Distribution Works

· Water may be distributed by gravity, by pumps, or by pumps in conjunction with on-line storage.

· Gravity distribution is possible only when the source of supply is located substantially above the level of the city.

· High pressure for fire fighting may require use of motor pumping trucks, and low-laying areas may need to be isolated to prevent excessive pressure.

· Gravity distribution is the most dependable technique, pumping without storage is the least desirable method, and pumping with storage is the most common method of distribution.

Storage

· Water is stored to equalize pumping rates in the short term, to equalize supply and demand in the long term, and to furnish water during emergencies such as fires and loss of pumping capacity.

· Elevated storage may be provided by earthen, steel, or concrete reservoir located on high ground or by standpipes or tanks raised above the ground surface.

· Normally, elevated storage is located so that zones of high consumption lie between the pumping station and the tanks (see Figure 8).

· During periods of high use, the district will be fed from both sides, which reduces the pressure drop to about one-quarter that which would exist if flow were only from one direction.

· The capacity of the elevated storage tanks depends upon the flow variations expected in the system.

· Equalization of the pumping rate, that is, provision of sufficient capacity to permit pumping at a constant rate, normally requires storage equal to 15-30 percent of the maximum daily use (see Table 5 and Figure 9). 

· Additional storage beyond that necessary to equalize pumping may be required to provide for fire protection, demand over a lengthy period of high use, etc.

· Elevated tanks are commonly provided with automatic valves which close when the tank is full and open when the pressure in the mains distribution falls below that at the bottom of the tank.

Pressure Required

· The pressure in municipal distribution systems ranges from 150 kPa to 300 kPa in residential districts with structures of four stories or less.

· Pressures less than 350 kPa will not supply 150 kPa at the top of a six-story building, while pressures less than 200 kPa are inadequate for four-story buildings.
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[image: image7.wmf]Table 5: Calculation of Reservoir Volume for Distribution Storage
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12:00 AM

416.67

1,500

200

720

780

780

780

1,500

720

1:00 AM

416.67

1,500

200

720

780

1,560

1,560

3,000

1,440

2:00 AM

416.67

1,500

200

720

780

2,340

2,340

4,500

2,160

3:00 AM

416.67

1,500

230

828

672

3,012

3,012

6,000

2,988

4:00 AM

416.67

1,500

270

972

528

3,540

3,540

7,500

3,960

5:00 AM

416.67

1,500

320

1,152

348

3,888

3,888

9,000

5,112

6:00 AM

416.67

1,500

450

1,620

-120

-120

3,768

10,500

6,732

7:00 AM

416.67

1,500

580

2,088

-588

-708

3,180

12,000

8,820

8:00 AM

416.67

1,500

670

2,412

-912

-1,620

2,268

13,500

11,232

9:00 AM

416.67

1,500
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2,484

-984

-2,604

1,284

15,000

13,716

10:00 AM

416.67

1,500

670

2,412

-912

-3,516

372

16,500

16,128

11:00 AM

416.67

1,500

640

2,304

-804

-4,320

-432

18,000

18,432

12:00 PM

416.67

1,500

600

2,160

-660

-4,980

-1,092

19,500

20,592

1:00 PM

416.67

1,500
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2,088
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-5,568

-1,680
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22,680

2:00 PM

416.67

1,500

560

2,016

-516

-6,084

-2,196

22,500

24,696

3:00 PM
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1,500

550

1,980

-480

-6,564

-2,676

24,000

26,676

4:00 PM

416.67

1,500

530

1,908

-408

-6,972

-3,084

25,500

28,584

5:00 PM

416.67

1,500

480

1,728

-228

-7,200

-3,312

27,000

30,312

6:00 PM

416.67

1,500

380

1,368

132

4,020

-3,180

28,500

31,680

7:00 PM

416.67

1,500

300

1,080

420

4,440

-2,760

30,000

32,760

8:00 PM

416.67

1,500

260

936

564

5,004

-2,196

31,500

33,696

9:00 PM

416.67

1,500

230

828

672

5,676

-1,524

33,000

34,524

10:00 PM

416.67

1,500

210

756

744

6,420

-780

34,500

35,280

11:00 PM

416.67

1,500

200

720

780

7,200

0

36,000

36,000

Total

10,000

36,000

10,000

36,000

0

7,200

Note:

Qp =

Pumping rate

Qd =

Water demands
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· The American Water Works Association recommends a normal static pressure of 400 to 500 kPa since this will supply ordinary uses in buildings up to 10 stories in height, will supply sprinkler system in buildings of 4-5 stories, will provide useful fire flow and a relatively large margin of safety to offset sudden high demand or closure of part of the supply system.

