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Basic Environmental Technology - Solutions Manual            


Sixth Edition

This manual provides instructors with (a) text page references where answers to the end-of-chapter Review Questions can be found and worked-out solutions to each of the Practice Problems. Additional materials including supplemental problems and projects.
Generally, answers to end-of-chapter Practice Problems are rounded-off to reflect the precision of the data and/or the accuracy of the assumed factors in the problems. These answers are also listed in Appendix G of the text for students to use in checking their work. (The authors have made every attempt to keep errors to a minimum. They can be notified of any mistakes that may be found in the text or in this manual at: nathanson@ucc.edu or raschneider3@madisoncollege.edu)
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Solutions to Practice Problems
1. 
P = 0.43 x h (Equation 2-2b)

P = 0.43 x 50 ft = 22 psi at the bottom of the reservoir

P = 0.43 x (50 -30) = 0.43 x 20 ft = 8.6 psi above the bottom

2. h = 0.1 x P = 0.1 x 50 = 5 m (Equation 2-3a)

3. Depth of water above the valve: h = (78 m -50 m) + 2 m = 30 m


P = 9.8 x h = 9.8 x 30 = 294 kPa ≈ 290 kPa (Equation 2-2a)

4. h = 2.3 x P = 2.3 x 50 = 115 ft, in the water main

h = 115 - 40 = 75 ft

P = 0.43 x 75 = 32 psi, 40 ft above the main (Equation 2-2b)

5. Gage pressure P = 30 + 9.8 x 1 = 39.8 kPa ≈ 40 kPa


Pressure head (in tube) = 0.1 x 40 kPa = 4 m

6. Q= A x V (Eq. 2-4), therefore V = Q/A

A = πD2/4 = π (0.3)2/4 = 0.0707 m2 

100L/s x 1 m3/1000L=0.1 m3/s
V = 0.1 m3/s 0.707m2 = 1.4 m/s

7. Q = (500 gal/min) x (1 min/60 sec) x (1 ft3/7.5 gal) = 1.11 cfs


A = Q/V (from Eq. 2-4)

A = 1.11 ft3/sec /1.4 ft/sec = 0.794 ft2
A = πD2/4, therefore D = √4A/π = √(4)(0.794)/π = 1 ft = 12 in.

8. Q=A1 x V1 = A2 x V2 (Eq.2-5) 
Since A = πD2/4, we can write

D12 xV1 = D22 xV2  and V2 =V1 x (D12 /D22)

In the constriction, V2 = (2 m/s) x (4) = 8 m/s

9. Area of pipe A = π(0.3)2/4 = 0.0707 m2
Area of pipe B = π(0.1)2/4 = 0.00785 m2
Area of pipe C= π(0.2)2/4 = 0.03142 m2
      QA = QB +QC = 0.00785 m2 x 2 m/s + 0.03142 m2 x 1 m/s

= 0.04712 m3/s (from continuity of flow: QIN = QOUT)
VA = QA/AA = 0.4712/0.0707 ≈ 0.67 m/s (from Eq. 2-4)

10. p1/w + V12/2g = p2/W + V22/2g 
(Eq.2-8)

A1 = π(1.33)2/4 = 1.4 ft2  

A2 = π(0.67)2/4 = 0.349 ft2  


V1 = 6/1.4 = 4.29 ft/sec
V2 = 6/0.349 = 17.2 ft/sec

w = 62.4 Ib/ft3 and g = 32.2 ft/sec2
From Eq. 2-8, and multiplying psi x 144 in2/ft2 to get Ib/ft2
50(144)/62.4 + 4.292/2(32.2) = p2(144)/62.4 + 17.22/2(32.2) 

115.38 + 0.28578 = 2.3076p2 + 4.5937

p2 = 111.07 /2.307 ≈ 48 psi

11. p1/w + v12/2g = p2/w + v22/2g  
(Eq.2-8)

A1 = π(0.300)2 / 4 = 0.0707 m2  A2 = π(0.1 00)2/4 = 0.00785 m2
Q= 50 L/s x 1 m3/1000 L = 0.05 m3/s

V1 = 0.05/0.0707 = 0.70721 m/sec  V2 = 0.05/0.00785 = 6.369 m/sec

w = 9.81 kN/m3 and g = 9.81 m/s2; From Eq. 2-8,

700/2(9.81) + 0.707212/2(9.81) = p2/2(9.81) + 6.3692/2(9.81)

35.67789 + 0.02549 = 0.05097p2 + 2.06775 and p2 = 660 kPa

12. From Figure 2.15, with Q = 200 L/s and D = 600 mm, read S = 0.0013. Therefore hL= S x L = 0.0013 x 1000 m = 1.3 m

Pressure drop p = 9.8 x 1.3 ≈ 12.7 ≈ 13 kPa per km

13. hL=  2.3 x 20 = 46 ft and S = 46/5280 = 0.0087 (where 1 mi = 5280 ft)

From Figure 2.15, with Q = 1000 gpm and S = 0.0087, read D = 10.3 in.

Use a 12 in. standard diameter pipe

14. S = 10/1000 = 0.01
  
From the nomograph (Figure 2.15) read Q ≈ 100 L/s  = 0.1 m3/s


Check with Eq. 2-9: Q = 0.28 x 100 x 0.32.63 x 0.010.54 ≈ 0.1 m3/s OK
15. Use (Eq. 2-10): Q = C x A2 x {(2g(p1 –p2)/w)/(1 -(A2/A1)2}1/2
where A1 = π(6)2/4 = 28.27 in2 and A2 = π(3)2/4 = 7.07 in2
g = 32.2 ft/s2 = 386.4 in/s2
w = 62.4 Ib/ft3 x 1 ft3/123 in3 = 0.0361 Ib/in3
Q = 0.98 x 7.07 x {(2(386.4)(10)/0.0361 )1(1 -(7.07/28.27)2)} 1/2

Q= 0.98 x 7.07 x √228,354 = 3311 in3/s = 1.9 cfs ≈ 2 cfs

16. Use (Eq. 2-10): Q = C x A2 x {(2g(p1 – p2)/w)/(1 -(A2/ A1 )2)} 1/2

A​1= π(0.15)2/4 = 0.01767 m2 and A2 = π(0.075)2/4 = 0.00442 m2

g = 9.81 m/s2 
w = 9.81 kN/m3
1 -(A2/ A1 )2 = 1 -(0.00442/0.01767)2 = 0.93743

Q = 0.98 x 0.00442 x {(2(9.81)(100)/9.81)/0.93743)} 1/2  = 0.063 m3/s

(or, Q = 0.063 m3/s x 1000 L/m3 = 63 L/s)

17. Use Manning's nomograph (Figure 2.21): With D = 800 mm = 80 cm, n=0.013 and S = 0.2% = 0.002, read Q= 0.56 m3/s = 560 L/s and V = 1.17 m/s
18. S = 1.5/1000 = 0.015; from Fig. 2.21, Q ≈ 1800 gpm and V ≈ 2.3 ft/s
19. Q= 200 L/s = 0.2 m3/s; from Fig. 2.21, D ≈ 42 cm; Use 450 mm pipe

20. Q = 7 mgd = 7,000,000 gal/day x 1 day/1440 min ≈ 4900 gpm

From Fig. 2.21, with  n=0.013, D=36 in and Q=4900 gpm: S = 0.00027, V = 1.54 ft/s Since 1.54 ft/s is less than the minimum self-cleansing velocity of

2 ft/s, it is necessary to increase the slope of the 36 in pipe.

From Fig. 2.21, with 36 in and 2 ft/s: S = 0.00047 = 0.047% = 0.05%

21. For full-flow conditions, with D = 300 mm and S = 0.02, read from


Fig. 2.21: Q = 0.135 m3/s = 135 L/s and V = 2m/s
q/Q = 50/135 = 0.37 From Fig. 2.22, d/D = 0.42 and v/V = 0.92

Depth at partial flow d = 0.42 x 300 = 126 mm ≈ 130 mm 

Velocity at partial flow v = 0.92 x 2 ≈ 1.8 m/s

22. For full-flow conditions, from Fig. 2.21 read Q = 1800 gpm. From Fig. 2.22, the maximum value of q/Q = 1.08 when d/D = 0.93. Therefore, the highest discharge capacity for the 18" in pipe, qmax = 1800 x 1.08 ≈ 1900 gpm,


would occur at a depth of d = 18 x 0.93 ≈ 17 in.

23. For full-flow conditions, from Fig. 2.21 read Q = 0.55 m3/s = 550 L/s. From Fig.2.22, the maximum value of v/V = 1.15 when d/D = 0.82. Therefore, the highest flow velocity for the 900 mm pipe, vmax = 0.9 x 1.15 ≈ 1 m/s, would occur at a depth of d = 900 x 0.82 ≈ 740 mm. When the flow occurs at that depth, q/Q = 1.05 and the discharge q = 580 L/s

24. S = 0.5/100 = 0.005

For full-flow conditions, Q = 0.44 m3/s = 440 L/s and V = 1.6 m/s 

Since d/D = 200/600 = 0.33, from Fig. 2.22 q/Q = 0.23 and v/V = 0.8 Therefore, q = 440 x 0.23 ≈ 100 L/s and v = 1.6 x 0.8 ≈ 1.3 m/s
25. Q = A x V = 2 x 0.75 x 25/75 = 0.5 m3/s = 500 L/s 
26. From Eq. 2-12, Q = 2.5 x (4/12)2.5 = 0.16 cfs
27. 150 mm x 1 in/25.4 mm x 1 ft/12 in = 0.492 ft


From Eq. 2-12, Q = 2.5 x (0.492)2.5 = 0.425 cfs x 28.32 L/ft3  ≈ 12 L/s

28. From Eq. 2-13, Q = 3.4 x (20/12) x (10/12)1.5 = 4.3 cfs ≈ 120 L/s

CHAPTER 3 - HYDROLOGY

Review Question Page References
	(1) 50
	(13) 56
	(25) 69

	(2) 50
	(14) 58
	(26) 69

	(3) 50
	(15) 59
	(27) 69

	(4) 51
	(16) 59
	(28) 70

	(5) 52
	(17) 62
	(29) 70

	(6) 52,53
	(18) 62
	(30) 71

	(7) 54
	(19) 62,63
	

	(8) 54
	(20) 63
	

	(9) 55
	(21) 64
	

	(10) 55
	(22) 66
	

	(11) 55
	(23) 67
	

	(12) 55
	(24) 69
	


Solutions to Practice Problems

1. Intensity = 500 mm/ 10 h = 50 mm/h


Volume = depth x area = 0.5 m x 750 000 m2 = 375 000 m2 = 375 ML

2. Intensity = 1 in./0.5.h = 2 in./h

Volume = depth x area = 1 in. x 1 ft/12 in. x 96 ac = 8 ac-ft

Volume = 8 ac-ft x 43,560 ft2/ac ≈ 350,000 ft3

3. (a) 100 mm/h (4 in./h); (b) 45 mm/h (1.7 in./h); (c) 50 mm/h (2 in./h)

4. 75 mm/0.5 h = 150 mm/h; line up 30 min and 150 mm/h in Fig. 3.5. The intersection falls on the 100-yr storm curve. The probability of a greater storm occurring within the next year is P = 1/100 = 0.01 = 1 %

5. From Eq. 3-3, i = 3000/(90 + 20) = 27 mm/h

6. P = 1/N = 1/20 = 0.05 = 5%

	Low Flow
	Rank
	Probability
	Low Flow
	Rank
	Probability

	57
	1
	0.059
	45
	9
	0.529

	53
	2
	0.117
	44
	10
	0.588

	50
	3
	0.176
	42
	11
	0.617

	50
	4
	0.235
	11
	12
	0.706

	50
	5
	0.294
	40
	13
	0.765

	48
	6
	0.353
	39
	14
	0.824

	47
	7
	0.412
	36
	15
	0.882

	45
	8
	0.471
	33
	16
	0.941


 7.   
Multiply vertical axis values on Figure 3.16 by 10, and plot Low Flow versus Probability. Read MA7CD10 flow to be approximately 35m3/s (where the recurrence value = 10 yrs.) 
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10. V = K x S (Darcy's Law, Equation 3-4)

V = 0.05 mm/s x 0.5/100 = 0.05 x 0.005 = 0.00025 mm/s

V = 0.00025 mm/s x 3600 s/h x 24 h/d = 0.9 mm/h ≈ 22 mm/d

11. K = VIS (From.Eq.3-4)

V = 0.05 m/h x 1000mm/m x 1h/3600 s = 0.0139 mm/s

K = 0.0139/0.035 ≈ 0.4 mm/s (For sand, K = 0.01 to 10 mm/s)

12. Yield = 2 m3/h/m x 15 m = 30 m3/h


10% of 30 = 3; new yield ≈ 33 m3/h
​​​​

CHAPTER 4 - WATER QUALITY
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Solutions to Practice Problems

1. 275 ppm = 275 mg/L (since 1 ppm = 1 mg/L)


275 mg/L x 1 gpg/17.1 mg/L = 16.1 gpg

2. 4 x 17.1 = 68 mg/L of hardness as CaCO3

This level is not objectionable; it is considered to be soft water and


will not cause scaling problems or interfere noticeably with lathering.

