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Math Problem Strategies

Use these rules of operation to approach math problems (especially when working with
formulas):

1) Work from left to right.

2) Do all the work inside the parentheses first.

3) Do all the multiplication/division above the line (numerator) and below the line
(denominator).

4) Then do all the addition and subtraction above and below the line.

5) Perform the division (divided the numerator by the denominator).

Strategy for solving word problems:

1) Read the problem, disregard the numbers (What type of problem is it? What am | asked to
find?)

2) Refer to the diagram, if provided. If there isn’t one, draw your own.

3) What information do I need to solve the problem, and how is it given in the statement of the
problem?

4) Work it out.

5) Does it make sense?

It might be helpful to write out everything that is known in one column and the unknown (what
am | asked to find?) in another column. Identify the correct formula and write it in the middle,
plug in the numbers and solve.

Known Unknown
Length =35 ft Area =7?
Width = 49 ft
A =()(w) 49 ft

A
v

A = (35 ft)(49 ft)
A = 1715 ft

35ft

**Remember: make sure measurements agree; if diameter of pipe is in inches
then change to feet; if flow is in MGD and you need feet or feet/sec then change
to ft*/sec before you plug values into formula.

2 Basic Math
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NN N N | | N | O L e

mega .. kilo hecto deka no deci centi milli .. micro
(M) (k) (h) (da) prefix (d) () (m) (M)
1,000,000 1,000 100 10 1 10 Yo Voo Vo000

Tank Volume Calculations: Most tank volumes calculations are for tanks that are either
rectangular or cylindrical in shape.

Rectangular Tank

Volume =(1)(w)(d)

depth, d

width, wN\

length, |

Cylindrical Tank

Diameter. D

/\ X
N~ Volume = (0.785) (D )? (d)

depth, d

N~

Portion of a Pipeline

< <> I Diameter. D Volume = (0.785) (D )? (1)

length, |

Basic Math
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Solving for the Unknown

Basics—finding x

1. 8.1 = (3)(x)(L.5) 6. 56.5 = 3800
(x)(8.34)

2. (0.785)(0.33)(0.33)(x) = 0.49
7. 114 = (230)(1.15)(8.34)

(0.785)(70)(70)(x)
3. 233 = 44
X
8. 2=_X
180
4. 940 = X
(0.785)(90)(90)
9. 46 = (105)(x)(8.34)
(0.785)(100)(100)(4)

5. X = (165)(3)(8.34)
0.5

10. 2.4 = (0.785)(5)(5)(4)(7.48)
X

4 Basic Math
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11.

12

13.

14.

15
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19,747 = (20)(12)(x)(7.48)

. (15)(12)(1.25)(7.48) = 337
X

x_ =213
(4.5)(8.34)

246

. 6 = (x)(0.18)(8.34)
(65)(1.3)(8.34)

Basic Math

16.

Section 1

(3000)(3.6)(8.34) = 23.4

17.

18.

19.

20.

(0.785)(x)

109 = X
(0.785)(80)(80)

(x)(3.7)(8.34) = 3620

2.5 = 1,270,000
X

0.59 = (170)(2.42)(8.34)
(1980)(x)(8.34)
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Finding x?
21. (0.785)(D?) = 5024

22. (x%)(10)(7.48) = 10,771.2

23. 51 = 64,000
(0.785)(D?)

24. (0.785)(D?) = 0.54

25. 2.1 = (0.785)(D?)(15)(7.48)
(0.785)(80)(80)

6 Basic Math
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Percent Practice Problems

Convert the following fractions to decimals:

1. Ya
2 s
3 Va
4 V2

Convert the following percents to decimals:

5. 35%
6. 99%
7. 0.5%
8. 30.6%

Convert the following decimals to percents:

9. 0.65
10.  0.125
11. 1.0
12.  0.05

Calculate the following:

13. 15% of 125

14.  22% of 450

15. 473 is what % of 2365?

16. 1.3 is what % of 6.5?

Basic Math 7
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Basics — Finding x

1. 1.8
2. 57
3. 53
4. 5,976,990
5. 8256.6
6. 8.1
7. 0.005
Finding x>
21. 80
22, 12
1. 075
2. 0.625
3. 025
4. 05
5. 035
6.  0.99
8

10.

11.

12.

13.

14.

23.

24.

360

1649

244.7

11

7994

590.4

40

0.83

Percent Practice Problems

7.

10.

11.

12.

0.005

0.306

65%

12.5%

100%

5%

Basic Math

Answers for Solving for the Unknown

15.
16.
17.
18.
19.

20.

25.

13.
14.
15.

16.

TDEC - Fleming Training Center

2817
4903
547,616
117
508,000

0.35

10.9

18.75
99
20%

20%
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TDEC - Fleming Training Center

Fleming Training Center
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Area

« Surface of an object
« Two dimensional
« Measured in:

= Square inches

= Square feet

= Square meters, etc.

10 Area and Volume
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Area Formulas
 Rectangle

o Circle

diameter

A = (length, ft)(width, ft)

TDEC - Fleming Training Center

length

pm

A = (0.785)(diameter, ft)2

Diameter is equal

to length and width
of a square and a
circle takes up 78.5%
of square

N
- 4

A

Area of a Rectangle
o)

‘_

TDEC - Fleming Training Center

el

A = (1, f)(w, ft)

A = (10 ft)(5 ft)

A =50 ft2

Area and Volume

Section 2

11
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q
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Area of a Circle
A = (0.785)(D, ft)?
A = (0.785)(2ft)(2ft)

A = 3.14 ft2

Diameter = 2 ft

q

TDEC - Fleming Training Center

Volume

« The amount of space an object occupies
« Volume = (area)(third dimension) or

V = ()(w)(d)

« Measured in:
= Cubic inches
= Cubic feet
o Gallons
= Acre-feet, etc.

12 Area and Volume
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q
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Volume of a Rectangular Tank, ft3

V = (length, ft)(width, ft)(depth, ft)

10’

V = (12 ft)(10ft)(10ft)

V = 1200 fit3 S

10’

12’

q

TDEC - Fleming Training Center

Volume of a Rectangular Tank, gal
V, ft3 = 1200 ft3

V, gal = (Volume, ft3)(7.48 gal/ft3)
10’

V, gal = (1200 ft3)(7.48)

e
V, gal = 8976 gal 10° -

Area and Volume

Section 2

13
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q
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Volume of a Cylinder, ft3

V = (0.785)(D, ft)2(height, ft) @

V = (0.785)(6 ft)(6 ft)(15 ft)

15’
V =424 ft3

e

q

TDEC - Fleming Training Center

Volume of a Cylinder, gallons
V, ft3 =424 ft3

6’
V, gal = (Volume, ft3)(7.48 gal/ft3) q

V, gal = (424 1t3)(7.48)

V, gal = 3171.52 gal
15

14 Area and Volume
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q

TDEC - Fleming Training Center

Note

« When calculating area and volume, if you are
given a pipe diameter in inches, convert it to
feet.

Diameter = 8 in

q

TDEC - Fleming Training Center

Conversions

e Need to know:
o The number that relates the two units

= Ex: 12 inches in a foot, 454 grams in a pound,
3785 mLin a gallon

« Whether to multiply or divide
= Ex: smaller to larger or larger to smaller

Area and Volume 15
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q
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Conversions

« Just looking at the
units, if you are given

| Conversion Factors |

e - e miles and you need
1 foot of head = 0.433 psi .

1psi = 2.31 fest of head feet7 we are g01ng

e : e from left to right on
o : $788 Liers the page, therefore

1 gallon of water = 8.34 |bs 1 . 1

1 cubic foot of water = 7.48 gallons mu tlp y

11b = 453.6 grame

1 mile = 5280 feet .

1% = 10,000 ™%, MU1t1ply

q

TDEC - Fleming Training Center

Conversions

 You have just laid ¥4 mile of sewer line. How
many feet is this?

/4 = 0.25 miles

(0.25 miles)(5280 feet/mile) = 1320 feet

16 Area and Volume
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q

TDEC - Fleming Training Center

Flow Conversions - Box Method

o — ™ | — e
| I
7.48 7.48 P 7.48
1,000,000

| 5 m
”‘J— G — Hw 1440 gpa

I
e [ 80— Tenin — 140 —] Bl asy

q

TDEC - Fleming Training Center

Percent to Decimal

Percent = per one hundred

20% = 20/100 = 0.20
5% = 5/100 = 0.05
12.25% = 12.25/100 = 0.1225
0.5% = 0.5/100 = 0.005

Move decimal 2 places to the left.

Area and Volume 17
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Area, Volume and Conversions

AREA
1. A basin has a length of 45 feet and a width of 12 feet. Calculate the area in ft.

2. Atank has a length of 90 feet, a width of 25 feet, and a depth of 10 feet. Calculate

the surface area in ft°.

3. Calculate the cross-sectional area (in ft?) for a 2-foot main that has just been laid.

4. Calculate the cross-sectional area (in t?) for a 24” main that has just been laid.

5. Calculate the cross-sectional area (in ft%) for a 2-inch line that has just been laid.

18 Area and Volume
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VOLUME

6. Calculate the volume (in ft®) of a tank that measures 10 feet by 10 feet by 10 feet.

7. Calculate the volume (in gallons) of a basin that measures 22 feet by 11 feet by 5
feet deep.

8. Calculate the volume (in gallons) of water in a tank that is 254 feet long, 62 feet
wide, and 10 feet deep if the tank only contains 2 feet of water.

9. Calculate the volume of water in a tank (in gallons) that is 12 feet long by 6 feet
wide by 5 feet deep and contains 8 inches of water.

10. Calculate the maximum volume of water (in gallons) for a kids’ circular swimming
pool that measures 6 feet across and can hold 18 inches of water.

11. How much water (in gallons) can a barrel hold if it measures 3.5 feet in diameter
and can hold water to a depth of 4 feet?

Area and Volume 19
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12. A water main has just been laid and needs to be disinfected. The main is 30” in
diameter and has a length of 0.25 miles. How many gallons of water will it hold?

13. A water main is 10” in diameter and has a length of 5,000 feet. How many million
gallons of water will it hold?

14. A 3 million gallon water tank needs to be disinfected. The method you will use
requires you to figure 5% of the tank volume. How many gallons will this be?

15. Whatis 5% of a 1.2 MG tank?

CONVERSIONS

16. How many seconds in 1 minute?

17. How many minutes in 1 hour?

18. How many hours in 1 day?

19. How many minutes in 1 day?

20 Area and Volume
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20.

21.

22.

23.

24,

25.

26.

How much does 1 ft® of water weigh (pounds)?

How many cubic yards of dirt is 700 ft>?

1050 ft* of dirt is being excavated, how many yd® is this?

A one-quarter mile segment of pipeline is being flushed, how many feet of pipeline
is this?

How many feet of pipe is needed for 2 miles of new line?

A three-eights mile segment of pipeline is to be repaired. How many feet of pipeline
is this?

If there is a 2,200-gallon tank full of water, how many pounds of water are in the
tank?

Area and Volume 21
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ANSWERS:
1. 540 ft?

2. 2,250 ft

3. 3.14 ft?

4. 3.14 ft?

5. 0.0218 ft?
6. 1,000 ft3

7. 9,050.8 gal
8. 235,590 gal
9. 359 gal

10. 317 gal

11. 288 gal

12. 48,442 gal
13.  0.02 MG
14. 150,000 gal
15. 60,000 gal or 0.06 MG
16. 60

17. 60

18. 24

19. 1440

20. 62.41bs

21. 25.9yd?
22. 389yd?
23. 1320 feet
24, 10,560 feet
25. 1,980 ft

26. 18,348 Ibs
22

Area and Volume

TDEC - Fleming Training Center
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Velocity and Flow

Fleming Training Center

TENNESSEE DEPARTMENT OF
ENVIRONMENT AND CONSERVATION

TDEC - Fleming Training Center 1

Velocity

O Distance per time
O Measured in:
m Miles per hour
m Feet per second
m Feet per minute

TDEC - Fleming Training Center 2

24 Velocity and Flow
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Velocity Formulas

O Velocity, ft/sec = distance traveled, ft
time, sec
O Velocity, ft/min = distance traveled, ft
time, min
{ |

Distance Traveled, ft

Float

TDEC - Fleming Training Center 3

Velocity

O A cork is placed in a channel and travels 400
feet in 2 minutes and 25 seconds. What is the
velocity of the wastewater in the channel, ft/min?

O 25 seconds/60 = 0.4167
o Vel = 400 ft = 165.5 ft/min
2.4167 min

TDEC - Fleming Training Center 4

Velocity and Flow 25
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Flow Conversions — Box Method

IE}— 0 Il_cm' || 1440 cf
>
=3 o 748 T48 7.48
S =] - MGD ’
= =

1,000,000
= ©
4{; c=5 | ops | 60 aem Jas0 apa
[%a) £
o w
: 8 8.34 534 334
s D
= m
w
(13
foee [~ 80 —— Foan — 1410 — "l ny
TDEC - Fleming Training Center 5

Flow Conversions — Box Method

O Express a flow of 2 ft3/sec in terms of gal/day.

m (2)(7.48)(60)(1440) o —w —]

m = 1,292,544 gpd
MDﬂ 7“9

0 — —— 1#0 — and

8M a.T
e [~ ow —| — 1 — Pl
TDEC - Fleming Training Center 6
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Flow in a Channel

O Q, ft3/sec = (Area, ft?)(Velocity, ft/sec)
o Q, ft3/sec = (width, ft)(depth, ft)(velocity, ft/sec)

depth, ft

width, ft

TDEC - Fleming Training Center 7

Flow in a Channel

O A channel 36 inches wide has water flowing to a
depth of 2 feet. If the velocity of the water is 1.2
ft/sec, what is the flow in the channel in ft3/sec?

o Q = (3ft)(2 ft)(1.2 ft/sec)

= 7.2 ft3/sec

TDEC - Fleming Training Center 8

Velocity and Flow 27
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Flow in a Pipe Flowing Full

O Q, ft3/sec = (Area, ft?)(Velocity, ft/sec)
O Q, ft¥/sec = (0.785)(Diameter, ft)?(velocity, ft/sec)

ft/sec

Y Ys18wWelq

TDEC - Fleming Training Center 9

Flow in a Pipe Flowing Full

O The flow through a 10-inch diameter sewer is
flowing full at 2.5 ft/sec. What is the flow rate in
ft3/sec and gal/day?

o Q = (0.785)(0.8333)(0.8333)(2.5) = 1.36 ft3/sec

o (1.36 ft3/sec)(7.48 gal/ft3)(60 sec/min)(1440 min/day) =
880,699.5 gal/day

TDEC - Fleming Training Center 10
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T 0 -
Diam.. ft = Velocity, fitime

4 d{'
Flow in a Partially Full Pipe

o Q = (factor from d/D table)(Diameter, ft)?(vel, fps)

deplhvDiameler Table
i 1IHNA 112 [IRIre] 0y [ It 16 11 E404
nn 0 NA7 nar 01711 052 04127 nrr N EARD
LA Lo Uz 000y 0.5 LIE ¥y L.r [T
a.04 0.0105 0.2 01350 054 04327 DTG 06555
uos s U3 DUz v 04426 iFl] [
0.06 0.oi92 031 0.2074 0.5 04526 D31 DGE13
007 0.0242 032 0.2167 0.57 04625 Daz 0.6383
uuU vt U3 D260 u.5U 4724 LU .6veY
uoY L] u34 [IPELL] Uy 04522 Fr) 0.7043
010 0.0400 0.35 0.2450 0.60 04920 D.as 07115
n 4 1134 [P 11 R E] 071
01z 00534 037 0.2042 0.62 05118 Dar 07254
012 0.0600 0.9 0.2739 0.63 05212 Dgg 07320
ni4 11 (Wi M35 0 2A36 i 0 A3 nan 0 73
0.1z 00730 040 0.2034 0.65 0.5404 0.50 07148
n1h nnat n41 nanaz 0 6 0 547 N n 704
i 1 0 [TRIET ni 0 15 11 7
018 0.0961 043 0.3226 0463 05687 D53 07612
015 01032 044 0.3328 0.69 0.5780 D54 0.70602
020 01110 045 03420 070 05072 D85 0T
021 01190 046 0.3527 0.71 0.5954 056 0.7740
037 01284 047 03527 072 0.6054 DaT 07725
n7i 11 1368 1144 TELAL i 0 H143 148 [RERT 11
nz4 111444 114y R 7 uia (2t e 117841
025 01635 050 03027 0.75 06318 100 078854

\I
/

Flow in a Partially Full Pipe

O A 10-inch diameter pipeline has water flowing at
a depth of 4 inches. What is the gal/min flow if
the velocity of the wastewater is 3.1 fps?

O d/D =4 inches of water =+ 10-inch diameter
=4/10=0.4 ~ 0.2934
O Q =(0.2934)(0.8333)(0.8333)(3.1) = 0.6316 ft3/sec
O (0.6316 ft3/sec)(7.48 gal/ft3)(60 sec/min) = 408,169 gpm

TDEC - Fleming Training Center 12

Velocity and Flow
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Applied Math for Wastewater
Flow Conversions

1. Express a flow of 5 cfs in terms of gpm.

2. What is 38 gps expressed as gpd?

3. Convert a flow of 4,270,000 gpd to cfm.

4, What is 5.6 MGD expressed as cfs? (round to nearest tenth)

5. Express 423,690 cfd as gpm.

6. Convert 2730 gpm to gpd.

podfB ooz’ Les'E g wdf 1ogz g Uy e F
LI 96E E wdE ppz'esz's Ldb 77 )

30 Velocity and Flow
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Applied Math for Wastewater
Flow and Velocity

Velocity

1. Acorkis placed in a channel and travels 370 feet in 2 minutes. What is the velocity
of the wastewater in the channel, ft/min?

2. A float travels 300 feet in a channel in 2 minutes and 14 seconds. What is the
velocity in the channel, ft/sec?

3. The distance between manhole #1 and manhole #2 is 105 feet. A fishing bobber is
dropped into manhole #1 and enters manhole #2 in 30 seconds. What is the
velocity of the wastewater in the sewer in ft/min?

