Most aquifers are much 
closer to the land surface; many are just meters below 
the ground. 

(6) Bottled water is often 
advertised as "artesian well 
water." Artesian water is 
groundwater that is naturally 
filtered by an aquifer 
composed of fine, porous 

F 

This is false. While it is true that artesian water, or 
even just "plain" well water, can sometimes be used 
directly for bottled water, this statement is false, 
because artesian water is not defined as being naturally 
filtered. A simple definition of artesian water is that it 
is water in the ground that is under pressure. 
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material—this artesian water 
can be put directly into bottles. 

Groundwater occurring in aquifers between layers of 
poorly permeable rock, such as clay or shale, may be 
confined under pressure. If such a confined aquifer is 
tapped by a well, water will rise above the top of the 
aquifer and may even flow from the well onto the land 
surface, as in a spring. Water confined in this way is 
said to be under artesian pressure, and the aquifer is 
called an artesian aquifer. The word artesian comes 
from the town of Artois in France, the old Roman city 
of Artesium, where the best-known flowing artesian 
wells were drilled in the Middle Ages. 

(7) The porosity and 
permeability of an aquifer 
define its ability to yield water 
to wells in productive amounts. 

T 

This is true. The two main characteristics of rocks that 
affect the presence and movement of groundwater are 
porosity (size and amount of void spaces) and 
permeability (the relative ease with which water can 
move through spaces in the rock). You probably know 
what a porous material is—it has lots of void spaces 
and openings, like a sponge. The rocks under our feet 
are not totally solid. They are full of cracks, fractures, 
and void spaces. For water to exist underground there 
must be void spaces to hold it. 
However, the rock also must be permeable enough to 
allow water to move (due mainly to gravity). Rock that 
is highly permeable has connections between the 
fractures and openings. These pathways acts as the 
highways along which water travels underground, and 
in the case of the owner of a well, hopefully towards 
his/her well. 

(8) For some wells along the 
coastline that are drilled into 
porous aquifers, pumps are 
turned off twice a day (during 
periods of high tides), since 
tides temporarily raise saline 
groundwater levels, causing 
saltwater intrusion into 
freshwater aquifers. 

F 

This one is false, but some of the concepts are true. 
The water level in wells can be affected by tides and if 
the well depth is at the same level as the area where 
saline and fresh water are somewhat mixed (brackish 
water), then the tides might have a small influence on 
the salinity of the brackish water. But, for water-
supply wells, you won't find many that are tapping 
water at the point where saline water and freshwater 
mix; hopefully the well would be tapping the 
freshwater above the saline-water layer. In that case, 
freshwater would be always be accessed, despite the 
tides. 
Wells are drilled along the coasts and they do yield 
great amounts of freshwater. For example, there are 
huge paper mills on the coast of Georgia, and they use 
a lot of fresh groundwater. Since aquifers exist in 
generally horizontal layers below the land surface, that 
means freshwater aquifers can extend underneath the 
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oceans. Drilling a well near the coast can still tap a 
freshwater aquifer. 
Saline aquifers also exist both underneath the oceans 
and under the land surface. If a well happens to be 
drilled into a saline or brackish aquifer, then the well 
can yield saline water (which neither you nor an 
orange tree would like to drink). Saltwater intrusion 
also can be a problem along the coasts. This can occur 
if a freshwater well is pumped too intensively for 
natural freshwater recharge from the surface to 
replenish it. In this case, salty water then can be drawn 
toward the well opening in the aquifer, thus yielding a 
mix of freshwater and saline water. 

(9) Cities prefer to use 
groundwater for drinking-water 
supplies because surface water 
is in constant contact with 
streambeds and, thus, contains 
a higher concentration of 
dissolved minerals and other 
substances that must be 
removed. 

F 

This is false. Any water users will tend to use the 
water they can get to easier, cheaper, and with the least 
impact on the environment. In terms of water use, 
public supply refers to water used by organized groups 
of people—such as towns, cities, and communities. 
During 2010, the Nation withdrew about 26,300 
million gallons per day (Mgal/d) of surface water for 
public-supply uses as compared to about 15,700 
Mgal/d of groundwater. Chances are that the water in 
that water tower on top of the hill near your house is 
full of water from a river, lake, or reservoir rather than 
groundwater. 
Now, it is true that if you dipped a jar into a creek and 
compared the water to water from a well, the 
groundwater would look a lot cleaner. The water 
probably would be a lot clearer (unless there is a lot of 
dissolved iron, which would turn the water brown) and 
you would not find floating leaf particles in 
groundwater. Actually, however, groundwater usually 
has more dissolved minerals and substances in it than 
surface water. Groundwater spends a lot of time 
moving through rocks underground—sometimes 
thousands of years. Water is also the top dog when it 
comes to being able to dissolve substances. 
Groundwater will often have more dissolved 
substances than surface water will. 

(10) Excessive pumping of a 
well can reverse the natural 
flow of groundwater into a 
river, causing the water level in 
the river to fall. 

T 

This is true! You might think that in comparison to a 
mighty river, a well is a small and insignificant thing, 
but that well can have a noticeable effect on a river's 
flow. There is more of an interaction between the 
water in lakes and rivers and groundwater than most 
people think. Some, and often a great deal, of the 
water flowing in rivers comes from seepage of 
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groundwater into the streambed. Groundwater 
contributes water to streams in most physiographic and 
climatic settings. The proportion of stream water that 
comes from groundwater inflow varies according to a 
region's geography, geology, and climate. 
Groundwater pumping can alter how water moves 
between an aquifer and a stream, lake, or wetland by 
either intercepting groundwater flow that discharges 
into the surface-water body under natural conditions or 
by increasing the rate of water movement from the 
surface-water body into an aquifer. A related effect of 
groundwater pumping is the lowering of groundwater 
levels below the depth that vegetation along the stream 
needs to survive. The overall effect is a loss of 
vegetation and wildlife habitat alongside the river. 