3. Since 1 mg/L = 8.34 Ib/mil gal, we can write


50 mg/L x (8.34 Ib/mil gal)/(1 mg/L) x 3 mil gal/day = 1250 lb/d

4. 30 ac-ft x 43,560 ft3/ac-ft x 7.48 gal/ft3 = 9,775,000 gal


50 Ib/9.775 mil gal x (1 mg/L)/(8.34 Ib/mil gal) = 0.6 mg/L

5. 1 L of water has a mass of 1 kg

2 ppm = 2 kg/L = 2 kg/ML (multiply mg/L by 106/106) 

2 kg/ML x 5 ML = 10 kg of chlorine

6. lb/d = concentration in ppm x flow rate in mgd x 8.34


lb/d = 0.5 ppm x 25 mil gal/d x (8.34 Ib/mil gal)/(l ppm) ~ 100 lb/d

7. 0.005 mg/0.200 L = 0.025 mg/L = 25 μg/L = 25 ppb
8. BOD5 =14 -6=8 mg/L; there apparently is some organic material in the stream, but it is not possible to determine if the organics are from decaying leaves and animal wastes or from sewage, from this one test alone.
9. We could say that the BOD5 of the stream is at least 14 mg/L, but it could also be higher than that. Since this exceeds 10 mg/L, it is likely that the stream is polluted with sewage.

10. BODt = BODL x (1- 10-kt}
(Equation 4-2)

Since t = 5d and k = 0.15/d, k x t = 0.75

BODL = 270/(1 -10-0.75) = 304 ≈ 300 mg/L
11. BOD5 = (DO0 -DO5) x 300/V (Equation 4-3)


BOD5 = (9.2 -4.7) x 300/5 = 270 mg/L

BODL = 270/(1 -10-0.14 X 5 ) = 337 ≈ 340 mg/L
12. BOD5 =280 x (1 -10-0.1 X 5 ) = 190 mg/L (Eq.4-2)


190 = (9.0 -DO5) x 300/5
(Eq. 4-3)

DO5 = 9.0 -(190/60) = 9.9 - 3.2 = 5.8 mg/L
13. TDS = (A -B) x 1000/C
(Equation 4-4)


TDS = (38 845 mg -38 820 mg) x 1000/50 ml = 500 mg/L

14. TSS = (A -B) x 1000/C
(Equation 4-4)


TSS = (580 -545) x 1000/100 = 350 mg/L


(560 -545)/(580 -545) x 100 = 43% volatile solids.
15. coliforms/100 mL = 22 x 100/10 = 220 per 100 mL
16. From Table 4.4, the MPN of this sample = 120 per 100 ml

CHAPTER 5 - WATER POLLUTION
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Solutions to Practice Problems

1. cd = (csQs + cwQW)/(Qs + QW)
(Equation 5-1)


TDS = (100 x 6 + 500 x 1.5)/(6 + 1.5) = 177 ≈ 180 mg/L

2. cd = (csQs + cwQW)/(Qs + QW)
(Equation 5-1)


10 = (3 x Qs + 100 x 1.5)/(Qs + 1.5)


10Qs + 15 = 3Qs + 150
Qs = 135/7 = 19.3 ≈ 20 ML/d
3. Di = 11 -8 = 3 mg/L; with Equation 5-2, find critical time as follows:


tc = {1 /(0.4 -0.1)} x log{(0.4/0.1) x (1 -3 x (0.4 -0.1 )/(0.1 x 25))} =

(1/0.3) x log{4 x (1 -0.36)} = (1/0.3) x log 2.56 = 1.36 days

Using Equation 5-3, solve for the critical oxygen deficit:

Dc = (0.1x25/0.4 -0.1) x {10-0.1x1.36 -10-0.4x1.36} + 3 x10-0.4x1.36

= 8.33 x 0.455 + 3 x 0.286 = 4.6 mg/L; DOmin = 11 - 4.6 = 6.4 mg/L
4. BOD5 = (6 x 16 + 28 x 4)/(16 + 4) = 10.4 mg/L (Equation 5-1) From Equation 4-2, 10.4 = BODL x (1 - 10 -0.1 x5);

Solve for the ultimate BOD: BODL = 10.4/0.68337 = 15.2 mg/L

Compute the initial DO level and the DO deficit below the mixing zone: 

DO = (7 x 16 + 2 x 4)/(16 + 4) = 6.0 mg/L; DOi = 10.0 -6.0 = 4.0 mg/L

Compute the critical time, using Equation 5-2:

tc = 1/(0.3-0.1 )xlog{(0.3/0.1 )x(1-4.0x(0.3-0.1 )/(0.1 x15.2)} = 0.7631 d

Compute the critical oxygen deficit, using Equation 5-3:

Dc = (0.1x15.2/(0.3-0.1)x{10-0.1x0.7631 -10-0.3xO.7631}

+ 4 x 10-0.3x0.7631 = 7.6 x 0.279 + 4 x 0.590 = 4.5 mg/L

Minimum DO = 10.0 -4.5 = 5.5 mg/L

Distance downstream where the minimum DO occurs:

Distance = velocity x time = 0.1 m/s x 0.7631 d x 24 h/d x 3600 s/h


= 6593 m  ≈ 6.6 km
5. DO = (3 x 6 + 10 x 30)/(6 + 30) = 318/36 = 8.8 mg/L

6. BOD5 = (2 x 30 + l0 x 5)/(2 + 10) = 110/12 = 9.17 mg/L (Eq.5-1)
From Equation 4-2, 9.17 = BODL x (1 -10 -0.1 x5);

Solve for the ultimate BOD: BODL = 9.17/0.68337 = 13.4 mg/L

Compute the initial DO level and the DO deficit below the mixing zone:

DO = (3 x 2 + 9 x 10)/(2 + 10) = 8.0 mg/L; DOi = 12.0 -8.0 = 4.0 mg/L

Compute the critical time, Using Equation 5-2:

tc = 1/(0.3-0.1)xlog{(0.3/0.1)x(1-4.0x(0.3-0.1)/(0.1x13.4)} = 0.412 d

9.89 ≈10h

Compute the critical oxygen deficit, using Equation 5-3:

Dc = (0.1 x13.4/(0.3-0.1 )x{10-0.1 X0.412 -10-0.3x0.412}

+ 4 x 10-0.3x0.412 = 1.053 + 3.01 = 4.1 mg/L

Minimum DO = 12.0 -4.1 = 7.9 mg/L

Distance downstream where the minimum DO occurs:

Distance = velocity x time = 20 ft/min x 9.89 h x 60 min/h = 11,868 ft ≈ 2.2 miles 
CHAPTER 6 - DRINKING WATER PURIFICATION
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Solutions to Practice Problems
1. Tank volume V = π(50)2/4 x 9 x 7.48 gal/ft3 = 132,183 gal

Eq. 6-1: detention time TD = V/Q = 132,183 gal/15,000 gal/d ≈ 8.8 d

(This is an unrealistic time for practical purposes. Typical detention times are about 2 h)
2. From Eq. 6-1, V = TD x Q = 3 h x (1 d/24 h) x 10 ML/d = 1.25 ML

V = 1.25 ML = (1.25 x 106 L) x (1 m3/1000 L) = 1250 m3
SWD = 1250 m3/(10 x 25) m2 = 5 m
3. V0 = 500 gal/d ft2 x 1 ft3 /7 .48 gal = 66.8 ft/d


66.8 ft/d x 1 d/24 h x 1 h/60 m x 12 in./1ft ≈ 0.5 in./min
4. Eq. 6-1: V = TD x Q = 3 h x 2 mil gal/d x 1 d/24 h = 0.25 mil gal 

V = 250,000 gal x 1 ft3 /7 .48 gal = 33,400 ft3
From Eq. 6-2: AS = Q/V = 2,000,000/800 = 2500 ft2
Since A = πD2/4, we get diameter D = √4A/π and

D = √4 X 2500/π = 56.4 ft; SWD = 33,400/2500 = 13.4 ft

5. From Eq. 6-1, V =TD x Q = 3.5 h x (1 d/24 h) x 5000 m3/d = 730 m3 
From Eq. 6-2, AS = Q/V0 -5000 m3/d + 25 m/d = 200 m2
As = L x W = 2W x W = ZW2 so that W = √200/2 = 10 m and L = 20 m 
SWD =730/200 = 3.65 m, therefore depth with freeboard ≈ 4 m
6. Filter area = 10 x 15 = 150 ft2

Flow rate =1,000,000 gal/d x 1 d/24 h x 1 h/60 min = 690 gpm

Filtration rate = 690 gpm/150 ft2 = 4.6 gpm/ft2
Velocity ≈ 4.6 gal/min/ft2 x 1 ft3 /7 .48 gal = 0.62 ft/min = 7.4 in./min
7. 9,000,000 L/d x 1 d/24 h x 1 h/3600 s = 104 L/s


104 L/s ÷ 2.9 L/m2s = 35.9 m2

Side dimensions = √35.9 = 6 m
8. 10.7 L/s/m2 x 36 m2 x 10 min x 60 s/min = 231,120 L ≈ 0.231 ML


Percent of total flow for backwash: (0.231 ML/9 ML) x 100 = 2.6%

9. lb/d = 8.34 x Q x C (Equation 6-3a)

lb/d = 8.34 x 12 x 0.6 = 60 lb/d

60 lb/d x 31 d/month = 1900 Ib/month

19 of the 100 Ib cylinders are required per month

It would be more convenient to order one 1-ton cylinder per month
10. kg/d = Q x C
(Equation 6-3b)


150 kg/d = 250 ML/d x C


C = 150/250 = 0.6 mg/L

11. kg/d = Q x C


Q = kg/d ÷ C = 20/0.4 = 50 ML/d
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Solutions to Practice Problems

1. 52,500 people x 180 gal/person/d = 9,450,000 ≈ 9.5 mgd

52,500 people x 670 L/person/d = 35 175 000 L ≈ 35 ML/d
2. Peak hourly flow ≈ 35 ML/d x 2 x 4 x 1 d/24 h x 1 h/3600 s ≈ 3200 L/s
3. N = 240/6 = 40 joints
From Eq. 7-1, QL= (40 x 600 x 10000.05)/32,600 = 23 L/h allowable leakage is exceeded by 100 -23 = 77 L/h
4. F = 2 x P x A x sin(Δ/2): F = 2 x 600x(πx0.3052/4)xsin(90/2) = 62 kN


(Above: Eq. 7-2). Since P = F/A, 100 kN/m2 = (62 kN)/A and A = 0.62 m2
5. From Eq. 7-3 & 7-4: Q2 = Q1 x (N2/N1) = 500 x (2500/2000) = 625 gpm


H2 = H1 x (N22/N12) = 100 x 25002/20002) = 156 ft
6. Tabulation for system head curve, Using Fig. 2.15, with friction head loss hL = S x L


and TDH = hL + static head:
	Q, gpm
	S, ft/ft
	hL ,ft.
	TDH, ft

	0
	0.0000
	0
	150

	200
	0.0005
	5
	155

	400
	0.0020
	21
	171

	600
	0.0010
	12
	192

	800
	0.0065
	69
	219

	1000
	0.0100
	106
	256


Plot a graph of Q vs. TDH: from the intersection of the pump curve and the system curve, the operating point for the pump in this system is seen to be approximately Q = 500 gpm @ TDH = 180 ft.
7. From Intersection of the pump curve (for parallel operation) and the system curve,


the operating point In the system is Q=610 gpm @ TDH = 195 ft
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8. Tabulation for system head curve, using Fig. 2.15, with friction head loss hL = S x L


and TDH = hL + static head:

[image: image33.png]



From intersection of the pump curve (for parallel operation) and the system curve, the operating point in the system is: Q = 185 L/s @ TDH = 27 m. If the TDH is increased to 30 m by throttling a discharge valve, pump B would deliver 110 L/s; 30 m exceeds the shutoff head of pump A.
9. Pout = Q x TDH/3960
(Eq. 7-7)

Pout = 500 x 180/3960 ≈ 23 hp


Efficiency = (Pout/Pin) x 100
(Eq. 7-5)

75 = (23Pin) x 100, and Pin ≈ 30 hp
10. Pout = 9.8 x Q x TDH
(Eq. 7-6)

Q = 185 L/s x 1 m3/1000L = 0.185m3/s

Pout = 9.8 x  0.185 x 27 = 49kW
efficiency = (49/75) x 100 = 65 percent

11. Equalizing storage: 32,000 people x 500 L/d/person x 0.20 = 3.2 ML
 Fire storage: 60 L/s x 4 h x 3600 s/1h = 0.864 ML

Total distribution storage = 3.2 + 0.684 ≈ 4ML
12. Pressure loss from the pump station to withdrawal point A is 100 kpa; the


equivalent pressure head loss is 0.1 x 100 = 10m. The slope of the hydraulic grade


Iine S = 10 m/2000 m = 0.005. From Figure 2-15, with S = 0.005 and D = 250 mm, Q


= 42 L/s. The pressure head at A Is 0.1 x 250 kPa = 25 m, and the head loss from A


to the tank is 25 -20 = 5 m. The slope of the HGL is S = 5 m/500 m = 0.01, with

flow occurring from A toward the tank (the direction of the sloping HGL.) From Figure 2.15, with S = 0.01 and D = 200 mm, the tank is filling at a rate of Q = 34 L/s; since 42 L/s is flowing from the pump toward point A, and 34 L/s is flowing from A to the tank, the difference of 42 -34 = 8 L/s is being withdrawn at point A
13. Assume Q = 50 L/s; use the nomograph in Figure 2.15.

hAB = S x L = 0.0007 x 1200 = 0.84 m

hBC = S x L = 0.003 x 400 = 1.2 m

hCD = S x L = 0.020 x 400 = 8.0 m  

hAD = 0.84 + 1.2 + 8.0= 10m

S = 10 m/2000 m = 0.005

From Figure 2.15, with S = 0.005 and a = 50 L/s, D = 260 mm

14. First establish an equivalent pipe for line ABC. Let Q = 30 L/s 
hAB = 0.000 27 x 1000 m = 0.27 m

hBC =  0078 x 600 m = 4.68 m

hAC =  4.68 + 0.27 = 5 m/s

S = 5 m/1600 m = 0.0031

Equivalent D = 240 mm

For the loop, assume a head loss hL = 10m

SAIC = SAIIC = 10m/1600m = 0.00625

QAIC =43 L/s, and QAIIC = 75 L/s
Total Q = 43 + 75 = 118 L/s, and S = 10 m/1 000 = 0.01

From Figure 2.15, Equivalent D = 320 mm
15. First establish an equivalent pipe for the loop between B and C.


