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1 (a) Predictions of effects due to climate change have been achieved by
modelling interactions of complex systems over long periods by specialist bodies
such as the Hadley Centre in the UK. Describe the difficulties that arise from the
uncertainties associated with these models in terms of water resources
management now. [20%]

Engineers’ judgement (and standard codes of practice) define what risk to take - we cannot
afford ‘no risk’.

Run -off equation: Run-off rate = Area x Coefficient x Rainfall Intensity

In the run-off equation, only the Area is ‘fact’...and even there we have to predict ‘how much
JSuture development?’. The run-off Coefficient is an estimate, varying perhaps +/- 20% due to
antecedent conditions — which may now change due to the cumulative effect of rainfall
increase.

The Rainfall Intensity has a past statistical relationship to frequency of occurrence, and we
have to decide ‘how often can we flood?’ Now climate change uncertainty means that the
relationship between frequency and rainfall amount is changing — for instance a ‘one in 50
years’ event may now turn out to be occurring with a one in ten years frequency. It is difficult
to separate these long term changes from the ‘noise’ of normal statistical variation.

Having to design for precipitation changes but not really being certain about what they will
be. How much to design for? Not investing sufficient now may mean not being able to meet
Suture needs.

Need for bigger pipes, but not certain of how big?

Uncertainties about flood frequency changes so difficult to assess risks of flood or design
storage facilities.

(b) Describe the ways in which Urban Pollution Management (UPM) and
integrated modelling can help to meet the requirements of the environmental,
social and economic systems. " [30%]

UPM is to help make complex interactions more comprehensible using integrated modelling,
it aims to quantify impact on the environment of changes to the system and identify cost-
effective solutions to water quality problems.

UPM’s much improved analysis of catchment hydrology and hydraulics allows us to make
much tighter predictions of drainage capacity needed, compared with the old ‘rules of thumb’
used in the past. It also allows us confidence in making cleverer and more complex uses of
existing systems, including the use of ‘real time control’, in which engineers chose how to
route flows, and store them, during the storm itself.

Economic effect — more service level for less cost than before. It is expected that the cost of
the extra modelling study work will be much outweighed by savings in the solution.
Environmental effect — more service with more resource efficiency — less use of natural
resources and materials, less energy use (and CO” release).

Social effect — ability to run more options for solutions in a realistic time, and to try out more
complex solutions with less impact on the community than large drainage channels, for
instance. I
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(c) Conventional urban drainage has been based on the concept of removing
surface water as fast as possible. Discuss the problems that arise from this type of
system with regards to:

(i) capacity; [10%)]

(ii)  pollution; [10%)]

(iii))  groundwater; [10%]

(iv)  habitats. [10%)]
i capacity — conventional systems are a fixed volume ‘hole in the ground’, no space to

accommodate peak flood flows, conventional systems already reaching full capacity so any
increases will require major new build.

ii pollution — conventional systems carry water with pollutants without any potential
degradation so the water and the pollution arrive at a new location unchanged.

iii groundwater — conventional systems Dprevent groundwater recharge.

iv habitats — conventional systems replace natural water courses and do not provide

habitat possibilities. Fast flowing drainage water in concrete channels do not replicate river
habitar.

(d) The technical components of sustainable water management systems tend to
be fairly simple, but in order for them to be effective, the engineer must also carry
out consultation with stakeholders. Describe the involvement and likely priorities
and suggest ways in which various requirements may be accommodated in terms

of an integrated water resources management scheme. [10%)]

Often more careful consultation with stakeholders may complicate the planning and design
process, but will lead to more cost-effective ‘social plus technical’ solutions.

Stakeholders may be consulted and informed at community meetings or through newsletters,
Priorities may include, safety, aesthetics, habitat, environment, noise, smell, construction
hazards and duration, maintenance requirements, safety of children near open water basins,
etc.

New stakeholders that engineers will need to engage with, to facilitate and agree on the more
complex solutions will include: politicians & public; housing managers; town planners;
developers and insurers.

They will need to discuss mixed responsibilities, - who does what, and who will maintain
systems, and who pays? -

Designers may need to try out draft ideas on SUDS type solutions in discussion in the
community.
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