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INTRODUCTION

• Water supply system broadly involves transmission of water from the sources to the area of consumption through

free flow channels or conduits or pressure mains. Depending on topography and local conditions, conveyance

may be in free flow and/or pressure conduits.

• Transmission of water accounts for an appreciable part of the capital outlay and hence careful consideration of

the economics is called for, before deciding on the best mode of conveyance.

While water is being conveyed, it’s necessary to ensure that there is no possibility of pollution from surrounding

areas.

FREE FLOW AND PRESSURE CONDUITS

OPEN CHANNELS

• Economical sections for open channels are generally trapezoidal while rectangular sections prove economical

when rock cutting is involved.

• Uniform flow occurs where the dimensions of the cross-section, the slope and the nature of the surface are the

same throughout the length of the channel and when the slope is just equal to that required to overcome the

friction and other losses at the velocity at which the water is flowing.



• Open channels have restricted use in water works practice in view of the losses due to percolation and

evaporation as also the possibility of pollution and misuse of water. Also, they need to be taken along the

gradient and therefore the initial cost and maintain may be high.

• While open channels and canals are not recommended to be a conveyance of treated water, they may be adopted

for conveying raw water.

• Sometimes diversion channels meant for carrying floodwaters from other catchments are also used to augment

the yield from the reservoirs.

GRAVITY AQUEDUCTS AND TUNNELS

• Aqueducts and tunnels are designed such that they flow three quarter full at required capacity of supply in most

circumstances. For structural and non-hydraulic reasons, gravity tunnels are generally horseshoe shaped.

• Gravity flow tunnels are built to shorten the route, conserve the head and to reduce the cost of aqueducts,

traversing uneven terrain. They are usually lined to conserve head and reduce seepage but they may be left

unlined when they are constructed by blasting stable rock

• Mean velocities, which will not erode channels after ageing, range from 0.30 to .60 mps for unlined canals and

to 2 metres per second for lined canals .



PRESSURE AQUEDUCTS AND TUNNELS

• They are ordinarily circular in section. In the case of pressure tunnels, the weight overburden is relied upon to

resist internal pressure.

• When there is not enough counter- balance to the internal pressure, steel cylinders or other reinforcing structure,

for example, provide necessary tightness and strength

PIPELINES

• Pipelines normally follow the profile of the ground surface quite closely. Gravity pipeline have to be laid below

the hydraulic gradient.

• Pipes are of cast iron, ductile iron, mild steel, prestressed concrete, reinforced cement concrete, GRP. asbestos

cement, plastic etc.

HYDRAULICS OF CONDUITS

• The design of supply conduits in dependent on resistance to flow, available pressure or head, allowable

velocities of flow, scour, sediment transport, quality of water and relative cost.







COEFFICIENT OF ROUGHNESS

• In today's economy climate, it is essential that all water utilities ensure that their resources are invested

judiciously and hence is an urgent need to avoid over designing of the pipelines.

• Despite technological advancements, improved methods of manufacturing of all types of pipes and advent of

new pipes material, the current practice of adopting conservative Coefficient of Roughness Value(C values) is

resulting in under utilization of the pipe material

• The coefficient of roughness depends on Reynolds number (hence on velocity and diameter) and relative

roughness (d/k). For Reynolds number greater than 107 the friction factor ‘f’ (and hence the C value) is relatively

independent of diameter and velocity.

• However, for normal ranges of Reynolds number of 4000 to 106 the friction factor ‘f’ (hence the C value) do

depend on Diameter, Velocity and relative roughness

• PVC Glass Reinforced Plastic (GRP) and other plastic pipes are inherently smooth as compared to Asbestos

Cement (ACC). Concrete and cement mortar/epoxylined metallic pipes.

• Depending on quality of workmanship during manufactured and the manufacturing process, the ACC, Concrete

and cement mortar/eporylined metallic pipes tend to be as smooth as PVC, GRP and other plastic pipes.



• The metallic pipes lined with cement mortar or epoxy and Concrete pipes behave as smooth pipes and have

shown C values ranging from 140 to 145 depending on diameter a velocity. Reference may be made to " Manual

of Water Supply Practices", AWWA/M9 published by American Water Works Association (AWWA), second

edition 1995.

• With a view to reduce corrosion, increase smoothness, and prolong the life of pipe materials, the metallic pipes

are being provided with durable smooth internal linings AC Concrete and cement mortar/epoxylined metallic

pipe, PVC, GRP and other plastic pipe may not show any significant reduction in their carrying capacity with age

and therefore the design roughness coefficient values (C values) should not be substantially different from hose

adopted for new pipes.

• However, pipes carrying raw water are susceptible to deposition of silt and development organic growth resulting

in reduction of carrying capacity of such pipes.

• In case of buildup substantial growth/ buildup of deposits in such pipes, they can be removed by scraping and

pigging the pipelines.

• Unlined metallic pipes under several field conditions such a carrying water having tendency for incrustation and

corrosion, low flow velocity and stagnant water and alternate wet and dry conditions (resulting from intermittent

operations), undergo substantial reduction their carrying capacity with age.

• Therefore, lower “C” values have been recommended for design of unlined metallic pipes. As such, use of

unlined metallic pipe should be discouraged.









REDUCTION IN CARRYING CAPACITY OF PIPES WITH AGE

• The values of Hazen Williams ‘C’ are at present arbitrarily reduced by about 20 to 30 percent in carrying capacity of pipe with

age. Studies have revealed that chemical bacteriological quality of water and velocity of flow affect the carrying capacity with

age.

• The data on existing systems in some cities have been analyzed along with the experimental information gathered during the

study to bring out a rational approach to the reduction in capacity of pipes with age.

• The CR values obtained in such studies have shown that, except in the case of CI and steel pipes while carrying corrosive water,

the current practice of arbitrary reduction in 'C' values as per section 6.2.2 results in under utilization of pipe material to the

extent of 38 to 71 percent for CI pipes for non-corrosive water,46 to 93 percent for RCC pipes and 25 to 64 percent for AC and

HDPE pipes.

DESIGN RECOMMENDATIONS FOR USE OF MODIFIED HAZEN-WILLIAMS FORMULA

i. New CI, DI, Steel, RCC, AC and HDPE pipes behaves as hydraulically smooth and hence CR of 1 is recommended.

ii. For design period of 30 years, no redaction in CR needs to be effected for RCC, AC PVC and HDPE pipes irrespective of the

quality of water. However, care must be taken to ensure self-cleansing velocity to prevent formation of slimes and consequent

reduction in carrying capacity of these pipes with age.

iii. For design period of 30 years, 15 percent reduction is required for unlined CI and DI pipes of non corrosive water is to be

transported. The design must also ensure self cleansing velocity.

iv. While carrying corrosive water, unlined CI, DI, and steel pipes will loose 47 and 27 percent of the capacity respectively over a

design period of 30 years. Hence, a cost trade-off analysis must be carried out between chemical and bio-chemical correction

of water quality, provision of a protective lining to the pipe interiors and design at reduced CR value for ascertaining the utility

of CI,DI and steel pipe material in the transmission of corrosive waters.


































