Assume hBC=10ft, therefore SBIC  = 10/(0.8 x 5280) = 0.00237

and SBIIC = 10/(0.7 x 5280) = 0.00271 = 0.00271. From Figure 2.15, we get QBIC = 710 gpm 

and QBIIC =.270 gpm. The total Q = 980 gpm. For an equivalent pipe 1000 ft in

length, S = 10/1000 = 0.01 and D = 10 In. Now the problem involves pipe AB (0.5 mi,

16 in.) In series with pipe BC (1000 ft, 10 in.) Assuming Q = 1000 gpm, we get:

hAB = S x L = 0.001 x 0.5 x 5280 = 2.6 ft


hBC =  S x L = 0.010 x 1000 = 10 ft

hAC =  2.6 + 10 = 12.6 ft, and S = 12.6/5280 = 0.0024

From Figure 2.15  with S = 0.0024 and Q = 1000 gpm, D = 14 in.
	16. Pipe
	Dia.,mm
	L,m
	Q, L/s
	S
	hL
	hL/Q

	AB
	400
	1000
	300
	0.017
	17
	0.057

	BC
	200
	600
	100
	0.070
	42
	0.42

	AC
	300
	1600
	-200
	-0.037
	-59
	0.30

	
	
	
	
	ΣhL= 0
	


17. hAC =   59m and ΔP = 9.8 x h = 9.8 x 59 = 578 kPa


Pressure at C = 750 - 578 = 170 kPa
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Solutions to Practice Problems
1. 250 ac x 12 people/ac x 100 gal/person/d = 300,000 gpd (average)

 Peak flow factor for a collector sewer = 4,

Design flow = 4 x 300000 gal/d x 1 d/24h x 1 h/60 min = 830 gpm

2. Peak flow factor for trunk line = 2.5

Design flow = 1 km2 x 100 ha/km2 x 50 people/ha x 400 L/person/d x 2.5 = 5,000,000 L/d = 5 ML/d 

5,000,000 L/d x 1 d/24h x 1 h/3600s ≈ 60 L/s
3. Slope = (305.55 -303.05)/100 = 0.025 = 2.5 percent

From Figure 2.21 with Q = 200 L/s = 0.2m3/s and S = 0.025
D = 33 cm (use 350 mm, equivalent to 14 in. std. size)

Upper Invert elev. = 305.55 -200 -0.350 = 303.20
FaIl of sewer = 100 x 0.025 = 25

Lower Invert elev. = 303.20 -2.5 = 300.70
4. Reach 1: S = (350.00 -347.87)/100 = 0.0213

From Figure 2.21 with Q = 40 L/s = 0.04 m3/s and S = 0.0213,

D = 18.5 cm (Use 200 mm, equivalent to 8 In. std. slze) 
Upper Invert elev. = 350.00 -250 -0.20 = 347.30

Fall of sewer = 100 x 0.0213=2.13

Lower Invert elev. = 347.30 -3.13 = 345.17
Reach 2: S = (347.87 -347.00)/120 = 0.00725

From Figure 2.21 with Q = 80 L/s =0.80 m3/s and S = 0.0725,

D = 28.5 cm (Use 300 mm. equivalent to 12 in. std. size)

Upper invert elev. = 345.17 + 0.200 -0.300 = 345.07 (match crowns) 
Fall of sewer = 120 x 0.00725 = 0.87

Lower invert elev. = 345.07 -0.87 = 344.20

5. W = C x w x B2
(Equation 6-4)

H = 10 -1 = 9; H/B = 9/2.5; From Figure 8.18, C=2.5 
W =2.5 x 130 x 2.52 = 2000 Ib/ft
6. H = 3 - 0.2 = 2.8; H/B = 2.8/0.9 = 3.1; From Figure 6.16, C= 1.9
W = 1.9 x 17.2 x 0.92 = 26.5 kN/m

crushing strength (standard) ≈ 20.4 kN/m (From Table 6.1 )

From Equation 8.3, load factor = 26.5 x 1.5/20.4 = 1.9 (Use Class B)

7. crushing strength (extra)  = 32.0 kN/m

load factor = 26.5 x 1.5/32.0 = 1.2< 1.5 (Use Class C)
8. allowable infiltration = 45 L/d/mm/km x 0.75 km x 600 mm x 1 d/24h x 1 h/60min = 14 L/min
9. area=π x 42/4 = 12.6ft2
leakage = 12.6ft2 x (5.5/12) ft/h x 7.46 gal/ft3 = 43.2 gal/h

exfiltration rate = 43.2 gal/h x 24 h/d ÷ 18 in. ÷ (350/5260) mi = 870 gpd/in./mi
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Solutions to Practice Problems
1. Q=C x i x A = 0.6 x 2 in./hr x 15 ac = 18cfs (Equation 9-1)
2. Q = 0.3 x 0.06 m/hr x 150000 m2 = 2700 m3/hr = 750 L/s
3. C = (1/22) x (4.5 x.0.1 + 6 x 0.2 + 8.5 x 0.25+3 x 0.95) = 0.30 (Eq.9-2)
4. C = 0.4 x 0.2 + 0.45 x 0.25 + 0.15 x.0.95 = 0.34
5. C = (1/250) x (80 x 0.01 + 120 x 0.25 + 30 x 0.70 + 20 x 0.60) = 0.26
    C = (1/250) x (80 x 0.20 + 120 x 0.40 + 30 x 0.95 + 20x 0.95) = 0.45
6. i = 5.8 in/hr  (Figure 3.5)

  Q = 0.5 x 5.8 in./hr x 15 = 44 cfs
7.  i = 150 mm/hr (Figure 3.5)

     Q= 0.7 x 0.15m/hr x 100000m2 x 1 h/3600 s ≈ 3m3/s
8. Overland flow time = 22 min (Figure 9.3)

Channel flow time = 750/(0.25 x 60) = 50 min


Tc = 22 + 50 = 72 min; i = 87 mm/h (Figure 3.5)
.

Q = 0.33 x 0.087 m/h x 450,000m2 x 1 h/3600 s ≈ 4m3/s
9. Overland flow time a 8 min (Figure 9.3) 
Channel flow time = 750/(0.4 x 6.0) = 31 min 
Tc =  8 + 31 =39 min; i = 135 mm/h

Q = 0.9 x 0.135 m/h x 450,000m2 x 1 h/3600 s ≈ 15m3/s

10. CN = 70 (Table 9.2)

R = runoff = 3.6 in. (Figure 9.5)

q = 320 csm/in. (Figure 9.6)

A = area = 800 ac ÷ 640 ac/mi2 = 1.25 mi2
Q = q x A x R = 320 x 1.25 x 3.6 = 1400 cfs (Equation 9-3)

After development: CN = (1/800) x ( 300 x 80 + 200 x 94 + 300 x 70) = 80
R = 4.7 in.; q = 400 csm/in.; Q = 400 x 1.25 x 4.7 = 2400 cfs
11. Reach 1: Tc=5 min, i = 7.6 in./hr, Q = 0.5 x 7.6 x 3 = 11.4 cfs ≈ 11 cfs

Q = 11.4 ft3/s x 7.48 gal/ft3 x 60 s/min = 5100 gpm

For Q = 5100 gpm, S = 0.004 and n=0.013, select D = 24 in. from Figure 2.21. Also from Figure 2.21, Q = 6300 gpm and V = 4.6 ft/s

q/Q = 5100/6300 = 0.81, and v/V = 1.11 from Figure 2.22

v = 1.11 x 4.6 = 5.1 ft/s, and channel fl. time = (300/5.1) ÷ 60 = 1 min
Reach 2: Inlet flow time + channel flow time = 5 + 1=6 min < 8 min Use Tc = 8 min (Inlet time for area 2), i = 7 in./hr

C = (1/7.5) x (3 x 0.5 + 4.5 x 0.4) = 0.44

Q = 0.44 x7 x 7.5 = 23cfs .

Q = 23ft3/s  x 7.48 gal/ft3 x 60 s/min ≈ 10,000 gpm

Select D = 30 in.; V = 4.7 ft/s; channel flow time = (350/4.7) ÷ 60 =1.2 min
Reach 3: Inlet flow time + channel flow time = 8 + 1.2 = 9.2 min, or

5 + 1 +1.2 = 7.2min, or inlet time = 6min; Use Tc = 9.2min

i = 6.9 in./hr; C = (1/13.5) x ( 3.0 x 0.5. 4.5 x 0.4. 6.0 x 0.3) = 0.38

Q = 0.38 x 6.9 x13.5 = 35cfs

Q = 35 ft3/s x 7.48 gal/ft3 x 60 s/min = 15,700 gpm (off nomograph)

Try 36 In. dia. pipe (3 ft); check capacity with Manning's Equation

Q = (1.5/0.013)(π32/4)(3/4)0.67(0.003)0.5 ≈ 37 cfs > 35 cfs OK
12.  Reach 1: Tc = 5min, i =112mm/h,

Q = 0.6 x 0.112 m/h x 12000 m2 = 800 m3/h + 3600 = 0.22 m3/s

For Q = 0.22 m3/s and S =0.0015. select D = 600 mm from Figure 2.21


Also from Figure 2.21, Q = 0.24 m3/s and V = 0.84 m/s
.

q/Q = 0.22/0.24 = 0.92, and v/V = 1.13 from figure 2.22

v = 1.13 x 0.84 = 0.95m/s

channel flow time = (100/0.95) ÷ 60 ≈ 1.8 min
Reach 2: Inlet flow time + channel flow time = 5 + 1.8 = 7 min > 6 min 
Use Tc = 7 min, and I = 108 mm/h

C = (1/3.2) x (1.2 x 0.6 + 2.0 x 0.35) = 0.44

Q = 0.44 x 0.108 m/h x 32,000 m2 = 1500 m3/h + 3600 = 0.4 m3/s . 

For Q =  0.4 m3/s and S = 0.003, Select D = 650 mm from Figure 2.21 
Also from Figure 2.21, V = 1.25/s

channel flow time=(120/1.25) ÷ 60 = 1.6 min
Reach 3: Inlet flow time + channel flow time = 6 + 1.6 = 7.6 min, or

5 + 1.8 + 1.6 = 8.4 min, or inlet time = 7 min; Use Tc = 8.4 min

i = 105 mm/h; C = (1/6.2) x (1.2 x 0.6 + 2.0 x 0.35 + 3.0 x 0.2) = 0.33

Q = 0.33 x 0.105 m/h x 62 000 m2 = 2100 m3/h+ 3600 = 0.6 m3/s

For Q = 0.6 m3/s and S = 0.010, Use D = 650 mm

(Note: D =600 mm @ S .0.010 would provide enough capacity, but it is not good practice to reduce the diameter of the pipeline from that of the previous reach.
13. Tc = 20min x 60 = 1200s
Vol rain = 1.5 x 1200s x 8m3/s = 14 400m3 (Equation 9-9) 
SF = 12,000/14,400 = 0.833 (Equation 9-6)

FF = 1.000 - 0.833 = 0.167 (Equation 9-8 or Figure 9.16)


Qout=8 x 0.167= 1.3m3/s (Equation9-7)
14. FF = 2/10 = 0.2

SF = 1.0 -0.2 = 0.8

Basin Vol = 15000 x 0.8 = 12,000m3= 12 ML
15. Vol rain = 1.5 x 1800s x 120 cfs = 32,400 ft3 
FF = 40/120 = 0.333

SF = 0.667

Basin vol = 0,667 x 32,400 = 216,000 ft3
Area=216,000 ft3/(4 ft x 43 560 ft2/ac) = 1.2 ac
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Solutions to Practice Problems.

