13. Water Systems

By Doug Knight

How long can we live without water?

A few days at most – can live without food for weeks or even months.

What do we use water for?

Drinking, Washing, Food Production, Industry, Cooling, Transportation, Recreation

Where do we get water?

Could live by a river

Go down to river with a bucket every day

Problems

Must live by a river

Water quality

If riverside lots are taken –may have to walk a long way

How do you get rid of the wastewater?

Could dig a well

Dig down below the water table - maybe sink down a pipe. Could drill a hole and put down a pipe on your property

Must reinforce the walls – bricks or stone

Need some method of getting the water up to the surface – bucket, pulley, hand pump

Problems

May have to walk a long way to the well

Transporting water to the house

Water quality - wells get contaminated

May have to dig a long way down

If you take a lot of water, the level will go down – same with dry weather – could run dry

Maybe we should have a central water system. What do we need?

Water source – a river or lake

Water filtration plant – so we can drink it

Pipes - to get it to the house

Reservoirs – to balance out peak demands

Pressure in the system – water towers

Testing system – ensure water quality

Ottawa’s water system

The Ottawa river is a reasonable source – the brown colour of the natural water comes from the leaves and vegetation that decays in the river. There are not too many pollutants upstream.

Ottawa has two purification plants, the Lemieux Island plant, built in 1931, and the Britannia plant, constructed in 1961 

Intake

The intake is in the middle of the river, about 450 metres off the south shore of the river underneath the surface, 12 horn-like pipes facing DOWNSTREAM suck in the river water. 

Strainer

The water then goes through an intake screen, which stops larger objects like sticks and the odd fish from entering the system. 

Add Chemicals

As the water travels down the intake pipe towards the Britannia processing plant:

Add chlorine to disinfect the water

Add aluminum sulfate (commonly called alum) to start coagulation. 

Coagulation

Coagulation basically mops all the tiny particles.

Even microscopic particles have a charge, which the coagulator collects like a magnet, and forms into larger clumps to be removed. 

Silica helps the particles settle after the coagulation process. 

The water is moved to 12-metre-deep pools, and is gradually swirled so that the small particles collide and merge. 

The water goes through several major pools and the viruses, bacteria and particle clumps get bigger and bigger.

While this is happening, the chlorine is killing the potentially harmful microbes in the water. 

Settling

The water then goes to the large settling basin. It is also 12 metres deep and the clumps form a sludge, which is removed and dumped into the river. 

Filtering

The water is then filtered though about seven metres of anthracite, a hard coal, and sand to catch particles smaller than one micron, or smaller than a thousandth of one millimetre. 

Every couple of days, plant operators backwash the filters to clean out the sand -- which is decades old -- and the coal. They send the trapped particles back into the river. 

Add chemicals to condition the water

Lime is added to reduce the acidity of the water. Otherwise, the water pipes that distribute the water would corrode quickly. 

Since 1967, fluoride has been added to the water. 

For additional disinfection, chloramine (a mixture of ammonia and chlorine), is added. Chloramine provides more stable disinfection, reduces the chlorine taste in the tap water. 

The water is then pumped into reservoirs or the distribution system. 

The distribution network:

· 270 million litres of water stored in reservoirs. 

· 2,400 kilometres of mains covering an area about 25 by 50 kilometres. 

· Each day, the system produces about 340 million litres of water. 

Testing

At 50 locations across the city, the water is also tested for pH, temperature, clarity, bacteria, chlorine and fluoride levels. 

In the house

Comes in through the main pipe

Split the water into hot and cold

Hot water is heated in the hot water tank

Shut off valves (taps)

Meter

How do we get rid of wastewater?

Two types – storm water and the smelly stuff

Storm Water

Rain cannot be absorbed into asphalt and concrete.

Have an open sewer system that takes the rainwater and passes it to the creek or river – the water is not treated.

Have limits on the size of pipes, so may have a reservoir or temporary storage system part way to the river – there is one in Kanata.

Sewage System

Roman times – sit on a seat and a creek removes the stuff below you

Ship’s heads – do it into the sea – but watch the splashing

Medieval times – throw it out the window

Victorian times – the outhouse at the bottom of the garden

Today – the toilet

What did they do before toilet paper?

Rolls of toilet paper have been in use for just over 100 years 

There is no one person who is credited with its invention.

England was the first place where paper was manufactured just for use in the toilet 

Toilet paper rolls first appeared in the United States the late 1800's. 

Toilet paper didn't become common until the 1920's because people could "recycle" old catalogues.

Without toilet paper

Use leaves

Use a rag and basin of water

Use your left hand…

How a toilet works

Water trap in the bowl  keeps smells etc from coming into the house

When flush, water from the tank rushes down the drain, and the siphon action extracts the stuff into the drain

Water from the tank reseals the toilet

Tank refills automatically – a float closing a valve shuts off the water.

What happens when the stuff leaves the toilet?

Drains take the sewage by gravity to the sewage treatment plant – in Ottawa, the Pickard Centre.

The amalgamated Ottawa sewer system:

· Covers an area of 2,767 square km

· 2,000 kilometres of sanitary sewers

· 125 kilometres of combined sewers

· 40 lift stations

· 27,000 maintenance holes and more than 150,000 laterals. Sewer pipes range in size from 20 centimetres to three metres in diameter. 

· Can process an average of 45 million litres per day

Ottawa’s waste treatment plant

Built in 1961, the Pickard Centre is one of the largest wastewater treatment facilities in Canada, and removes more than 90 percent of pollutants from the influent water. 