(11) Most wells are shallow 
because a significant amount of 
water cannot be obtained from 
wells where the underground 
water level is deeper than 
about 500 feet; it is impossible 
at the moment to pump water 
that deep in the earth to the 
land surface 

F 

This is false. Most wells are indeed "shallow," 
although shallow is a relative term. Wells that produce 
water for peoples' uses are generally from dozens to 
hundreds of feet deep—you will not find many 
production wells that go down 5 miles! 
It can be done, though. Water can indeed be pumped 
from below 500 feet, even if multiple pumps at 
different levels have to be used. It is true that it will 
cost a lot more to drill and maintain a deep well 
compared to a shallow well, so there is more incentive 
to find aquifers closer to the land surface. But, it 
comes down to economics. If water is valuable (and 
scarce) enough, then it can make economic sense to 
spend the money to pump deep water to the surface. 

(12) Most wells used for 
irrigation, domestic and public-
supply water use tap large open 
areas in subsurface rocks—
including horizontal fissures, 
caverns, and lava tubes, which 
have connections to the land 
surface—thus allowing the 
aquifer to be recharged quickly 
by precipitation. 

F 

This is false. Have you ever heard this myth about 
groundwater? "There are rivers of water flowing below 
ground." For the most part, it really is a myth. Of 
course, it is true that there are caverns, lava tubes, and 
large fissures in the ground and some of these spaces 
have water in them ... ever hear of "cave diving"? A 
river can indeed disappear into the ground. 
These hydrogeologic formations, however, are not 
often used to supply well water for large uses, such as 
irrigation and water for households and drinking 
supplies. Why do all the work to find a cave full of 
water when there is plenty of water in the aquifers all 
over (under, actually) the Earth? The most productive 
wells tap highly porous and highly permeable aquifers 
that have a reliable source of recharge. Think of a 
swimming pool filled with a huge sponge (highly 
porous and permeable), with a garden hose constantly 
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keeping the pool full. If you put a big straw into the 
sponge, you could drink water out of it indefinitely, as 
long as you didn't drink faster than the garden hose 
refilled the pool. 

(13) A cone of depression 
occurs when you drop your 
scoop of ice cream (made with 
groundwater) on the ground on 
a hot summer day. 

F 

This is false, although a cone of depression is an actual 
hydrologic term. In a different sense, this is true, 
remembering how my young son complained when her 
ice cream fell off her cone onto the pavement once. 
 
All pumped wells, to varying degrees, cause cones of 
depressions to form around the well casing at the 
water-table (the altitude, below ground, where below it 
the ground is saturated with water). If large cones of 
depressions form then the level of the water table can 
decline below the depth of the water intake for the 
well, and the well will pump less water and possibly 
go dry. If this happens, it will take time for the aquifer 
to recharge enough to raise the water level back to 
previous levels. That is why it is important to study the 
recharge characteristics of the aquifer that is tapped by 
a well—the well operator should not pump a well 
faster than it is recharged, as a cone of depression 
could form. 

 

3. Example: Calculation of Flow Characteristics 

Basic concepts: 
– Area: the cross-sectional area of flow within a channel. When a channel has a consistent 

cross-sectional shape, slope, and roughness, it is called a prismatic channel. 
– Hydraulic Radius: The right cross-sectional area of a stream of water divided by the length 

of that part of its periphery in contact with its containing conduit; the ratio of area to wetted 
perimeter. Also called Hydraulic Mean Depth. 

– Wetted perimeter: the length of the wetted contact between a conveyed fluid and the open 
channel or closed conduit carrying it, measure at right angles to the flow direction. The 
portion of the channel in contact with the flowing fluid. 

– Velocity:The velocity of a section is not constant throughout the cross-sectional area. 
Instead, it varies with location. The velocity is zero where the fluid is in contact with the 
conduit wall. 

– The variation of flow velocity within a cross-section complicates the hydraulic analysis, so 
the engineer usually simplifies the situation by looking at the average (mean) velocity of the 
section for analysis purposes. This average velocity is defined as the total flow rate divided 
by the cross-sectional area, and is in units of length per time. V=Q/A; where V = average 
velocity (m/s, ft/s); Q = flow rate (m3/s, ft3/s); A = area (m2, ft2) 

– Laminar flow is characterized by smooth, predictable streamlines (the paths of single fluid 
particles). An example of this type of flow is maple syrup being poured.  

– Turbulent flow: the streamlines are erratic and unpredictable. Turbulent flow is 
characterized by the formation of eddies within the flow, resulting in continuous mixing 
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throughout the section. 
– To classify flow as either turbulent or laminar, an index called the Reynolds number is used. 

It is computed as follows: Re=4VR/ν; where Re = Reynolds number (unitless) V = average 
velocity (m/s, ft/s) R = hydraulic radius (m, ft) ν = kinematic viscosity (m2/s, ft2/s) 

– If the Reynolds number is below 2,000, the flow is generally laminar. For flow in closed 
conduits, if the Reynolds number is above 4,000, the flow is generally turbulent. Between 
2,000 and 4,000, the flow may be either laminar or turbulent, depending on how insulated 
the flow is from outside disturbances. In open channels, laminar flow occurs when the 
Reynolds number is less than 500 and turbulent flow occurs when it is above 2,000. Between 
500 and 2,000, the flow is transitional. 