é [ ] Distance Traveled, ft [ ] é

Float

Velocity = Distance Traveled, ft
Duration of Test, min

= ft/min

Velocity and Flow 31
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Velocity,
ft/time
depth, ft
width, ft
Q = (A) (V)

fé/time  (fFO)(fY) (ft/time)

Flow in a channel

4.

32

A channel 48 inches wide has water flowing to a depth of 1.5 feet. If the velocity
of the water is 2.8 ft/sec, what is the flow in the channel in cu ft/sec?

A channel 3 feet wide has water flowing to a depth of 2.5 feet. If the velocity
through the channel is 120 feet/min, what is the flow rate in cu ft/min? in MGD?

A channel is 3 feet wide and has water flowing at a velocity of 1.5 ft/sec. If the
flow through the channel is 8.1 ft*/sec, what is the depth of the water in the
channel in feet?

Velocity and Flow
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Diameter, ft Velocity, ft/time
Q = (A) (V)
ft*/time ft? (ft/time)
Q = (0.785) (D)* (vel)
ft®/time (ft) (ft) (ft/time)

Flow through full pipe

7.

10.

The flow through a 2 ft diameter pipeline is moving at a velocity of 3.2 ft/sec.
What is the flow rate in cu ft/sec?

The flow through a 6 inch diameter pipeline is moving at a velocity of 3 ft/sec.
What is the flow rate in ft*/sec?

An 8 inch diameter pipeline has water flowing at a velocity of 3.4 ft/sec. What is
the flow rate in gpm?

The flow through a pipe is 0.7 ft/sec. If the velocity of the flow is 3.6 ft/sec, and
the pipe is flowing full, what is the diameter of the pipe in inches?

Velocity and Flow 33
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Diameter, ft Velocity, ft/time
Q = (A (V)
ft*/time ft? (ft/time)
N
- N
Q = (Factor from d/D Table) (D )?* (vel)
ft*/time (fO)(ft) (ft/time)

Flow through pipe flowing less than full
11. A 12-inch diameter pipeline has water flowing at a depth of 6 inches. What is the
gpm flow if the velocity of the wastewater is 300 fpm?

12. A 10-inch diameter pipeline has water flowing at a velocity of 3.2 fps. What is the
gpd flow rate if the water is at a depth of 5 inches?

13. An 8-inch pipeline has water flowing to a depth of 5 inches. If the flow rate is
415.85 gpm, what is the velocity of the wastewater in fpm?

34 Velocity and Flow
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Answers:

©CoNoOAWNE

185 ft/min

2.2 ft/sec

210 ft/min

16.8 ft’/sec

900 ft*/min and 9.69 MGD
1.8 ft

10 ft’/sec

0.59 ft*/sec

532 gpm

. 6in

. 881 gpm

. 563,980 gpd
. 240 ft/min

Velocity and Flow

Section 3
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Applied Math for Wastewater
Flow Rate
Q = AV
1. A channel is 3 feet wide with water flowing to a depth of 2 feet. If the velocity in
the channel is found to be 1.8 fps, what is the cubic feet per second flow rate in the
channel?

2. A 12-inch diameter pipe is flowing full. What is the cubic feet per minute flow rate
in the pipe if the velocity is 110 feet/min?

3. A water main with a diameter of 18 inches is determined to have a velocity of 182
feet per minute. What is the flow rate in gpm?

4. A 24-inch main has a velocity of 212 feet/min. What is the gpd flow rate for the
pipe?

5. What would be the gpd flow rate for a 6” line flowing at 2 feet/second?

36 Velocity and Flow
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6. A 36” sewer needs to be cleaned. If the line is flushed at 2.5 ft/second, how many
gallons/minute of water should be flushed from the hydrant?

7. A 36” pipe has just been installed. If the wastewater is flowing at a velocity of 2
ft/second, how many MGD will the pipe deliver?

8. A certain pipe has a diameter of 18 inches. If the pipe is flowing full, and the water
is known to flow a distance of 830 yards in 5 minutes, what is the MGD flow rate for
the pipe?

VELOCITY (OPEN CHANNEL)

9. Afloat is placed in a channel. It takes 2.5 minutes to travel 300 feet. What is the
flow velocity in feet per minute in the channel? (Assume that float is traveling at
the average velocity of the water.)

Velocity and Flow 37
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10. A cork placed in a channel travels 30 feet in 20 seconds. What is the velocity of the

cork in feet per second?

11. A channel is 4 feet wide with water flowing to a depth of 2.3 feet. If a float placed

in the channel takes 3 minutes to travel a distance of 500 feet, what is the cubic-
feet-per-minute flow rate in the channel?

FLOW IN A PARTIALLY FULL PIPE
12. Wastewater is moving through an 18-inch sewer at a velocity of 3 ft/sec. If the

wastewater is flowing at a depth of 6 inches, calculate the flow, gal/min.

13. Wastewater is moving through a 12-inch sewer at a velocity of 240 ft/min. If the
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water is flowing at a depth of 9 inches, what is the flow rate, MGD?

Answers:
1. 10.8 ft’/sec 8. 9.5MGD
2.  86.4 ft3/min 9. 120 ft/min
3. 2,404.5 gpm 10. 1.5 ft/sec
4. 7,170,172 gpd 11. 1533 cu ft/min
5. 253,662 gpd 12. 685 gal/min
6. 7,926.93 gpm 13. 1.63 MGD
7. 9.13 MGD
Velocity and Flow
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Preliminary Treatment Math

Wet Well Capacity

1. A wet wellis 13 feet long, 8 feet wide and 10 feet deep. What is the gallon
capacity of the wet well?

2. The maximum capacity of a wet well is 4787 gal. If the wet well is 10 feet long
and 8 feet wide, what is the maximum depth of water in the wet well in feet?

Wet Well Pumping Rate, gpm

3. A wet well is 12 feet by 10 feet. With no influent to the well, a pump lowers
the water level 1.2 feet during a 4-minute pumping test. What is the pumping
rate, gpm?

4. The water level in a well drops 18 inches during a 3-minute pumping test. If
the wet well is 8 feet by 6 feet, what is the pumping rate in gpm?
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Screenings Removed

5. A total of 55 gallons of screenings are removed from the wastewater flow
during a 24-hour period. What is the screenings removal, cu.ft./day?

6. The flow at a treatment plant is 3.6 MGD. If the total of 55 cu.ft. screenings
are removed during a 24-hour period, what is the screenings removal,
cu.ft./MG?

Screenings Pit Capacity, days

7. A screening pit has a capacity of 400 cu.ft. If an average of 3.8 cu.ft of
screenings are removed daily from the wastewater flow, in how many days will
the pit be full?

8. A plant averages a screenings removal of 2.1 cu.ft./MG. If the average daily
flow is 2.7 MGD, how many days will it take to fill a 290 cu.ft. screening pit?
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Grit Removal, cu.ft./MG

9. A treatment plant removes 12 cu.ft. of grit in one day. How many cu.ft./MG of
grit are removed if the plant flow was 8 MGD?

10.The total daily grit removal for a plant is 270 gallons. If the flow is 12.3 MGD,
find the grit removal, cu.ft./MG.

Grit Channel Flow Rate

11.A grit channel 36 inches wide has water flowing to a depth of 1 ft. If the
velocity of the wastewater is 1.1 ft/sec, what is the flow in the channel in cfs
and gpm?

12.A grit channel is 3 feet wide, 50 feet long with water flowing to a depth of 18
inches. What is the fpm velocity through the channel if the flow is 220 gpm?
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Answers:

9

NG kWDE

7,779.2 gal

8 feet

269 gpm
179.5 gpm
7.35 cu.ft./day
15.3 cu.ft./MG
105 days

51 days

1.5 cu.ft./MG

10.2.9 cu.ft./MG
11.1481 gpm
12.6.5 fpm

Collection and Preatreatment
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Applied Math for Wastewater Treatment
Preliminary Treatment Math
Extra Problems

Screenings Pit Capacity

1. A screenings pit has a capacity of 600 cu.ft. If an average of 2.9 cu.ft. of
screenings is removed daily from the wastewater flow, in how many days will
the pit be full?

2. A screenings pit has a capacity of 9 cu. yards available for screenings. If the
plant removes an average of 1.6 cu.ft. per day, in how many days will the pit
be full?

3. A plant has been averaging a screenings removal of 2.6 cu.ft./MG. If the
average daily flow is 2.9 MGD, how many days will it take to fill a screenings
pit with an available capacity of 292 cu.ft.?

4. Suppose we want to use a screenings pit for 120 days. If the screenings
removal rate is 3.5 cu.ft./day, what is the required screenings pit capacity in
cu.ft.?
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Grit Channel Velocity

5. A grit channel is 4 ft. wide, with water flowing to a depth of 18 inches. If
the flow meter indicates a flow rate of 1820 gpm, what is the velocity of flow
through the channel in feet/sec?

6. A stick in a grit channel travels 26 feet in 32 seconds. What is the estimated
velocity in the channel in feet/sec.?

7. The total flow through both channels of a grit channel is 4.3 cfs. If each
channel is 3 ft wide and water is flowing to a depth of 14 inches, what is the
velocity of flow through the channel in fps?

8. A stick placed in a grit channel flows 36 feet in 32 seconds. What is the
estimated velocity in the channel in feet/sec.?

9. The depth of water in a grit channel is 16 inches. The channel is 34 inches
wide. If the flow meter indicates a flow of 1140 gpm, what is the velocity of
flow through the channel in ft/sec.?
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Grit Removal

10.A treatment plant removes 12 cu.ft. of grit in a day. If the plant flow is 8
MGD, what is the grit removal expressed in cu.ft./MG?

11.The total daily grit removal for a plant is 260 gallons. If the plant flow is
11.4 MGD, how many cu.ft. of grit are removed per million gallons of flow?

12.The average grit removal at a particular treatment plant is 3.1 cu.ft./MG. If
the monthly average daily flow is 3.8 MGD, how many cubic yards of grit
would be removed from the wastewater flow during one 30-day month?

13.The monthly average grit removal is 2.2 cubic feet per million gallons. If the
average daily flow for the month is 4,230,000 gpd, how many cubic yards
must be available for grit disposal if the disposal pit is to have a 90-day
capacity?
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14.A grit channel is 2.6 feet wide and has water flowing to a depth of 16 inches.
If the velocity through the channel is 1.1 feet per second, what is the flow
rate through the channel in cu.ft./sec.?

15.A grit channel 3-ft wide has water flowing at a velocity of 1.4 ft per second.
If the depth of the water is 14 inches, what is the flow rate through the
channel, in gal/day?

16.A grit channel 32 inches wide has water flowing to a depth of 10 inches. If
the velocity of the water is 0.90 fps, what is the flow rate in the channel in

cu.ft./sec?
Answers:
1. 207 days 10. 1.5 cu.ft./MG
2. 152 days 11. 3.0 cu.ft./MG
3. 39 days 12. 13.1 cu.yd./month
4. 420 cu.ft. 13. 31 cu.yd.
5. 0.68 fps 14. 3.8 cfs
6. 0.81 fps 15. 3,166,733 gpd
7. 0.61 fps 16. 2 cfs
8. 1.13fps
9. 0.67 fps
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Applied Math for Wastewater Treatment
Sedimentation

1. The flow to a circular clarifier is 3,940,000 gpd. If the clarifier is 75 ft in
diameter and 12 feet deep, what is the clarifier detention time in hours?
(Round to the nearest tenth.)

2. A circular clarifier has a diameter of 50 feet. If the primary clarifier influent
flow is 2,260,000 gpd, what is the surface overflow rate in gpd/sq.ft.?

3. Arectangular clarifier has a total of 210 ft. of weir. What is the weir
overflow rate in gpd/ft when the flow 3,728,000 gpd?

4. A secondary clarifier, 55-ft in diameter, receives a primary effluent flow of
1,887,000 gpd and a return sludge flow of 528,000 gpd. If the MLSS
concentration is 2640 mg/L, what is the solids loading rate in Ibs/day/sq.ft.
on the clarifier? (Round to the nearest tenth.)
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5. A circular primary clarifier has a diameter of 60 feet. If the influent flow to
the clarifier is 2.62 MGD, what is the surface overflow rate in gpd/sq.ft.?

6. A secondary clarifier, 70 feet in diameter, receives a primary effluent flow of
2,740,000 gpd and a return sludge flow of 790,000 gpd. If the mixed liquor
suspended solids concentration is 2815 mg/L, what is the solids loading rate
in the clarifier in lbs/day/sq.ft.? (Round to the nearest tenth.)

7. The flow to a secondary clarifier is 5.1 MGD. If the influent BOD
concentration is 216 mg/L and the effluent BOD concentration is 103 mg/L,
how many Ibs/day BOD are removed daily?

8. The flow to a sedimentation tank 80 feet long, 30 feet wide and 14 feet deep
is 4.05 MGD. What is the detention time in the tank, in hours? (Round to
the nearest tenth.)

Answers:

1. 2.4 hours 6. 21.5 Ibs/day/sq.ft.
2. 1152 gpd/sq.ft. 7. 4806 Ibs/day

3. 17,752 gpd/ft 8. 1.5 hrs

4. 22.4 lbs/day/sq.ft.

5. 927 gpd/sq.ft.
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Applied Math for Wastewater Treatment
Sedimentation
Extra Problems

Detention Time, hours

1. The flow to a sedimentation tank is 70 ft long, 25 ft wide and 10 ft deep is
100,000 gph. What is the detention time in hours?

2. The flow to a sedimentation tank 90 ft long, 30 ft wide and 12 feet deep is
3.0 MGD. What is the detention time in the tank in hours?

3. A rectangular sedimentation basin is 70 feet long by 25 feet wide and has
water to a depth of 10 feet. The flow to the basin is 2,220,000 gpd.
Calculate the detention time in hours for the sedimentation basin.

4. A circular clarifier has a diameter of 80 feet and an average water depth of
12 feet. If the flow to the clarifier is 2,920,000 gpd, what is the detention
time in hours?

52 Sedimentation



TDEC - Fleming Training Center Section 5

5. A rectangular sedimentation basin is 60 ft long and 20 ft wide and contains
water to a depth of 10 feet. If the flow to the basin is 1,520,000 gpd, what
is the detention time in hours?

Weir Overflow Rate, gpd/ft

6. A rectangular clarifier has a total of 120 feet of weir. What is the weir
overflow rate in gpd/ft when the flow is 1.5 MGD?

7. A circular clarifier receives a flow of 2.95 MGD. If the diameter of the weir is
70 ft, what is the weir overflow rate in gpd/ft?

8. A circular clarifier receives a flow of 2,520,000 gpd. If the diameter of the
weir is 70 ft, what is the weir overflow rate in gpd/ft?

9. A rectangular sedimentation basin has a length of 50 ft and a width of 35 ft.
If the flow to the basin is 1,890,000 gpd, what is the weir overflow rate in
gpd/ft?
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10. A circular clarifier receives a flow of 3.7 MGD. If the diameter of the weir is
70 ft, what is the weir overflow rate in gpd/ft?

Surface Overflow Rate, gpd/sq.ft.

11. A circular clarifier has a diameter of 55 ft. If the primary effluent flow is
2,075,000 gpd, what is the surface overflow rate in gpd/sq.ft.?

12. A sedimentation basin 70 ft by 15 ft receives a flow of 1.2 MGD. What is
the surface overflow rate in gpd/sq.ft.?

13. The average flow to a secondary clarifier is 2580 gpm. What is the surface
overflow rate, gpd/ft? if the secondary clarifier has a diameter of 70 ft?

14. A rectangular sedimentation basin is 60 ft long and 25 ft wide. When the
flow is 510 gpm, what is the surface overflow in gpd/sq.ft.?
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15. A circular clarifier has a diameter of 70 ft. If the flow to the clarifier is 1610
gpm, what is the surface overflow in gpd/sq.ft.?

Solids Loading Rate, Ibs/day/sq.ft.

16. A circular secondary clarifier with a diameter of 100 ft treats a flow of 3.5
MGD inflow and 1.0 MGD return sludge flow. If the MLSS concentration is
4200 mg/L, what is the solids loading rate in lbs/day/sq.ft.?

17. A secondary clarifier handles a flow of 0.9 MGD and a suspended solids
concentration of 3600 mg/L. The clarifier is 50 ft in diameter. Find the
solids loading rate in Ibs/day/sq.ft.

18. A secondary clarifier is 70 ft in diameter and receives a combined primary
effluent and return activated sludge (RAS) flow of 3.60 MGD. If the MLSS
concentration in the aerator is 2650 mg/L, what is the solids loading rate on
the secondary clarifier in Ibs/day/sq.ft.?
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19. A secondary clarifier, 80 ft in diameter, receives a primary effluent flow of
3.10 MGD and a return activated sludge flow of 1.15 MGD. If the MLSS
concentration is 2825 mg/L, what is the solids loading rate on the clarifier in
Ibs/day/sq.ft.?

20. A secondary clarifier, 60 ft in diameter, receives a primary effluent flow of
2,550,000 gpd and a return activated sludge flow of 800,000 gpd. If the
MLSS concentration is 2210 mg/L, what is the solids loading rate on the
clarifier in Ibs/day/sq.ft.?

BOD and Suspended Solids Removed, Ibs/day

21. If 110 mg/L suspended solids are removed by a primary clarifier, how many
Ibs/day suspended solids are removed when the flow is 6,150,000 gpd?

22. If 125 mg/L suspended solids are removed by a primary clarifier, how many
Ibs/day suspended solids are removed when the flow is 5.16 MGD?
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23.The flow to a primary clarifier is 2,920,000 gpd. If the influent to the
clarifier has a BOD concentration of 240 mg/L and the primary effluent has a
200 mg/L BOD, how many lbs/day BOD are removed by the clarifier?

24. The flow to a secondary clarifier is 4.44 MGD. If the influent BOD
concentration is 200 mg/L and the effluent concentration is 110 mg/L, how
many lbs of BOD are removed daily?

25.The flow to a primary clarifier is 980,000 gpd. If the influent to the clarifier
has a suspended solids concentration of 320 mg/L and the primary clarifier
effluent has a suspended solids concentration of 120 mg/L, how many
Ibs/day suspended solids are removed by the clarifier?