· Pressure in the range 0f 150 to 300 kPa are adequate for normal use and may be used for fire supply in small towns.

· During a heavy fire demand, a drop in pressure to not less than 150 kPa in the vicinity of the fire is permissible. In this case velocities at maximum flow normally do not exceed 2 m/s.

The Pipe System

· A water distribution system is an interconnected network of pipelines, storage tanks, pumps, and smaller appurtenance, including valves and flow meters.
· Water mains are generally not less than 150 mm in diameter and are usually located in the street right of-way (ROW) so as to provide water to every potential customer.
· The gridiron arrangement of pipes is preferred than the dead-end system.
· In the gridiron system, water can circulate in inter-connected loops, but in the dead-end system, the water may remain relatively stagnant in sections of the system, causing taste and odor problems from possible bacterial growth (see Figure 10).
· In the dead-end system layout, frequent flushing of the pipes at the fire hydrants is necessary to prevent consumer complains about taste and odor problems.

· Another disadvantage of the dead-end system is that water service could be disrupted for long periods of time while repairs are made to a broken water main.

· In a gridiron system, the broken section can be isolated by valves, and water can still reach consumers from the other side of the loop.

· Water mains may be referred to as primary feeders or secondary feeders. The primary feeders, also called arterial mains, carry large quantity of water from treatment or pumping facility to areas of major water use.

· Secondary feeders are smaller pipes that provide a daily supply to local areas.

· In engineering practice, sophisticated computer modeling programs are used to analyze water distribution networks, but the best way to learn about water distribution system design and analysis is to do computations by hand, i.e., with an electronic hand-held calculator or spread sheet on Microsoft-Excel, etc.
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Design of Water Distribution Systems

· The hydraulic analysis of water distribution system involves determining the flow rate and head loss in each pipe and the resulting pressure at critical points in the system under different demand conditions.

· The Hardy Cross method has been used in design and analysis of water distribution system for many years. The method is based upon the hydraulic formulas which are used to calculate the energy losses in the elements of the system.

· The energy loss in any element of the system may be expressed as follows.
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Figure 11: Simplified Distribution System
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where, 

hi = energy loss in element i




Q = flow in that element




ki = constant depending on pipe diameter, 

       length, type, and condition

x = 1.85 to 2.0 normally, depending on 

  equation used (1.85 for Hazen Williams  

  formula)

· For any pipe in a loop of the system, the actual flow differ from an assumed flow by an amount of , and therefore

Qi = Qi0 + 

where, 
Qi = actual flow in pipe



Qi0 = assumed flow



required correction

· Based on those two formulas, the required correction flow may then be solved as follows.


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· The procedure may be outlined as follows:

1. Disaggregate the flow to the various blocks or other sub-areas of the community

2. concentrate the disaggregated flows at the nodes of the system.

3. Add the required fire flow at appropriate nodes.

4. Select initial pipe sizes using the criteria 1 m/s of flow velocity.

5. Assume any internally consistent distribution of flow. The sum of the flows entering and leaving each node must be equal to zero.

6. Compute the head loss in each element of the system. Conventionally, clockwise flows are positive and produce positive head loss.

7. With due attention to sign, compute the total head loss around each loop.
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8. Compute, without regard to sign, the sum
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9. Calculate the correction for each loop and apply the correction to each line in the loop. Lines common to two loops receive two corrections with due attention to sign.


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10. Repeat the procedure until the corrections calculated in step 9 are less than some stipulated maximum, e.g.,  = 0.001 m3/min. The flows and pressures in the initial network are then known.

11. Compare the pressures and velocities in the balanced network to the adopted criteria. Adjust the pipe sizes to reduce or increase velocities and pressures and repeat the procedure until a satisfactory solution is obtained.

Example: 
Figure 11 represents a simplified pipe network. Flows for the area have been disaggregated to the nodes, and a major fire flow has been added at node G. The water enters the system at node A. Pipe diameters are based on the flows and the criteria of velocities. The calculation are tabulated in Table 6 based on Hardy Cross Analysis. The calculations are continued until the corrections are less than 0.002 m3/min.


The balanced network must then be reviewed to assure that the velocity and pressure criteria are satisfied. The velocities vary from 0.2 to 2.5 m/s. If the pressure drop from node A to node G will give a pressure of less than 150 kPa (a normal minimum pressure), then the procedures are repeated until adequate pressure and velocities are obtained. See another examples for Figure 12 and 13, Table 7 and 8.
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