Example: 
A rectangular concrete channel is 3 m wide and 2 m high. The water in the channel is 1.5 m deep 
and is flowing at a rate of 30 m3/s. Determine the flow area, wetted perimeter, and hydraulic 
radius. Is the flow laminar or turbulent?  
Solution  
From the section’s shape (rectangular), we can easily calculate the area as the rectangle’s width 
multiplied by its depth. Note that the depth used should be the actual depth of flow, not the total 
height of the cross-section. The wetted perimeter can also be found easily through simple 
geometry.  
A = 3.0 m × 1.5 m = 4.5 m2  
Pw = 3.0 m + 2 × 1.5 m = 6.0 m 
R = A / Pw = 4.5 m2 / 6.0 m = 0.75 m  
In order to determine whether the flow is likely to be laminar or turbulent, we must determine the 
Reynolds number. To do this, first find the velocity of the section and a value for the kinematic 
viscosity.  
V = Q / A = 30 m3/s / 4.5 m2 = 6.67 m/s  
From fluids reference tables, we find that the kinematic viscosity for water at 20°C is 1.00 × 10-6 

m2/s. Substituting these values into the formula to compute the Reynolds number results in  
Re = (4 × 6.67 m/s × 0.75 m) / (1.00×10-6) = 2×107  
This value is well above the Reynolds number minimum of 4,000 for turbulent flow. 

 

4. Example: Energy Principles. Application of Energy Principles in Flood Protection  

 
In hydraulic applications, energy values are often converted into units of energy per unit weight, 
resulting in units of length. Using these length equivalents gives engineers a better “feel” for the 
resulting behaviour of the system. When using these length equivalents, the engineer is expressing 
the energy of the system in terms of “head.” The energy at any point within a hydraulic system is 
often expressed in three parts: 
Pressure head: p/γ 
Elevation head: z 
Velocity head: V2/2g 
where p = pressure (N/m2, lbs/ft2) γ = specific weight (N/m3, lbs/ft3) z = elevation (m, ft) V = 
velocity (m/s, ft/s) 
 
The Energy Equation  
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In addition to pressure head, elevation head, and velocity head, energy may be added to a system 
by a pump (for example), and removed from the system by friction or other disturbances. These 
changes in energy are referred to as head gains and head losses, respectively. Because energy is 
conserved, the energy across any two points in the system must balance. This concept is 
demonstrated by the energy equation:  
p1/γ + z1 + V1

1/2g + HG = p2/γ + z2 + V1
2/2g + HL 

where p = pressure (N/m2, lb/ft2) γ = specific weight of the fluid (N/m3, lb/ft3) z = elevation above 
a datum (m, ft) V = fluid velocity (m/s, ft/s) g = gravitational acceleration (m/s2, ft/s2) HG = head 
gain, such as from a pump (m, ft) HL = combined head loss (m, ft) 
Hydraulic Grade 
The hydraulic grade is the sum of the pressure head (p/γ) and elevation head (z). For open channel 
flow (in which the pressure head is zero), the hydraulic grade elevation is the same as the water 
surface elevation. For a pressure pipe, the hydraulic grade represents the height to which a water 
column would rise in a piezometer (a tube open to the atmosphere rising from the pipe). When the 
hydraulic grade is plotted as a profile along the length of the conveyance section, it is referred to 
as the hydraulic grade line, or HGL. 
Energy Grade 
The energy grade is the sum of the hydraulic grade and the velocity head (V2/2g). This grade is the 
height to which a column of water would rise in a Pitot tube (an apparatus similar to a piezometer, 
but also accounting for fluid velocity). When plotted in profile, this parameter is often referred to 
as the energy grade line, or EGL. For a lake or reservoir in which the velocity is essentially zero, 
the EGL is equal to the HGL. 

 
Energy Losses and Gains 
Energy (or head) losses (HL) in a system are due to a combination of several factors. The primary 
cause of energy loss is usually the internal friction between fluid particles traveling at different 
velocities. Secondary causes of energy loss are localized areas of increased turbulence and 
disruption of the streamlines, such as disruptions from valves and other fittings in a pressure pipe, 
or disruptions from a changing section shape in a river. 
The rate at which energy is lost along a given length of channel is called the friction slope, and is 
usually presented as a unitless value or in units of length per length (ft/ft, m/m, etc.). 
Energy is generally added to a system with a device such as a pump. 
 
Example: 
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A 1,200-mm diameter transmission pipe carries 126 l/s from an elevated storage tank with a water 
surface elevation of 540 m. Two kilometres from the tank, at an elevation of 434 m, a pressure 
meter reads 586 kPa. If there are no pumps between the tank and the meter location, what is the 
rate of head loss in the pipe? (Note: 1 kPa = 1,000 N/m2.)  
Solution  
Begin by simplifying the energy equation. Assume that the velocity within the tank is negligible, 
and that the pressure head at the tank can be discounted because it is open to the atmosphere. 
Rewriting the energy equation and entering the known values, we can solve for head loss. The 
velocity can be calculated using the flow rate and pipe diameter.  
Q = 126 l/s × (1 l/s / 103 m3/sec) = 0.126 m3/s  
A = π × (0.6 m)2 = 1.13 m2  
V = Q/A = 0.126 m3/s / 1.13 m2 = 0.11 m/s  
V2/2g = (0.11 m/s)2 / (2 × 9.81 m/s2) = 0.0006 m (negligible)  
Neglecting the velocity simplifies the energy equation even further, and we can now solve for 
head loss as  
HL = 540 m – 434 m – (586,000 N/m2) / 9810 N/m3 = 46.27 m 
The rate of head loss (or friction slope) can now be computed as  
Friction slope = 46.27 m / (2 × 1000 m) = 0.023 m/m, or 23 m/km 
 

5. Example: The Orifice Equation Application For the Dam Breaking  

Orifices 

Orifices are regularly shaped, submerged openings through which flow is propelled by the 
difference in energy between the upstream and downstream sides of the opening. The stream of 
flow expelled from the orifice is called the jet. When the jet exits the orifice, adverse velocity 
components cause it to contract to a point after which the flow area remains relatively constant 
and the flow lines become parallel (see Figure 1-5). This point is called the vena contracta. 

