
Contact: g.muller@soton.ac.uk No. 7 July 2017 

WEEG NEWSLETTER July 2017 
The newsletter is published monthly by the University of Southampton’s Water and Environmental 

Engineering Group WEEG, and reports things of interest in this field worldwide, as well as ongoing 

undergraduate student and research work in WEEG itself. 

We believe that water and energy are the most important topics worldwide for the next decades. Our 

work covers river and coastal engineering, water and wastewater and energy related to water.   

 

Editorial: In the last issue, we looked into the 

future, introducing terraforming as a tool to 

transform arid environments. Today, the look 

goes firmly (well, 2000 years) into the past, to 

the time of Marcus Aurelius, of Asterix and 

Obelix: in other words, to the Roman Empire. 

Hydraulic Engineering International: 

Hydropower in the Roman Empire 

When we think of power sources in the Roman 

Empire, hydropower is probably not the first or 

second source which comes to mind. Slave 

work and draft animals are more likely 

candidates. However, the Romans did employ 

several types of waterwheels (overshot and 

undershot) to drive flour and saw mills. One 

particularly striking example is the mill 

complex at Barbegal near Arles (then called 

Arletes) in France, built in the 2
nd

 Century AD. 

It comprised 16 water wheels of 2.1 m 

diameter, arranged in eight pairs, and was 

located at a 30 m drop on the aqueduct which 

supplied half of Arletes water - an astonishing 

260 L/s or 22,500 m
3

 per day (Fig. 1). 

 

Fig. 1:  The Barbegal mill complex 

Unfortunately, historians rarely look at 

engineering information; but Richard Brüdern, 

a retired engineer from Braunschweig in 

Germany analysed the flow volume and power 

output of Roman overshot wheels. He 

calculated that wheels such as employed in 

Barbegal produced a power of 2 kW. This gives 

a total power of 32 kW, less than a car engine 

today. Not very impressive? But, these numbers 

need to be considered in the context of other 

available power sources. A human (slave) can 

produce a power of 70 W, with a 20-minute 

break every hour, for 10 hours a day. This 

means around 1,100 slaves, a veritable army, 

would be needed to replace the hydropower – 

assuming the waterwheels operate for 16 

hours per day. Or, consider horses with 400 W 

power: around 150 horses could do the work, 

but they would also require straw, stables, 

slaves to look after them and an astonishing 

8.4 tons (84 m
3

) of hay and 0.84 tons of oats 

every week, all year round. 

 

Fig. 2: Barbegal mill complex, artist’s impression 

Textbook wisdom has it that waterwheels were 

employed in the Roman Empire in the 4
th

 

Century, when slavery became less fashionable. 

When you look at the numbers given earlier, 

however, you can easily see that the economic 

advantages of hydropower were staggering. 

Once the technology was there, its advantages 

became clear and now some historians think 

that there was a small industrial revolution 

based on hydropower in the Roman Empire. 

Today, there is an ongoing discussion about 

who built and operated the mill complex. 

Theories range from Arletes City Council to 

local landowners. When looking at Fig. 2, the 

terms ‘uniformity’, ‘size, “scale”, 

‘standardization’, and ‘economy of scale’ come 

to mind immediately. To me, the complex 

therefore has the words ‘Roman legion’ (or 

rather LEGIO ROMANA) written all over it.  

Outstanding 3
rd

 yr / Individual 

projects in water engineering:  

“The Impact of Climate Change and Further 

Development on the Highfield Campus” 

Peter Newsome – supervised by Dr Derek 

Clarke 

Over the past 50 years there has been 

significant development across the University’s 

Highfield Campus, leading to increases in 

surface runoff. The drainage systems have not 

been updated and as a result, the system is 

now considered to be at capacity, creating a 

risk of flooding and environmental 

contamination. This risk is enhanced by the 

predicted increase in the peak rainfall intensity. 
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The main way to increase capacity in the foul 

network would be to separate, or at least 

attenuate, the storm flow in combined sewers. 

The surface water drainage for the Campus 

was broken into five catchments. The largest 

two discharge into streams, Fig. 3. They were 

identified as being most likely to flood, and the 

flowrate and volume for a 1:100 year flood 

were calculated. The increased flowrate of 

runoff could be managed through retrofitting 

Sustainable urban Drainage Systems (SuDS) 

that would reduce the risk of flooding and 

provide many other benefits. 

 

Fig. 3: Highfield Campus attenuation ponds 

“Re-design of an Offtake Structure within 

ORVIS Abbots Worthy Reach of River Itchen” 

Tomasz Ciesielski – supervised by Dr Gustavo 

de Almeida  

The River Itchen is a world-renowned fishing 

location. Recent studies show that much of the 

River is in unfavourable conditions. The 

University of Southampton was commissioned 

to provide a design for the restoration of the 

River’s ORVIS Abbots Worthy Reach. The key 

issues within the Reach were identified through 

extensive site surveys, Fig. 4. One of the 

problems identified was a failed offtake 

structure: the existing flow split ratio deviated 

from a contractual ratio, and subsequently has 

a negative impact on the local habitat. The 

offtake structure was redesigned to achieve a 

defined flow split, and improve the habitat.  

 

Fig. 4: Field survey with RC data acquisition 

PhD position available: Nature-Based 

Hydraulic Drop Structures for Water 

Abstractions in Rivers 

Lateral drop structures such as weirs have 

been built in rivers and streams around the 

world to control water abstractions from main 

river channels. These structures typically block 

the migration of fish, producing habitat 

fragmentation that often results in serious 

environmental impacts. Over the last decades 

increasingly stringent environmental 

regulations have promoted measures to 

mitigate migratory issues, such as adding fish 

passages and removing small barriers. 

Important challenges still exist, however, due 

to the lack of methodologies to design 

sustainable and low-cost structures. 

 

Fig. 5: Drop structure River Itchen 

This project aims at developing novel solutions 

to overcome the above challenges. The work 

will involve the design and testing of 

innovative solutions under controlled 

laboratory conditions. Supervisor: Dr G de 

Almeida. G.deAlmeida@soton.ac.uk  

Jobs in water engineering: 

This gives you an idea of the type of work you 

can do when working in industry. 

Advert: This month's bulletin is full of 

hydraulics applications, but don't forget there 

are many opportunities in the water and 

wastewater sectors: see e.g.  

Graduate Engineer – Water Utilities 
https://sita-

jobs.co.uk/vacancies/7757/graduate_engineer_water_utilities 

Civil and Environmental Engineering 

at Southampton University:  

WEEG: the Civil and Environmental Engineering 

pathway offers the chance to deepen your 

knowledge in water-related areas, and gives 

you a better preparation for environmental 

engineering projects. 

Contact: Dr Sonia Heaven, 

s.heaven@soton.ac.uk, Bldg. 7, Room 5004 

Further information:  

We have two Facebook pages, which provide a 

logbook of our laboratory activities: 

www.facebook.com/Hydraulicslaboratory/  

www.facebook.com/environmental.lab.universi

ty.of.southampton/  
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