Unit Process Efficiency, 20

26. The suspended solids entering a primary clarifier is 182 mg/L. If the
suspended solids concentration in the primary clarifier effluent is 79 mg/L,
what is the suspended solids removal efficiency of the primary clarifier?

Sedimentation
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27. The influent to a primary clarifier has a BOD content of 260 mg/L. If the
primary clarifier effluent has a BOD concentration of 54 mg/L, what is the
BOD removal efficiency?

28. The suspended solids entering a primary clarifier is 230 mg/L. If the
suspended solids concentration in the primary clarifier effluent is 95 mg/L,
what is the suspended solids removal efficiency of the primary clarifier?

29. The concentration of suspended solids entering a primary clarifier is 188
mg/L. If the concentration of suspended solids in the primary clarifier
effluent is 77 mg/L, what is the suspended solids removal efficiency of the
primary clarifier?

30. The influent to a primary clarifier has a BOD content of 280 mg/L. If the
primary clarifier effluent has a BOD concentration of 60 mg/L, what is the
BOD removal efficiency of the primary clarifier?

Answers:

1. 1.3 hrs 9. 11,118 gpd/ft  17. 14 Ibs/day/ ft* 25. 1635 Ibs/day
2. 1.9 hrs 10. 16,833 gpd/ft  18. 21 Ibs/day/ ft* 26. 56.6%

3. 1.4 hrs 11. 874 gpd/ft? 19. 20 Ibs/day/ ft* 27. 79.2%

4. 3.7 hrs 12. 1143 gpd/ft>  20. 22 Ibs/day/ ft* 28. 58.7 %

5. 1.4 hrs 13. 966 gpd/ft? 21. 5642 Ibs/day  29. 59.0%

6. 12,500 gpd/ft  14. 490 gpd/ft® 22. 5379 Ibs/day  30. 78.6%

7. 13,421 gpd/ft  15. 603 gpd/ ft 23. 974 Ibs/day

8. 11,465 gpd/ft  16. 20 Ibs/day/ ft* 24. 3333 Ibs/day
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Applied Math for Wastewater Treatment
Trickling Filter Math

1. A standard rate filter, 90 feet in diameter, treats a primary effluent flow of 540,000
gpd. If the recirculated flow to the trickling filter is 120,000 gpd, what is the
hydraulic loading rate on the filter in gpd/sq.ft.?

2. Atrickling filter, 75 feet in diameter, treats a primary effluent flow of 640,000 gpd.
If the recirculated flow to the trickling filter is 110,000 gpd, what is the hydraulic
loading rate in gpd/sq.ft. on the trickling filter?

3. A trickling filter, 85 feet in diameter with a media depth of 5 feet, receives a flow of
1,200,000 gpd. If the BOD concentration of the primary effluent is 160 mg/L, what
is the organic loading on the trickling filter in Ibs BOD/day/1000 cu.ft.?

4. A trickling filter, 80 feet in diameter with a media depth of 6 feet, receives a flow of
3,240,000 gpd. If the BOD concentration of the primary effluent is 110 mg/L, what
is the organic loading on the trickling filter in Ibs BOD/day/1000 cu.ft.?
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5.
6.
many |bs/day BOD are removed?
7.
8.
plant?
Answers:
1. 103.8 gpd/sq.ft.
2. 169.9 gpd/sq.ft.
3. 56.5 Ibs/day/1000 cu.ft.
4. 98.6 lbs/day/1000 cu.ft.

Section 6

If a trickling filter removes 113 mg/L suspended solids, how many |bs/day
suspended solids are removed when the flow is 2,668,000 gpd?

If a trickling filter removes 177 mg/L BOD when the flow is 2,840,000 gpd, how

The suspended solids concentration entering a trickling filter is 210 mg/L. If the
suspended solids concentration in the trickling filter effluent is 67 mg/L, what is the
suspended solids removal efficiency of the trickling filter?

The influent to a primary clarifier has a BOD content of 252 mg/L. The trickling
filter effluent BOD is 20 mg/L. What is the BOD removal efficiency of the treatment

®~N oo

2514.4 |bs/day
4192.4 |bs/day
68.1%
92.1%

Trickling Filters
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Applied Math for Wastewater Treatment
Trickling Filter Math
Extra Problems

Conventional filters
Rotating ﬂshthm

Hydraulic Loading Rate

1. A trickling filter 75 ft in diameter treats a primary clarifier effluent flow of 1.4 MGD.
If the recirculated flow is 0.3 MGD, what is the hydraulic loading rate, gpd/sq ft?

2. The flow to a standard rate trickling filter is 450,000 gpd. If the trickling filter is 80
ft in diameter and 5 ft deep, what is the hydraulic loading rate?
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3. A trickling filter, 80 ft in diameter, treats a primary effluent flow of 660,000 gpd. If
the recirculated flow to the trickling filter is 120,000 gpd, what is the hydraulic
loading rate on the trickling filter in gpd/ft??

4. A high-rate trickling filter receives a flow of 2360 gpm. If the filter has a diameter
of 90 ft, what is the hydraulic loading on the filter in gpd/ft*?

5. A trickling filter receives a flow of 2200 gpm with a BOD concentration of 125 mg/L.
If the filter is 95 feet in diameter, what is the hydraulic loading rate, gpd/sq ft?

Organic Loading Rate (OLR)

6. A trickling filter 80 ft in diameter with a media depth of 4 ft receives a primary
effluent flow of 1.85 MGD with a BOD concentration of 110 mg/L. What is the
organic loading rate, lbs BOD/day/1000 cu ft?

7. An 80 ft diameter trickling filter with a media depth of 7 ft receives a flow of
2,180,000 gpd. If the BOD concentration of the primary effluent is 139 mg/L, find
the organic loading rate.
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8. A trickling filter, 100 ft in diameter with a media depth of 6 ft, receives a flow of
1,400,000 gpd. If the BOD concentration of the primary effluent is 210 mg/L, what
is the organic loading on the trickling filter in Ibs BOD/day/1000 ft*?

9. A 90-ft diameter trickling filter with a media depth of 7 ft receives a primary effluent
flow of 3,400,000 gpd with a BOD of 111 mg/L. What is the organic loading on the
trickling filter in Ibs BOD/day/1000 ft>?

10. Calculate OLR for the following trickling filter:

Diameter: 75 ft Flow: 315 gpm
Media depth: 5 ft Influent BOD: 210 mg/L

BOD & Suspended Solids Removal

11.1f 110 mg/L suspended solids are removed by a trickling filter, how many pounds
per day suspended solids are removed when the flow is 4.2 MGD?

12.A trickling filter receives a flow of 4,900,000 gpd. If the BOD concentration entering
the trickling filter is 160 mg/l and the effluent contains 30 mg/L, how many pounds
of BOD are removed daily?
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13.1f 122 mg/L suspended solids are removed by a trickling filter, how many lbs/day
suspended solids are removed when the flow is 3,240,000 gpd?

14.The flow to a trickling filter is 1.82 MGD. If the primary effluent has a BOD
concentration of 250 mg/L and the trickling filter effluent has a BOD concentration
of 74 mg/L, how many Ibs of BOD are removed?

15.1f 182 mg/L of BOD are removed from a trickling filter when the flow to the trickling
filter is 2,920,000 gpd, how many Ibs/day BOD are removed?

Unit Process Efficiency

16.The suspended solids entering a trickling filter is 135 mg/L. If the suspended solids
in the effluent is 28 mg/L, what is the suspended solids removal efficiency, %? If
the flow to the filter is 1.5 cfs, calculate Ibs/day suspended solids removed.

17.The suspended solids concentration entering a trickling filter is 149 mg/L. If the
suspended solids concentration in the trickling filter effluent is 48 mg/L, what is the
suspended solids removal efficiency of the trickling filter?

Trickling Filters 65



Section 6 TDEC - Fleming Training Center

18.The influent to a primary clarifier has a BOD content of 261 mg/L. The trickling
filter effluent BOD is 22 mg/L. What is the BOD removal efficiency of the treatment
plant?

19.The concentration of suspended solids entering a trickling filter if 201 mg/L. If the
concentration of suspended solids in the trickling filter effluent is 22 mg/L, what is
the suspended solids removal efficiency of the trickling filter?

20.The concentration of suspended solids entering a trickling filter is 111 mg/L. If 88
mg/L suspended solids are removed from the trickling filter, what is the suspended
solids removal efficiency of the trickling filter?

ANSWERS:
1. 385 gpd/ft? 11.3853 Ibs/day SS Removed
2. 89.6 gpd/ft? 12.5313 Ibs/day BOD Removed
3. 155 gpd/ft® 13. 3297 Ibs/day SS Removed
4. 534 gpd/ft® 14. 2671 Ibs/day BOD Removed
5. 447 gpd/ft® 15. 4432 |Ibs/day BOD Removed
6. 84.5 |Ibs BOD/day/1000 ft* 16. 79%; 865 Ibs/day SS Removed
7. 71.9 Ibs BOD/day/1000 ft? 17. 67.8%
8. 52.1 Ibs BOD/day/1000 ft* 18. 91.6%
9. 70.7 Ibs BOD/day/1000 ft? 19.89.1%
10.36 Ibs BOD/day/1000 ft® 20.79.3%
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Applied Math for Wastewater Treatment
Activated Sludge

BOD or COD Loading. Ibs/day

This is the food part of the F/M ratio
COD is sometimes used if there is a good correlation between it and BOD
Loading guidelines for the 3 operational modes of Activated Sludge are:
o0 High Rate
= COD: greater than 1 Ib COD/day/lb MLVSS under aeration
= BOD: greater than 0.5 |b BOD/day/lb MLVSS under aeration
o Conventional
= COD: 0.5to 1 Ib COD/day/Ib MLVSS under aeration
= BOD: 0.25 to 0.5 Ib BOD/day/Ib MLVSS under aeration
o0 Extended Aeration
= COD: less than 0.2 Ib COD/day/Ib MLVSS under aeration
= BOD: less than 0.1 Ib BOD/day/Ib MLVSS under aeration
For untreated domestic wastewater, BOD = (0.4 to 0.8)(COD)

Solids Inventory in the Aeration Tank, Ibs. MLSS or Ibs. MLVSS

In an activated sludge system, the solids under aeration must be controlled
The SS in aeration tank are the MLSS

MLVSS is an estimate of the microorganism population in the aeration tank.
The MLVSS is typically 70% of the MLSS, the remaining 30% are fixed (or
inorganic) solids

Food to Microorganism Ratio

In order for an Activated Sludge system to operate properly, there must be a
balance between the food (BOD or COD) and bugs in the aeration tank (MLVSS).
The F/M ratio is a process control calculation used in many activated sludge plants
Best F/M depends on the type of activated sludge system and the wastewater
characteristics
The F/M ratio is calculated from the amount of BOD or COD applied each day and
from the solids inventory in the aeration tank.
Typical ranges for F/M (using BOD):

o Conventional ranges are 0.2-0.4

0 Extended Aeration ranges are 0.05-0.15
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Mean Cell Residence Time (MCRT), days

Also called SRT, Solids Retention Time
Approach used for solids control, adjust WAS to maintain MCRT
Most desirable MCRT for a plant is determined experimentally
Typical ranges are:
o0 Conventional plants MCRT is 5-15 days
0 Extended aeration MCRT is 20-30 days
MCRT based on suspended solids leaving the system and includes the aeration tank
and final clarifier
Also can determine the type of bugs that predominate and therefore the degree of
nitrification that may occur
0 From AWT Table 2.6: MCRT needed to produce nitrified effluent as
related to temp
= 10°C — 30 days
= 15°C — 20 days
» 20°C — 15 days
= 250C — 10 days
= 30°C — 7 days

Wasting Rates

The amount of activated sludge wasted may vary from 1-20% of total incoming
flow

Expressed in Ibs or gallons/day

Wasting is the diverting of flow to primary clarifier, thickener, gravity belt thickener
or aerobic or anaerobic digester
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Applied Math for Wastewater Treatment
Activated Sludge

BOD or COD Loading. Ibs/day

1. The flow to an aeration tank is 850,000 gpd. If the BOD content of the wastewater
entering the aeration tank is 225 mg/L, how many pounds of BOD are applied to
the aeration tank daily?

2. The flow to an aeration tank is 1200 gpm. If the COD concentration of the
wastewater is 155 mg/L, what is the COD loading rate in Ibs/day?

Solids Inventory in the Aeration Tank. Ibs. MLSS or Ibs. MLVSS

3. An aeration basin is 120 ft long, 45 ft wide and holds wastewater to a depth of 12
ft. If the aeration basin has an MLSS concentration of 2150 mg/L, how many
pounds of MLSS are under aeration?
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4. The aeration tank of a conventional activated sludge plant has an MLSS
concentration of 2300 mg/L with a volatile solids content of 72%. If the volume of
the aeration tank is 200,000 gallons, how many pounds of volatile solids are under
aeration?

Food to Microorganism Ratio

5. An activated sludge aeration tank receives a primary effluent flow of 1.6 MGD with
a BOD concentration of 180 mg/L. The mixed liquor volatile suspended solids is
2200 mg/L and the aeration tank volume is 420,000 gallons. What is the current
F/M ratio?

6. The flow to a 195,000 gallon oxidation ditch is 365,000 gpd. The BOD
concentration of the wastewater is 170 mg/L. If the MLSS concentration is 2550
mg/L with a volatile content of 70%, what is the F/M ratio?

7. The desired F/M ratio of an extended aeration activated sludge plant is 0.5 Ibs
COD/Ib. MLVSS. If the 3.0 MGD primary effluent flow has a COD of 172 mg/L, how
many Ibs of MLVSS should be maintained in the aeration tank?
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Mean Cell Residence Time (MCRT), days

8. An activated sludge system has a total of 28,500 Ibs of mixed liquor suspended
solids. The suspended solids leaving the final clarifier in the effluent is 400 lbs/day.
The pounds suspended solids wasted from the final clarifier is 2910 Ibs/day. What
is the solids retention time (MCRT), days?

9. Determine MCRT given the following information:

Aeration Tank = 1,400,000 gal MLSS = 2650 mg/L
Final Clarifier = 105,000 gal S.E. SS =22 mg/L
Flow = 3,000,000 gpd CCSS = 1890 mg/L
WAS Pump Rate = 68,000 gpd WAS = 6050 mg/L

Wasting Rates

10. Using Constant F/M Ratio: The desired F/M ratio for an activated sludge system is
0.6 Ibs BOD/Ib MLVSS. It has been calculated that 3300 Ibs of BOD enter the
aeration basin daily. If the volatile solids content of the MLSS is 68%, how many
Ibs MLSS are desired in the aeration basin?
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11. Using Constant MCRT: The desired MCRT for an activated sludge plant is 8.5 days.
The secondary effluent flow is 3.16 MGD with a suspended solids content of 22
mg/L. There is a total of 32,100 Ibs SS in the system. How many |Ibs/day WAS SS
must be wasted to maintain the desired MCRT?

Answers:

1. 1595 lbs BOD/day 7. 8607 Ibs MLVSS

2. 2234 Ibs COD/day 8. 8.6 days

3. 8691 Ibs MLSS 9. 8.2 days

4. 2762 Ibs MLVSS 10. 8088 Ibs MLSS desired
5. 0.31 11. 3197 Ibs to waste

6. 0.18
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Applied Math for Wastewater Treatment
Activated Sludge
Extra Problems

BOD or COD Loading, Ibs/day

1. The flow to an aeration basin is 880,000 gpd. If the BOD content of the
wastewater entering the aeration basin is 240 mg/L, what is the lbs/day BOD
loading?

2. The flow to the aeration basin is 2980 gpm. If the COD concentration of the
wastewater is 160 mg/L, how many Ibs of COD are applied to the aeration basin
daily?

3. The BOD content of the wastewater entering an aeration basin is 165 mg/L. If the
flow to the aeration basin is 3,240,000 gpd, what is the Ibs/day BOD loading?

4. The daily flow to an aeration basin is 4,880,000 gpd. If the COD concentration of
the influent wastewater is 150 mg/L, how many lbs of COD are applied to the
aeration basin daily?
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Solids Inventory in the Aeration Basin, Ibs. MLSS or Ibs. MLVSS

5.

If the mixed liquor suspended solids concentration is 2110 mg/L and the aeration
basin has a volume of 460,000 gallons, how many Ibs of suspended solids are in
the aeration basin?

The aeration basin of a conventional activated sludge plant has a mixed liquor
volatile suspended solids (MLVSS) concentration of 2420 mg/L. If the aeration
basin is 90 ft long by 50 ft wide and has wastewater to a depth of 16 ft, how many
Ibs of MLVSS are under aeration?

The aeration basin of a conventional activated sludge plant has a mixed liquor
volatile suspended solids (MLVSS) concentration of 2410 mg/L. If the aeration
basin is 80 ft long by 40 ft wide and has wastewater to a depth of 16 ft, how many
Ibs of MLVSS are under aeration?

An aeration basin is 110 ft long, 30 ft wide and has wastewater to a depth of 16 ft.
If the aeration basin of this conventional activated sludge plant has a mixed liquor
suspended solids (MLSS) concentration of 2740 mg/L, how many |bs of MLSS are
under aeration?
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9. An aeration basin is 110 ft long, 50 ft wide and has wastewater to a depth of 16 ft.
If the mixed liquor suspended solids (MLSS) concentration in the aeration basin is

2470 mg/L with a volatile solids content of 73%, how many Ibs of MLVSS are under
aeration?

Food to Microorganism Ratio

10. An activated sludge aeration basin receives a primary effluent flow of 2.72 MGD
with a BOD concentration of 198 mg/L. The mixed liquor volatile suspended solids
(MLVSS) concentration is 2610 mg/L and the aeration basin volume is 480,000
gallons. What is the current F/M ratio?

11. An activated sludge aeration basin receives a primary effluent flow of 3,350,000
gpd with a BOD of 148 mg/L. The mixed liquor volatile suspended solids (MLVSS)

concentration is 2510 mg/L and the aeration basin volume is 490,000 gallons.
What is the F/M ratio?
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12.