 

Orifices and the orifice equations have the following applications:  

Regulating the flow out of detention ponds  

Regulating the flow through channels in the form of radial and sluice 
gates  

Approximating the interception capacity of submerged drainage inlets 
in sag   

Approximating the flow allowed through a submerged culvert 
operating under inlet control  

Measuring flow  

 
For the structure in Figure, derive the orifice equation for an orifice of area A.  
 
 
Orifice Example  
Solution  
First, start with the energy equation:  
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p1/γ + z1 + V1
1/2g + HG = p2/γ + z2 + V1

2/2g + HL 
 
List known variables and assumptions:  
The datum is at the centerline/centroid of the orifice  
p1/γ = H  
Point 2 occurs at the vena contracta  

Elevation heads, z1 and z2, are equivalent  
The velocity in the tank at point 1 is negligible  
The jet is open to the air, so the pressure at point 2 is 0  
There is no head gain  
 
Taking these known variables and assumptions into account and solving for V2, the energy 
equation becomes:  
V2 = [ 2g(H – HL)]1/2 
To find the flow exiting the structure at point 2, multiply both sides of the equation by the orifice 
area, A.  
AV2 = Q =A x [ 2g (H – HL)]1/2 
where Q = discharge (m3/s, ft3/s)  
The point of discharge is the vena contracta, where the flow area is usually contracted from the 
original orifice area. Also, computations can be simplified by eliminating the head loss term, HL. 
Both of these variables are accounted for by applying an orifice coefficient, C, to the right side of 
the equation. The final form of the orifice equation becomes:  
Q =CA x (2g H)1/2 
where C = orifice coefficient  
When dealing with storm sewer design, the orifice coefficient is generally about 0.6. For more in-
depth information on orifice coefficients for different situations, see Brater and King’s Handbook 
of Hydraulics (1996).  
 

6. Example: The Weir Equation for regulating high-return event flows overtopping 
dams  

Weirs have the following applications: 
– Serving as emergency spillways for regulating high-return event flows overtopping dams 

and detention ponds 
– Regulating the flow in channels 
– Measuring flow 
– Approximating the flow over roadways acting as broad-crested weirs when flow exceeds a 

culvert’s capacity  
– Approximating the interception capacity of unsubmerged drainage inlets in swales  
– Approximating the flow allowed through an unsubmerged culvert operating under inlet 
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control  

7. Example: Flood Risk Estimation Quizzes & Explanations 

1. A flash flood is a flood that: 
a. is caused by heavy rain rather 

than from the flooding of a river 
b. occurs in urban areas 
c. occurs suddenly and unexpectedly 

and for a short duration 
d. is caused by the blocking of 

drains. 

C 

c. Flash floods are defined by the speed of 
flooding, not the source or location of 
flooding. While flash floods are often caused 
by heavy rainfall, they can also result from 
other events, such as drain blockages and 
bursts or the flooding of a river. 

2. A flood can vary in: 
a. size 
b. speed of water flow 
c. duration 
d. all of the above. 

D 

d. The size, duration and water flow speed of 
floods can vary. The volume, rate of rise and 
areal extent (i.e. the total area under flood 
waters) of flooding can also vary 

3. When a river’s water level reaches 
10 metres, this means that: 

a. the water level is 10 metres above 
an arbitrary ‘zero’ level 

b. the water level is 10 metres above 
mean sea level 

c. the water level is 10 metres above 
mean sea level or an arbitrary 
'zero' level 

d. it will flood. 

C 

c. River height is the level of water in a river 
as measured by a river gauging station and is 
expressed in metres above either the 
Australian Height Datum (i.e. mean sea level) 
or an alternative arbitrary ‘zero’ level, 
depending on the location. 

4. The size of a flood is measured by: 
a. the rate of flow of water in a 

waterway or river 
b. the level of water in a waterway 

or river 
c. a river gauging station 
d. all of the above. 

D 

d. The size of a flood can be measured by the 
highest level that water in a waterway 
reaches, referred to as the ‘peak water level’ 
or ‘flood peak’. It can also be measured by 
the maximum water flow rate in a waterway, 
referred to as the ‘peak flow rate’ or ‘peak 
water flow’. Each of these variables can be 
measured using a river gauging station. 

5. Which of the following potentially 
affects the size of a flood? 

a. bridges and other structures in 
waterways 

b. the size and windiness of a river 
c. vegetation in and around a river 
d. all of the above. 

D 

d. Many factors can affect the size of a flood, 
including rainfall intensity, weather 
conditions prior to a rainfall event, tidal and 
storm surges, dams and other man-made and 
natural water storages, catchment size and 
shape, soil types in a catchment, vegetation in 
and around a waterway, the size and 
windiness of a waterway, levees, bridges and 
other structures in waterways and catchments, 
and urbanisation. 

6. Which of the following is an 
environmental consequence of floods? 

D 
d. Floods can have negative environmental 
consequences, such as soil erosion, release of 
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a. dispersal of weed species  
b. erosion of soil 
c. release of pollutants into 

waterways 
d. all of the above. 

pollutants and excess sediments and nutrients 
into waterways and the ocean, dispersal of 
weed species, and negative impacts on fish 
and other aquatic life. Floods can also have 
positive environmental consequences, such as 
recharging groundwater systems, filling 
wetlands, moving useful nutrients around the 
landscape, and triggering breeding events (for 
example, of water birds) 

7. Which of the following is used to 
estimate which areas will be inundated 
during a flood, based on river height 
information? 

a. satellite and radar images 
b. flood maps / floodplain hydraulic 

models 
c. river gauging stations 
d. all of the above. 