1. efficiency = 100 x (PIN-POUT)/PIN (Equation 10-1)

90 = 100 x (180 -POUT)/180


Pout = 180 - 180 x 0.90 = 180 - 162 = 18 mg/L

pounds per day = 8.34 x Q x C = 8.34 x 10 mgd x 18 ppm = 1500 Lb/d

2. efficiency = 100 x (240 - 10)/240 = 96 percent

kilograms per day = Q x C = 15 Ml/d x 10 mg/L = 150 kg/d
3. efficiency = 100 x (200 - 60)/200 = 70 percent
4. 33 = 100 x (210 -POUT)/210, from which POUT = 140 ppm
5. R = QR/Q  (Equation 10-2)

QR = R x Q = 2 x 2 mgd = 4 mgd

total flow applied to trickling filter = Q + QR  = 2 + 4 = 6 mgd

6. As = π(20)2/4=314m2

V = area x depth = 314m2 x 2.5 m = 785 m3

Qs = R x Q = 1 x 3 ML/d = 3000m3/d


hydraulic load = (Q +  QR)/ As -6000/314 -19 m3/m2 d


BOD applied to filter = (1.00 - 0.35) x 200 = 130 mg/L


organic load = (Q x BOD)/V -(3 x 130)/785 = 0.5 kg/m3 d

7.  BOD in effluent from primary treatment = 0.70 x 220 = 154 mg/L 
BOD In effluent from-trickling filter = 0.20 x 154 = 31 mg/L


overall efficiency = 100 x (220 - 31 )/220 = 86 percent (Eq. 10-3)
8. volume = 100 x 30 x 15 = 45,000 ft3 x 7.48 gal/ft3 = 336, 600 gal ≈ 0.337 mil gal

F/M = (Q x BOD)/(MLSS x V) = (1 x 130)/( 1800 x 0.337) ≈ 0.21 (Equation 10-5)

9. 0.3 = (3 x 120)/(2000 x V) from which V = 0.6 ML = 600,000 L = 600 m3
surface area = vol/depth = 600 m3/5 m = 120 m2
width = 120m2/20m=6m
10. SVI = (V x 1000)/MLSS = 450 x 1000/1800 = 250 (Equation 10-6) 

SVI > 200, therefore the sludge is bulking and will settle poorly
11. 30 min/15 mm = X/25; perc rate = 50 min/25 mm
12.  perc rate = 120 min/6 in. =20 min/in.
13. 50 min/25 mm = 120 s/mm

From Figure 10.28, required leaching field area per bedroom = 28 m2 total required area. 
28 m2/br x 3 br  = 84 m2
trench area. 0.6 m x 20 m = 12 m2
required laterals = 84m2/12 m2 = 7 @ 0.6 m by 20 m

14. From Table 10.28, required leaching area per bedroom = 200 ft2 total required area = 200 ft2/br x 5 br = 1000 ft2
trench area = 2 ft x 100 ft = 200 ft2
required laterals = 1000 ft2/200 ft2 = 5 @ 2 ft x 100 ft

width of leaching field = 6 ft separation x 4 spaces = 24 ft

15. S = (100W/8.34V)
(Equation 10-7b)

3 = 100W/(8.34 x 600,000)

W = 150 000 Ib ÷ 2000 Ib./ton = 75 tons of dry sludge solids

16. S = 100 x M/V
(Equation 10-7a)

2 = 100 x M/300,00

M = 6000kg = 6 metric tons

In the thickened sludge, the mass of sludge solids is still 6000 kg

6 = 100 x 6000/V, and V = 100,000L = 100m3 
17. primary sludge mass = E x TSS x Q (Equation 10-8a) 

      primary sludge mass =  0.60 x 220 x 3 = 396 kg

secondary sludge mass = K x BOD x Q (Equation 10-9a) 

BOD to aeration tank = (1 -0.35) x 200 -130 mg/L; K - 0.35 secondary sludge mass = 0.35 x 130 x 3 = 137 kg

total sludge mass. 396 + 137 = 533 kg

6 = 100M/V = 100 x 533/V, from which V = 8883 L ≈ 9 m3
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Solutions to Practice Problems
1. % volume reduction = {(20 - 4)/20} x 100 = 80%
(Equation 11-1)


compaction ratio = 20/4 = 5:1
(Equation 11-2)

{(20 -v)/20} x 100 = 95, from which v =1 yd3; compaction ratio = 20:1
2. volume reduction = {(8 -1 )/8} x 100 = 87.5 ≈ 88%


{(V -2.5)/Y} x 100 = 87.5, from which V = 20 yd3
3. volume reduction = {(10 -1)/10} x 100 = 90%


{(V -2)/Y} x 100 = 90, from which V = 20 m3
4. % volume reduction = {(18 -2)/18} x 100 = 88.9% ≈ 89% (Eq. 11-1)


compaction ratio = 18/2 = 9:1
(Equation 11-2)

{(18 -v)/18} x 100 = 95, and v =0.9 m3; compaction ratio = 20:1
5. 50,000 people x 8 Ib/person/d x 365 d/yr = 146,000,000 Ib/yr


146,000,000 Ib/yr ÷ 1200 Ib/yd3 = 121,667 yd3/yr

refuse-to-cover ratio = 4:1, or cover is 20% of total volume

121,667/4 = 30,417 yd3/yr for cover

total fill volume = 121,667 + 30,417 ≈ 152,084 yd3/yr

area = 25 ac x 43,560 ft2/ac x 1 yd2/9 ft2 = 121,000 yd2
average depth = 152,084 yd3/yr ÷ 121,000 yd2 = 1.26 yd/yr ≈ 3.8 ft/yr

6. 240,000 x 25 N/person/d x 365 d/yr = 2 190,000,000 N/yr 

    2 190,000,000 N/yr ÷ 10,000 N/m3 = 219 000 m3/yr 

    An additional 219,000/4 = 54 750 m3 is needed for cover

Total volume = 219,000 + 54,750 = 273,750 m3 

Available area = 10 ha x 10000 m2/ha = 100,000 m2
Depth = 273,750 m3/100 000 m2 ≈ 2.7 m
7. 20,000 x 5 = 100,000 Lb/d of refuse

100,000 Lb/d ÷ 500 Ib/yd3 = 200 yd3/d
200 yd3/d ÷ 15 yd3/truck ≈ 14 truckloads per day
8. 30,000 x 30 = 900,000 N/d of refuse

900,000 N/d ÷ 3000 N/m3 = 300 m33/d

300 m3/d ÷ 12 m3/truck ≈ 25 truckloads per day
9. Available volume = 10 ac x 43,560 ft3/ac x 50 ft = 21,780,000 ft3

21,780,000 ft3 x 1 yd3/27 ft3 = 806,667 yd3

20,000 people x 6 Ib/person/d = 120,000 lb/d


120,000 lb/d ÷1000 Ib/yd3 =120 yd3/d x 365 = 43,800 yd3/yr of refuse

An additional 43,800/4 = 10,950 yd3/yr is needed for cover

Total volume = 43,800 + 10,950 = 54,750 yd3/yr

Useful life of site = 806,667 yd3 ÷ 54,750 yd3/yr = 14. 7 ≈ 15 yrs
10. Available volume = 12 ha x 10 000 m2/ha x 20 m = 2 400 000 m3 

50,000 people x 25 N/person/d = 1 250 000 N/d

1 250 000 N/d ÷ 8000 N/m3 =156 m3/d x 365 = 57,031 m3/yr of refuse

An additional 57,031 ÷ 5 = 11,406 m3/yr is needed for cover

Total volume = 57,031 + 11,406 = 68 437 m3/yr

Useful life of site = 2,400,000 m3 ÷ 68,437 m3/yr = 35 yrs
11. 35,000 x 30 x 365 = 383,250,000 N/yr = 383,250 kN/yr

383,250 kN/yr ÷ 6 kN/m3 = 63 875 m3/yr

An additional = 0.25 x 63 875 = 15 969 m3/yr is needed for cover 
Total volume = 63 875 + 15 969 = 79 844 m3/yr

available area = 2 ha = 20,000 m2
Average depth = 79 844 m3/yr ÷ 20 000 m2 ≈ 4 m/yr
12. 70,000 x 4 x 365 = 102,200,000 Ib/yr


102,200,000 lb/yr ÷ 1200 Ib/yd3 = 85,167 yd3/yr


An additional = 0.20 x 85,167 = 17,033 yd3/yr is needed for cover


Total volume = 85,167 + 17,033 = 102,200 yd3/yr


102,200 yd3/yr x 27 ft3 /yd = 2,759,400 ft3/yr


Available area = 3 ac x 43,560 ft2/ac = 130,680 ft2

Average depth = 2,759,400 ft3/yr ÷ 130,680 ft2 ≈ 21 ft/yr

13. 30,000 people x 5 Ib/person/d x 365 d/yr = 54,750,000 Ib/yr


54,750,000 Ib/yr ÷ 1000 Ib/yd3 = 54,750 yd3/yr


54,750/4 = 13,688 yd3/yr for cover

Total volume = 54,750 + 13,688 = 68,438 yd3/yr = 1,847,813 ft3/yr


average depth = 35 ft
.

Required area = 1,847,813 ft3/yr ÷ 35 ft = 52,795 ft2/yr

52,795 ft2/yr x 43,560 ft2/ac = 1.21 ac/yr

Total area = 1.21 ac/yr x 25 yr ≈ 30 ac
14. 50,000 people x 20 N/person/d x 365 d/yr = 365 000 000 N/yr

365,000,000 N/yr ÷ 8000 N/m3 = 45 625 m3/yr

45 625/4 = 11 406 m3/yr for cover

Total volume = 45 625 + 11 406 = 57 031 m3/yr

average depth = 10m

Required area = 57 031 m3/yr + 10 m = 5703 m2/yr

5703 m2/yr x 1 ha/10 000 m2 = 0.57 ha/yr

Total area = 0.57 ha/yr x 40 yr ≈ 23 ha

CHAPTER 12 - HAZARDOUS WASTE MANAGEMENT
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(There are no Practice Problems for Chapter 12).
CHAPTER 13 - AIR POLLUTION AND CONTROL
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* At 1100 m, the air parcel temperature will be 18 -1 = 17 degrees while the surrounding air will be 18 + 2 = 20 degrees. Since the cooler air parcel is denser than the surrounding air, it will descend back towards its original position. At 800 m, the air parcel will be 18 + 2 = 20 degrees while the surrounding air will be 18 - 4 = 14 degrees. Since the warmer air parcel is lighter than the surrounding air, it will rise back toward its original position. The atmosphere is stable under these conditions (an inversion).

Solutions to Practice Problems
1. (a) superadiabatic. since the lapse rate exceeds -1 degree/100 m


(b) superadiabatic. since the lapse rate exceeds -1 degree/100 m


(c) inversion from 100 m to 150 m

(d) yes at 50 m; no at 250 m
2. (a) subadiabatic

(b) superadiabatic

(c) inversion from 0 m to 150 m

(d) no at 100 m since the air near the ground is stable; no at 200 m
3. 80 μg/m3 x 1 mg/L 000 μg = 0.080 mg/m3 Molecular weight of SO2 = 32 + 2 x 16 = 64

Temperature = 25 + 273 = 298 k

From Equation 13-1: 0.080 = (273 x ppm x 64 x 1)/(22.4 x 298)

Parts per million = 0.080 x 22.4 x 298/64 x 273 = 0.031 ppm
4. 100 μg/m3 x 1 mg/1000μg = 0.10 mg/m3
Molecular weight of NO2 = 14 + 2 x 16 = 46

Temperature = 25 + 273 = 298 k

From Equation 13-1: 0.10 = (273 x ppm x 46 x 1 )/(22.4 x 298)

Parts per million= 0.10 x 22.4 x 298/.46 x 273 = 0.053 ppm ≈ 0.000005%
5. Molecular weight of CO = 12 + 16 = 28

Temperature = 25 + 273 = 298 k

From Eq. 13-1: mg/m3 = (273 x 9 x 28 x 1 )/(22.4 x 298) = 10 mg/m3
6. 100 μg/m3 x 1 mg/1000μg = 0.10 mg/m3
Molecular weight of CO = 12 + 16 = 28

Temperature = 25 + 273 = 298 k

From Equation 13-1: 40 = (273 x ppm x 28 x 1 )/(22.4 x 298)

Parts per million = 40 x 22.4 x 298/28 x 273 = 35 ppm ≈ 0.0035%

7. 1.8% x 10,000 ppm/1% = 18,000 ppm Temperature = 85 + 273 = 358 k Molecular weight of CO = 12 + 16 = 28

mg/m3 = (273 x 18,000 x 28 x 1 )/(22.4 x 358) = 17,158 mg/m3

17,158 mg/m3 x 1 g/1000mg ≈ 17g//m3
8. 0.1% x 10,000 ppm/1% = 1,000 ppm


Temperature = 90 + 273 = 363 k


Molecular weight of NO2 = 14 + 2 x 16 = 46

mg/m3 = (273 X 1~000 x 46 x 1 )/(22.4 x 363) = 1544 mg/m3

1544 mg/m3 x 1 g/1000mg ≈ 1.5g/m3
9. Area = πD2/4 = π(0.5)2/4 = 0.1963 ft2
Area = 0.1963 ft2 x 1 m2/10.764 ft2 = 0.0177 m2
125.259 -125.009 = 0.259 collected in one month

0.25 g/0.1963 ft2 = 1.274 g/ft2/mo

1.274 g/ft2/mo x 1Ib/454g x 1 ton/2000 Ib x 52802ft2/mi2

= 39 tons/mi2/month

0.25g/10.0177 m2 = 14.12 g/m2 x 1 kg/1000 g x 10,000 m2/ha


= 141 kg/ha/month
10. Average air flow = (54 + 48)/2 = 51 ft3/min

Total sample volume = 51 ft3/min x 60 min/h x 24 h/d = 73,440 ft3
73,440 ft3 x 0.02832 m3/ft3 = 2080 m3
Solids collected = 10.05 g - 9.8 g = 0.25 g = 250 000 μg
Suspended particulate level = 250 000 μg/2080 m3 = 120 μg/m3
11. E1 =100 x (1-e-0.15x6000/200) = 98.9% 

      E2 = 100 x (1-e-0.15x7500/200) = 99.6% 

      E3 = 100 x (1-e-0.15x15,000/200) = 99.9%
12. E1 = 100 x (1-e-0.12x4000/200)= 99.2%


E2 = 100 x (1-e-0.12x4000/150) = 95.9%


E3 = 100 x (1-e-0.12x4000/50) = 99.99%

CHAPTER 14 - NOISE POLLUTION AND CONTROL
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Solutions to Practice Problems

1. Distance = velocity x time, so time = distance/velocity

Speed of sound in air = 1100 ft /s

Distance = 2.5 x 5280 ft/mi = 13,200 ft

Time = 13,200 ft + 1100 ft/s = 12 s
2. Distance = velocity x time, so time = distance/velocity

