Water Mains, and Appurtenances

· The water mains in a distribution system must be strong and durable in order to resist applied forces and corrosion.

· The pipe is subjected to internal pressure from the water and external pressure from the weight of the soil (backfill) and vehicles above it.

· Another force the pipe may have to withstand is called water hammer: This can occur when a valve is closed too fast, for example, causing waves of high pressure to surge through the pipe.

· Finally damage due to corrosion or rusting may occur internally because of the water quality or externally because of the nature of the soil conditions.

Ductile Iron Pipe

· Ductile iron is one of the most common materials used for the construction of water distribution pipelines. 

· Because of its chemical composition, ductile iron is stronger and more elastic than gray cast iron. It is considered to be more corrosion resistant.

· Two common methods for joining individual sections of pipe are the “push-on joint” and the “flanged joint”. 

· In the push-on joint one pipe is pushed into the bell end of an adjacent pipe, a rubber ring gasket in the bell end is compressed when the sections are joined, creating a water tight, but flexible, connection.

· Ductile iron pipe is manufactured in several thickness classes or groups; higher-class pipe (thicker pipe walls) would be specified for deep installation or high water pressure.

Asbestos Cement Pipe (ACP)

· A compacted mixture of sand, cement, and asbestos fibers provides a lightweight pipe material that is smooth and corrosion resistant.

· Although it is not as strong as iron pipe, the absence of tuberculation and the ease of installation make AC pipe desirable in many instances.

· ACP has long-lasting hydraulic properties with high carrying capacity (C = 140). Manufactured in about 4 m lengths and in diameter up to about 400 mm, available in several pressure classes up to a maximum of 1400 kPa.

· The plain ends of AC pipe sections are easily joined with a coupling sleeve. The two rubber-ring gaskets in the sleeve provide a water-tight, yet flexible joint.

· Although asbestos is  a known carcinogen when inhaled (especially among smoker) there is no evidence linking ingested asbestos to any particular disease.

Plastic Pipe

· Polyvinyl Chloride plastic (PVC) is sometimes used as a pipe material for construction of water distribution mains.

· These plastic pipes are strong and durable, yet they are very lightweight and are easily handled and installed. They are resistant to corrosion and they are very smooth, providing excellent hydraulic characteristics (C = 150).

· Available in diameters up to about 600 mm, PVC pipe sections are joined using a bell-and-spigot, compression-type joint with rubber ring seal.

· Other plastic materials used for service connections and domestic plumbing include polyethylene (PE) and ABS plastic. These pipes may be joined using threaded screw couplings or chemical solvent welds.

Other Pipe Materials

· Reinforced concrete pipes (RCPs) are made of welded steel cylinders, wrapped with steel wire and embedded with concrete.

· They are used primarily in long water transmission lines of large diameter. They can be precast in sections up to 5 meter in length and up to about 6 m in diameter.

· RCP are very strong and durable, and have excellent hydraulic characteristics. 

· Sections may be joined using a modified bell-and-spigot type of connection and sealed with cement mortar

· Steel pipe is sometimes used for water transmission lines, particularly for aboveground installations, but it must be carefully protected against corrosion.

Appurtenances

Hydrants: 

The primary purpose of a hydrant is to provide convenient access to water for firefighting and other emergencies. A hydrant also serves for flushing out water mains, for washing debris off public streets or pressure testing. The connecting pipe is usually 150 mm in diameter and the hydrant has two hose connections on top.

Service Connection: 

Water from distribution main reaches the property line of individual consumers through a service pipe usually made of copper or plastic with a minimum diameter of 20 mm (3/4 inch). Service connection can be made initially when the main is installed (a dry tap) or later when the main is already in service (wet tap). Pipe-tapping machine are available that allow wet taps to be made without affecting water service to existing users of the system. The service pipe is connected to the main by means of special fitting called a corporation stop. At the end user’s end of the service line, there is usually a water meter and shutoff valve.

Valves:
Many different types of valves are used in water distribution systems to control the quantity and direction of flow. Many of these can be opened or closed manually by screw stems or gear train devices, large valves are often power operated using electric or hydraulic system.


The most common function of valve is for complete shutoff of flow. Gate valves are usually used for this purpose. They are placed throughout the distribution network, allowing sections of pipeline to be shutoff and isolated during repairs of broken mains, pumps, or hydrants. Gate valves are usually either in the fully open or fully closed position; they are rarely used for throttling flow by blocking it only partially.


A type of valve commonly used for throttling and controlling flow rate is the butterfly valve. In a butterfly valve, a movable disk rotates on an axle in the path of flow. In a closed position, the disk is tightly seated against a rubber ring in its casing. In the open position, the disk is turned 90o, allowing the water to flow around and past it. Because the force of flowing water tends to close the valve, reducing gear drives are used for manual operation, and power operators are required for the large butterfly valves.