B 

b. Floodplain hydraulic models and flood 
maps are used to estimate which areas will be 
inundated based on river height information. 
Satellite and radar images, rain gauges and 
river gauging stations are used to estimate 
river heights. 

8. Which of the following is true? Flood 
warnings: 

a. should not be released until the 
information is certain 

b. should indicate what the threat is, 
what action should be taken, by 
whom and when 

c. are best if they come from a 
single source (for example, an 
internet website) 

d. all of the above. 

B 

b. Flood warnings should provide information 
on what the threat is, what action should be 
taken, by whom and when. While it is 
desirable for flood warnings to be accurate, 
warnings are predictions about the future, so 
there is inevitably some uncertainty. 
Accuracy needs to be balanced with 
timeliness, to allow enough time for 
appropriate action. Warnings are most likely 
to reach different audiences and to be heeded 
if they come from multiple trusted sources. 

9. If you experienced a 1-in-100 year 
flood this year, what is the chance you 
will experience one next year? 

a. none 
b. 1 in 10,000 odds (0.01%) 
c. 1 in 1000 odds (0.1%) 
d. 1 in 100 odds (1%). 

D 

d. The chance of experiencing a 1-in-100 year 
flood in any given year is 1% (or 1 in 100), 
regardless of when the last 1-in-100 year 
flood was experienced. 

10. If your house is in an area that will 
be flooded by a 1-in-100 year flood, 
then the chance that you will be 
flooded at least once within the next 70 
years is: 

a. 1 in 2 odds (50%) 
b. 7-in-10 odds (70%) 
c. 1-in-70 odds (1.4%) 
d. 1-in-100 odds (1%). 

A 

a. If you live in a location that has a 1% 
chance of flooding in any one year (that is, it 
would only flood if a 1-in-100 year flood or 
greater occurred), then the chance of being 
flooded at least once in a 70 year period is: 
100% minus the chance of a flood not 
happening 70 years in a row, i.e. 1 – (0.99)70 
= 0.5 (or 50%). 
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11. Flood risk refers to: 
a. the chance of a flood occurring 
b. the number of people and 

properties exposed to floodwaters 
if a flood occurs 

c. the vulnerability of people and 
properties that are exposed to 
floodwaters 

d. all of the above. 
 

D 

d. Flood risk includes both the chance (or 
probability) of a flood occurring, and the 
consequences if a flood occurs. The 
consequences of a flood are in turn affected 
by the number of people and properties 
exposed to floodwaters for a flood of a 
particular size, and the vulnerability of those 
people and properties. For example, a river 
might burst its banks regularly, but if this 
flooding occurs in an isolated area where 
there are no people or infrastructure, then the 
risk is low. Similarly, a river might flood very 
rarely, but if many people and properties are 
located near this river and they live in 
dwellings that are vulnerable to water 
damage, then the flood risk will be greater. 
 

12. Which of the following can reduce 
the risk of flooding? 

a. zonings and building regulations 
for new developments 

b. dams, detention basins and levees 
c. flood awareness and education 

programs 
d. all of the above. D 

d. Flood risk in new developments can be 
reduced by restricting the location of 
development (zonings) and placing controls 
(regulations) on development. In existing 
developed areas, risk can be reduced by 
modifying flood behaviour (for example, 
through dams, detention basins, levees, 
waterway modifications), property 
modification measures (for example, land 
filling, flood proofing, house raising, 
removing developments), and response 
modification measures (for example, 
upgrading flood evacuation routes, flood 
warnings, flood evacuation planning, flood 
education programs). 

13. The Probable Maximum Flood is: 
a. an estimation of the largest 

possible flood that could occur at 
a particular location 

b. the maximum flood experienced 
in the last 100 years 

c. the maximum flood experienced 
in the last 200 years 

d. the maximum flood experienced 
since flood records have existed. 

A 

a. The Probable Maximum Flood (PMF) is an 
estimate of the largest possible flood that 
could occur at a particular location, under the 
most severe meteorological and hydrological 
conditions as they are currently understood. 
 

14. For good land use planning, 
buildings should be built: 

a. above the 1-in-100 year flood 
level 

C 

c. Throughout most of country, the 1-in-100 
year flood (plus an appropriate additional 
height, or ‘freeboard’, for buildings) is 
considered as having an ‘acceptable’ risk for 
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b. above the level of the Probable 
Maximum Flood 

c. based on the chance and 
consequences of a flood for that 
particular building 

d. above the level of the largest 
historical flood. 

planning purposes. However, good planning 
should take into consideration both the chance 
of a flood happening and the consequences of 
a flood. For example, critical infrastructure 
such as hospitals and emergency management 
centres are ideally located in areas that will 
never be flooded so they can operate during a 
flood event.  

15. In the future, which of the 
following is expected to increase the 
risk of flooding? 

a. population growth 
b. urbanisation 
c. climate change 
d. all of the above. 

D 

d. In the future, climate change is likely to 
result in an increased chance of flash floods 
and coastal inundation. The growing 
population and urbanisation are likely to place 
increased pressure on our waterways and to 
increase the chance of flooding in cities and 
the number of properties and people exposed 
to floodwaters. 
 

16. In the future, which of the 
following is unlikely? 

a. There will be an increased chance 
of flash flooding and coastal 
inundation. 

b. Flood risk will increase due to 
population growth and 
urbanisation. 

c. Improvements in flood 
forecasting and warning 
technologies will reduce the 
impacts of floods. 

d. We will be able to eliminate the 
risk of flooding. 

D 

d. It is not possible to eliminate the risk of 
flooding. Indeed, it is likely that flood risk 
will increase in the future due to climate 
change, population growth and urbanisation. 
However, we can better manage flood risk 
through improvements in flood forecasting 
and warning technologies, as well as 
improved land use planning, floodplain 
management and integrated water 
management. 