Speed of sound in air = 1100 ft /s

Distance = 1100 ft/s x 5 s = 5500 ft = 1.68 km
3. From Eq. 14-1, v = λ x f , and 1500 = λ x 15,000, so λ = 0.1 m
4. From Eq. 14-1, v = λ x f , and 3400 = 0.5 x f, so f = 6800 Hz
5. From Eq. 14-2, SPL = 20 x log (P/PO) = 20 x log(160/0.0002) = 118 dB
6. From Eq. 14-2, 95 = 20 x log(P/0.0002)

95/20 = 4.75 = log(5000P); 5000P = 104.75;

P = 56,234/5000 ≈11 μbar; 11/0.0002 = 55,000 times higher
7. 95 + 3 = 98 dBA
8. Using Figure 14.4, two rollers @ 75 dBA: 75 + 3 = 78 dBA


Combine 78 dBA with another source @ 75 dBA: 78 + 1.8 = 79.8 dBA

9. 90 dBA; the 75 dBA sound is masked by the 90 dBA sound
10. Using Figure 14.4, 90 + 0.5 = 90.5 dBA
11. Using Figure 14.5, 30 phons; 57 dB
12. Using Figure 14.5, 50 phons; 75 dB
13. Using Eq. 14-3, SL @ 100 ft = 76 -10 x log(100/25) = 70 dBA

14. Using Eq. 14-3, 65 = SL10 -10 x log(60/10)

SL10 = 65 + 7.78 = 72.8 dBA
15. (See Example 14.5 for procedure)
	dBA
	Rank
	% exceeded

	85
	1
	5

	84
	2
	10

	84
	3
	15

	82
	4
	20

	81
	5
	25

	81
	6
	30

	80
	7
	35

	78
	8
	40

	78
	9
	45

	78
	10
	50

	78
	11
	55

	76
	12
	60

	76
	13
	65

	75
	14
	70

	75
	15
	75

	74
	16
	80

	73
	17
	85

	73
	18
	90

	72
	19
	95


L10 = 84 dBA

L50 = 78 dBA

L90 = 73 dBA
16.     
	dBA
	Rank
	% exceeded

	82
	1
	5

	81
	2
	10

	81
	3
	15

	79
	4
	20

	79
	5
	25

	77
	6
	30

	76
	7
	35

	75
	8
	40

	75
	9
	45

	75
	10
	50

	74
	11
	55

	73
	12
	60

	73
	13
	65

	72
	14
	70

	72
	15
	75

	71
	16
	80

	70
	17
	85

	69
	18
	90

	68
	19
	95


L10 = 81 dBA

L50 = 75 dBA 
L90 = 69 dBA

Basic Environmental Technology   - Supplemental Problems           

Sixth Edition

This part of the manual provides instructors with over 100 additional questions (and answers) that can be incorporated into tests or a final examination along with some student projects that can be used as additional assignments or for independent study. 

MULTlPLE CHOICE QUESTIONS 
1. Engineering drawings of a wastewater collection system include:

(a) tax maps and population densities

(b) specifications of constructions materials

(c) plan and profile views showing pipe location, size and slope

(d) construction cost estimates

(e) instructions for pipeline installation and maintenance

2. An inverted siphon is a

(a) device commonly used in water distribution systems

(b) sewer that- drops below the HGL to avoid an obstruction

(c) control device Used in a wastewater pumping station

(d) CSO bypass around a wastewater treatment plant

(e) none of the above

3. Exfiltration testing is used to

(a) ensure noxious gases do not leak OUT of a sewer line

(b) determine the pumping capacity of water supply wells

(c) check the structural integrity of underground pipelines

(d) test sanitary sewers for watertightness or leaks

(e) determine the fire flow capacity of a water main

4. Crown corrosion in sanitary sewers is caused by

(a) bacteria that produce hydrogen sulfide gas and sulfuric acid

(b) abrasion of the pipe wall by suspended solids in the sewage

(c) normal wear and tear of the pipeline

(d) excessively high wastewater flow velocities

(e) acidic industrial wastewater

5. A check valve is commonly used for

(a) tight shutoff of flow in a water main

(b) throttling the flow in a water main

(c) controlling the flow of wastewater in a gravity sewer

(d) protection of maintenance workers in drop manholes

(e) prevention of backflow in pump discharge piping after shut off

6. The main function of distribution storage in a water supply system is 


(a) provision of reserve supplies for emergencies

(b) reduction of required pipe sizes and capacities

(c) to meet hourly variations in water demand

(d) to stabilize pressures in the water distribution system

(e) all of the above

7. Thermal stratification may significantly affect the

(a) rate of flow in a pipe

(b) capacity of a well

(c) peak urban runoff rate

(d) drought flow in a stream

(e) water quality in a lake or reservoir

8. Pumps that can operate under a wide variety of operating pressures are 


(a) centrifugal

(b) screw-feed

(c) air lift

(d) rotary displacement

(e) reciprocating positive displacement

9. Which of the following statements about centrifugal pumps is true? 


(a) With the valve in the discharge piping closed, the rotating impeller churns in the water causing the pressure at the outlet to rise to the shut-off head.

(b) If the discharge valve is gradually opened, allowing increasing flow of water, the pump head decreases.

(c) When the pump lifts water from a reservoir into a piping system; the resistance of flow at various rates of discharge is described by a system head curve.

(d) With increasing rate of discharge, pump efficiency rises to an optimum value and then slowly falls.

(e) All of the above.

10. A equivalent pipe is an

(a) average length of pipe replacing a looped pipe system

(b) average pipe diameter replacing a series or parallel pipe system 

(c) average pipe that has the same flow rate as a given real system 

(d) theoretical pipe that has a minimum head loss for a given flow

(e) theoretical pipe that replaces a section of a real system so that the head loss in the two systems are identical for any flow
11. Flow rates in water mains or force mains may be measured by using a

(a) Parshall flume 

(b) rectangular weir 

(c) v-notch weir 

(d) venturi meter 

(e) all of the above

12. The three-edge bearing test is used to determine the

(a) backfill load on a buried pipe

(b) wheel load on a buried pipe

(c) capacity of a fire hydrant

(d) coefficient of runoff for a drainage basin

(e) crushing strength of a pipe

13. The streamflow used for designing a water supply reservoir is the 


(a) flood flow

(b) minimum flow

(c) one-in-ten-year minimum seven consecutive day low flow 

(d) average flow

(e) none of the above

14. The spring overturn or spring circulation is associated with

(a) the formation of the epilimnion and hypolimnion in a lake

(b) high infiltration flows in a sanitary sewer system

(c) change in potable water demand or consumption

(d) mixing of lake water due to thermal destratification

(e) the decrease in dissolved oxygen levels in nutrient-rich lakes

15. A combined sewer collects

(a) wastewater from laterals and trunk sewers

(b) flows from sanitary sewers and force mains

(c) stormwater and infiltration flows

(d) industrial and commercial wastewater

(e) domestic wastewater and stormwater

16. A major difference in the design of sanitary and storm sewers is 


(a) sanitary sewers are designed to flow half full

(b) storm sewers may surcharge and overflow periodically

(c) storm sewers are designed to flow half full

(d) sanitary sewers may surcharge and overflow periodically

(e) none of the above

17. If a storm is said to have a recurrence interval of 25 years, then the 


(a) probability of it occurring in anyone year is 25 percent

(b) probability of it occurring in anyone year is 4 percent

(c) probability of it occurring in anyone year is 0.25 percent

(d) probability of it occurring in anyone year is 75 percent

(e) none of the above

18. The advantages of tight shut-off and low head-loss apply to

(a) gate valves

(b) check valves

(c) magnetic flow meters

(d) butterfly valves

(e) venturi meters

19. A stage-discharge curve is a

(a) plot of minimum streamflow and probability of occurrence

(b) graph of water level in a river and corresponding flow rate

(c) plot of rainfall intensity and duration of rainfall events

(d) graph of pumping head and pumping flow rate

(e) plot of hourly water consumption versus time of day

20. The time of concentration of a drainage basin is the

(a) longest time required for water to flow to the basin outlet 

(b) time during which the storm intensity will not be exceeded 

(c) duration of a precipitation event in the drainage basin

(d) service life of the drainage basin drainage infrastructure

(e) none of the above

21. Total dynamic head (TDH) in a pumping system is the

(a) static head plus velocity head

(b) velocity head plus friction head plus atmospheric pressure head 

(c) static head plus friction head plus velocity head

(d) friction head plus velocity head plus suction lift

(e) none of the above

22. The operating point of a centrifugal pump is the intersection of the 


(a) system head curve and the pump efficiency curve

(b) system head curve and pump characteristic curve

(c) pump characteristic curve and pump efficiency curve

(d) pump characteristic curve and intensity-duration curve

(e) mass diagram and pump efficiency curve

23. The characteristic curve of a centrifugal pump shows that

(a) pumping head decreases as flow rate increases

(b) flow increases as pumping head increases

(c) pump efficiency varies inversely with the flow rate

(d) power output increases as flow rate decreases

(e) none of the above

24. If two centrifugal pumps are operating in series in a system,

(a) total head equals the sum of the heads for each pump

(b) total flow rate equals the sum of the flows through each pump 

(c) both the above

(d) the flow rate is more than twice the original flow

(e) none of the above

25. Turbidity is an important water quality parameter because

(a) of esthetic reasons -consumers demand crystal clear water 

(b) high turbidity makes filtration more difficult and expensive 

(c) turbidity can interfere with the disinfection process

(d) all of the above

(e) none of the above

26. The presence of iron and/or manganese in water causes

(a) "blue babies", or methemoglobinemia

(b) scale deposits in plumbing

(c) tooth decay

(d) depletion of dissolved oxygen

(e) none of the above

27.  The MPN is the result of which of the following laboratory tests? 


(a) membrane filter

(b) fermentation tube

(c) biochemical oxygen demand

(d) dissolved oxygen

(e) turbidity

28. The theoretical detention time of a sedimentation tank is equal to 


(a) flow rate divided by tank volume

(b) tank volume divided by flow rate

(c) overflow rate divided by tank surface area

(d) tank surface area divided by overflow rate

(e) none of the above

29. The process of adding chemicals to water to aid in sedimentation is 


(a) bio-precipitation

(b) coagulation

(c) disinfection

(d) aeration

(e) softening

30. The term flocculation in water treatment refers to

(a) slow mixing of the water with chemicals

(b) complete destruction of pathogenic bacteria

(c) periodic cleaning of rapid sand filters

(d) metabolism of organic waste by bacteria

(e) injection of compressed air to increase DO levels

31. A type of filter commonly Used for municipal water treatment is the 


(a) trickling filter

(b) diatomaceous-earth filter

(c) closed pressure filter

(d) open mixed-media filter

(e) membrane filter

32. Manholes in wastewater collection systems should be placed

(a) no more than 30 meters apart

(b) at each pipe intersection and change of pipe slope or size

(c) at intervals no closer that 200 meters

(d) with inverts no more than 2 meters below grade

(e) all of the above

33. The "strength" of sewage is characterized primarily by its

(a) BOD and turbidity

(b) turbidity and odor

(c) suspended solids and BOD

(d) MPN and coliform count

(e) TDH and BOD

34. The BOD of wastewater is determined by

(a) evaporating the sample and weighing the residue

(b) filtering the sample and weighing the trapped solids

(c) heating the sample for 5 days and then measuring the DO

(d) measuring the DO consumed in a diluted sample after 5 days

(e) measuring the suspended solids after 5 days of settling

35. Bar screens and grit chambers are used

(a) only in primary wastewater treatment plants

(b) in most municipal wastewater treatment plants

(c) very rarely due to applications of modern technology

(d) only in advanced wastewater treatment plants

(e) in most municipal water supply facilities

36. Grit chambers are used to

(a) digest organic solids in sewage sludge

(b) reduce primary wastewater effluent BOD levels

(c) remove suspended solids that may damage equipment

(d) remove colloidal solids that cannot be removed by sedimentation 

(e) none of the above

37. Mixed liquor is a term used to describe the

(a) contents of a sludge digestion tank

(b) contents of a activated sludge aeration tank

(c) film of microorganisms growing on a trickling filter

(d) drink a treatment plant operator has with his or her lunch

(e) contents of a sludge thickening tank

38. In the trickling filter process

(a) primary effluent fIows over stones coated with microorganisms 

(b) raw sewage flows over stones coated with purifying chemicals 

(c) sewage is mixed with flocs of microorganisms and then filtered 

(d) secondary effluent trickles through a sand filter to "polish" it 

(e) none of the above

39.  A process in which sewage is aerated for about 24 hours is called 


(a) step aeration

(b) contact stabilization

(c) extended aeration

(d) advanced treatment

(e) none of the above

40. A vacuum filter is used to

(a) digest sludge

(b) dewater sludge

(c) purify drinking water

(d) test for coliforms

(e) test for suspended solids

41. Tertiary treatment may be used to

(a) soften municipal water supplies

(b) remove toxic chemicals from wastewater

(c) remove plant nutrients from wastewater

(d) prepare sludge for final disposal

(e) prepare crystal clear drinking water

42. The percolation or pert test is important in the design of

(a) activated sludge systems

(b) trickling filter systems

(c) water disinfection systems

(d) subsurface sewage disposal systems


(e) water desalting systems

43. A 12-in pipe and an 18-in pipe intersect at a manhole. If the invert elevation of the 12-inch pipe is 100.00 ft, the invert of the 18-inch pipe should be