A device called a Check Valve is used to permit flow in only one direction in a pipe; it closes automatically when the flow stops or tends to flow in the opposite direction. Check valves are usually installed in the discharge piping of a pump to prevent backflow when the pump stops. They are called foot valve when installed at the end of a pump suction line in a well or tank.


Other types of valves that find use in water distribution system include pressure reducing valves, air release valve, and altitude valves. Pressure reducing valve operate automatically to lower excessive hydrostatic pressure in water mains that are a low elevation in the system. In effect these valves form separate networks or pressure zone in a large distribution system.


Water mains usually follow the hills and valleys of the natural topography. It is not uncommon for pockets of air to develop at the high points of the main. These pockets of air reduce the flow capacity of the system and increase pressure losses. Air release valves are placed in the pipeline at the peaks to automatically vent the accumulated air in the system.


Another appurtenance, called an altitude valve, is an automatic device that controls flow into an elevated water storage tank. It automatically closes when the tank is full, preventing overflow. When there is demand for water from the tank, the lower pressure in the distribution system is sensed by the valve mechanism and the valve opens to allow flow out of the tank.

Pressure Test

· No matter how well a pipeline is constructed, there may be some leakage at the joints.

· Within certain limits, some leakage is acceptable; the construction specifications should indicate the maximum allowable rate of leakage.

· A common formula used for this purpose is the following:

QL = 
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Figure  5: Schematic of Various Water Hammer Protections


where, 
QL = allowable leakage, L/h



N = number of joints in length of main tested



D = pipe diameter, mm



P = test pressure, kPa



C = constant depending on units used: for SI Metric, C = 32,600

· A pressure or leakage test is conducted on a newly installed water main by filling the pipe with water and maintaining a pressure of 1000 kPa for 1 hour.

· If excessive leakage occurs, an amount of water greater than QL must be pumped into the line to maintain the pressure; repairs are necessary before the pipeline can be accepted for use.
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Example:
A 300-m long section of a newly installed 305-mm diameter water main is pressure tested for leakage. It was observed that during the 1-h test period, a volume of 10 L of water was pumped into the pipeline to maintain the required pressure of 1000 kPa. The pipe section are 6 m long between joints. Has the allowable rate of leakage been exceeded ?

Solution:

· First Compute the number of joints in 300-m of pipeline as follows.

N = 300 m / 6 m = 50 joints.

· Now, applying the above equation

QL = 
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· Since the observed leakage of 10 L/h is less than the computed allowable leakage of 15 L/h, the pipe is sufficiently watertight.

Thrust Block

· It is usually necessary to anchor the pipeline securely in the trench at dead ends and at bends or at changes in horizontal or vertical direction.

· This is because of the force, or thrust, caused by the internal pressure and the kinetic energy of flow, which tends to move the pipe or fittings.

· Such movement can damage the joints and cause excessive leakage.

· One method for providing the necessary anchorage is to use concrete thrust blocks, as illustrated in Figure 2.
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Figure 1:  Water Mains Pipe and Check Valve


· In most cases, the internal pressure causes most of the thrust, and the dynamic thrust due to the flow velocity can be neglected.

· For a bend in a pipeline, the thrust due to static pressure can be computed from the following formula.

F = 2 * P * A * sin ((/2)

where, 
F = force or thrust, kN



P = water pressure, kPa



A = cross-sectional area of pipe, m2


( = change in direction of the pipe, degrees

Example:

An 18-in diameter pipe carries water under pressure of 80 psi. Compute the static thrust for 90o bend in the pipe, and compute the required bearing area of a concrete thrust block if the soil can support a bearing stress of 3000 lb/ft2.

Solution:
· First, compute the area of the pipe section as follows.

A = ¼ (  D2 = ¼ ( 182 =  254 in2
· Now, compute the static thrust

F = 2 * 254 * 80 * sin (90/2)

F = 30,000 lb

· If the soil can withstand 3000 lb/ft2, then the required area of the thrust block that is needed to spread the force out of the supporting soil is 30,000 lb: 3000 lb/ft2 = 10 ft2 (see Table 1).
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Figure  2: Thrust Block


Water Hammer

· When the velocity changes in an enclosed conduit, the kinetic energy of the water is transform into pressure wave that move rapidly through the piping system.

· These wave are often called water hammer, surge waves, or transient pressure.

· Water hammer can exert pressures of high magnitude, oscillating between positive (higher pressure) and negative (lower pressure) pressures.

· These waves are generally caused by a sudden change in velocity or direction of water flow caused by fast-opening or closing valves or by rapid starting or stopping of pumps.

· If uncontrolled, these waves can result in extensive damage, such as the collapse, rupture, or displacement of the piping system (see Figure 3, 4, 5, 6).