 

8. Example: The weir equation for the rectangular weir 

Derive the weir equation for the rectangular weir with a crest of length L and head H, which 
discharges from a free outfall as shown in Figure:  
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Figure 1-9: Weir Example  
Solution  
Begin with the energy equation:  
p1/γ + z1 + V1

1/2g + HG = p2/γ + z2 + V1
2/2g + HL 

List the known variables and assumptions:  
The datum is at the crest of the weir  
P1/γ = H  
Point 2 occurs at the vena contracta  
The elevation heads, z1 and z2, are equivalent  
Assume the velocity in the tank is negligible  
The exiting stream pressure at point 2 is 0  
There is no head gain  
After applying the known variables and assumptions and solving for V2, the energy equation 
becomes:  
V2 = [ 2g(H – HL)]1/2 
To find the flow, multiply both sides by the flow area, which in this case is the length of the weir, 
L, multiplied by the height of the head, H.  
AV2 = Q =LH [ 2g (H – HL)]1/2 
where L = length of weir (m, ft)  
To account for head loss, contraction, and other variables, a weir coefficient, C, is applied. Unlike 
the orifice coefficient, the weir coefficient generally takes into account the constant 2g. Finally, 
the weir equation becomes:  
Q = CLH3/2 
where C = weir coefficient (m1/2/s, ft1/2/s)  
Unlike the orifice coefficient, the weir coefficient is not unitless. Care has to be taken that the 
correct coefficient is applied when using a specific unit system. Typical coefficient values for 
different weir shapes, as well as variations in the equation, can be seen in the previously shown 
figure: 
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9. Example: Uniform Flow concrete trapezoidal channel 

A concrete trapezoidal channel has a bottom width of 4 m and 45-degree side slopes. If the 
channel is on a 1-percent slope and is flowing at a depth of 1 m throughout its length, how much 
flow is being carried (use Manning’s equation)? How much flow would the same channel carry if 
it were a rectangular channel 4 m wide?  
Solution  
Because the channel is flowing at the same depth throughout, we can assume that normal depth 
has been achieved (that is, the friction slope is equal to the channel slope). We will assume a 
Manning’s n of 0.013 for concrete.  
From the trapezoidal geometry, we can easily calculate the area and wetted perimeter, and then the 
hydraulic radius, as follows:  
A = (4 m × 1 m) + 2 × (0.5 × 1 m × 1 m) = 5.00 m2  
Pw = 4 m + 2 × (1 m × 20.5) = 6.83 m  
R = A / Pw = 5.00 m2 / 6.83 m = 0.73 m  
Manning’s equation for velocity can then be solved. The discharge can be computed as  
V = (1.00/0.013) × 0.732/3 × 0.011/2 = 6.25 m/s  
Q = V × A = 6.25 m/s × 5.00 m2 = 31.2 m3/s  
To answer the second part of the question, we simply repeat the steps for a rectangular section 
shape.  
A = (4 m × 1m) = 4 m2  
Pw = 4 m + 2 × (1m) = 6 m  
R = 4 m2 / 6 m = 0.67 m  
V = (1.00/0.013) × 0.672/3 × 0.011/2 = 5.87 m/s  
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Q = 5.87 m/s × 4 m2 = 23.5 m3/s 
As we would expect, this discharge is less than the discharge of the trapezoidal section. 
 

10. Example: Summary and Control Quizzes 

 
A flood can be caused by: 
A. Rising rivers 
B. High tides 
C. Heavy rain in a small area 
D. All of the above 

D 

Which of the following should you do in a flood? 
A. Go sight-seeing 
B. Drink the water 
C. Put valuables high up 
D. Go swimming 

C 

Is it safe to drive though the flood waters? 
A. Yes, a car is heavy enough to not be swept away 
B. No, a car can be swept away 

B 

What is a flash flood? 
A. A flood that has happened in another country 
B. Power lines fallen in flood waters 
C. A deep flood 
D. A flood that happens fast with little warning 

D 

What is the main reason you should not drink the floodwater? 
A. It doesn't taste good 
B. You have to save water 
C. It could be contaminated 
D. It is the wrong temperature 

C 

When can you return home if you have been evacuated? 
A. When the rain stops 
B. When the floodwater goes down 
C. When you feel ready 
D. When you're told it is safe 

D 

All of the following are TRUE about disasters EXCEPT 
a. A disaster may be domestic or international 
b. A disaster may be caused by nature or have human origins 
c. A disaster always receives widespread media coverage. 
d. A disaster may have a known and gradual onset 

C 

Disasters frequently result in all of the following EXCEPT 
a. Damage to the ecological environment 
b. Displacement of populations 
c. Destruction of a population"s homeland 
d. Sustained public attention during the recovery phase 

D  

Social workers skilled in crisis management work: 
a. tornado or flood 
b. violent events such as child abuse, domestic abuse, crime 

E 
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c. psychopathology that triggers a crisis i.e. suicide attempt, drug overdose 
d. car accident, life-threatening illness 
e. With all of the above 
According to the United Nations between 1992 and 2000 there were approximately ____ 
disasters per year throughout the world 
a. 100 
b. 300 
c. 500 
d. 800 

C 

According to Reza et al, the number of people who have lost their lives in the 25 largest 
violent events of the 20th century number: 
a. Almost 1 million 
b. Almost 10 million 
c. Almost 100 million 
d. Almost 200 million 

D 

Responsibility for securing the scene, preserving life and treating the wounded is the 
responsibility of: 
a. First responders 
b. Mental health professionals 
c. Social workers who specialize in crisis management 
d. All citizens 

A 

There are nine tasks in the of disaster management. All of the following are tasks of this 
model EXCEPT: 
a. Assess secondary social problems such as health epidemics, displaced persons 
b. Counsel those who have suffered trauma and bereavement 
c. Control rumors, provide accurate information 
d. Provide security; prevent looting, protect person and property 

B 

Which one of the following theories of disaster management informs organizational 
readiness and response in a disaster? 
a. Hobfoll"s theory of Conservation of Resources 
b. The problem-solving"task model 
c. Structure-functional theory 
d. Theory of traumatogenic forces 

C 

The decision to offer humanitarian aid is determined by: 
a. Theories of social justice 
b. Deontological reasoning 
c. Teleological reasoning 
d. Socio-political factors 
e. All of the above. 