(a)100.00 (b)100.50
(c) 99.50 

(d)101.50
(e) 98.50

44. Compared to sanitary sewers, storm sewers are usually

(a) in shallower trenches

(b) of smaller pipe diameter

(c) less efficient

(d) in deeper trenches

(e) none of the above

45.  The most commonly used pump in water and sewage systems is the 


(a) centrifugal pump

(b) screw-feed pump

(c) air lift pump

(d) rotary displacement pump

(e) reciprocating displacement pump

46. Flow rates in open channels may be determined by Usinga

(a) Parshall flume

(b) rectangular weir

(c) v-notch weir

(d) any of the above

(e) none of the above

47. The minimum recommended size for lateral sanitary sewers is

(a) 4 in (100 mm)

(b) 6 in (150 mm)

(c) 8 in (200 mm)

(d) 10in (250mm)

(e) 12 in (300 mm)

48. By what percent should backwash water expand a sand filter bed? 


(a) 0-10

(b) 10 -20

(c) 20 -30

(d) 30 -40

(e) 40 -SO

49. Compared to surface water, ground water usually contains

(a) a higher mineral content

(b) more microorganisms

(c) less dissolved minerals

(d) less fluorides

(e) less hydrogen sulfide, carbon dioxide, and methane

50. The objectionable feature of iron and manganese in drinking water is 


(a) health hazard

(b) staining of plumbing fixtures

(c) mottled teeth

(d) scale deposits on plumbing fixtures

(e) none of the above
51. Water treatment filters remove or reduce

(a) color

(b) tastes and odors

(c) calcium and magnesium sulfates

(d) carbon dioxide

(e) turbidity

52. Compared to groundwater water, surface water usually contains more 


(a) dissolved minerals

(b) microorganisms

(c) dissolved minerals

(d) fluorides

(e) hydrogen sulfide

53. A combined wastewater collection system may carry

(a) sanitary sewage and industrial sewage

(b) stormwater from both urban and rural areas

(c) stormwater and industrial sewage

(d) sanitary sewage, industrial sewage, and stormwater

(e) sanitary sewage and stormwater

54. The operating point of pump "A" in system "B" is number:


(a) 2
(b) 3'
(c) 4
(d) 5
(e) 6

55. The operating point of two pumps "A" in series in system "B" is:


(a) 2
(b) 3
(c) 4
(d) 5
(e) 6

56. The operating point of two pumps "A" in parallel in system "B" is:


(a) 2
(b) 3
(c) 4
(d) 5
(e) 6

57 The shut-off head of pump" A" is:


(a) 1
(b) 2
(c) 3      (d) 4   (e) 5

58. The shut-off of two pumps "A" in series is:


(a) 1
(b) 2
(c) 3
(d) 4
(e) 5

59. The shut-off of two pumps "A" in parallel is:


(a) 1
(b) 2
(c) 3
(d) 4
(e) 5

60. The static head or static lift for the system is:


(a) 1 .(b) 2
(c) 3
(d) 4
(e) 5
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61. The most costly aspect of solid waste management involves its


(a) storage
(b) processing
(c) disposal


(d) collection
(e) none of these
62. The largest component of MSW in the United States is,


(a) garbage
(b) paper
(c) yard waste


(d) plastics
(e) glass
63.  Incineration can reduce the total volume of MSW by about


(a) 50%
(b) (5%
(c) 90%
(d) 95%
(e) 99%
64. Solid residue remaining in an incinerator furnace after combustion is


(a) soot
(b) fly ash
(c) bottom ash
(d) leachate
(e) dust
65. Most large municipal incinerators operate in the mode.


(a) batch-feed
(b) continuous
(c) pyrolysis  (d) cogeneration

(e) secondary combustion
66. A process in which the organic portion of MSW decomposes under


carefully controlled conditions is called


(a) incineration (b) pyrolysis (c)  composting (d) baling


(e) vulcanization
67. A material with one of the the highest values as a recyclable one is


(a) iron (b) aluminum (c) paper (d) plastic (e) glass

68. In a sanitary landfill, solid waste is compacted and covered with soil


(a) daily (b) biweekly (c) weekly (d) monthly (e) semiannually
69. An important technical factor for the location of a sanitary landfill is


(a) volume capacity
(b) site accessibility
(c) site hydrogeology

(d) all of these (e) none of these
70. The TCLP is Used to determine the of hazardous waste.


(a) reactivity
(b) ignitability
(c) toxicity
(d) corrosivity

(e) all of these
71. Hazardous waste is transported mostly by


(a) trains (b) planes (c) boats (d) trucks (e) all of these

72. The manifest system controls the of hazardous waste.


(a) generation
(b) storage (c) transport (d) treatment

(e) disposal
73. A secure hazardous waste landfill must be constructed with 


(a) a double impermeable bottom liner

(b) a double leachate collection system

(c) a network of groundwater monitoring wells

(d) an impermeable cap or final cover

(e) all of the above
74. The Superfund program pertains to the

(a) transport of hazardous waste

(b) treatment of hazardous waste

(b) landfilling of hazardous waste

(d) remediation of hazardous waste sites

(e) minimization or recycling of hazardous waste
75. On-site remediation of a hazardous waste site may include 


(a) extraction, treatment, and replacement

(b) containment by slurry trench cutoff walls

(c) bioventing

(d) air sparging

(e) any of the above
76. The most desirable solution to the hazardous waste problem involves 


(a) deep well injection

(b) incineration

(c) secure landfilling

(d) source reduction and recycling

(e) biological treatment
77. Clean air is composed mostly of


(a) oxygen (b) nitrogen (c) ozone (d) argon (e) CO2
78. The lowermost layer of the atmosphere is called the


(a) ionosphere
(b) mesosphere
(c) stratosphere
(d) troposphere

(e) thermosphere

79. The dry adiabatic lapse rate is equal to minus -°C/100 m.


(a) 0.5 (b) 1 (c) 1.5 (d) 3 (e) 3.5
80. The substance that is not one of the criteria air pollutants is


(a) SO2 (b) NO2 (c) CO2 (d) O3 (e) CO
81. The most abundant of the criteria air pollutants is


(a) SO2 (b) NO2 (c) CO2 (d) O3 (e) CO
82. Photochemical smog is the result of reactions among sunlight and

(a) SO2 and particulates (b) VOCs and O3 (c) VOCs and NO2 

(d) smoke and fog (e) SO2 and CO
83. An air pollutant that can possibly cause asphyxiation or suffocation is


(a) SO2 (b) NO2 (c) CO2 (d) O3 (e) CO
84. An air pollutant that causes eye and throat irritation, and coughing is


(a) SO2 (b) NO2 
(c) O3
(d) all of the above   
(e) none of the above
85. One of the most significant "greenhouse gases" is considered to be 

(a) carbon monoxide 
(b) carbon dioxide 
(c) nitrogen dioxide 

(d) sulfur dioxide 
(e) ozone
86. Global warming due to the greenhouse effect may eventually cause

(a) rising sea levels 
(b) melting of glaciers

(c) flooding of coastal areas 
(d) all of these 
(e) none of these
87. The substance believed to caUse depletion of stratospheric ozone is


(a) SO2 
(b) NO2 
(c) PCB
(d) CFC
(e) DDT
88. Acid rain is caused primarily by

(a) SO2 and NO2 
(b) CO and CO2 
(c) particulates and O3
(d) CO and SO2 
(e) O3,NO2 and CO
89. Air infiltration rates for new houses in the U.S. are typically about


(a) 0.1 ach
(b) 1 ach
(c) 5 ach
(d) 10 ach
(e) 20 ach

90. Radon gas is most significant as a(n) 


(a) ambient air pollutant

(b) indoor air pollutant

(c) cause of the greenhouse effect 

(d) cause of ozone depletion

(e) cause of acid deposition
91. Typical indoor air pollutants include


(a) ETS
(b) formaldehyde
(c) VOCs

(d) all of these (e) none of these
92. Sampling for ambient particulate measurements is done primarily by


(a) dustfall buckets
(b) hi-vol samplers
(c) PM10 samplers

(d) Ringlemann samplers (e) cascade impactors
93. Electrostatic precipitators can remove
from dirty air.

(a) sulfur dioxide

(b) nitrogen dioxide

(c) carbon monoxide

(d) ozone and smog

(e) particulates
94. The most efficient of the following air cleaning devices is the 


(a) settling chamber

(b) cyclone

(c) baghouse

(d) electrostatic precipitator

(e) spray tower
95. A device used to remove gaseous pollutants from dirty air is the 


(a) settling chamber

(b) cyclone

(c) baghouse

(d) electrostatic precipitator

(e) spray tower
96. An FGD system removes
from power plant emissions


(a) SO2 (b) NO2 (c) CO2 (d) O3 (e) CO

97. The speed of a sound wave in air is about


(a) 340 Hz (b) 340 ft/s (c) 340 m/s (d) 1100 m/s (e) 1 m/s
98. A combination of two sounds with equal SPL values always results in (a) a 2-dB increase over the SPL of one source alone

(b) a l0-dB increase over the SPL of one source alone

(c) a doubling of the SPL value of one source alone

(d) not enough information given

(e) none of the above

99. When the SPL values of two noise sources differ by more than -dB, the weaker  noise source will not be noticeable due to -masking.​


(a) 3
(b) 10
(c) 15
(d) 20
(e) 25

100. For every 10-dB increase in SPl, sound intensity increases by a factor of 


(a) 2
(b) 3
(c) 10
(d) 15
(e) 20
True or False Questions

101. 
T or F
The Manning’s roughness coefficient for a smooth pipe is higher than the coefficient for a rough pipe.

102. 
T or F
The Hazen Williams roughness coefficient for a smooth pipe is higher than the coefficient for a rough pipe.

103. 
T or F
The higher the rational runoff coefficient, the lower the percentage of rainfall that will become runoff.

104. 
T or F
A recurrence interval of 100 years means that a storm of that magnitude and intensity will only occur on average once every 100 years.

105. 
T or F
At a constriction in a pipe the flow velocity will decrease and the pressure will rise.

106. 
T or F
Longer duration storms tend to have lower intensities than short duration storms.
107. 
T or F
The higher the flow velocity, the larger the difference between the HGL and the EGL.
108. 
T  or  F
 In a frictionless pipe system, if the flow velocity is constant the EGL will be horizontal.
109. 
T  or  F
 The EGL is a graph of the sum of the pressure head and elevation head.
110. 
T  or  F
 Gage pressures are measured using absolute zero (total vacuum) as the zero reference.

ANSWERS TO MULTIPLE CHOICE AND T/F QUESTlONS

	1.c
	11.d
	21.c
	31.d
	41.c
	51.e
	61.d
	71.b
	81.e
	91.d
	101. F

	2.b
	12.e
	22.b
	32.b
	42.d
	52.b
	62.b
	72.c
	82.c
	92.c
	102. T

	3.d
	13.c
	23.a
	33.c
	43.c
	53.e
	63.d
	73.e
	83.e
	93.e
	103. F

	4.a
	14.d
	24.a
	34.d
	44.a
	54.c
	64.c
	74.d
	84.d
	94.c
	104. T

	5.e
	15.e
	25.d
	35.b
	45.a
	55.e
	65.b
	75.e
	85.b
	95.e
	105. F

	6.e
	16.b
	26.e
	36.c
	46.d
	56.d
	66.c
	76.d
	86.d
	96.a
	106. T

	7.e
	17.b
	27.b
	37.b
	47.c
	57.b
	67.b
	77.b
	87.d
	97.c
	107.T

	8.a
	18.a
	28.b
	38.a
	48.d
	58.a
	68.a
	78.d
	88.a
	98.e
	108. T

	9.e
	19.b
	29.b
	39.c
	49.a
	59.b
	69.d
	79.b
	89.b
	99.c
	109. T

	10.e
	20.a
	30.a
	40.b
	50.b
	60.c
	70.c
	80.c
	90.b
	100.c
	110. F


SUPPLEMENTAL PROBLEMS

Sketch the drainage divide line for the catchment area tributary to point A on the topographic map shown below. If the map scale is 1 in. = 200 ft, what is the approximate area of the catchment area, in acres? If the map scale is 1:2000, what is the approximate area, in hectares?
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Sketch the drainage divide line for the catchment area tributary to point A on the topographic map shown below. If the map scale is 1 in. = 200 ft. what is the approximate area of the catchment area in hectacres? If the map scale is 1:2000, what is the approximate area in hectares?
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A total of 8 inches of rain fell on a 300 acre watershed in 6 hours. What was the average rainfall intensity? What was the total volume of water that fell on the watershed in that time interval (in ac-ft and cubic feet)?
Solution:

i = 8/6 = 1.33 in./hr

volume = 8/12 x 300 = 200 ac-ft
.

volume = 200 ac-ft x 43,560 ft3/ac-ft = 8,712,000 ft3
A total of 200 mm of rain fell on a 100 hectare watershed in 5 hours. What was the average rainfall intensity? What was the total volume of water that fell on the watershed in that time interval (in cubic meters)?
Solution:

i = 200/5 = 40 mm/hr

volume = 0.2 m x 100 ha x 10 000 m2/ha = 200 000 m3
A 375 mm diameter pipe placed on a 1% slope flows 80% full. Determine the discharge and velocity of flow under these partial flow conditions.
Solution:

From Fig. 2.22, with d/D = 0.8, read v/V = 1.15 and q/Q = 0.98 

From Fig. 2.21, read Q = 175 L/s and Y = 1.6 m/s for full flow 

Under partial flow, q = 0.98 x 175 = 172 L/s

v = 1.15 x 1.6 = 1.8 m/s
A 24 in. diameter pipe placed on a grade of 1 ft per 1000 ft carries a flow of 1500 gpm. What is the velocity and depth of flow in the pipe under these conditions?
Solution:

Slope = 1/1000 = 0.001 = 0.1%

From Fig. 2.21, read Q = 3200 gpm and V = 2.3 ft/s for full flow Under partial flow, q/Q = 1500/3200 = 0.46, v/V = 0.96 and d/D = 0.48, from Fig. 2.22 , v = 0.96 x 2.3 = 2.2 ft/s and d = 0.48 x 24 = 11.5 in.
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A lateral sewer is to be designed to receive flow from 30 acres of a city in an area where the population density is 150 people per acre. If the average per capita flow rate is assumed to be 100 gpcd, what should be the design flow rate of the lateral, in gpm and cfs?
Solution:

Peak flow factor = 4, for laterals

Design flow = 100 gpcd x 4 x 150 x 30 x <1 day/1440 min) =

= 1250gpm

1250 gal/min x 1 min/60 s x 1 π3 /7 .48 gal = 2.8 cfs

A 100m sewer reach is to have a minimum flow capacity of 200 L/s. The street elevation at the upper MH is 305.55 m and at the lower MH it is 303.05 m. Select an appropriate pipe diameter and slope for this reach, and determine the pipe invert elevations at each MH. Use a cover depth of 2.00 m above the pipe crown.
Solution: Pipe slope = slope of ground = (305.55 -303.05)/100 = 0.025

From Fig. 2.21, D = 33 cm; Use 350 mm pipe = 14 in. standard 

Upper invert elev. = 305.55 -.2.00 -0.35 = 303.20 m

Lower invert elev. = 303.20 -0.025 x 100 = 300.70 m
A 12 in. pipe, an 18 in. pipe, and a 24 in. pipe intersect at a manhole. If the invert elevation of the 18 in. pipe is 100.00 ft, determine the required invert elevation of the 12 in. pipe and the 24 in. pipe.
Solution: Match crown elevations at 100.00 + 18/12 = 101.50 ft Invert of 12 in. pipe = 101.50 -12/12 = 100.50 ft Invert of 24 in. pipe = 101.50 -24/12 = 99.50 ft
A 5 mL water sample was tested for fecal coliforms Using the membrane filter method. A total of 34 colonies of fecal coliforms were counted on the filter after incubation. What was the fecal coliform count?
Solution: 34 x (100/5) = 680 per 100 mL
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A 12 in. diameter extra strength VCP pipe is to be placed in a 3 ft wide trench with class C bedding. Backfill is sand and gravel with a unit weight of 120 pounds per cubic foot. Using a safety factor of 1.5, what is the maximum allowable depth of the trench?
Solution:

From Table 8.1, crushing strength = 2600 Ib/ft

From Fig. 8.17, load factor for class C bedding = 1.5

From Eq. 8-3, safe supporting strength = 1.5 x 2600/1.5 = 2600 Ib/ft

From Eq. 6-4, 2600 = C x 120 x 32 and C = 2600/1080 = 2.4 

From Fig. 8.18, H/B = 4.8 and H = b x 4.8 = 3 x 4.8 = 14.4 ft 

Maximum trench depth = 14.4 + 12/12 = 15.4 ft

A steeply sloping 200 acre watershed comprises 150 acres of woods and 50 acres of roadway pavements and roofs of houses. For a storm intensity of 2 inches per hour, estimate the peak rate of runoff from the watershed.
Solution: From Table 9.1, C = 0.2 for woods and C = 0.95 for pavements

From.Eq. 9-2, C = 1/200 x (150 x 0.2 + 50 x 0.95) = 0.39 

From Eq. 9-1, Q = C x i x A = 0.39 x 2 x 200 = 155 cfs

An exfiltration test is conducted on a 300 ft long, 24 in. diameter sewer reach. If the maximum allowable rate of exfiltration is specified to be 500 gal/day/inch/mile, what would be the acceptable drop in the water level, in one hour, in a 4 ft diameter manhole?
Solution:

500 gal/d/in/mile x 300 ft x 1 mile/5280 ft x 24 in. = 681.8 gal/day

681.8 gal/day x 1 ft3/7.48 gal x 1 day/24 hr = 3.8 ft3/hr 

Volume in MH = n(4)2/4 x Drop in water level = 3.8 

Drop in water level = 3.8 x 4/π(4)2 = 0.3 ft = 3.6 in.
A 300 ml volume of water contains 0.006 mg of THM. Express the concentration of THM in terms of ppb.
Solution: 0.006 mg/0.3 L = 0.02 mg/L x 1000 μg/1 mg = 20 μg/L = 20 ppb


A 0.5 ppm concentration of copper sulfate is to be applied to a lake to control the growth of algae. The lake volume is 50 ac-ft. How many pounds of copper sulfate should be dissolved in the lake?
Solution:

Since 1 mg/L a 1 ppm = 8.34 Ib/mil gal, we get

0.5 ppm = 0.5 x 8.34 = 4.17 Ib/mil gal
.

Volume = 50 ac-ft x 43,560 ft3/ac-ft = 2,178,000 ft
2,178,000 ft3 x 7.48 gal/ft3 = 16,291,440 gal = 16.29 mil gal 

Weight of copper sulfate = 4.17 x 16.29 = 68 Ib

​

The limit on increase in water temperature in a stream is 2ºC according to state standards. The low flow of the stream is 200 cfs when the temperature is 22ºC. Compute the maximum allowable temperature of 7.5 cfs of power plant cooling water that can be discharged into the stream.
Solution:

From Eq. 5-1, 24 = (22 x 200 +T x 7.5)/(200 + 7.5) Solving for T, we get T = 77.3°c
Compute the BOD5 of a domestic wastewater (k = 0.12) based on the following data: volume of wastewater added to a 300 mL BOD bottle = 5.0 mL, initial DO = 9.2 mg/L, and DO after 5 days of incubation = 4.3 mg/L. Also, compute the 10-day BOD and the ultimate BOD.
Solution:

From Eq. 4-3, BOD5 = (9.2 -4.3) x 300/5.0 = 294 mg/L

From Eq. 4-2, BODL= 294/(1 -10-0.12 x 5) = 393 mg/L

From Eq. 4-2, BOD10 = 393 ~ (1 -10-0.12 x 10) = 368 mg/L
Compute the pressure drop, in psi, through one mile of an 8 in. diameter pipe that carries 1.6 cfs of water. Assume Hazen-Williams C = 100.
Solution:
Q= 1.6 ft3/s x 7.48 gal/ft3 x 60 s/l min ≈ 720 gpm

From Fig. 2-15, S = 0.014;

Since S = h/l, h = 0.014 x 5280 ≈ 74 ft

From Eq. 2-2b, P = 0.43 x h = 0.43 x 74 ≈ 32 psi

​


What diameter pipe is needed to carry 5 ML/day of water, with a pressure drop not exceeding 200 kPa/km?
Solution:

From Eq. 2-23a, h = p/9.8 = 200/9.8 = 20.4 m

S = h/L = 20.4 mil 000 m = 0.02

Q = 5,000,000 L/d x 1 d/24 h x 1 h/3600 s -58 L/s
From Fig. 2-15, with S = 0.02 and Q = 58 L/s, we get D ≈ 200 mm
What is the maximum population that can be served by a 900 mm diameter main sewer constructed on minimum grade? If sewage flow in the pipe never exceeds a depth of 600 mm, estimate the actual population contributing flow to the main.
Solution:

Minimum self-cleansing velocity = 0.6 m/s

From Fig. 2.21, Q= 0.38 m3/s or 380 L/s, and S = 0.00046

Peak flow factor for a main or trunk sewer = 2.5

380 L/s ÷ 2.5 = 152 L/s; assume 100 L/person/day

152 L/s x 24 hr/d x 3600 s/hr = 13 132, 800 L/d

13,132,800 L/d ÷ 100 L/person/d ≈ 131 000 people

d/D = 600/900 = 0.67; from Fig. 2.22, q/Q = 0.8

Population contributing flow = 0.8 x 131,000 = 105000 people
A 300 mm diameter standard strength VCP is placed in a trench that is 0.9 meters wide and 6 meters deep. The backfill is sand and gravel with a density of 18.6 kN/cubic meter. Determine the class of bedding needed if the factor of safety is 1.2
Solution:

From Table 8.1, crushing strength = 26.3 kN/m

From Fig. 8.18 with H/B = 6/0.9 = 6.7, Marston's C = 2.7

From Eq. 8-4, W = 2.7 x 18.6 x 0.92 = 41 kN/m

From Eq. 8-3, 41 = LF x 26.3/1.2, and LF = 1.85

Use class 8 bedding with load factor = 1.9
A chlorine dosage of 3 mg/L is used to disinfect an average flow of 4 mgd. How many 100 Ib chlorine cylinders are needed per month?
Solution: Ib/day = 3 x 4 x 8.34 = 100 Ib/day or 30 cylinders per month

A 25 mgd domestic wastewater discharge has a concentration of 28 ppm of ammonia nitrogen. If the receiving stream contains 2 mg/L of ammonia nitrogen, and the maximum allowable concentration in the stream is 3.5 mg/L, compute the minimum streamflow required.
Solution: From Eq. 5-1, 3.5 -(25 x 28 + Qx 2)/(25 + Q);.Q = 408 mgd
Assuming a maximum overflow rate of 12 m3/m2 d and a minimum detention time of 4 hours, what diameter circular clarifier and what side water depth are needed to process a 12 ML/d flow rate?
Solution: From Eq. 6-1, V = 4/24 x 12 = 2 ML = 2,000,000 L = 2000 m3 

From Eq. 6-2, A = 12 000 m3/d + 12 m3/m2d -1000 m2 

1000 = πD2/4 so D = 35.7m SWD -2000 m3/1000 m2 = 2 m
The overflow rate for a settling tank is 1 gpm/ft2. If the side water depth is 10ft, what is the detention time?
Solution:

1 gal/min/ft2 x 1 ft3/7.48 gal = 0.1337 ft/min

10ft + 0.1 337.ft/min = 74.8 min = 7.25 hours
Construction specs for a wastewater collection system allow a maximum infiltration rate of 400 gal/inch/mile/day. Compute the allowable infiltration in 3 miles of 20 in. diameter pipe, and compare it to the minimum capacity of the pipe.
Solution:

400 x 20 x 3 = 24,000 gal/day x 1 day/24 hr x 1 hr/60 min 

24,000 gal/day x 1 day/24 hr x 1 hr/60 min = 76.7 gpm 

From Fig. 2.21, with V = 2 ft/s and D = 20 in, Q = 2000 gpm Infiltration = 16.7 x 100/2000 = 0.8% of pipe capacity


A wastewater sample has an ultimate BOD of 320 mg/L.  A 5 mL volume of the wastewater is diluted to 300 mL in a BOD bottle, and the initial DO is found to be 10.0 mg/L. What would be the DO in the bottle after 5 days of incubation, assuming k = 0.1/day?
Solution:

From Eq. 4-2, BOD5 = 320 x (1 - 10 -0.12 x 5) = 240 mg/L 

From Eq. 4-3, 240 = (10 - DO5) x 300/5, and DO5 = 6 mg/L
The 5-day BOD of an effluent from a poorly operating sewage treatment plant is 75 mg/L.  (a) If the influent raw sewage 5-day BOD is 210 mg/L, at what efficiency is the plant operating? (b) If the effluent flow rate is 1 ML/d, and the receiving stream has a 5-day BOD of 3 mg/L, what minimum streamflow is needed for dilution, so that the. combined 5-day BOD in the polluted stream does not exceed 10 mg/L?
Solution:  (a) From Eq. 10-1, efficiency =  (210 -75). x 100/210 = 64%

                (b) From Eq. 5-1, 10 = (75 x 1 + 3 x Q)/(1 + Q); Q= 9.3 ML/d
A time interval of 1.5 hours is recorded for a 6 inch drop of water level in a perc test hole; What is the perc rate? How many laterals would be required in the leaching field to serve a 5 bedroom house, if the trench width is 2 feet and the maximum trench length is 80 feet?
Solution: perc rate = 1.5 x 60/6 = 15 min/inch

From Fig. 10.30, required area = 155 x 5 = 875 ft2
875/2 = 438 ft of trench; 438/80 = 5.5; Use 6 laterals
Catchment area 1 has an inlet time of 10 minutes and area 2 has an inlet time of 12 minutes. The average runoff coefficient for area 1 is 0.2, and for area 2 it is 0.7. For a 5 year storm, determine the maximum runoff at inlet 1, the required pipe diameter between inlets 1 and 2 for full flow conditions, and the peak rate of runoff, Q, at inlet 2.


Solution:

Time of concentration for inlet 1 = 10 min

From Fig. 3.5, i = 4 in/h

From Eq. 9-1, Q = 0.2 x 4 x 2 = 1.6 cfs x 7.48 x 60 ≈ 720 gpm 

From Fig. 2.21, D = 22 cm = 220 mm, V = 3.8 ft/s

Time of flow in pipe = 1000 ft + 3.8 ft/s = 263 s = 4.4 min 

Time to inlet 2 = 10 + 4.4 = 14.4 min

From Fig. 3.5, i = 3.6 in/hr

Composite C = (2 x 0.2 + 3 x 0.7)/(2 + 3) = 0.42

From Eq. 9.1, Q = 0.42 x 3.6 x 5 = 7.6 cfs at inlet 2
Hardy Cross Analysis of Two Loop Pipe Systems

<P>For networks with more than one loop, and having several points of water inflow or outflow, it is convenient to set up a table to organize and keep track of the Hardy Cross computations. This is illustrated in the example below; first, the general procedure is outlined as follows:
</P>
<SL><ITEM><P>Step 1:
For each pipe in the network, assume a flow rate and flow direction. The only restriction on this initial assumption for flows is that the total flow going into a pipe junction must equal the total flow going out of that junction.</P></ITEM></SL>
<ITEM><P>Step 2:
Working with only one loop at a time, use the Hazen–Williams nomograph to determine <ITAL>S</ITAL> and <ITAL>h</ITAL><ITAL><SUB>L</SUB></ITAL> for each pipe in the loop. Also, compute <ITAL>h</ITAL><ITAL><SUB>L</SUB></ITAL>/<ITAL>Q</ITAL> for each pipe.</P></ITEM>
<ITEM><P>Step 3:
Compute ( <ITAL>h</ITAL><ITAL><SUB>L</SUB></ITAL> and ( <ITAL>h</ITAL><ITAL><SUB>L</SUB></ITAL><ITAL>/Q,</ITAL> using the appropriate signs (+ or –). The <ITAL>h</ITAL><ITAL><SUB>L</SUB></ITAL>/<ITAL>Q</ITAL> terms are always positive.</P></ITEM>
<ITEM><P>Step 4:
Compute ∆<ITAL>Q</ITAL>, the flow correction for the loop, using the Hardy Cross formula (Equation 7-8). Add ∆<ITAL>Q</ITAL> to the flow in each pipe of that loop, taking care to use the appropriate sign. Do not change the flows in the other loops(s) with this ∆Q</P></ITEM>.