· Reducing the rate of velocity change controls these transient waves, so that the magnitude of the wave are reduced.

· This is done by installing standpipes called surge towers along the pipeline to provide a pressurized source of water to slow the rate of velocity change.

· Specially designed surge-control valve can also be installed at critical points to reduce high pressures or to allow air to enter the pipeline, preventing vacuum conditions during low pressure waves.

Acoustic Velocity

· For wave propagation in liquid-filled pipes the acoustic (sonic) velocity is modified by the pipe wall elasticity by varying degrees, depending upon the elastic properties of the wall material and the relative wall thickness.

· The expression for the wave speed is as follows.
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where, 
E = the elastic modulus of the pipe wall




D = the inside diameter of the pipe




e = the wall thickness




K = bulk modulus of water




ao =  the acoustic velocity in the liquid medium





( = mass density of water

· In a very rigid pipe or in a tank, or in large water bodies, the acoustic velocity a reduces to the well known relationship a = ao = 
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· For water, k = 2.19 Gpa and ( = 998 kg/m3, yielding value of ao = a = 1483 m/s, a value many times that of any liquid velocity.
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Figure 3: The Strength of Water Hammer
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Figure 4: The strength of Water Hammer


Water Hammer Equation (Joukowsky)

· There is always a pressure change (p associated with the rapid velocity change (V from the basic physics linear momentum yields the well known Joukowsky Equation.

(p = -( a (V

· Conveniently using the concept of head, the Joukowsky head rise for instantaneous valve closure is as follows.
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Valve Operation

· The instantaneous closure of a valve at the end of a transmission pipe will yield water hammer satisfying Joukowsky’s equation. In this case the velocity difference (V = 0 – Vo, where Vo is the initial velocity of fluid in the pipe.

· Actually, for a simple pipeline the maximum head rise (water hammer) remains in accordance with Joukowsky’s equation for times of valve closure tc ( 2 L/a, where L is the length of pipe.

· If the value of tc > 2 L/a, then there can be a considerable reduction of the peak pressure resulting from beneficial effects of negative wave reflections from the open end or reservoir.

· The phenomenon can still be classified as water hammer until the time of closure tc > 2 L/a, beyond which time there are only inertial or incompressible deceleration effects, referred to as surging.

· Elastic time is defined as te = 2 L/a

· Table 2 classifies four types of valve closure.

Table 2: Classification of Valve Closure

	Time of Closure, tc
	Type of Closure
	Maximum Head
	Phenomenon

	0
	Instantaneous
	a Vo / g
	Water hammer

	( 2L/a
	Rapid
	a Vo / g
	Water hammer

	> 2L/a
	Gradual
	< a Vo / g
	Water hammer

	>> 2L/a
	Slow
	<<a Vo / g
	Surging


Example: 

A cast iron pipe, 4500 m long and 800 mm diameter with 5 mm wall thickness and an elastic modulus of 125 GPa is used as discharge pipe for a potable water transmission line as shown in Figure S5. Water is pumped from a suction chamber to the reservoir at a flow rate Q = 300 L/s.  An air chamber is provided at the discharge section to protect the effect of water hammer. Given the bulk modulus of water, K = 2.19 GPa, density of water, ( = 998 kg/m3 and acceleration due to gravity, g = 9.81 m/s2, determine the following:
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Figure  S5: Schematic of a Potable Water Transmission System


(1). The acoustic velocity of the wave propagation in water.

(2). The water hammer caused by failure in electrical power assuming no air chamber is installed.

(3). The elastic time (te) for the air chamber.

(4). The air chamber volume if the water hammer is reduced completely. Assume the volume of air is 30% of the total volume of the air chamber.

Solution:

(a) The acoustic velocity of the wave propagation in water (ao):

ao =  
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Convert Pa into kg-m/s2.m2 to obtain ao in m/s

(b) Reduced acoustic velocity (a):
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For Q = 300 L/s and pipe diameter D = 800 mm, velocity of water flowing in the pipe (V):

V = Q / A = 0.300 / (0.25 ( D2)

V = 0.597 m/s

Due to power failure, V will suddenly change to 0 m/s, therefore,

(V = 0.597 m/s

Water hammer (WH):

WH = 
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(c) The elastic time (te) for air chamber:

te  = 2 L / a = 2 * 4500 m / 760 m/s

te  =  11.842 s

(d) Critical time (tc) to reduce the water hammer 

completely:

tc  = 2 te = 2 * 11.842 s = 23.684 s

Volume of water in the air chamber (Vw):

Vw = Q * tc = 0.300 m3/s * 23.684 s = 7.105 m3
Volume of air chamber (Vac):

Vac = Vw / 0.70 = 10.150 m3
Some other water hammer calculation for different pipe material is presented in Table 3.
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