Transmission Works

· Supply conduits, or aqueducts, transport water from the source of supply to the community and so form the connecting link between collection works and distribution systems.

· Source location determines whether conduits are short or long, and whether transport is by gravity or pumping.

· Depending upon topography and available materials, transmission conduits are designed for pressure flow or open-channel.

· Transmission may follow the hydraulic grade line as canals or they may depart from the hydraulic grade line as pressure aqueducts, and sometimes even rising above the hydraulic grade line (see Figure 5).

· Hazen-Williams Formula is an empirical equation, which has been developed for use in pressure flow.

Q = 0.359 x 10-5 * C * D2.63 * S0.54
where, 
Q = flow, in L/s



C = Hazen-Williams coefficient



D = pipe diameter, in mm



S = hydraulic gradient.

Table 2: 
Hazen-Williams Coefficient for 

Various Pipe Materials

	Pipe Materials
	Value of C

	Cast Iron

· New

· 5 years old

· 10 years old

· 20 years old

· 30 years old
	130

120

110

90-100

75-90

	Concrete
	120

	Cement lined
	140

	Welded steel
	120

	Riveted steel
	110

	Plastic
	150

	Asbestos cement
	140


· In the case of rising above hydraulic grade line, transmission system is controlled by the absolute atmospheric pressure prevailing on the surface of the liquid as illustrated by the following schematic diagram (Figure 6).
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· If the negative pressure is less than the driving force due to the absolute atmospheric pressure, then the transmission system will be flowing the water as expected.

Hdrive =  Habs – Hf – Hv - Hvp
Hdrive =  1 atm – Hf – 
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where, 
Hdrive =  Driving force due to the absolute 

atmospheric pressure, m




1 atm = 10.3 m column of water at sea level




Hf
 = Friction head, m 




Hv
 = Velocity head, m




Hvp
 = Vapor pressure, m

· In open channel, Manning’s Equation is usually applied at the condition of fully rough zone streams.

V = 
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where, 
V = velocity



n = Manning’s friction factor



R = hydraulic radius



S = sloop, hydraulic gradient

Table 3: Value of Manning’s friction factor

	Material
	Value of n

	Glass, plastic, machined metal
	0.010

	Cement plaster
	0.011

	Concrete, steel-troweled
	0.012

	Concrete, timber forms, unfinished
	0.014

	Earth, smooth, no weeds
	0.020

	Earth, some stones and weeds
	0.025


Example:

Pipe transmission system is designed to transmit raw water from location A to J (A-B-C-D-E-F-P-G-R-H-I-J) as shown in the following Table. The water level in A (raw water) is 372 m above sea level, and water level in point J is 307 m. Data of ground levels and the pipe length of the transmission system are presented in the following Table. 

	Location
	A
	B
	C
	D
	E
	F
	P
	G
	R
	H
	I
	J

	Ground level (m)
	375
	360
	350
	330
	325
	315
	324
	330
	321
	310
	305
	310

	Distance to A (m)
	0
	600
	1000
	2000
	3500
	5500
	5850
	6000
	6250
	6400
	6695
	7500


The transmission is constructed 3 m below ground level, PVC-pipe with Hazen Williams coefficient C = 140. The flow rate is expected at Q = 780 L/s. Acceleration due to gravity g = 9.80 m/s2. Water temperature is 20 oC, Vapor pressure, P-vp = 0.23 m.

QUESTIONS:

1. Plot the transmission and ground level profile from A to J. 

2. Determine the pipe diameter (in mm) required to take raw water from A to J if all available potential energy is used for the system. 

3. Plot hydraulic grade lines (HGL-1) for the system.

4. Determine the maximum negative pressure occurring in the system.

5. The negative pressure is located between point P to R with pipe length of 400 m. Determine the atmospheric driving force available for the system to achieve flow rate at Q =  780 L/s. Assume 1 atm is equal to 10 m column of water. 

6. If the segment of pipe with negative pressure will be changed to PVC-pipe of 700 mm in diameter, can you expect that the water will be flowing from A to J at Q = 780 L/s ? 

7. Plot the hydraulic grade line (HGL-2) for the system, i.e., system with the segment of negative pressure using 700 mm pipe diameter.

8. The segment of transmission system from A to B only (400 m of length, 600 mm pipe diameter) is replaced by 700 mm in diameter PVC-pipe. Determine and plot the hydraulic grade line (HGL-3) from A to G if the flow rate is expected at Q 780 L/s.

9. What do you think: will the system for question No. 6 give the same effect with the system for question No. 8 ?

10. Determine the velocity of water flowing in the transmission system for 600 mm and 700 mm pipe diameter respectively.

Solution

Solution of the above problem is presented in Table 4 and Figure 7.
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[image: image5.wmf]Tablel 4: Ground level and pipe elevation profile

Location

Distance (m)

Ground level

Pipe elevation

HGL-1

HGL-2

HGL-3

A

0

375

372

372

372

372

B

400

360

357

369

369

370

C

1000

350

347

363

363

365

D

2000

330

327

355

355

357

E

3500

325

322

342

342

344

F

5500

315

312

324

324

326

P

5850

324

321

321

321.3

323

G

6000

330

327

320

320.7

322

R

6250

321

318

318

319.7

H

6400

310

307

317

318.4

I

6695

305

302

314

315.8

J

7500

310

307

307

308.8

Sloop HGL-1 =

0.00867

D-pipe-1 (mm) =

600

C-pipe (PVC) =

140

Negative-Pressure (m) =

7.0

6.3

Q (L/s) =

780

Max Negative-Pressure (m) =

5.91

P-vp, m (20 

o

C) =

0.23

The flowrate will be: 

less than expected

Segment of  Neg Pressure (m)

400

Max Negative Pressure (m) =

7.94

gravity, g, (m/s2) =

9.8

The flowrate will be: 

equal as expected

D-pipe for Neg. Pres. (mm) =

700

V-1 (D-600 mm), m/s =

2.76

Sloop for D-700 mm =

0.00405

V-2 (D-700mm), m/s =

2.03

V-2 m/s (D-700 mm) =

2.03

Figure 7: Ground  level and pipe elevation profile
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