13.

14.

The flow to a 195,000 gallon oxidation ditch is 320,000 gpd. The BOD
concentration of the wastewater is 180 mg/L. If the mixed liquor suspended solids
(MLSS) concentration is 2540 mg/L with a volatile solids content of 72%, what is
the F/M ratio?

The desired F/M ratio at an extended aeration activated sludge plant is 0.7 Ib
BOD/Ib MLVSS. If the primary effluent flow is 3.3 MGD and has a BOD of 181
mg/L, how many pounds of MLVSS should be maintained in the aeration basin?

The desired F/M ratio at a particular activated sludge plant is 0.4 Ibs BOD/Ib MLVSS.
If the primary effluent flow is 2,510,000 gpd and has a BOD concentration of 141
mg/L, how many Ibs of MLVSS should be maintained in the aeration basin?

Mean Cell Residence Time (MCRT), days

15.

An activated sludge system has a total of 29,100 Ibs of MLSS. The concentration of
suspended solids leaving the final clarifier in the effluent is calculated to be 400
Ibs/day. Suspended solids wasted from the clarifier are 2920 lbs/day. What is the
MCRT in days?

Activated Sludge 7



Section 7 TDEC - Fleming Training Center

16. Determine the MCRT given the following data: aeration basin volume, 1,500,000
gallons; mixed liquor suspended solids, 2710 mg/L; final clarifier, 106,000 gallons;
waste activated sludge, 5870 mg/L; WAS pumping rate, 72,000 gpd; plant flow, 3.3
MGD; secondary effluent SS, 25 mg/L; average clarifier core SS, 1940 mg/L.

17. An aeration basin has a volume of 460,000 gallons. The final clarifier has a volume
of 178,000 gallons. The MLSS concentration in the aeration basin is 2222 mg/L. If
1610 Ibs/day suspended solids are wasted and 240 Ibs/day suspended solids are in
the secondary effluent, what is the MCRT for the activated sludge system?

78 Activated Sludge



TDEC - Fleming Training Center Section 7

18. Determine MCRT given the following information:

Aeration Basin = 350,000 gal MLSS = 2910 mg/L
Final Clarifier = 125,000 gal S.E. SS =16 mg/L
Flow = 1,400,000 gpd WAS = 6210 mg/L

WAS Pump Rate = 27,000 gpd

Wasting Rates

19. Using Constant F/M Ratio: The desired F/M ratio for an activated sludge system is
0.5 Ibs BOD/Ib MLVSS. It has been calculated that 3400 Ibs of BOD enter the
aeration basin daily. If the volatile solids content of the MLSS is 69%, how many
Ibs MLSS are desired in the aeration basin?

20. Using Constant MCRT: The desired MCRT for an activated sludge plant is 9 days.
The secondary effluent flow is 3,220,000 gpd with a suspended solids content of 23
mg/L. There is a total of 32,400 Ibs SS in the system. How many |Ibs/day WAS SS
must be wasted to maintain the desired MCRT?
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21. Given the following data, determine the Ibs/day suspended solids to be wasted:

Aeration Tank Volume = 1.2 MG Desired F/M = 0.4
Influent Flow = 3,100,000 gpd MLSS = 2200 mg/L
BOD = 110 mg/L %VS = 68%

Answers:

1. 1761 lbs BOD/day 12. 0.16

2. 5726 Ibs COD/day 13. 7116 lbs MLVSS

3. 4459 Ibs BOD/day 14. 7379 lbs MLVSS

4. 6105 Ibs COD/day 15. 8.8 days

5. 8095 Ibs MLSS 16. 8.5 days

6. 10,870 Ibs MLVSS 17. 6.4 days

7. 7698 Ibs MLVSS 18. 7.3 days

8. 9025 Ibs MLSS 19. 9855 Ibs MLSS desired

9. 9899 Ibs MLVSS 20. 2982 Ibs MLSS to waste

10. 0.43 21. 11,562 lbs MLSS to waste

11. 0.40
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Horsepower and Efficiency

Applied Math For Pumps And Motors

TDEC - Fleming Training Center 1

Understanding Power

o Power is the measure of how much
work is done in a given amount of time

o The basic units for power
measurement is foot-pounds per
minute and expressed as (ft-Ib/min)
e in electric terminology = Watts

o This is work performed per time
(work/time)
e One Horsepower: 1 HP = 33,000 ft-Ib/min
e In electric terms: 1 HP = 746 Watts

TDEC - Fleming Training Center 3

Motor Brake Water
Horsepower Horsepower Horsepower
(MHP) (BHP) (WHP)
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Pumps
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Understanding Work and
Horsepower

o Work: The exertion of force over a
specific distance.

e Example: Lifting a one-pound object one
foot.

o Amount of work done would be
measured in foot-pounds
e (feet) (pounds) = foot-pounds

o (1 pound object) ( moved 20 ft) = 20
gt—IBs of wor{<

TDEC - Fleming Training Center 2

Types of Horsepower

o Motor Horsepower is related to the
watts of electric power supplied to a
motor

o Brake Horsepower is the power
supplied to a pump by a motor

o Water Horsepower is the portion of
power delivered to a pump that is
actually used to lift the water

o Water horsepower is affected by
elevation and location of the pump.

TDEC - Fleming Training Center 4

Computing Water Horsepower

o It is the amount of horsepower
required to lift the water

o Formula for water horsepower
(WHP)
WHP = (flow gpm) (total head feet)
3,960

33,000 ft-Ib/min = 3960
8.34 105/,
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Water Horsepower

o For example: A pump must pump
3,000 gpm against a total head of
25 feet. What water horsepower
will be required?

o WHP = (3000 gpm)(25 head in ft)
3960

= 18.94

TDEC - Fleming Training Center 7

Motor Horsepower

oMHP = (flow, gpm) (head, ft)
(3960)(% pump eff.)(%o
motor eff.)
o MHP = brake HP
(% motor efficiency)
Pumps - BHP
MHP | Motor | BHp WHP
% motor eff x % pump
eff

TDEC - Fleming Training Center 1
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Brake Horsepower

oBHP = (flow, gpm) (head, ft)
(3960) (% pump efficiency)
o BHP = water HP
(% pump efficiency)
Pumps
MHP Motor

- -

% motor eff % pump eff

Right to Left means you divide
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Pumps - MHP

MHP Motor

\% motor eff/

-

% pump eff
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MHP Motor BHP WHP

% motor eff % pump eff

Left to Right means you multiply
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Motor and Pump Efficiency

o Neither the motor nor the pump will ever
be 100% efficient

o Not all the power supplied by the motor to
the pump (Brake Horsepower) will be used
to lift the water (Water Horsepower)

o Power for the motor and pump is used to
overcome friction

o Power is also lost when energy is converted
to heat, sound, etc.
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Typical Efficiency

o Example:
e Motor Efficiency = 82%
e Pump Efficiency = 67%
o Wire to Water Efficiency
e (0.82) (0.67) = 0.55
e 0.55 x 100% = 55%

o Note: If not given, you will have to
calculate both motor and pump efficiency.

TDEC - Fleming Training Center 17
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Pumps - BHP

MHP Motor BHP WHP

N

% motor eff” = % pump eff

TDEC - Fleming Training Center 14

Typical Efficiency

o Pumps are generally 50-85 % efficient
o Motors are usually 80-95% efficient

o Combined efficiency of the motor and
pump is called wire-to-water efficiency

o Wire-to-Water is obtained by
multiplying the motor and pump
efficiencies together

TDEC - Fleming Training Center 16

Overall Efficiency

o Must Know the WHP and the MHP
e If not given you will have to compute both.

o % Efficiency, overall = WHP
MHP

o % Over All Efficiency = 18.5 WHP = 53%
35 MHP

o In all cases, the bottom number will be
larger than the top number.
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Determining Pumping Costs

What was your electric bill last
month?

TDEC - Fleming Training Center 19

Determining Pumping Costs

o For example, if you have a pumping
job which requires 25 HP and the
cost is $0.035/kW-hr. What is the
pumping cost for one hour?

oCost, $/hr = (MHP)(0.746 kW/HP)(cost, $/kW-hr)

= (25 HP)(0.746)($0.035/ kW-hr)
= $0.65/hr

TDEC - Fleming Training Center 2

Motor Ratings, Volts, Amps,
Single and Multiple Phases

o Power in reference to motors is in watts

e determined by multiplying the volts and ampere
spec for the particular motor used

o For example, a 220 volt motor which pulls
100 amps would have a power wattage of
22,000 watts. What would be the
horsepower of this motor?

o HP = (volts)(amps) = (220)(100) = 29hp
746 watts/hp 746

TDEC - Fleming Training Center 2
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Determining Pumping Costs

o Electrical Power is sold in units of
kilowatt-hours

o One Horsepower = 0.746 kilowatt

o To compute pumping costs, need to
know the power requirements
(power demand) of the motor and
the length of time the motor runs

TDEC - Fleming Training Center 20

A Few Electrical Terms...

o Power (Watts) - amount of work done

o Voltage (volts) - electrical “pressure”
available to cause flow of electricity

o Amperage (amps) - the amount of flow of
electricity

o Power = (voltage)(amperage)
or

o Watts = (volts)(amps)
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Wattage Power Factor of Motors

o There are two type of motors that we
usually use. They are:
e Single-Phase Motors

e Three-Phase Motors (usually any motor
over 2 hp)

o kw, = (volts)(amps)(power factor)
Single Phase 1,000 Watts/kilowatt

o kw, = (volts)(amps)(power factor)(1.732)
Three Phase 1,000 Watts/kilowatt

Remember, if you are asked to find watts, don’t divide by 1,000

TDEC - Fleming Training Center 2
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Power Factor Of Motors

o The power factor of a motor is
computed by dividing the watts by the
volt and amp rating of the motor

o Power Factor = watts
(volts)(amps)

o The power factor might be on the data
plate, but will always be in the manual

TDEC - Fleming Training Center 2
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Amperes Single and Three Phase

o amps, = (746)(horsepower)

single Phase  (Volts)(%oeff.)(power factor)

o amps, = (746)(horsepower)
Three Phase  (1.732)(volts)(%oeff.)(power factor)

TDEC - Fleming Training Center 2
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Applied Math for Wastewater
Pump Horsepower & Efficiency

. A pump must pump 2,500 gpm against a total head of 73 feet. What horsepower
(water horsepower) will be required to do the work?

. A pump is delivering a flow of 1,035 gpm against 46.7 feet of head. What horsepower
will be required?

. If a pump is to deliver 630 gpm of water against a total head of 102 feet, and the pump
has an efficiency of 78%, what power must be supplied to the pump?

. You have calculated that a certain pumping job will require 10.1 whp. If the pump is
84% efficient and the motor is 73% efficient, what motor horsepower will be required?
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What is the overall efficiency if an electric power equivalent to 36 hp is supplied to the
motor and 16.3 hp of work is accomplished?

A pump is discharging 1,250 gpm against a head of 71 feet. The wire-to-water
efficiency is 82%. If the cost of power is $0.028/kW hr, what is the cost of the power
consumed during a week in which the pump runs 126 hours?

A wet well is 12 feet long and 10 feet wide. The influent valve to the wet well is closed.
If a pump lowers the water level 2.6 feet during a 5-minute pumping test, what is the
gpm pumping rate?

ANSWERS

46 hp 6. $71.93
12.2 hp 7. 467 gpm
20.8 hp

16.5 hp

45.3%
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Applied Math for Wastewater
Pump Horsepower/Efficiency/Cost/Motors
Extra Problems

HORSEPOWER

1. A pump must pump 3,000 gpm against a total head of 25 feet. What
horsepower (water horsepower) will be required to do the work?

2. A flow of 555 gpm must be pumped against a head of 40 feet. What is the
horsepower required?

3. Suppose a pump is pumping a total head of 76.2 feet. If 900 gpm is to be
pumped, what is the water horsepower requirement?

4. Suppose a pump is pumping against a total head of 46 feet. If 850 gpm is to
be pumped, what is the horsepower requirement?

5. A pump is delivering a flow of 835 gpm against a total head of 35.6 feet.
What is the water horsepower?
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6. What is the water horsepower of a pump that is producing 1,523 gpm
against a head of 65 feet?

EFFICIENCY

7. If a pump is to deliver 360 gpm of water against a total head of 95 feet, and
the pump has an efficiency of 85 percent, what horsepower must be supplied
to the pump?

8. If a pump is to deliver 450 gpm of water against a total head of 90 feet, and
the pump has an efficiency of 70 percent, what horsepower must be supplied
to the pump?

9. The motor nameplate indicated that the output of a certain motor is 35 hp.
How much horsepower must be supplied to the motor, if the motor is 90%
efficient?

10. The motor nameplate indicated that the output of a certain motor is 20 hp.
How much horsepower must be supplied to the motor if the motor is 90
percent efficient?
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11.

12.

13.

14.

15.

You have calculated that a certain pumping job will require 9 whp. If the
pump is 80 percent efficient and the motor is 72 percent efficient, what
motor horsepower will be required?

You have calculated that a certain pumping job will require 6 whp. If the
pump is 80 percent efficient and the motor is 90 percent efficient, what
motor horsepower will be required?

Based on the gallons per minute to be pumped and the total head the pump
must pump against, the water horsepower requirement was calculated to be
18.5 whp. If the motor supplies the pump with 21 hp, what must be the
efficiency of the pump?

What is the overall efficiency if an electric power equivalent to 35 hp is
supplied to the motor and 18.5 hp of work is accomplished?

Suppose that 31 kilowatts (kW) power is supplied to a motor. If the brake
horsepower is 19 bhp, what is the efficiency of the motor?

Pumps 91



Section 8 TDEC - Fleming Training Center

16. Suppose that 10 kilowatts (kW) power is supplied to a motor. If the brake
horsepower is 12 bhp, what is the efficiency of the motor?

PUMPING COST

17. The motor horsepower required for a particular pumping job is 39 hp. If
your power cost is $0.08/kW hr, what is the cost of operating the motor for
one hour?

18. The motor horsepower required for a particular pumping job is 30 hp. If
your power cost is $0.05/kW hr, what is the cost of operating the motor for
one hour?

19. You have calculated that the minimum motor horsepower requirement for a
particular pumping problem is 25 mhp. If the cost of power is $0.025/kW hr,
what is the power cost in operating the pump for 14 hours?
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20. A pump is discharging 1100 gpm against a head of 65 feet. The wire-to-
water efficiency is 70 percent. If the cost of power is $0.025/kW hr, what is
the cost of the power consumed during a week in which the pump runs 80
hours?

21. Given a brake horsepower of 18.5, a motor efficiency of 88 percent and a
cost of $0.015/kW hr, determine the daily power cost for operating a pump.

22. A pump is discharging 1500 gpm against a head of 80 feet. The wire-to-
water efficiency is 68 percent. If the cost of power is $0.035/kW hr, what is
the cost of the power consumed during a week in which the pump runs 90
hours?

MOTORS

23. What would be the horsepower on a motor that is rated at 36 amps and 440
volts?
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24. What would be the horsepower on a motor that is rated at 12 amps and 440
volts?

25. What would be the horsepower on a motor that is rated at 16 amps and 440
volts?

26. How many watts of power does a single-phase motor use if it pulls 12 amps
at 110 volts and has a power factor of 1?

27. How many watts of power does a single-phase motor use if it pulls 12 amps
at 220 volts and has a power factor of 0.8?

28. How many watts of power does a single-phase motor use if it pulls 12 amps
at 110 volts and has a power factor of 0.3?
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29. How many watts of power does a three-phase motor use if it pulls 20 amps
at 440 volts and has a power factor of 0.85?

30. How many watts of power does a three-phase motor use if it pulls 40 amps
at 440 volts and has a power factor of 0.9?

31. How many kilowatts of power does a three-phase motor use if it pulls 20
amps at 440 volts and has a power factor of 0.85?

32. What is the power factor on a system that uses 3872 watts and pulls 11
amps at 440 volts?

33. What is the power factor on a system that uses 3960 watts and pulls 10
amps at 440 volts?
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HORSEPOWER

18.9 hp
5.6 hp
17.3 hp
9.9 hp
7.5 hp
25 hp

SoakwbdE

EFFICIENCY
7. 10.2 hp
8. 14.6 hp
9. 38.9hp
10. 22.2 hp
11. 15.6 hp
12. 8.3 hp
13. 88%
14. 53%
15. 45.7%
16. 89.5%

TDEC - Fleming Training Center

ANSWERS

Pumps

PUMPING COST

17. $2.33/hr
18. $1.12/hr
19. $6.53
20. $38.48
21. $5.65
22. $104.72

MOTORS

23. 21.2 hp

24. 7.1 hp

25. 9.4 hp

26. 1,320 watts
27. 2,112 watts
28. 396 watts

29. 12,955.4 watts
30. 27,434.9 watts
31. 13 kW

32. 0.8

33. 0.9
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Applied Math for Wastewater
Pump Rates Problems

1. During a 60-minute pumping test, 9,456 gallons are pumped into a tank that has a
length of 10 feet, width of 8 feet, and depth of 6 feet. The tank was empty before
the pumping test was started. What is the GPM rate?

2. During a 30-minute pumping test, 3680 gallons are pumped into a tank, which has
a diameter of 10 ft. The water level before the pumping test was 3 ft. What is the
GPM rate?

3. A 50-ft diameter tank has water to a depth of 6 feet. The inlet valve is closed and a
2-hour pumping test is begun. If the water level in the tank at the end of the test
is 2.3 feet, what is the pumping rate in gallons per minute?

R
]

N
S

6 ft

{ N
231t
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4. A tank has a length of 12 feet, a depth of 12 feet, a width of 12 feet, and has water
to a depth of 10 feet. If the tank can be emptied in 1 hour 37 minutes, what is the
pumping rate in gallons per minute?

5. During a pumping test, water was pumped into an empty tank 10 feet by 10 feet by
5 feet deep. The tank completely filled with water in 10 minutes 30 seconds.
Calculate the pumping rate in GPM.

6. During a 60 minute pumping test, 11,321 gallons are pumped into a tank that has a
length of 15 feet, a width of 10 feet and a depth of 8 feet. The tank was empty
before the pumping test was started. What is the GPM rate?

