Source of Supply

The source of water commonly determines the nature of the collection, purification, transmission, and distribution works.

Municipal water supply may be derived from more than one source, the yield of available sources ordinarily being combined before distribution.

(1) Rainwater: from roofs, stored in cisterns, this is specially for individual supplies; and from larger, prepared watersheds, or catches, stored in reservoirs, for large communal supplies.

(2) Surface water: from streams, natural ponds, and lakes of sufficient size by continuous draft; or from their storage in reservoirs.

(3) Ground water: from natural springs, wells, and infiltration galleries.

Rainwater

· Rain is rarely the immediate provenance of municipal water supplies. Instead, the capture of rainwater is confined to farms and rural settlements usually in semiarid regions devoid of satisfactory ground or surface waters.

· Storage transforms the intermittent rainfall into a continuous supply. For municipal service, sheds or catches on ground naturally impervious or made tight by grouting, cementing, paving or similar means must usually be added.

· The storage to be provided in cisterns depends upon the distribution of rainfall. It varies with the length of dry spells and commonly approximate one-third to one-half the annual consumption.

Example:  
Make a rough estimate of the liters of water that can be caught by  100,000 m2 catchment area in a region where the mean annual rainfall is 400 mm.


Gross yield = 100,000 x 0.400 m3 annually = 40,000 m3 annually, or, = 110 m3/day.


Net yield approximates two-thirds gross yield = 26,666 m3 annually, or  73.333 m3/day, or  0.85 L/s.


About half the net yield, or 13,333 m3 must normally be stored in storage to tide the supply over dry spells.

Surface water

· Communities on or near streams, ponds, or lakes may take their supplies from them by continuous draft if stream flow and pond or lake capacity are high enough at all seasons of the year to furnish requisite water volumes.

· Collection works include ordinarily (1) an intake crib, gatehouse, or tower; (2) an intake conduit; and (3) in many places, a pumping station.

· On small streams serving communities of moderate size, an intake or diversion dam may create sufficient depth of water to submerge the intake pipe.

· Low stream flows are often left untouched, except in the case no other source of supply. To be of use, their annual discharge must equal or exceed the demands.

· Because of their dry season flows generally fall below the municipal requirements, their floodwaters must usually be stored in sufficient volume to assure an adequate supply.

· The amount of water so stored in reservoir must supply demands during season of unavailable stream flow. If draft is confined to a quarter year, for example, the reservoir must hold at least three-fourths of the annual supply.

Reservoir Storage

· The techniques for determining the storage volume required for a reservoir have been developed by Rippl which is an application of mass-balance approach.

· It is assumed that the only input is the flow into the reservoir (river flow, Qr) and that the only output is the flow out of the reservoir (flow abstraction for water supply, Qa).
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· Positive value of storage (
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) or zero indicate there is enough water to meet the demand. If the storage (
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) is negative, then the reservoir must have a capacity equal to the absolute value of cumulative storage (
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) to meet the water demand.

· Table 1 and Figure 3 shows the application of Ripll method for the determination of Storage Reservoir.
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Ground water

· Ground waters are often superior in quality to surface waters, are generally less expensive to develop for use, and usually provide a more certain supply.

· For these reasons, ground water is generally preferred as a source for municipal and industrial water supplies.

· Against these common advantages it must be noted that ground waters may be contaminated by toxic or hazardous materials leaking from landfills, waste treatment sites, or other sources (some natural) which may not be known.

· Groundwater-bearing formations, which are sufficiently permeable to yield usable quantities of water, are called aquifers.

· When an aquifer is not overlain by an aquiclude it is said to be unconfined. The top of the saturated zone in such an aquifers is called the water table of phreatic surface.

· Confined aquifers consist of a water-bearing layer contained between two less permeable layers.

· Water flow in an unconfined aquifer is analogous to that in an open channel, while flow in confined aquifers is analogous to that in pipes under pressure.

· The height to which water will rise in a tube penetrating a confined aquifer is called the piezometric surface. The height of this surface is a measure of the pressure in the aquifer.

[image: image16.wmf]
Wells

· Artesian wells are those which penetrate confined aquifers. Flowing wells are artesian wells in which the piezometric surface rises above the level of the ground.

· Steady flow in a confined aquifer was first described by Dupuit as the following equation (see Figure 4).
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where, 
k = permeability coefficient, m/s



D = thickness of artesian aquifer, m



T = kD = transmissibility, m2/s



h1 and h2 = height of piezometric surface above 

confining layer, m




R and r = radius from pumping well, m

Example:
A well in a confined aquifer with  a thickness of 15 m produces a flow of 25 L/s. The height of the piezometric surface is at an elevation of 114.6 m at an observation well 50 m away and at 112.5 m at an observation well 20 m away. Find k and T for the aquifer and estimate the height of the phreatic surface at the 0.5 m-diameter well.
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k = 0.0001 m/s = 10 m/day

T = k D = 15 * 10 m2/day

At the well,

0.025(86400) = 
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h = 102.5 m

· Steady flow in an unconfined aquifer was then described by Theim as the following equation (see Figure 4).

Q = 
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Example: 
A well in an unconfined aquifer is pumped at a rate of 25 L/s. The thickness of the aquifer is 15 m and the elevation of pheatric surface is 12.5 m above the underlying aquiclude at an observation well 20 m away from the pumped well and 14.6 m above at a well 50 m away. What is the value of k for this aquifer ?

0.025 = 
[image: image15.wmf])

20

/

50

ln(

)

5

.

12

6

.

14

(

2

2

-

k

p


k = 0.0001 m/s = 11.1 m/day

· Recharge of aquifers is sometimes deliberately augmented either to create barriers to other flows or to restore water to the aquifer for other use.

· Injecting water through recharge wells can prevent saltwater intrusion into coastal aquifers. Such injection wells raise the phreatic or piezometric surface and create freshwater flow toward the sea.

· Groundwater recharge through land disposal of treated sewage is an alternative which is considered in wastewater facility planning. A variety of industrial wastes can be handled in a similar fashion, provided they contain no materials which could contaminate the aquifer.

Springs

· Springs are usually developed to capture the natural flow of an aquifer.

· In favorable circumstances their yield can be increased by driving collecting pipes or galleries, more or less horizontally, into the water-bearing formations that feed them.

· Pollution generally originates close to the point of capture. It is prevented (1) by excluding shallow seepage water through encircling the spring with a watertight chamber penetrating a safe distance into the aquifer, and (2) by diverting surface run-off away from the immediate vicinity.

· Some spring yield less than 5 L/s; a few yield more than 200 L/s. However, 2000 L/s spring can be found under the background of large protected forest.

· Some springs are perennial, others are periodically or seasonally intermittent.

Infiltration Galleries

· Infiltration galleries laid more or less at right angles to the direction of flow can intercept groundwater traveling towards streams or lakes from neighboring upland.

· Some infiltration galleries yield as much as 25-50 L/s of water from 300-500 m long of gallery.

· Infiltration galleries are particularly useful in tapping aquifers of shallow depth or where deep saline waters are to be excluded.
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