E 

Conditions for the delivery of concrete goods and services at a disaster site include all of 
the following EXCEPT: 
a. Extreme climates; hot cold, wet, etc. 
b. Crowded and cramped conditions for living and working 
c. Lack of privacy, threat to safety 
d. A clear demarcation of being on or off duty. 

D 

The play all of the following roles in covering a disaster EXCEPT: B 
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a. Shapes public sympathy by the amount and type of coverage 
b. Problem-solves obstacles encountered in the delivery of relief 
c. Identifies heroes 
d. Attempts to assign blame related to the cause of the disaster or for failures in response 

 
 

11. Example: Critical Depth of a grassy channel 

What is the critical depth for a grassy triangular channel with 2H:1V side slopes and a 0.5% slope 
when the flow is 3.00 m3/s? If the channel is actually flowing at a depth of 1.2 m, is the flow 
critical, subcritical, or supercritical? 
Solution  
For such a simple geometry, we can quickly create a relationship between the flow area, top 
width, and depth of flow:  
T = 4y, A = 0.5 × T × y = 0.5 × 4y × y = 2y2 m2  
Inserting these values into the previous equation for critical depth, we can algebraically solve for 
the channel depth:  
(2y2)3 / 4y = Q2 / g  
8y6 / 4y = Q2 / g  
2y5 = Q2 / g  
y5 = Q2 / 2g  
y = (Q2 / 2g)1/5 = [ (3.00 m3/s)2 / (2 × 9.8 m/s2) ]0.2 = (0.46 m5)0.2 = 0.86 m  
The critical depth for this section is 0.86 m. The actual flow depth of 1.2 m is greater than critical 
depth, so the flow is subcritical. 

12. Example: Water and nutrient exchange of lakes 

A lake has an area of 10 km2. During a specific month the lake evaporation was 90 mm. During 
the same month the inflow to the lake from a river was on average 1.2 m3/s and the outflow from 
the lake via another river was on average 1.1 m3/s. Also, for the same month a water level increase 
of 100 mm for the lake was observed.  
a) What was the precipitation in mm during that month? (6p).  
b) What assumption is important for your answer in a)? (1p).  
c) The concentration of phosphorus in inflow river water was 1.0 mg/L and outflow river water 
0.8 mg/L during the month. What was the change of stored phosphorus (kg) in the lake during the 
month? (3p).  
Solution:  
a) Water balance equation Σin – Σout = P + (Qin – Qout) – E = ΔM which gives  
P + (1.2 – 1.1) x 30 x 24 x 3600/ (10 x 106) - 0.09 = 10 x 106 x 0.1  
P = 164 mm  
b) That is no other inflows and outflows during the period, e.g., lake water exchange with 
groundwater.  
c) Qin  x Concin – Qout  x Concout = ΔPhosphkg =  
= (1.2 x 1.0 x 10-6 – 1.1 x 0.8 x 10-6)/0.001 = 829.4 kg  

13. Example: Manning Formula for Discharge 

One of the physically motivated formulas for stream discharge is the Manning Formula, because 
flow speed depends on slope and friction. 
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SRA
n

1
 = q 2

1

3

2

 
where 
n = roughness coefficient 
A = cross sectional area of stream 
Pwet = wetted perimeter (total length of stream bed from one bank to the opposite bank). 
R = hydraulic radius = A/Pwet 
S = slope of river bed 
 

Bed Type n 
Paved 0.01 

Average 0.04 
Clogged >0.1 

 
The Manning formula makes physical sense because stream discharge is greater the smoother the 
bottom (n small), the steeper the slope (S large), the greater the cross sectional area (A large), and 
the deeper the river (R large). 
Example: Calculate the discharge and average current velocity for a stream with slope S = 0.0001 
and rectangular cross section that is 10 m wide and 3 m deep. Assume that the stream bed is very 
smooth so that n = 0.01. 
Solution: First calculate the cross sectional area, the wetted perimeter, and the hydraulic radius. 
A = 10(3) = 30 m2 
Pwet = 10 + 2(3) = 16 
R = A/Pwet = 30/16 = 1.875 
Now use the Manning Formula to find discharge 

sm 45.6 = )(.0001)30(1.875
(.01)

1
 = SRA

n

1
 = q 1-3

2

1

3

2

2

1

3

2

 
The average current speed is equal to the discharge divided by the cross sectional area, or, 

s  m 1.52 = 
30

45.6
 = 

A

q
 = v 1-

 
 

14. Example: Control Measures of Water Pollution. Quizzes and Explanations 

1. How agricultural management helps in the 
control of water pollution? 
a) By giving an idea about the use of land 
management 
b) By increase the water intake 
c) By using poor soil which consumes less 
water 
d) By encouraging farmers to use more 
chemicals 

a 

Explanation: Land use is one of the 
agricultural management which helps in the 
control of water pollution. It includes crop 
rotation systems and the proportion of the 
land area devoted to permanent crops 
relating to annual tillage crops. 