ANSWERS

%. %g;? gpm 5. 356.2 gpm
. .7 gpm

3. 452.6 gpm 6. 188.7 gpm

4. 111 gpm
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Applied Math for Wastewater Treatment
Chemical Dosage

e To convert between mg/L concentrations and % concentrations, use the
conversion of 1% = 10,000 mg/L
e mg/L is “parts per million” concentration or ppm

Chemical Feed Rate (Full Strength), Ibs/day

1. Determine the chlorinator setting (Ibs/day) needed to treat a flow of 8.2 MGD with
a chlorine dose of 4.5 mg/L.

2. The desired dosage for a dry polymer is 2.3 mg/L. If the flow to be treated is
4,236,800 gpd, how many Ibs/day of polymer is required?

Chemical Feed Rate (Less than Full Strength), Ibs/day

3. A total chlorine dose of 6.8 mg/L is required to treat a particular wastewater. If the
flow is 1.3 MGD and the calcium hypochlorite has 65% available chlorine, calculate
the Ibs/day of hypochlorite required.
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4. Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite (65% available
chlorine). The recommended dose is 15 mg/L chlorine. If your flow is 69 gpm,
how much calcium hypochlorite is required, lbs/day?

Chlorine Dose, Demand and Residual, mg/L
Demand = Dose — Residual

Dose = Demand + Residual
Residual = Dose — Demand

5. A secondary wastewater effluent is tested and found to have a chlorine demand of

3.2 mg/L. If the desired chlorine residual is 0.5 mg/L, what is the desired chlorine
dose, mg/L?

6. What should the chlorinator setting be (Ibs/day) to treat a flow of 4.2 MGD if the
chlorine demand is 6 mg/L and a chlorine residual of 1.0 mg/L is desired?

Chemical Dosage. mg/L

7. A wastewater plant has a flow of 1,180 gpm. If the chlorinator is feeding 76
pounds per day, what is the dose in mg/L?
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8. The chlorinator is set to feed 26.5 Ibs of chlorine per 24 hours for a plant flow of
1.2 MGD. Calculate the chlorine residual for a chlorine demand of 1.85 mg/L.

Hypochlorination

9. How many pounds of HTH (65% available chlorine) will it take to make a 5%
solution when dissolved in enough water to make 25 gallons of hypochlorite?

10. How many pounds of 65% HTH are used to make 10 gallon of 5% solution?

Answers:

1. 308 Ibs/day 6. 245 Ibs/day
2. 81.3 Ibs/day 7. 5.36 mg/L
3. 113 Ibs/day 8. 0.8 mg/L

4. 19.1 Ibs/day 9. 16 Ibs

5. 3.7 mg/L 10. 6.4 Ibs
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Applied Math for Wastewater Treatment
Chemical Dosage

Chemical Feed Rate (Full Strength), Ibs/da

1. Determine the chlorinator setting (Ibs/day) needed to treat a flow of 4.4 MGD with
a chlorine dose of 3.2 mg/L.

2. The desired dosage for a dry polymer is 1.1 mg/L. If the flow to be treated is
1,660,000 gpd, how many lIbs/day of polymer is required?

3. To neutralize a sour digester, one pound of lime is added for every pound of volatile
acids in the digester sludge. If the digester contains 195,000 gallons of sludge with
a volatile acid level of 2,100 mg/L, how many pounds of lime should be added?
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4. To control hydrogen sulfide (H,S) and odors in an 8-inch sewer, the chlorine dose
must be 10 mg/L when the flow is 0.37 MGD. Determine the chlorine feed rate in
Ibs/day.

5. A wastewater flow of 3.8 cfs requires a chlorine dose of 15 mg/L. What is the
desired chlorine feed rate in Ibs/day?

6. A company contends a new product effectively controls roots in sewer pipes at a
concentration of 150 mg/L if the contact time is 60 minutes. How many pounds of
chemical are required, assuming perfect mixing, if 450 feet of 6-inch sewer were to
be treated?

Chemical Feed Rate (Less than Full Strength), Ibs/da
7. A total chlorine dose of 10.8 mg/L is required to treat a particular wastewater. If

the flow is 2.77 MGD and the calcium hypochlorite has 65% available chlorine,
calculate the Ibs/day of hypochlorite required.
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8. The desired dose of a polymer is 4 mg/L. The polymer literature provided indicates
the compound is 60% active polymer. If a flow of 4.2 MGD is to be treated, how
many Ibs/day of polymer compound must be fed?

9. The effluent from a wastewater lagoon requires a chlorine dose of 18 mg/L. If the
average daily flow is 1,095,000 gpd and sodium hypochlorite (15% available
chlorine) is to be used to disinfect the wastewater, how many lbs/day of
hypochlorite are required?

10. Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite (65% available
chlorine). The recommended dose is 15 mg/L chlorine. If your flow is 75 gpm,
how much calcium hypochlorite is required, Ibs/day?

11. If sodium hypochlorite (15% available chlorine) is used instead in #10, how many
gallons must be fed daily? (Assume 1 gallon of solution weighs 8.34 Ibs.)
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12.

To inactivate and control slime in the collection system, 40% sodium hydroxide
(NaOH) can be fed at about 8,000 mg/L over one hour. If the NaOH solution is
used to treat a section of 12-inch sewer 800 ft long, calculate the volume in gallons
of NaOH solution required. (Assume 1 gallon solution weighs 8.34 Ibs)

Chlorine Dose, Demand and Residual, mg/L

13.

14.

A secondary wastewater effluent is tested and found to have a chlorine demand of
4.8 mg/L. If the desired chlorine residual is 0.9 mg/L, what is the desired chlorine
dose, mg/L?

The chlorine dose for a secondary effluent is 8.4 mg/L. If the chlorine residual after
a 30 minute contact time is found to be 0.8 mg/L, what is the chlorine demand,
mg/L?

15. What should the chlorinator setting be (Ibs/day) to treat a flow of 3.9 MGD if the

chlorine demand is 8 mg/L and a chlorine residual of 1.5 mg/L is desired?
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16. A secondary effluent is tested and found to have a chlorine demand of 4.9 mg/L. If
the desired residual is 0.8 mg/L, what is the desired chlorine dose (mg/L)?

17. The chlorine dosage for a secondary effluent is 8.8 mg/L. If the chlorine residual
after 30 minutes of contact time is found to be 0.9 mg/L, what is the chlorine
demand in mg/L?

18. The chlorine demand of a secondary effluent is 7.9 mg/L. If the chlorine residual of
0.6 mg/L is desired, what is the desired chlorine dosage in mg/L?

Chemical Dosage, mg/L

19. The chlorinator is set to feed 31.5 Ibs of chlorine per 24 hours for a plant flow of
1.6 MGD. Calculate the chlorine residual for a chlorine demand of 1.85 mg/L.
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20. A wastewater plant has a flow of 2,570 gpm. If the chlorinator is feeding 93
pounds per day, what is the dose in mg/L?

21. What should the chlorinator setting be in Ibs/day to treat a flow of 4.0 MGD if the
chlorinator demand is 9 mg/L and a chlorine residual of 1.7 mg/L is desired?

Hypochlorination

22. How many pounds of HTH (65% available chlorine) will it take to make a 2%
solution when dissolved in enough water to make 15 gallons of hypochlorite?

23. How many pounds of 65% HTH are used to make 1 gallon of 3% solution?

24. How many pounds of 65% available HTH is needed to make 5 gallons of 18%
solution?
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Use the following information for problems 25 — 28:
At 8:00 a.m. on Monday morning a chlorine cylinder weighs 83 pounds. At 8:00 a.m.
on Tuesday morning the same cylinder weighs 69 pounds.

25. What is the chlorinator feed rate in pounds per day?

26. Estimate the chlorine dose in mg/L for the chlorinator. The flow totalizer reads
12,982,083 gallons at 8:00AM on Monday morning and 13,528,924 at 8:00AM on
Tuesday morning. (Note: This totalizer does not zero out each morning.)

27. If the setting on the chlorinator does not change, how many pounds of chlorine will
be left in the cylinder on Friday morning at 8:00 a.m.?

28. How many 150-Ib chlorine cylinders will this water plant need in a month (with 30
days) if the chlorinator setting remains the same?
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Use the following information for problems 29 — 31.:

At 8:00 a.m. on Friday morning a chlorine cylinder weighs 298 pounds. That afternoon
at 4:00 p.m. the same cylinder weighs 216 pounds.

29. What is the chlorinator feed rate in pounds per day?

30. How many pounds of chlorine will be in the cylinder at 8:00 a.m. on Saturday
morning if the feed rate does not change?

31. What is the minimum number of ton cylinders the operator will need in a month

with 31 days (at this feed rate)?

Answers:

117 Ibs/day
15.2 Ibs/day
3415 Ibs
30.9 Ibs/day
307 Ibs/day
0.83 Ibs
384 Ibs/day
234 Ibs/day
1096 lbs/day
10. 20.8 Ibs/day
11. 10.8 gpd
12. 93.9 gpd
13. 5.7 mg/L
14. 7.6 mg/L
15. 309 Ibs/day
16. 5.7 mg/L

©CoNoORAWLNE

17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

7.9 mg/L
8.5 mg/L
0.51 mg/L
3.0 mg/L
357 Ibs/day
3.8 Ibs

0.4 Ibs
11.5 Ibs

14 lbs/day
3.1 mg/L
27 lbs

3 cylinders
246 lbs/day
52 Ibs

4 cylinders
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Applied Math for Wastewater Treatment
Sludge Digestion

e Typical Aerobic Digester
o Detention time greater than 20 days
o Volatile solids loading = 0.1 — 0.3 Ibs VS/day/ft®
o DO=1.0
0O pH=59-7.7

e Typical Anaerobic Digester
o0 Detention time = 30 — 60 days
Heated = 90-95°F
Volatile solids loading = 0.04 — 0.1 Ibs VS/day/ft®
pH=6.8-7.2

© O O

Volatile Solids to the Digester, Ibs/day

1. If a 8,250 Ibs/day of solids with a volatile solids content of 68% are sent to the
digester, how many lIbs/day volatile solids are sent to the digester?

2. A total of 3600 gpd of sludge is pumped to the digester. If the sludge has a 5.7%
solids content with 71% volatile solids, how many lbs/day volatile solids are
pumped to the digester?
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Digester Loading Rate, Ibs VS added/day/ft>

3. What is the digester loading if a digester, 45 feet in diameter with a liquid level of
20 feet, receives 82,500 Ibs/day of sludge with 5.8% solids and 69% volatile solids?

4. A digester, 40-ft in diameter with a liquid level of 18 ft receives 26,400 gpd of
sludge with 5.7% solids and 71% volatile solids. What is the digester loading in Ibs
VS added/day/ft>?

Volatile Acids/Alkalinity Ratio

e VA/AIK ratio is an indicator of progress of digestion and the balance between the
two stage process of anaerobic digestion
o First stage — facultative, acid forming organisms convert complex organic
matter to volatile (organic) acids
0 Second stage — anaerobic methane-forming organisms convert the acids
to odorless end products of methane gas and carbon dioxide
e Normally less than 0.1, acceptable range is 0.1 — 0.2
0 Increase indicates possible excess feeding of raw sludge to the digester or
removal of too much digested sludge
0 pH decreases at less than or equal to 0.8

5. The volatile acids concentration of the sludge in an anaerobic digester is 170 mg/L.
If the measured alkalinity is 2150 mg/L, what is the VA/Alkalinity ratio?
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Percent Volatile Solids Reduction

e Aerobic digester = 40-50%
e Anaerobic digester = 40-60%

6. The raw sludge to a digester has a volatile solids content of 69%. The digested
sludge volatile solids content is 53%. What is the percent volatile solids reduction?

7. The digested sludge volatile solids content is 52%. The raw sludge to the digester
has a volatile solids content of 67%. What is the percent volatile solids reduction?

Volatile Solids Destroyed. lbs VS/day/ft>

e Measure of digester effectiveness

8. A flow of 3750 gpd sludge is pumped to a 35,000-ft* digester. The solids
concentration of the sludge is 6.3% with a volatile solids content of 68%. If the
volatile solids reduction during digestion is 54%, how many lbs/day volatile solids
are destroyed per ft® of digester capacity?
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9. A 50-ft diameter digester receives a sludge flow of 2800 gpd with a solids content
of 5.8% and a volatile solids concentration of 70%. The volatile solids reduction
during digestion is 54%. The digester operates at a level of 20 ft. What is the
Ibs/day volatile solids reduction per cu ft of digester capacity? Assume the sludge
weighs 8.34 Ibs/day.

Digester Gas Production, ft® Gas Produced/Ib VS destroyed

e Indicator of the progress of digestion
e Normal range is 12 — 18 ft* gas produced / Ib VS destroyed
e Sharp increase indicates presence of high organic content of sludge

10. The anaerobic digester at a treatment plant receives a total of 10,500 gpd of raw
sludge. This sludge has a solids content of 5.3% of which 64% is volatile. If the
digester yields a volatile solids reduction of 61% and the average digester gas
production is 22,300 ft*, what is the daily gas production in ft*/Ib VS destroyed
daily?

11. A total of 2060 Ibs of volatile solids are pumped to the digester daily. If the percent
reduction of volatile solids due to digestion is 57% and the average gas production
for the day is 19,150 ft*, what is the daily gas production in ft*/Ib VS destroyed
daily?
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Digestion Time, days

e Flow through the digester

12. An aerobic digester 40-ft in diameter has a side water depth of 12 ft. The sludge
flow to the digester is 8200 gpd. Calculate the hydraulic detention time in days.

13. A 50-ft aerobic digester has a side water depth of 10 feet. The sludge flow to the
digester is 9500 gpd. Calculate the digestion time in days.

ANswers:

5610 Ibs/day

1215 lbs/day

0.10

0.39

0.08

49.3%

46.6%

0.021 Ibs/day/ft
0.013 Ibs/day/ft?

10. 12.3ft*/Ib VS destroyed
11. 16.3ft*/Ib VS destroyed
12. 13.7 days

13. 15.5 days

©CoNoORAWNRE
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Applied Math for Wastewater Treatment
Sludge Digestion
Extra Problems

Digester Loading Rate, Ibs VS added/day/ft3

1. A digester 50 ft in diameter with a water depth of 22 ft receives 86,100 Ibs of raw

sludge per day. If the sludge contains 5% solids and 70% is volatile solids, what is
the digester loading in Ibs VS added/day/ft>?

2. What is the digester loading in Ibs VS added/day/ft® if a digester that is 40 ft in
diameter with a liquid level of 22 ft receives 28,500 gpd of sludge with 5.6% solids
and 72% volatile solids? Assume the sludge weighs 8.34 Ibs/gal.

3. A digester that is 50 ft in diameter with a liquid level of 20 ft receives 36,220 gpd of
sludge with 5.6% solids and 68% volatile solids. What is the digester loading in Ibs
VS added/day/ft>» Assume the sludge weighs 8.34 Ibs/gal.

4. A digester that is 50 ft in diameter with a liquid level of 18 ft receives 16,200 gpd of

sludge with 5.1% solids and 72% volatile solids. What is the digester loading in Ibs
VS added/day/ft>?

Sludge Digestion 117



Section 10 TDEC - Fleming Training Center

Volatile Acids/Alkalinity Ratio

5. The volatile acids concentration of the sludge in an anaerobic digester is 174 mg/L.
If the measured alkalinity is 2220 mg/L, what is the VA/Alkalinity ratio?

6. The volatile acids concentration of the sludge in an anaerobic digester is 160 mg/L.
If the measured alkalinity is 2510 mg/L, what is the VA/Alkalinity ratio?

7. The measured alkalinity is 2410 mg/L. If the volatile acids concentration of the
sludge in an anaerobic digester is 144 mg/L, what is the VA/Alkalinity ratio?

8. The measured alkalinity is 2620 mg/L. If the volatile acids concentration of the
sludge in an anaerobic digester is 178 mg/L, what is the VA/Alkalinity ratio?
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Lime Neutralization

9. To neutralize a sour digester, 1 mg/L of lime is added for every mg/L of volatile
acids in the digester sludge. If the digester sludge contains 244,000 gallons of
sludge with a volatile acid level of 2280 mg/L, how many Ibs of lime should be
added?

10. To neutralize a sour digester, 1 mg/L of lime is added for every mg/L of volatile
acids in the digester sludge. If the digester sludge contains 200,000 gallons of
sludge with a volatile acid level of 2010 mg/L, how many Ibs of lime should be
added?

11. A digester contains 234,000 gallons of sludge with a volatile acid level of 2540
mg/L. To neutralize a sour digester, 1 mg/L of lime is added for every mg/L of
volatile acids in the digester sludge. How many lbs of lime should be added?

12. A digester sludge is found to have a volatile acids content of 2410 mg/L. If the
digester volume is 182,000 gallons, how many Ibs of lime will be required for
neutralization?
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Percent Volatile Solids Reduction

13. Sludge entering a digester has a volatile solids content of 68%. Sludge leaving the
digester has a volatile solids content of 52%. What is the percent volatile solids
reduction?

14. Sludge leaving a digester has a volatile solids content of 54%. Sludge entering the
digester has a volatile solids content of 70%. What is the percent volatile solids
reduction?

15. The raw sludge to a digester has a volatile solids content of 70%. The digested
sludge volatile solids content is 55%. What is the percent volatile solids reduction?

16. The volatile solids content of a digested sludge is 54%. The raw sludge to a
digester has a volatile solids content of 69%. What is the percent volatile solids
reduction?
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Volatile Solids Destroyed, Ibs VS/day/ft3

17. A flow of 3800 gpd sludge is pumped to a 36,500 ft* digester. The solids
concentration of the sludge is 6.3% with a volatile solids content of 73%. If the
volatile solids reduction during digestion is 57%, how many lbs/day volatile solids
are destroyed/ft® of digester capacity? Assume the sludge weighs 8.34 Ibs/gal.