<ITEM><P>Step 5:
Repeat steps 2 through 4 for an adjacent loop in the network. Note that at least one of the pipes in the first loop is also part of the adjacent loop. Use the previously corrected flow(s) in the common pipe(s), but keep in mind that the algebraic signs of the flows and head losses in the common pipe(s) change, depending on which loop is being evaluated.</P></ITEM>
<ITEM><P>Step 6:
Alternately repeat steps 2 through 4 for each loop in the network as many times as needed to arrive at a reasonably balanced system. Generally, a difference of less than 10 percent between the positive and negative head losses in a loop is acceptable, in lieu of ( <ITAL>h</ITAL><ITAL><SUB>L</SUB></ITAL> = 0.</P></ITEM>
<P>A water distribution system has been skeletonized and reduced to the two-loop network shown below. A flow rate of 60 L/s is pumped into the network at point A, and two major water withdrawal points, at C and D, discharge 20 L/s and 40 L/s, respectively. Determine the flow rates in all the pipes of the network.
Solution:

</P>

<INST></INST></TTL><P>The computations outlined in steps 1 through 6 of the Hardy Cross procedure are summarized in <LINK LINKEND="TB.07.005">the thehththehethe table below.</LINK></P>
<P><LINK LINKEND="FG.07.030"><FIGIND NUM="30" ID="FG.07.030"/></LINK>Notice that the corrected flow in BD (<ITAL>Q</ITAL> + ∆<ITAL>Q</ITAL> = 4 L/s) from loop I/first try is used with opposite sign in the computations for loop II/first try. This is because pipe BD is common to the two loops; although the flow is clockwise in loop I, it is counterclockwise in loop II. This reversal in sign for flows in BD occurs repeatedly, as indicated in the rest of the computations. The final flow rates in the balanced network are shown in the figure below.


</P></SOL></EXM><TBL NUM="5" ID="TB.07.005"><TTL>Hardy Cross analysis for the system<INST> </INST></TTL><COLHD>
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	<TB>I (first try)
	AB
	300
	1000
	35
	0.0015
	1.5
	0.043
	29

	
	BD
	300
	3000
	10
	0.00015
	0.45
	0.045
	4

	
	AD
	400
	3500
	–25
	–0.0002
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	<COLHD>Loop
	Pipe
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	S, m/m
	h<SUB>L</SUB>, m
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	<TB>II (first try)
	BC
	200
	2500
	25
	0.0055
	13.75
	0.55
	12

	
	CD
	200
	600
	5
	0.0003
	 0.18
	0.036
	–8

	
	BD
	300
	3000
	–4
	neglect
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	<COLHD>Loop
	Pipe
	D, mm
	L, m
	Q, L/s
	S, m/m
	h<SUB>L</SUB>, m
	h<SUB>L</SUB>/Q
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	<TB>I (second try)
	AB
	300
	1000
	29
	0.001
	1.00
	0.034
	24

	
	BD
	300
	3000
	17
	0.0004
	1.20
	0.071
	12

	
	AD
	400
	3500
	–31
	–0.0003
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	<COLHD>Loop
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	Q, L/s
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	<TB>II (second try)
	BC
	200
	2500
	12
	0.0015
	3.75
	0.313
	8

	
	CD
	200
	600
	–8
	–0.00075
	0.45
	0.056
	–12

	
	BD
	300
	3000
	–12
	–0.0002
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	<COLHD>Loop
	Pipe
	D, mm
	L, m
	Q, L/s
	S, m/m
	h<SUB>L</SUB>, m
	h<SUB>L</SUB>/Q
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	<TB>I (third try)
	AB
	300
	1000
	24
	0.0007
	0.7
	0.029
	23

	
	BD
	300
	3000
	16
	0.000 34
	1.02
	0.064
	15

	
	AD
	400
	3500
	–36
	–0.0004
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	<COLHD>Loop
	Pipe
	D, mm
	L, m
	Q, L/s
	S, m/m
	h<SUB>L</SUB>, m
	h<SUB>L</SUB>/Q
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	<TB>II (third try)
	BC
	200
	2500
	8
	0.0007
	1.75
	0.219
	

	
	CD
	200
	600
	–12
	–0.0015
	–0.9
	0.075
	

	
	BD
	300
	3000
	–15
	–0.0003
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Consider the two loop pipe network shown below. If the flow into junction A is 100L/s and the flows out of junctions B and C are 60L/s and 40L/s respectively, compute the flows in each pipe of the network.



	Pipe
	Dia., mm
	L, m
	Q, L/s
	S
	hL
	hL/Q

	Loop I/Trial I

	AB
	300
	1000
	50
	0.0029
	2.9
	0.058

	BD
	300
	3000
	-20
	-0.00055
	-1.65
	0.08825

	AD
	400
	3500
	-50
	-0.0007
	-2.45
	0.049

	
	
	
	
	∑=
	-1.2
	0.19

	∆Q=-(-1.2/(1.85x0.19))≈3 L/s

	Loop II/Trial I

	BC
	200
	2500
	10
	0.001
	2.5
	0.25

	CD
	200
	600
	-30
	-0.0075
	-4.5
	0.15

	BD
	300
	3000
	17
	0.0004
	1.2
	0.07

	
	
	
	
	∑=
	-0.8
	0.47

	∆Q=-(-0.8/(1.85x0.47))≈1 L/s

	Loop I/Trial II

	AB
	300
	1000
	53
	0.0035
	3.5
	0.066

	BD
	300
	3000
	-18
	-0.00046
	-1.38
	0.077

	AD
	400
	3500
	-47
	-0.00063
	-2.2
	0.049

	
	
	
	
	∑=
	-0.08
	0.19

	∆Q=-(-0.08/(1.85x0.19))≈0 L/s

	Loop II/Trial II
	
	
	
	
	
	

	BC
	200
	2500
	11
	0.0012
	3.0
	

	CD
	200
	600
	-29
	-0.0072
	-4.32
	

	BD
	300
	3000
	18
	0.00044
	1.32
	

	
	
	
	
	∑=
	0.0
	

	Final flows (L/s): AB=53, BC=11, DB=18, DA=47, DC=29


Student Projects
Independent Study Project and Report

The objective of this project is for you to independently research and report upon a topic related to environmental pollution control that is not covered in class lectures. Some suggested areas for investigation include:

Solid waste management (waste collection systems, waste disposal systems)

Hazardous waste disposal

Ocean dumping

Air pollution and control (technical, regulatory and meteorological aspects)

Noise pollution and control

Oil spill control and cleanup technology

Radioactive waste disposal

Environmental impact assessment

Measurement of air quality

Pesticides in the environment

Mineral resource depletion

Public health: food system safety

The above are very broad topics and it will be necessary to focus on a specific problem within any of the above areas. For example, you may focus on the design features of landfills for solid waste disposal, noise pollution related to construction activities, and so on. You may also decide to investigate a local problem related to water supply or environmental pollution in your own town. In addition to textbook references, your sources of information could include recent web, newspaper or magazine articles, professional journals, interviews with state or local municipal engineers, etc.
Water Quality – Chemical Testing Lab Exercise

Introduction:

Due to the remarkable power of water to dissolve other materials, water is rarely found in nature in a pure state, that is, as pure H2O. When we speak of the quality of water, we are concerned with the other materials present in the water, consisting of suspended, colloidal, and dissolved substances. The nature and concentration of these impurities determine the suitability of the water for human use, and the kind and extend of treatment needed to render the water suitable for any particular purpose.

In the field of water supply and water pollution control, we rely upon various physical, chemical and biological tests to determine the quality of a water sample both before and after treatment. This laboratory exercise is primarily concerned with the analysis of water for some physical and chemical parameters of water quality using a portable testing kit.

Procedure:

1. Obtain two sample containers. In one collect a sample of tap water. In the other collect a sample of water from a lake, river, stream, or pond.

2. Using a Hach water quality test kit (several different ones are available from Hach), test the tap water and the pond water carefully following the directions provided with the test kit. Some of the parameters to evaluate for each sample are:

Turbiditiy

Color

Chlorine

Hardness

Nitrate

Dissolved oxygen

Iron

Manganese

Chloride

Report the results of the tests for each sample in tabular form. Discuss the significance (health, aesthetic, economic, etc.) of each parameter measured. Compare your results to the appropriate water quality standards.

Simulated Drinking Water Treatment Plant
This activity is a modified version of the Water Filtration exercise from the US EPA’s Environmental Education Materials.

This activity is divided into two parts: 1) building a water filter and 2) taking a sample of water and treating it in a manner similar to that used by municipal water treatment plants.

Items needed for constructing the filter

· 2-liter plastic soda bottle

· Coffee filter

· Rubber bands

· Pebbles or small diameter (3/8”) washed, crushed stone

· Coarse sand (multipurpose sand is fine, otherwise a P#4-R#8 material)

· Fine sand if available (beach sand or sandbox sand, otherwise a P#8-R#200 material)

Additional items needed

· 2 additional 2-liter plastic soda bottles; cut the top off of one

· Alum – this is available in the spice isle of nearly any grocery store

· Stopwatch or timer

· Large spoon

· Tablespoon

· Collect a sample of water from a local stream, pond, lake, river or retention basin. For this exercise it is best if you can obtain water with some sediment and algae in it. If you cannot collect any water, you can always make up a sample by taking 2 ½ cups of dirt and adding to 5 liters of water.

1. Cut and remove the bottom from the plastic bottle.
2. Secure a coffee filter to the neck of the bottle with a rubber band.
3. Turn the bottle upside down and place it in a beaker or other container that supports it in an upright position.
4. Gently add 1-2 inches of pebbles to the bottle. Make sure the pebbles do not puncture the coffee filter.
5. Gently add 1-2 inches of coarse sand on top of the pebbles. Avoid shaking the bottle whenever possible

6. Gently add 1-2 inches of fine sand on top of the coarse sand. Again, avoid shaking.
7. Place a clean 500 ml beaker beneath the inverted neck of the bottle to collect the water from the apparatus.
8. Clean the sand and pebbles by slowly pouring 5 liters of clean tap water (in 400 ml increments to avoid overflowing the beaker) through the apparatus. Take steps to minimize the disturbance to the uppermost sand layer as you pour.
9. Once the flushing of the filtering apparatus is complete, thoroughly rinse the collection beaker with tap water and return it to its place beneath the bottle. The filter is ready for use.


Procedure

Cap and shake the container of contaminated water, and pour 1.5 L into one of the empty two-liter bottles. Describe the appearance and odor (and turbidity, if appropriate) of the water.
	Appearance:
	

	Odor:
	

	Turbidity
	


Step 1: Aeration 
Cap the two liter bottle and aerate the water by shaking it vigorously for 30 seconds. Pour the water into one of the cut-off two liter bottles, and then pour the water back and forth between the cut-off two-liter bottles five times. Once you are done, describe the appearance and odor (and turbidity, if appropriate) of the water.
	Appearance:
	

	Odor:
	

	Turbidity
	


Step 2: Coagulation 
The water should be in one of the cut-off two-liter bottles. Add 20 grams of alum crystals to the container and stir gently for 5 minutes. The alum will act as a coagulant and bind with the particles suspended in the water. Describe what happens to the appearance of the water during the 5 minutes.
	Appearance:
	


Step 3: Sedimentation 
Leave the container undisturbed for 20 minutes. Record observations of the water's appearance (and take turbidity readings, if appropriate) at 5 minute intervals.
	Time (min)
	Appearance
	Turbidity

	5


	
	

	10


	
	

	15


	
	

	20


	
	


Step 4: Filtration 
Slowly and carefully pour off the top two-thirds of the water in the container into a clean beaker. It is important that you do not disturb the sediment when pouring, so take a great deal of care during this step. Allow the water to settle, and then pour 400 ml of water from the beaker into the filter apparatus. The water will percolate through the sand layers and pebbles and collect in the beaker beneath the apparatus. Describe the appearance and odor (and turbidity, if appropriate) of the water after it has been filtered. Pour the remaining water and sediment in the two-liter bottle back into the container of contaminated water.
	Appearance:
	

	Odor:
	

	Turbidity
	


Analyzing Results: 
Create a graph that displays the observed changes in the quality of the water throughout the treatment process. If you measured turbidity, graph the turbidity measurements versus treatment step. If you did not measure turbidity, assign a scale to your appearance and/or odor observations (e.g., score odor on scale from 1 - 5, with 1 = very unpleasant odor and 5 = no discernable odor) and graph the scale values versus treatment step.
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