2. How soil resistance can increase against 
erosion? 
a) By maintaining the water inflow 

B 
Explanation: Increasing soil resistance 
against erosion can be achieved by maintain 
the physical structure of soils. Good 
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b) By maintaining the physical structure of 
soil 
c) By maintaining the environmental 
conditions 
d) By increasing the manure given to the 
plants 

farming practices allow for adequate inputs 
of organic fertilization by digging in crop 
residues. 

3. Why ground water monitoring is important 
in control of water pollution? 
a) To provide more quantity of water 
b) To increase the chemical contains in the 
water 
c) To provide good quality of water 
d) To reduce the amount of water supplying 
from ground water 

c 

Explanation: Ground water monitoring 
techniques provide a better means of 
distinguishing the temporal process of 
ground water contamination and provide 
good quality of water for drinking and for 
other daily chores. 
 

4. How can we reduce the effluent volume of 
water to maintain its pollution level? 
a) Increase the upstream flow by low flow 
augmentation 
b) Decrease the upstream flow by low flow 
augmentation 
c) Increase the upstream flow by high flow 
augmentation 
d) Decrease the upstream flow by high flow 
augmentation 

a 

Explanation: One of the measures to control 
water pollution is to reduce the effluent 
volume by increasing the upstream flow by 
low flow augmentation. This means 
releases from upstream reservoir storage 
from nearby water bodies. 

5. In order to control the water pollution of 
pathogenic bacteria, viruses and parasites, 
how many categories are there? 
a) One 
b) Two 
c) Three 
d) Four 

c 

Explanation: The three broad categories for 
control of pathogenic bacteria, viruses and 
parasites are, control at the initial source of 
the micro-organisms, control at the area of 
water use, and control of the product that is 
affected by contamination. 

6. Redesign of synthetic detergents to reduce 
foaming can minimize water pollution in little 
quantity. 
a) True 
b) False 

a 

Explanation: Redesign of synthetic 
detergents to reduce foaming and 
downstream transport through increased 
biodegradation rate. This can control water 
pollution. Thus the chemicals released by 
detergents can also be reduced. 

7. How are aquatic weeds used in controlling 
water pollution? 
a) They use as a decorative substances 
b) They use as biological filters 
c) They use as chemicals 
d) They used to upgrade wastewater treatment 

d 

Explanation: Aquatic weeds are used to 
upgrade wastewater treatment lagoons and 
treat chemical wastewaters. It can readily 
absorb, accumulate and concentrate heavy 
metals such as lead, mercury and cadmium. 
 

8. What is the pH range of effluent after 
treatment? 
a) Between 4.4 and 5.5 

c 
Explanation: The pH of effluent after 
treatment has been found to be between 6.8 
and 7.8, which is an ideal range of fresh 
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b) Between 4.8 and 6.1 
c) Between 6.8 and 7.8 
d) Between 7.8 and 8.3 

water. As the metals are extracted from the 
effluents, it causes considerable cleaning of 
the effluent. 

9. Why controlled use of water hyacinth is 
important in controlling of water pollution? 
a) To decrease the BOD level 
b) To increase the BOD level 
c) To completely vanish the BOD level 
d) To maintain the BOD level 

b 

Explanation: The controlled use of water 
hyacinth I conjunction with waste 
stabilization increases the BOD removal 
capacity of these systems. It also reduces 
the high total suspended solids normally 
associated with sewage lagoons. 

10. Which of the following is not a way to 
minimize the disposal of toxic wastes into the 
water? 
a) To create awareness about the pollution 
happening on water for people 
b) To minimize the use of pesticides and 
chemicals into the agricultural fields 
c) Recycle of plastic materials 
d) Encouraging the disposals of electronic 
waste into the water bodies 

d 

Explanation: Out of the above four options 
encouraging the disposals of e-waste is not 
a way to minimize the disposal of toxic 
wastes into the water. The e-waste cause 
pollution to the water bodies so a proper 
treatment must be give before disposal. 

11. Why the flowing water of the river cannot 
be cleaned easily by natural process? 
a) Because a large number of external 
substances are discharged into the water 
b) Because external climatic conditions are 
not favorable to clean the water 
c) The following water is already cleaned 
before flowing itself 
d) Because of lack of space to clean the water 

a 

Explanation: The flowing water of the river 
cannot be cleaned easily by a natural 
process since a large number of external 
substances are discharged into the water, 
the river water becomes polluted. These 
cause diseases to the people using river 
water. 

12. Water that has been exposed to a 
substance other than water I called 
as_____________ 
a) Water purification 
b) Water strength 
c) Water contamination 
d) Water desolation 

c 

Explanation: Water can be contaminated 
with natural elements and as well as from 
the materialistic things. All contaminated 
water is polluted, but all polluted water is 
contaminated with something. So a proper 
treatment for contaminated water can avoid 
the pollution of water. 

13. Monitor used of motor oil can reduce 
water pollution. 
a) True 
b) False 
 

a 

Explanation: Many hazardous waste 
products that are used for cars, such as 
motor oil and gasoline are very dangerous. 
Motor oil contains potentially dangerous 
heavy metals such as lead and cadmium. So 
a proper monitor of this can avoid water 
pollution. 

14. Contaminants that enter the groundwater 
may remain there for decades.  
a) True 
b) False 

a 

Explanation: Groundwater moves very 
slowly through the aquifers at a rate of only 
centimetres per day. Some contaminants 
that reach the groundwater break down 
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 slowly or not at all, and move slowly with 
the water. Therefore, groundwater may 
contain these contaminants for many years. 

15. If groundwater gets contaminated, then 
surface water like lakes and streams can 
become polluted also, since the two are often 
connected.  
a) True 
b) False 

a 

Explanation: Most surface water interacts 
with underground water sources. Thus, if 
groundwater is contaminated, connecting 
springs, streams, and lakes may suffer the 
consequences as well. 

   
 
 
 