18. A flow of 4520 gpd sludge is pumped to a 34,000 ft* digester. The solids
concentration of the sludge is 7% with a volatile solids content of 69%. If the
volatile solids reduction during digestion is 54%, how many Ibs/day volatile solids
are destroyed/ft® of digester capacity? Assume the sludge weighs 8.34 Ibs/gal.

19. A 50-ft diameter digester receives a sludge flow of 2600 gpd with a solids content
of 5.6% and a volatile solids concentration of 72%. The volatile solids reduction
during digestion is 52%. The digester operates at a level of 18 ft. What is the
Ibs/day volatile solids reduction/ft* of digester capacity? Assume the sludge weighs
8.34 Ibs/gal.
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20. The sludge flow to a 40-ft diameter digester is 2800 gpd with a solids concentration

of 6.1% and a volatile solids concentration of 65%. The digester is operated at a
depth of 17 ft. If the volatile solids reduction during digestion is 56%, what is the
Ibs/day volatile solids reduction per 1000 ft> of digester capacity? Assume the
sludge weighs 8.34 Ibs/gal.

Digester Gas Production, ft® Gas Produced/Ib VS destroyed

21. A digester gas meter reading indicates that, on average, 6600 ft® of gas are

22.

produced per day. If 500 Ibs/day volatile solids are destroyed, what is the digester
gas production in ft*/Ib VS destroyed?

A total of 2110 Ibs of volatile solids are pumped to the digester daily. If the percent
reduction of volatile solids due to digestion is 59% and the average gas production
for the day is 19,330 ft3, what is the daily gas production in ft*/Ib VS destroyed
daily?

23. A total of 582 Ibs/day of volatiles solids are destroyed. If a digester gas meter

reading indicates that 8710 ft> of gas are produced per day, on average, what is the
digester gas production in ft*/Ib VS destroyed daily?
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24. The percent reduction of volatile solids due to digestion is 54% and the average
gas production for the day is 26,100 ft>. If 3320 Ibs of volatile solids are pumped to
the digester daily, what is the gas production in ft*/Ib VS destroyed daily?

Digestion Time, days

25. An aerobic digester 40-ft in diameter has a side water depth of 10 ft. The sludge
flow to the digester is 8250 gpd. Calculate the hydraulic detention time in days.

26. A 40-ft aerobic digester has a side water depth of 12 feet. The sludge flow to the
digester is 9100 gpd. Calculate the digestion time in days.

27. An aerobic digester is 80 ft long by 25 ft wide and has a side water depth of 12 ft.
The sludge flow to the digester is 7800 gpd, what is the hydraulic digestion time, in
days?
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28. An aerobic digester is 90 ft long by 20 ft wide and has a side water depth of 10 ft.
The sludge flow to the digester is 7600 gpd, what is the hydraulic digestion time, in

days?

Answers:

0.07 Ibs VS added/day/ft
0.35 Ibs VS added/day/ft®
0.29 Ibs VS added/day/ft®

15.
16.
17.

47.6%
47.3%
0.023 Ibs VS/day/ft®

1.
2.

3.

4. 0.14 Ibs VS added/day/ft® 18. 0.029 Ibs VS/day/ft®

5. 0.078 19. 0.013 Ibs VS/day/ft®

6. 0.064 20. 24.3 Ibs VS/day/1000 ft*
7. 0.060 21. 13.2 ft*/ Ib VS destroyed
8. 0.068 22. 15.5 ft*/ Ib VS destroyed
9. 4640 Ibs 23. 15.0 ft*/ Ib VS destroyed
10. 3353 Ibs 24. 14.6 ft*/ Ib VS destroyed
11. 4957 Ibs 25. 11.4 days

12. 3658 lbs 26. 12.4 days

13. 49.0% 27. 23 days

14. 49.7% 28. 17.7 days
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Applied Math for Wastewater Treatment
Geometric Mean

Geometric Mean Using a Texas Instrument TI-30Xa

Example:
60 100 0 0

Geometric Mean — (X1)(X2)(X3)...(Xn)*"

Step 1: 1/n > 1 divided by the number of test results. For our
example above, there are four test results.
e 1+ 4=0.25 (write this number down, you will use it in
Step 3)

Step 2: Multiply all of the test results together and punch the = button on the
calculator. Remember to count 0 as a 1.
e 60x100x1x1=6000 (Do Not clear out your calculator)

Step 3: Punch the y* button and then type in the number from Step 1, then punch =.
e 6000 y*0.25 = 8.8011

Geometric Mean Using a Texas Instrument T1-30Xa

s T-ZOKIB

Example:
60 100 0 0

Geometric Mean — (X1)(X2)(X3)...(Xn)*"

Step 1: 1/n > 1 divided by the number of test results. For our
example above, there are four test results.
e 1-+4=0.25 (write this number down, you will use it in
Step 3)

Step 2: Multiply all of the test results together and punch the = button on the
calculator. Remember to count O as a 1.
e 60x100x1x1=6000 (Do Not clear out your calculator)

Step 3: Punch the (~) button, then type in the number from Step 1, & then punch =.
e 6000 y*0.25 = 8.8011

126 Laboratory



TDEC - Fleming Training Center Section 11

Applied Math for Wastewater Treatment
Laboratory

Bacterioloqical, fecal coliform and E. coli

1. Calculate the geometric mean for the following fecal coliform test results: 60, 100,
0, 0, 40, 20, 20, 45, 55, 60, 20, 20

2. Calculate the geometric mean for the following fecal coliform test results: 0, 0, 50,
50, 25, 100, 100, 50, 75, 50

Solutions

3. How many mL of 0.7 N NaOH is needed to get 750 mL of 0.05 N NaOH?

4. How many mL of 0.5 N NaOH react with 800 mL of 0.1 N HCI?

Settleable Solids (Imhoff Cone)

5. Calculate the percent removal of settleable solids if the settleable solids of the
sedimentation tank influent are 16.5 mL/L and the settleable solids of the effluent
are 0.6 mL/L.
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6. The settleable solids of the raw wastewater is 18 mL/L. If the settleable solids of
the clarifier is 0.9 mL/L, what is the settleable solids removal efficiency of the
clarifier?

7. The settleable solids of the raw wastewater is 20 mL/L. If the settleable solids of
the clarifier is 0.8 mL/L, what is the settleable solids removal efficiency of the
clarifier?

Settleability

8. The settleability test is conducted on a sample of MLSS. What is the percent
settleable solids if 410 mL settle in the 2000-mL graduate?

9. A 2000-mL sample of activated sludge is poured into the 2000-mL graduate. If the
settled sludge is measured as 315 mL, what is the percent settleable solids?

10. The settleability test is conducted on a sample of MLSS. What is the percent
settleable solids if 390 mL settle in the 2000-mL graduate?
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Suspended Solids and Volatile Suspended Solids

11. Given the following information regarding a primary effluent sample, calculate (a)
the mg/L suspended solids and (b) the percent volatile suspended solids of the

sample.
After Drying After Burning
Sample Volume = 50 mL (Before Burning) (Ash)
Weight of Sample & Dish 25.6715 g 25.6701 g
Weight of Dish (Tare Wt.) 25.6670 g 25.6670 g

12. Given the following information regarding a primary effluent sample, calculate (a)
the mg/L suspended solids and (b) the percent volatile suspended solids of the

sample.
After Drying After Burning
Sample Volume = 25 mL (Before Burning) (Ash)
Weight of Sample & Dish 36.1544 g 36.1500 g
Weight of Dish (Tare Wt.) 36.1477 g 36.1477 g
SVI and SDI

Values normally fall in the range of 50-150

A rise indicates young bulky sludge

A decrease below the range of 50-150 indicates old sludge

A good settling quality of activated sludge is a low SVI around 50-80

13. The settleability test indicates that after 30 minutes, there are 215 mL of suspended
solids in the 1-liter graduate cylinder. If the MLSS concentration in the aeration
tank is 2180 mg/L, what is the sludge volume index?
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14. The activated sludge settleability test indicates 380 mL settling in the 2-liter
graduate cylinder. If the MLSS concentration in the aeration tank is 2260 mg/L,
what is the sludge volume index?

15. The MLSS concentration in the aeration tank is 2050 mg/L. If the activated sludge
settleability test indicates 219 mL settled in the one-liter graduated cylinder, what is
the sludge density index?

Biochemical Oxygen Demand, BOD

e Blanks must not deplete more than 0.2 mg/L DO

e The sample must deplete at least 2.0 mg/L DO, if it does not, the dilution is too
weak and report as inadequate depletion

e After 5 days of incubation at 20°C + 1.0°C, the sample must have at least 1.0
mg/L DO, if less than, the sample was too strong

16. Given the following information, determine the BOD of the wastewater:

Sample Volume =5 mL

BOD Bottle Volume = 300 mL

Initial DO of Diluted Sample = 6 mg/L
Final DO of Diluted Sample = 3.5 mg/L

17. Given the following information, determine the BOD of the wastewater:

Sample Volume = 10 mL

BOD Bottle Volume = 300 mL

Initial DO of Diluted Sample = 8.3mg/L
Final DO of Diluted Sample = 4.2 mg/L
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18. Given the following primary effluent BOD test results, calculate the 7-day average:

April 10 — 190 mg/L April 14 — 210 mg/L
April 11 — 198 mg/L April 15 — 201 mg/L
April 12 — 205 mg/L April 16 — 197 mg/L

April 13 — 202 mg/L

Alkalinity

19. Calculate the total alkalinity in mg/L as CaCOg3 for a sample of raw wastewater that
required 24 mL of 0.02N H,SO, to titrate 100 mL sample from pH 7.2 to 4.5.

20. Calculate the total alkalinity in mg/L as CaCO3 for a sample of raw wastewater that
required 10.1 mL of 0.02N H,SQO, to titrate 100 mL sample from pH 7.5 to 4.5.

Oxygen Uptake Rate

21. Dissolved air concentrations are taken on an air-saturated sample of digested
aerobic sludge at one-minute intervals. Given the following results, calculate the
oxygen uptake rate, mg/L/hr.

Elapsed Time, DO,
min mg/L

7.9
6.8
6.1
5.3
4.6
3.9

abr wWdNRFO
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22. The influent to a treatment plant has a temperature of 72°F. What is the

temperature expressed in degrees Celsius?

23. Convert 56° F to degrees Celsius.

24. The effluent of a treatment plant is 22°C. What is this temperature expressed in

degrees F?

ANswers:

21

26

53.6 mL

160 mL

96.4%

95%

96%

20.5%

9. 15.8%

10. 19.5%

11. 90 mg/L SS; 31.1% VSS
12. 268 mg/L SS; 65.7% VSS

ONoGhkwDdE

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

98.6 mL/g
84.1 mL/g
0.936

150 mg/L
123 mg/L
200 mg/L
240 mg/L
101 mg/L
44mg/L/hr
22.2°C
13.3°C
71.6°F
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Applied Math for Wastewater Treatment
Laboratory
Extra Problems

Bacterioloqical, fecal coliform and £. coli

1.

Determine the geometric mean for the following samples:

Sample #1 = 20.0 mg/L
Sample #2 = 20.0 mg/L
Sample #3 = 210.0 mg/L
Sample #4 = 3,500.0 mg/L

Determine the geometric mean for the following samples:

Sample #1 = 45.0 mg/L
Sample #2 = 61.0 mg/L
Sample #3 = 98.0 mg/L
Sample #4 = 150.0 mg/L

Determine the bacteria colonies/100 mL for a 25 mL sample that had 50 colonies
grow on the membrane filter for fecal coliforms.

Determine the bacteria colonies/100 mL when a membrane filtration test was
performed for £. coli, after 24-hours of incubation, 57 colonies were counted. The
sample volume used was 75 mL.
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Solutions

5. How many mL of 0.2N NaOH will react with 500 mL of 0.01N HCI?

6. A 2-liter volume of 0.05N HCI solution is to be prepared. How many mL of 9N HCI
must be diluted with water to prepare the desired volume?

7. It takes 8.2 mL of a solution of HCI to neutralize 10 mL of 4N NaOH. What is the
concentration of the HCI solution?

Settleable Solids (Imhoff Cone

8. Calculate the percent removal of settleable solids if the settleable solids of the
sedimentation tank influent are 16.5 mL/L and the settleable solids of the effluent
are 0.6 mL/L.

9. The settleable solids of the raw wastewater is 18 mg/L. If the settleable solids of
the clarifier is 0.9 mL/L, what is the settleable solids removal efficiency of the
clarifier?
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10. The settleable solids of the raw wastewater is 20mg/L. If the settleable solids of
the clarifier is 0.8 mL/L, what is the settleable solids removal efficiency of the
clarifier?

Settleability

11. A settleability test is conducted on a sample of MLSS. What is the percent
settleable solids if 440 mL settle in a 2000-mL graduated cylinder?

12. A 2000-mL sample of activated sludge is taken. If the settled sludge is measured
as 320 mL, what is the percent settleable solids?

13. A settleability test is conducted on a sample of MLSS. What is the percent
settleable solids if 410 mL settle in a 2000-mL graduated cylinder?
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Total Solids and Volatile Solids

14. Given the following information regarding a primary effluent sample, calculate (a)
the percent total solids and (b) the percent volatile suspended solids of the sample.

Sludge After Drying After Burning
(Total Sample) (Before Burninc_;) (Ash)
Weight of Sample & Dish 85.78 ¢ 26.27 ¢ 2431 ¢
Weight of Dish (Tare Wt.) 21.50 g 21.50 g 21.50 g

15. Given the following information regarding a primary effluent sample, calculate (a)
the percent total solids and (b) the percent volatile suspended solids of the sample.

Sludge After Drying After Burning
(Total Sample) (Before Burning) (Ash)
Weight of Sample & Dish 75.48 g 22.67 ¢ 21.45¢
Weight of Dish (Tare Wt.) 20.80 g 20.80 g 20.80 g

Suspended Solids and Volatile Suspended Solids

16. Given the following information regarding a primary effluent sample, calculate (a)
the mg/L suspended solids and (b) the percent volatile suspended solids of the

sample.
After Drying After Burning
Sample Volume = 50 mL (Before Burning) (Ash)
Weight of Sample & Dish 25.6818 g 25.6802 g
Weight of Dish (Tare Wt.) 25.6715 g 25.6715 g
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17. Given the following information regarding a treatment plant influent sample,
calculate (a) the mg/L suspended solids and (b) the percent volatile suspended
solids of the sample.

After Drying After Burning
Sample Volume = 25 mL (Before Burning) (Ash)
Weight of Sample & Dish 36.1588 g 36.1543 g
Weight of Dish (Tare Wt.) 36.1496 g 36.1496 g

18. Given the following information regarding a treatment plant influent sample,
calculate (a) the mg/L suspended solids and (b) the percent volatile suspended
solids of the sample.

After Drying After Burning
Sample Volume = 25 mL (Before Burning) (Ash)
Weight of Sample & Dish 28.3196 g 28.3082 g
Weight of Dish (Tare Wt.) 28.2981 g 28.2981 g

SVI and SDI

19. After 30 minutes, a settleability test resulted in 220 mL of settleable solids in a 1-
liter graduated cylinder. If the MLSS concentration in the aeration tank is
2210mg/L, what is the sludge volume index?

20. An activated sludge settleability test resulted in 410 mL settling in a 2-liter
graduated cylinder. If the MLSS concentration in the aeration tank is 2310 mg/L,
what is the sludge volume index?
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21.

22.

23.

The MLSS concentration in an aeration tank is 2110 mg/L. If the activated sludge
settleability test indicates that 222 mL settled in a 1-liter graduated cylinder, what is
the sludge density index?

Activated sludge in an aeration tank is found to have a concentration of MLSS of
2140 mg/L. If the settleability test results in 186 mL settleable solids in a 1-liter
graduated cylinder after 30 minutes, what is the sludge density index?

After 30 minutes, a settleability test resulted in 215 mL of settleable solids in a 1-
liter graduated cylinder. If the MLSS concentration in the aeration tank is 2510
mg/L, what is the sludge volume index?

Biochemical Oxygen Demand, BOD

24.

25.

Given the following information, determine the BOD of the wastewater after 5 days:

Sample Volume = 7 mL

BOD Bottle Volume = 300 mL

Initial DO of Diluted Sample = 8 mg/L
Final DO of Diluted Sample = 3.7 mg/L

Results from a BOD test are provided. Calculate the BOD of the sample after 5
days:

Sample Volume = 12 mL

BOD Bottle Volume = 300 mL

Initial DO of Diluted Sample = 8.7 mg/L
Final DO of Diluted Sample = 4.4 mg/L
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26. Given the following primary effluent BOD test results, calculate the 7-day average:

March 23 — 190 mg/L March 27 — 210 mg/L
March 24 — 198 mg/L March 28 — 201 mg/L
March 25 — 205 mg/L March 29 — 197 mg/L

March 26 — 202 mg/L

27. Given the following primary effluent BOD test results, calculate the 7-day average:

April 10 — 220 mg/L April 14 — 112 mg/L
April 11 — 315 mg/L April 15 — 255 mg/L
April 12 — 265 mg/L April 16 — 279 mg/L

April 13 — 198 mg/L

Alkalinity

28. Alkalinity titration on a 100-mL sample resulted in 5.1 mL of 0.02N H,SO, to drop
the pH from 7.8 to 4.5.

29. To drop the pH from 7.7 to 4.5 on a 100-mL sample 12.3 mL of 0.02N H,SO4 was
used to determine the alkalinity.
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Oxygen Uptake Rate

30. Dissolved air concentrations are taken on an air-saturated sample of digested
aerobic sludge at one-minute intervals. Given the following results, calculate the
oxygen uptake rate, mg/L/hr.

Elapsed Time, DO,
min mg/L

8.2
7.3
6.7
6.5
6.3
6.2

abs wNEFO

31. Dissolved air concentrations are taken on an air-saturated sample of digested
aerobic sludge at one-minute intervals. Given the following results, calculate the
oxygen uptake rate, mg/L/hr.

Elapsed Time, DO,
min mg/L

8.5
7.8
7.3
6.7
6.1
5.3

bl wWNPEFO

Temperature

32. The influent to a treatment plant has a temperature of 70°F. What is this
temperature expressed in degrees Celsius?
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33. Convert 60°F to degrees Celsius.