Wastewater is water that has been used and discharged by homes, businesses and industries. It is 99.9 percent water by weight, with a very small portion (0.1 percent) of dissolved and suspended solids.. 

Wastewater Treatment Process 

The Pickard Centre performs treatment through:

· coarse screening, fine screening and grit removal. 

· settleable solids (sludge) and flotable material (scum) are removed. 

· naturally occurring bacteria are used to remove dissolved and suspended organic pollutants. 

· Phosphorus is removed through chemical precipitation.

· before it is finally returned to the Ottawa River, the treated water is disinfected using sodium hypochlorite. 

Other points

How does a siphon pump work?

Waste – use a grey water system – draw on the blackboard

What happens if the mains break?

Water sources in the home

Water purification drops

Boil the water

My notes – additional material

How does a siphon pump work?

DRAW ON THE BLACKBOARD

Maximum height of 7-8 metres

Cogeneration

As part of the treatment process, sludge - solid waste rich in organic material - is removed from wastewater and sent to four anaerobic digester tanks. 

Within the heated tanks, microscopic bacteria digest the sludge and break it down into stable organic matter called biosolids. Biosolids are beneficially re-used through agricultural land application and as a component in topsoil for landfill cover material.

As the microbes consume the start up sludge, they release digester gas-about 31,000 cubic metres per day. Digester gas is comprised of methane and carbon dioxide, and has about 60 percent of the energy value of natural gas. Like natural gas, digester gas is highly flammable. 

In the past, previous to 1992, this mixture was burned and released into the environment to reduce the risk of explosions. From 1992 through 1997, the digester gas was burned in boilers and heated water was produced. The energy in the heated water was used to heat the buildings in the plant and process temperature control. During low heat demand periods the heated water was discharged to the sewer and the beneficial use of this energy source was wasted. That practice changed in 1998, with the start up of a state-of-the-art cogeneration facility at the Pickard Centre. 

What is Cogeneration? 

Simply put, cogeneration is a process through which electricity and heat are produced from burning fuel (or methane gas created by the wastewater treatment process). Cogeneration accounts for around 7 percent of world power production and more than 40 percent of power production in some European countries. 

The cogeneration facility at the Pickard Centre converts 32 percent of the available energy in the digester gas to electrical energy (electricity) and 48 percent to thermal energy (heat). This electrical power and heat is used to operate the Pickard Centre. 

What are the benefits 

The City's cogeneration plant was built at a cost of $4.5 million. It is an investment that saves Ottawa taxpayers $650,000 annually on the purchase of electricity and one that should be fully recouped by 2004. 

Besides cutting fuel costs, cogeneration improves efficiencies and reduces emissions of harmful greenhouse gases, like methane and CO2, which have been linked to global warming. 

How is electricity produced? 

Digester gas from the anaerobic digesters is piped and burned by three continually running combustion engines located in the cogeneration facility. The digester gas serves as fuel for the engines that drive the generators, producing the electricity. 

Each engine drives a 810 kilowatt generator, producing a total output of 2.4 megawatts, of electrical energy - enough to supply electricity to 2,000 homes! The Pickard Centre uses this energy to power the aeration blowers and centrifuges used in the wastewater treatment process. The cogeneration facility uses as much digester gas as possible, up to 27,000 m3/day, to maximize electricity production. 

How is heat produced? 

Heat generated from the engines is captured in two ways: 

1. Circulating coolant runs through cavities in each engine body. As the digester gas combusts, excess heat raises the coolant temperature to approximately 120°C. Hot coolant is channeled to a heat exchanger where the heat is transferred to the plant heating system. 

2. Exhaust gas which leaves the engine at temperatures of up to 450°C, runs through a heat exchanger where it is cooled to about 150°C. The heat recovered in this process is also transferred to the plant heating system. 

The exhaust gas is vented into the atmosphere through mufflers located at the top of the cogeneration facility. The hot water goes into the plant heating system at between 85 and 95°C. 

How much heat is produced? 

Together, these two procedures capture 2.9 megawatts of thermal energy enough to heat 400 homes. That's more than enough energy to fulfill the wastewater treatment plant's summer heating needs, which include warming the anaerobic tank contents to help speed up natural decay. During cold weather seasons, the energy is used to heat a significant portion of the building space at the Pickard Centre. 

Why the flare? 

The waste-gas burner, or flare, at the Pickard Centre acts as an emergency backup to the cogeneration and boiler systems. The flare burns off excess digester gas and ensures that, should the systems shut down for any reason, all digester gas produced by the plant will be safely combusted. 

Cogeneration is yet another initiative of the City which aims to sustain and preserve not only the water environment but also conserve our energy resources. 

Mini Glossary 

cBOD5 (Biochemical Oxygen Demand) is a measure of the quantity of oxygen consumed by microorganisms to break down organic matter in water. A high BOD means that there will be less oxygen, which is essential for the survival of aquatic life available in the water. 

TSS (Total Suspended Solids) are solid pollutants that would be captured on a fine filter paper. They are visible in the water. 

TP (Total Phosphorus) is generated mostly from detergents and human waste. Too much phosphorous can cause excessive weed and algae growth in a river. 
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Steps in Water Filtration

Get water from river

Strain the big stuff

Add chemicals

Coagulate the bacteria etc

Settle out the sludge

Filter the water

Add chemicals to condition the water

Distribute the water to the homes
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