34. The effluent of a treatment plant is 24°C. What is this temperature expressed in
degrees Fahrenheit?

35. What is 16°C expressed in terms of degrees Fahrenheit?

Answers:

1. 131 mg/L 19. 99.5 mL/g
2. 79.7 mg/L 20. 88.7 mL/g
3. 200 cfu 21. 0.95

4. 76 cfu 22. 1.15

5 25 mL 23. 85.7 mL/g
6. 11.1 mL 24. 184.3 mg/L
7. 4.9N 25. 107.5 mg/L
8. 96.4% 26. 200 mg/L
9. 95.0% 27. 235 mg/L
10. 96.0% 28. 51 mg/L
11. 22.0% 29. 123 mg/L
12. 16.0% 30. 10 mg/L/hr
13. 20.5% 31. 40 mg/L/hr
14. 7.4% TS; 41.1% VS 32. 21.1°C

15. 3.4% TS; 65.2% VS 33. 15.6°C

16. 206 mg/L SS; 15.5% VSS 34. 75.2°F

17. 368 mg/L SS; 48.9% VSS 35. 60.8°F

18. 860 mg/L SS; 53.0% VSS
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Metric System |

Applied Math for Wastewater

TDEC - Fleming Training Center

Is the English System Easier?

12 inches = 1 foot
3 feet =1 yard
5280 feet = 1 mile
2 pints = 1 quart
4 quarts = 1 gallon
16 ounces = 1 pound
32 fluid ounces = 1 quart

® A foot determined by the size of a person’s
foot, there wasn’t a standard

® Confusing numbers, nothing repeats

TDEC - Fleming Training Center /2

History

©®By the eighteenth century, dozens of
different units of measurement were
commonly used throughout the world

®Length, for example, could be measured
in feet, inches, miles, spans, cubits, hands,
furlongs, palms, rods, chains, leagues,
and more

®The lack of common standards led to a lot
of confusion and significant inefficiencies
in trade between countries

TDEC - Fleming Training Center //

History

® At the end of the century, the French government
sought to alleviate this problem by devising a system
of measurement that could be used throughout the
world

® In 1790, the French National Assembly commissioned
the Academy of Science to design a simple decimal-
based system of units; the system they devised is
known as the metric system

a

TDEC - Fleming Training Center

History

®In 1960, the metric system was officially
named the Systéme International d'Unités
(or SI for short) and is now used in nearly
every country in the world except the
United States

®The metric system is almost always used
in scientific measurement

TDEC - Fleming Training Center 5

Metric System Simplicity

®There is only one unit of measurement for
each type of quantity measured
» Length
» Mass
+ Volume

®The three most common base units are
the meter, gram, and liter

TDEC - Fleming Training Center 6
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Metric System Simplicity

® The meter is a unit of length equal to 3.28
feet

® The gram is a unit of mass equal to
approximately 0.0022 pounds

® The liter is a unit of volume equal to 1.05
quarts.

® So volume is always measured in liters,
whether you are measuring how much water
you need for a chlorine test or how much
water is in your clarifier or sedimentation
basin.

TDEC - Fleming Training Center /7

® All units can be converted into smaller or
larger units by moving a decimal point

TDEC - Fleming Training Center /8

Conversions

® Convert 1 meter to decimeters (dm)

deci centi milli

® Converting from meters to decimeters
requires moving one place to the right,
therefore, move the decimal point from its
present position one place to the right as
well.

TDEC - Fleming Training Center L

Conversions

®Convert 1 meter to decimeters (dm)

deci centi milli

©® 1.0 meter = 10 decimeters

TDEC - Fleming Training Center //10

Conversions

®Convert 1 gram to milligrams (mg)

deci centi milli
1 meter !

©1.000 gram = 1000 milligrams
L]

TDEC - Fleming Training Center

-~ 11

Conversions

® Convert 0.28 cm to meters

[ [ [ [ J
primary deci centi milli

unit

® 0.28 cm = 0.0028 meter
L1

TDEC - Fleming Training Center 1
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Applied Math for Wastewater
Metric Conversions

1. 1m= cm 12. 2.5 mg = g

2. 1g= mg 13. 2.6 km = m

3. 1lkg= g 14. 8.5 km = m

4, lcm= mm 15. 80 mL = L

5. 10cm = mm 16. 150 mm = cm

6. 50cm = mm 17. 5000 m = km

7. 8km= m 18. 1300 g = kg

8. 19km = m 19. 17 mm = cm

9. 29L= mL 20. 125 mm = cm

10. 83 m = mm 21. 170 L = mL

11. 1.8 cm = mm 22. 155 m = km

23. A particular pipe is delivered in sections 5 meters long. How many sections are
required to span a distance of 1 kilometer?

24. You need to measure 34.6 milligrams of a chemical to make a solution. If the
display on the scale only shows grams, what will the reading be?

25. During your last visit to the doctor, the nurse told you that you weighed 98
kilograms. Assuming that a nickel weighs approximately 5 grams, how many
nickels would it take to equal your weight? If that were true, then how much is
your weight worth in nickels?
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26. Your favorite coffee mug at work holds about %2 a liter. If you average about 8
milliliters each time you take a sip, how many sips does it take to get to the bottom

of your mug?

Answers:

1. 100 cm 10.
2. 1000 mg 11.
3. 1000 g 12.
4., 10 mm 13.
5. 100 mm 14.
6. 500 mm 15.
7. 8000 m 16.
8. 19,000 m 17.
9. 29,000 mL 18.

83,000 mm
18 mm
0.0025 g
2600 m
8500 m
0.08 L

15 cm

5 km

1.3 kg

19.
20.
21.
22.
23.
24,
25.
26.

1.7 cm

12.5cm

170,000 mL

0.155 km

200 sections

0.0346 g

19,600 nickels, $980
62.5 sips

Metric System
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Solving for the Unknown

Basics — finding x

1. 8.1 = ()15
g1 = (1.9
fﬂ -

TCAR
il.%=>c[

2. (0.785)(0.33)(0.33)(x) = 0.49
(0%3542LB)X) = 649
0 O%5HL5)

4, 940 = X
(0.785)(90)(90)
%
N s

(340X 0358.5) = X

- 5)Gl-"03 i EO'-"X. ]

5. x = (165)(3)(8.34)

0.5
x: 41283 _[§2506.L]
0.5

150

Section 1
6. 56.5 = 3800
| _GK_QE)(S-M)
x=3R00 _ . 380 . \

(51,.518.3'-{) 4.2\

7. 114 = (230)(1.15%8.34)
(0.785)(70)(70)(x)

nwd: 205973
\EINS T

x - 2205 ~q3
(R4L.SAY)

433850\

=|0.005

(105)(x)(8.34)
(0.785)(100)(100)(4)

Q= (8150
I 31400

(4iX31400) =8715.7X 0
U400 = % =\1LH49)

<151 -
10. 2.4 = (0.785)(5)(5)(4)(7.48)
4= 531.\%
S X
K = "3__3:[__\.5_ = l 2"'4.7
>.4

Basic Math
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11. 19,747 = (20)(12)@)(7.48)
19,747 = (1196.2YX)

[N A
17195.2

12. (15)(12)(1.25)(7.48) = 337
X

W83 = 337
683 _
331
|
13. X = 213
(4.5)(8.34)
X __ 213
3153

A= (913131.53)

D

14, x =24
246

1X = 5304

15. 6 = (x)(0.18)(8.34)
(65)(1.3)(8.34)

b= L}X\%\ZI
T04.73
(LY 704712 A x X 1 5012)
4223.23% = %
15012
28\ 1 =%

Section 1

16, (3000)(3.6)(8.34) = 23.4
(0.785)(x)

Qo012 . 234
{0 .'7%5)(70:/’

0072 90072

]

4403

ogS 23D’ w2

17. 109 = x
(0.785)(80)(80)

X
109 5554

QoA 5024): X
SdTL\ = X |

18. ()(3.7)(8.34) = 3620
(xX(20.858) = 3620
¥ = 320

80.¥5%8

19. 2.5 = 1,270,000
X

x= 1,970,000
25
X = 50%8,000

20, 0.59 = (170)(2.42)(8.34)
(1980)(x)(8.34)

0%4:= (3421.070)
KC}:(W‘S 13.2)
X = (3431.070)
(050 (\WS13.2)

. 343107
q142.1%8%
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Finding x*
21. (0.785)(D%) = 5024

D - 5024 . L4
oN’%

D« Joucs (20 |

22. (x%)(10)(7.48) = 10,771.2
(x*X %)= 10,2
Xz'- lO;T"-Z = l'-\'-l
NS

x - ¥R = 12)

23. 51 = 64.000

Dz7' Qq,m - ’;!,OOO - . 0‘2
orsY5)  <l0.035 I5%.L

D . JeRoo? (3338 =40 |

24. (0.785)(D?) = 0.54

D¥= 0.54_ = O.bR7%9%
0.5

D= JoveTas =\0.63

. 21 = (0T83UD WU5Y7.48) z 3L =|10.9
(0.785)(80)(80) O \S nae l }

2.1:(83.017)YD*)
| 5024
(2\) 50249) =(88 .01 D?)

10550.4 = D*
?%.0717

NATRL = D?
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Percent Practice Problems

Convert the following fractions to decimals:
L % % - 015

2% B 0Las
3. Ya 1=

= O,
4. Ve =05

wi- s o

Convert the following percents to decimals:
% 22 . 035
5. 3% =% G

6. 99% 94 _ o
S 099

7. 05% OS5 0.005
: T+16 000

8. 30.6% 20k 0,20L
Wb

Convert the following decimals to percents:

9. 065 (OLEX D) =05%
10, o015 (026Yam)= 12.5%

1. 1.0 (.OODY= 10D%

12. 005 loosYrmy= B%

Calculate the following: ¢f means "'ma@'ﬁpi\{“} 1S means "ecil.m.i +o
13.  15%0f125 {pasYias)~ 816
14, 22%of450 {0:22){450)= A9

Y e ..? N XKoo &&cﬁ:’;
15. 473 is what % of 23657 H713= (x){aawa) > 413 e X702

2205 decimod
16.  1.3iswhat%of6.5? 3= (L.5) 12 =% % g2=X J*"“‘?"‘
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- AREA, VOLUME, AND CONVERSIONS
Area, Volume and Conversions

AREA :
1. A basin has a length of 45 feet and a width of 12 feet. Calculate the area in 2.

A= (\eﬂg’tzﬁih&)id%ﬁ)
= (4502 4)

2. A tank has a length of 90 feet, a width of 25 feet, and a depth of 10 feet. Calculate
the surface area in ft*. .

A= (A0Aa56)
- jpaso 2]

3. Calculate the cross-sectional area (in ft?) for a 2 foot main that has just been laid.

A - (O . [%E“J\(Dl amele r)7
~(07185Y 2

\: 3\ {4
4._ Calculate the cross-sectional area (in ft?) for a 24" main that has just been laid.
A\ 15— of
12061
A= (01185 X28)7
B A7
5. Calculate the cross-sectional area (in ft?) for a 2 inch line that has just been laid.
&Eﬂ_’\.‘ﬁ?— = OMNTfe
\ 2.\

A (0T125X 0 \als] )=

Ooak” |
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VOLUME

6. Calculate the volume (in ft°) of a tank that measures 10 feet by 10 feet by 10 feet.
\= Ueng’ch)(wl Ath) de p{i\r’x}
= (1000 f X10fe)

7. Calculate the volume (in gallons} of a basin that measures 22 feet by 11 feet by 5

feet deep. \/__ (:;);) (;t\i \\ .thE) -ﬁ_)

\_Ge®

Lo 50.% c\@JL )
8. Calculate the volume (in gallons) of water in a tank that is 254 feet long, 62 feet
wide, and 10 feet deep if the tank only contains 2 feet of water.

V= (854 PO FRHD(TME ga 4 3)
l 2 355‘1@ (/\G_,Q]

9. Calculate the volume of water in a tank (in gallons) that is 12 feet long by 6 feet
wide by 5 feet deep and contains 8 inches of water. } )

,ﬂ_\L_F* = Qbbb @ = (i;z@@f tpm(@ Yolote T Y 74& i
\Zisr
\ 6‘1 O’«I 6@

10. Calculate the maximum voilume of water (in gallons) for a kids’ swimming pool that
measures 6 fest across and can hold 18 inches of water.

A R 56 Vol= (67185X DY (depth)
T - (o396 fOll SR8 ol 80D

-Eugt |

11. How much water (in gallons) can a barrel hold if it measures 3.5 feet in diameter
and can hold water to a depth of 4 feet?

v (0TRSB R HARO(1.48 got |45
~\aa“7 1ol )
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12. A water main has just been laid and needs to be disinfected. The main is 30" in
diameter and has a length of 0.25 miles. How many gallons of water will it hold?

SDer b _osf V- (ones)Nash)(BR0R(T4E gl D)

\2aer
=\ 414 2, qol
O?BW\BA%O& 12204t )L‘B’ 124 j
|\ gt
13. A water main is 10" in diameter and has a length of 5,000 feet. How many million
gallons of water will it hold? 2
Dt _ pazaaf (07185 )( 088335 (5,000F )7 Lt?/s ‘

feer . Ro388 a0 =]0.02 m'] |

14. A 3 million gallon water tank needs to be disinfected. The method you will use
requires you to figure 5% of the tank volume. How many gallons will this be?

5% of 36 = (0.05)BMGY= 05MG
)150000 c&

o e el £

15. What is 5% of a 1.2 MG tank?.—

©.05)( 2 Me)={o L,OCOW\QJ of (oo@ﬁ, \

CONVERSIONS

16. How many seconds in 1 minute? (oD S@f/ Min
17. How many minutes in 1 hour? (00 mm[\m’”
18. How many hours in 1day? Q4 hr / 4

19. How many minutes in 1day? |44 m‘lﬂ id
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20. How much does 1 ft’ of water weigh (pounds)?

21.

22.

23.

24,

25.

26.

| 65 |74 % gpk | 2,34 ks w2 1os
e g

How many cubic yards of dirt is 700 ft>?

T00k=) | yo*_ 264 yd )
T

| 2

1050 ft® of dirt is being excavated, how many yd® is this?

\ 97 fs

A one-quarter mile segment of pipeline is being flushed, how many feet of pipeline
is this?

0.25 v |5280 f \EZ”O FF)

| |

How many feet of pilpe is needed for 2 miles of new line?
2 )\52%0& ) llo,ago ()
| mi T

A three-eights mile segment of pipeline is to be repaired. How many feet of
pipeline is this? Z/g = 00,3715

0315 mi | 5280 fr - E{qa@ L
\mi |
If there is a 2,200 gallon tank full of water, how many pounds of water is in the

tank? 2,200 %QQ—J\ %24 lbs y f)}%??ﬂ% floses

| | goto
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Applied Math for Distribution
Flow Conversions

Express a flow of 5 cfs in terms of gpm.

6%\748 gaﬁ] 0See | 30T aom

| nin

What is 38 gps expressed as gpd?

mm-_.-....m

3 ol 00 Seedf 1440wy _ T2 285,200 GEC
e | pwr| 1d Baesac0 5|

Convert a flow of 4,270,000 gpd to cfim.

o0t V2 Ve (3,03 mﬂ
d&tf’ 48 qak [ 14490 min-

What is 5.6 MGD expressed as cfs? (round to nearest tenth)

cab 1 ] e \Lpaiey - g Th
TTAE g 140 M| Lo SeC u@é
Express 423,690 cfd as gpm.

L\QSLOQOJ&L%\ 7‘"[25@:11\ |2 _\0201 gpm
A& L L& 114490 min )""‘““‘“‘gﬁ“J

e

Convert 2730 gpm to gpd. o
120004 |40 | 3,351,200 golfc
wr | d
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Applied Math for Collections
Flow and Velocity

Velocity

1. A cork is'placed in a channe] and travels 370 feet in 2 minutes. What is the velocity of the
wastewater in the channel, ft/min?

Vel.= distance £ 8'70-&- \35 'p*Im\” l
Hme 2 Min

2. A float travels 300 feet in a channel in 2 minutes and 14 seconds. What is the velocity in the
channel, fi/sec? Zmla <+ \Ysec = 134 seconds

K"\_—
¢cl6 20
‘\';2 Vel = O'C\ - 2.2 -Cl"/ge.c.

129 sec.
e
ﬁhe distance between manhole #1 and manhole #2 is 105 feet, A fishing bobber is dropped
into manhole #1 and enters manhole #2 in 30 seconds. What is the velocity of the
wastewater in the sewer in fi/min? 205ec = 0.6 min
oS Vel= 1998 910 min )
A0V an !

Distance Traveled, ft

Velocity = Distance Traveled, ft
Duration of Test, min

= ft/min

Flow and Velocity 159
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depth, ft
—
width, ft
Q = (A) (V)

fPime  (fi)(f) (f/time)

Flow in a channe] _
4. A channel 48 inches wide has water flowing to a depth of 1.5 feet. Ifthe velocity of the
water is 2.8 ft/sec, what is the flow in the channel 1

w-—‘-l%in—_'-l-ﬂ Oz(de'IVQD ——
A e = UE(5AY0E O
=% F—r?‘/sec_J

5. A channel 3 feet wide has water owing to a depth of 2.5 feet. If the velocity through the
channel is 120 feet/min, what is the flow rate in cu f/min? in MGD?

clf :ggﬁ Q = BAX25620120 ffmin) 2|9 #¥min |
vk ffnin ook el 140X 148) - (& (% D]

6. A channel is 3 feet wide and has water flowing at a velocity of 1.5 ft/sec. If the flow
through the channel is 8.1 ft*/sec, what is the depth of the water in the channel in feet?

w=3 &t @ = (WY dXve)

val=|.Sftlsec 3\ - (A
(EJ—= BNk Ahec (HX&D(&M)‘_

g1= (43) d)
81 .d
4o
.3=d
[N
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N »
Diameter, ft ( ) Velocity, fi/time )

Q

ft’/time

Q

ft*/time

Flow through full pipe

= (A (V)
ft (ft/time)

(0.785) (D )* (vel)
(®)(f)  (ft/time)

Section 3

7. The flow through a 2 ft diameter pipeline is moving at a velocity of 3.2 ft/sec. What is the

flow rate in cu ft/sec?

D=5
vel= 3248 [sec

Q=(0185XD YDA Ve
= (0TT8E X220 5.2 filsed)
= ,lo 'F(‘SISQC.)

8. The flow through a 6 inch diameter pipeline is moving at a velocity of 3 ft/sec. What is the

flow rate in ft*/sec?

'D_'-’l.o‘m: 0 Sh
vel= 3 fleec

Q= (0. 1350 X0 SR 3 % feec)
=105 _c‘_gl SP.C;)

9. An 8 inch diameter pipeline has water flowing at a velocity of 3.4 ft/sec. What is the flow

Q= (0:185X0 Jots1 FY0- oo T (3.4 fsec)

rate in gpm?

D=Bin = O-bbW 1

vel=34ft)sec.

(11862 fr¥ec 100X 7:48) =

532 M

10. The flow through a pipe is 0.7 ft*/sec. I the velocity of the flow is 3.6 ft/sec, and the pipe is
flowing full, what is the diameter of the pipe in inches?

@ =0T H¥sec
val= 3\ ftsec

Q= (07128 (D, XD, HAXvel)
0.1 = (0 1RS YD 3. L)
0= (8.32L (D>
o1 . D2
2.%20
0.25 =D*

Flow and Velocity

-

0.50 =D
£ ot inches

bink O.SFI'_.

161



i . - t ]
TDEC - Fleming Training Center Section 3

Diameter, ft

Velocity, ft/time )

Q = (A) (V)
f*/time i (f/time)
- A
Q = (Factor from d/D Table) (D )* (vel)

fi’/time (f)(f) (f/time)

Flow through pipe flowing leés than full

11. A 12-inch diameter pipeline has water flowing at a depth of 6 inches, What is the gpm flow
if the velocity of the wastewater is 300 fpm?

D=12in= 1 & Q= (0.3l O 3o G min)
d=lia =0\ 1.8\ #r3min)(748)= [381 gpm)

vel= 300 & [min

do= %= 05
\3%06.2927 on chark '
12. A 10-inch diameter pipeline has water flowing at a velocity of 3.2 fps. What is the gpd flow
rate if the water is at a depth of 5 inches?

D= 0= 0.3333F Q=(0.2927)0.8333R)(0.83334 {3.2)
d=gla +(0.8727 $r¥ec XoO1440Y7.49)
Vel 82 reec - [Blo320 gpd)|

Y- %

- 'o = 0 16
D ~> 0,392 on chart |
13. An 8-inch pipeline has water flowing to a defth of 5 inches. If the flow rate is 415.85 gpm,

" what is the velocity of the wastewater i min — means .ﬁ ow needs o e
8

D= Bin - 0.l T W A%/ min
d=5 ia _ -
Q= 415.8850m - 555949 Q= (Vo aumser DAL )
T £¥min £5.5A4G = (0.5212Y 0.6l TEY0- Wole W) vel)
, A3 vin
CVO "-‘5/8 =0.025 #OWL3 555744 = (023".91\/2 \)
| Qosa2 555948 - ve |
on C.h01+ 0.231\e .
LQ‘IO @[mﬁn"—\fe \]
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Applied Math for Collection
Flow Rate
Q=AvV _
1. Achannel is 3 feet wide with water flowing to a depth of 2 feet. If the velocity in
the channel is found to be 1.8 fps, what is the cubic feet per second flow rate in the

Y Q= (W)(dXvel)
d=26 - (B4 X1-8Fpe)
Vel= 1.84ps ;L\Q‘B -Pﬁ/secx

2. A 12-inch diameter pipe is flowing full. What is the cubic feet per minute flow rate
in the pipe if the velocity is 110 feet/min?

D=12in- 1 Q= (185X D, XD, fr)ve 1)
vel= 110 $|min = T3 (IR Nof) mm)
lSl.o‘-l Fﬂmmw

3. A water main with a diameter of 18 inches is determined to have a velocity of 182
feet per minute. What is the flow rate in gpm?

D=iin=18%  O- (0185 15RNsH182fpm) ]
Vel 182 pm - @ 4515 G¥minY1:48)42404.5 gpm |

4. A 24-inch main has a velocity of 212 feet/min. What is the gpd flow rate for the

'ngp;llm -t Q= (018e) XA frvin)

vel= N2 £ |min -({0lo5 8 ﬁslmleLll{&’l 48)
# =[1,70,12 qpd |

5. What would be the gpd flow rate for a 6” line flowing at 2 feet/second?

D=lin=05% Q= (07188 X 0505 H) 2 Filsed)
vol= Qklsec -(0.3925 £¥fsec YO 14H4OXT. 42)

953,002 gpO |
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6. A 36" sewer needs to be cleaned. If the line is flushed at 2.5 ft/second, how many
gallons/minute of water should be flushed from the hydrant?

D=3bin=3ft  Q=(07185) 3R BRN254ps)
vel= 2.5 fps 27,6025 f¥e(Wd(148)

.:t]‘i}ﬂ apm l

7. A 36" pipe has just been installed. If the wastewater is flowing at a velocity of 2
ft/second, how many MGD wilt the pipe deliver?

Desbio=3f @ OT85Y3AAZRAR fijsec)

vel= Q ft)sec - (14,12 G¥secY O) 140) 748)
\,O00,C0

=413 MeD !

>. 8. Acertain pipe has a diameter of 18 inches. If the pipe is flowing full, and the water
~'§ is knc_)wn to flow a distance of 830 yards in 5 minutes, what is the MGD flow rate for
E :Dth‘fgp P S Q= (0151 SRYLSA Y498 i)
= va= 1. ‘

-§<di (820 yd Byl 24906 (819595 £ nin)1440(1.48)
< . - ' | \,000,35%0

S Hime= 5 min -lq REY )

vel= 4908 = 498 fijmin gt
5 min

VELOCITY (OPEN CHANNEL)

9. Afloatis placed in a channel. It takes 2.5 minutes to travel 300 feet. What is the
flow velocity in feet per minute in the channel? (Assume that float is traveling at
the average velocity of the water.)

ve\= dist . 30ott - 1120 Gima |
me. &.5min ,
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10. A cork placed in a channel travels 30 feet in 20 seconds. ‘What is the velocity of the
cork in feet per second? '

YQ,\’ &'Fl— :'.'ltg‘ﬁ'/g.ﬁ
0 sec

11. A channel is 4 feet wide- with water flowing to a depth of 2.3 feet, If a float placed

in the channel takes 3 minutes to travel a distance of 500 feet, what is the cubic-
feet-per-minute flow rate in the channel?

w=44 : Q= (AH)Y23 %) 1o bltg 14 |min)
d=2.34 - (533 3223 f¥fmn
Hme= 3 min ~
dist « SO4
vels 24 < 56, uls? 4 i

FLOW IN A PARTIALLY FULL PIPE

12. Wastewater is moving through an 18-inch sewer at a velocity of 3 ft/sec. If the
wastewater is flowing at a depth of 6 inches, calculate the flow, gal/min.

D130 =15 Q= (0.300Y 1 SHYISHY 3-4ps)
vel= 3 fps (15956 i Y00 1.48)
d= lein |

-[685 gpm)

13. Wastewater is moving through a 12-inch sewer at a velocity of 240 ft/min. If the
water is flowing at a depth of 9 inches, what is the flow rate, MGD?

/= Yt =033 0.2910

Ds12in- 1 Q= (L1 )1 EX@40pm)
vel= 40 1Cpm (|5} 32 -p[-?’/m]_DYl'-H o) 748)
d=%in ~ |opco

dfy: Y= 015 OIS =\Lle MED |
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Preliminary Treatment Math

| Wet Well Capacity

1. A wet well is 13 feet long, 8 feet wide and 10 feet deep. What is the gallon
capacity of the wet well?

ol.) gal - (D YXdX 742 g2 &3
= (138 EY0AY 148
:\7 9. 2gaQ

2. The maximum capacity of a wet well is 4787 gal. If the wet well is 10 feet long
and 8 feet wide, what is the maximum depth of water in the wet well in feet?

4787 gal = (10 Y EXY C) G |
4787~ (AY5984)

47187 |
| 417 -8 0 depth |
Wet Well Pumping Rate, gpm

3. A wet wellis 12 feet by 10 feet. With no influent to the well, a pump lowers
the water level 1.2 feet during a 4-minute pumping test. What is the pumping
rate, gpm?

pump cade,gpm - (LXNAAY1Ega0 )6

= (126710 (125 Y1.48)
A min

= 2% gpm]

4. The water level in a well drops 18 inches during a 3-minute pumping test. If
the wet well is 8 feet by 6 feet, what is the pumping rate in gpm?

pump rade,gpmM= (8 L)L ) 1.5 HX1UR)
3min

195 gpm |
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ramove. \avge debns, AWIO.%& of 0312 F&glmﬁ)
IS removy

Screenings Removed
7 55/ pet-a 1. ?)b;ﬂ Q—S

5. Atotal of 55 gallons of screenings are removed from the wastewater flow,
during a 24-hour perlod What is the screenings removal, cu.ft./day?

soreem‘fws,pr?

S’cmm%s QS/ Hay = D@yu

Aemo | R
. .354 s | 1:35 R
L -

6. The flow at a treatment plant is 3.6 MGD. If the total of 55 cu.ft. screenings
are removed during a 24-hour period, what is the screenings removal,

ft/MG'?
- Screeniags 53/me = ﬁ%ﬁﬂ
Removgé Liow
. b5{1|3 5.3 £ mé |
ST E

Screenings Pit Capacity, days

7. A screenlng pit has a capacity of 400 cu.ft. If an average of 3.8 cu.ft of
screenings are removed daily from the wastewater flow, in how many days will

the pit be full?
Screent rﬂ‘{- S(jeem(mqpﬁ Yoluma ‘QS

Cﬂpac'\ ,dcws Soreen‘rrgs Removed , $130

. Ao R .:

3% #+3(d

8. Aplant averages a screenings removal of 2.1 cu.ft./MG. If the average daily
flow is 2.7 MGD, how many days will it take to fill a 290 cu.ft. screenmg pit?

I bIme = ==— Pit copacity,= 290 03
amed - gaye ¥ BuiAe

(G =BT #%d ;|5| dai-%!

Collection and Pretreatment
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¥Sanitacy WO systems normallxi
avera%eil \-4 3 gﬁ’r/(ﬂ&.

Grit Removal, cu.ft./MG

9. Atreatment plant removes 12 cu.ft. of grit in one day. How many cu.ft. of grit
are removed if the plant flow was 8 MGD?

ot Kemoval, = ©rit Volume.ncia/c\

f3/me Llow ,MED
. 12634 . ]LS &3me E
FMED :
10.The total daily grit removai for a plant is 270 gallons. If the flow is 12.3 MGD,
find the grit removal, cu.ft./MG. L, 10 . 2,0%3H g/d
Ta48

Gt Romoval, = 36.063 G3/d

e 12.3M6D

=192 GFme |

Grit Channel Flow Rgté
~ BN
11.A grit channel 36 inches wide has water flowing to a depth of 1 ft. If the
~ velocity of the wastewater is 1.1 ft/sec, what is the flow in the channel in cfs

and gpm? QQ'FS - Cw’pt)(d }-QX\/Q\" Fp8>
= (3e(1 21 Hps)
- Bs {:fg)seﬁk
(33148 0= 1481 gpm | o
~\

12.A grit channel is 3 feet wide, 50 feet long with water flowing to a depth of 18
inches. What is the fpm velocity through the channel if the flow is 220 gpm?

> need Flood 1a A3/miq

200gem - a4 A41gfR3lmin AL - vel
4 } .6‘5 vl
99 4Us Hmin= G SH ve D)

29.41g= (48X vel)
%
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Applied Math for Wastewater Treatment
Preliminary Treatment Math
Extra Problems

Screenings Pit Capacity

1. A screenings pit has a capacity of 600 cu.ft. If an average of 2.9 cu.ft. of
screenings is removed daily from the wastewater flow, in how many days will
the pit be full?

L b0k |
doys AR lé)O’? d@jsl

2. A screenings pit has a capacity of 9 cu. yards available for screenings. If the
plant removes an aveige of 1.6 cu.ft. per day, in how many days will the pit

be ful? (G euyd X2T H3yd>)= 243 f43
- QU3 2 \182 days
d&\fg L. 6i2/d . Y

3. A plant has been averaging a screenings removal of 2.6 cu.ft./M'G. If the
average daily flow is 2.9 MGD, how many days will it take to fill a screenings
pit with an availaQle capacity of 292 cu.ft.?

L8 '
2 A3 M6 - 535 days ‘%d
(Q.LoI&OD" T1.54 Q—|3[d .

122 doys |

4. Suppose we want to use a screenings pit for 120 days. If the screenings
removal rate is 3.5 cu.ft./day, what is the required screenings pit capacity in
cu.ft.? P03 |

\20 dCL\]S * 25
(10)35)-|4a04*

1]

1
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Grit Channel Velocity
—~ 150

5. A grit channel is 4 ft. wide, with water flowing to a depth of 18 inches. If
the flow meter indicates a flow rate of 1820 gpm, what is the velocity of flow
through the channel in feet/seq? ~= Need Flow 10 &5 )sec

1820, » 052 Q= (o, f Y Al
RIS s 4.0553 cfs~ (AF 1A vel)

4,09558 = (bXvel)

| 5—%5;’— =10 08 ft[sec
6. A stick in a grit channel travels 26 feet in 32 seconds. What is the estimated

velocity in the channel in feet/sec.?

_ LAt
vel, 20 sec.

'tiO.%l‘FpS )

7. The total flow through both channels of a grit channel is 4.3 cfs. If each
channel is 3 ft wide and water is flowing to a depth of 14 inches, what is the
velocity of flow through the channel in fps? T bl

4,23cts = (23 1L bs 140 (ve )
4,2+ (T vel) f

ﬂ;___"i; - 0L Pps]

8. A stick placed in a grit channel flows 36 feet in 32 seconds. What is the
estimated velocity in the channel in feet/sec.?

\@l: 5_(.9—'Ci

32 seC

= i\.\S fos }
~ 3336t (‘/2%%3‘(;\

9. The depth of water in a grit channel is 16 inches. The channel is 34 inches
wide. If the flow meter indicates a flow of 1149{pm, what is th(; velocity of
fiow through the channel in ft/sec.? - L as4o) Fr¥ec

2,540 Fr3sec = (1,2233 A)(2.3333 ved
2590\ =(317X vel)
asie s =lowlfes

Collection and Pretreatment
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Grit Removal

10.A treatment plaht removes 12 cu.ft. of grit in a day. If the plant flow is 8
MGD, what is the grit removal expressed in cu.ft./MG?
grit removad_ = 12 £i3/d
gMeD

11.The total daily grit removal for a plant is 260 gallons. If the plant flow is
- 11.4 MGD, how many cu.ft. of grit are removed per million gallons of flow?

%@58%@-. 341 e

. = 594430
Srﬁr removal L MGD

—M

12.The average grit removal at a particular treatment plant is 3.1 cu.ft./MG. If
the monthly average daily flow is 3.8 MGD, how many cubic yards of grit
would be removed from the?wagtewater flow during one 30-day month? _gg
30wk me= 283D 3534715
3.8 MGD

« T £3yd3
LB{‘X%\%) = U\’_lg ’ﬂ‘zld SCTQQHHSS _ \3 \ \/d?/
. - ! mo
(\l-’?% ﬁB/dXSOCD= 36534 &2 Scrzenmﬁs
13.The monthly average grit removal is 2.2 cubic feet per million gallons. If the

average daily fiow for the month is 4,230,000 gpd, how many cubic yards
must be available for grit disposal if the disposal pit is to have a 90-day

capacity?
&3 z _..__..._.._...__? ijS/d
9.2 ¥ e 14,23 MED

@ 4.23)= 9,80 £+3/d

(G500 f3]dYaod)= 33154 f1* :

1 a3 yd®
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~ 12383 HK
14.A grit channel is 2.6 feet wide and has water flowing to a depth of 16 inches.

If the velocity through the channel is 1.1 feet per second, what is the flow
rate through the channel in cu.ft./sec.?

Q= (ah X1-8833 £ 11 Fps)

15.A grit channel 3-ft wide has water flowing at a velocity of 1.4 ft per second.
If the depth of the water is 14 inches, what is the flow rate through the
channel, in gal/day? Tl T &

= (381Ul 7L A LS = 49 fr Fsec
(49 Rzl XTA4BX(14H0) =] 3, lolo, 123 gpd |

o 2. lololp 0,%333
16.A grit channel 32r\ﬁ1ches w?cfé has water flowing to a depth of 10 inches. T

the velocity of the water is 0.90 fps, what is the flow rate in the channel in
cu.ft./sec?

0 = (910514 03333800 fps)
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Applied Math for Wastewater Treatment
Sedimentation

1. The flow to a circular clarifier is 3,940,000 gpd. If the clarifier is 75 ft in
diameter and 12 feet deep, what is the clarifier detention time in hours?

(Round to the nearest tenth.)
Telenhion _ﬁme,hrs: CVOI’QG’QXQL{ hr{da\!)

Flow 3(:d
vol.= (0185 76/ (1 2AX7.48) ;
' = (290L3dl.5calYad)  _
= 391340, 5 ol ( X Tyeer 24 hes

2. A circular clarifier has a diameter of 50 feet. If the primary clarifier influent
flow is 2,260,000 gpd, what is the surface overflow rate in gpd/sq.ft.?

80 'Fl’l: ‘Flowlqu
gl drea, FF'> o

- 2,80,000gpd :]||6|.bqu\m

(ogs Bofi)? =

3. A rectangular ciarifier has a total of 210 ft. of weir. What is the weir
overflow rate in gpd/ft when the flow 3,728,000 gpd?

WOR, G- £ w, qpd '(:loco-,qu
Spdl (Qxbg rﬁ_)“i_ @XUJ;@O °or Welr |Enj% "P('

- 302%,0ged - 17750 gpd| §
A0H
4. A secondary clarifier, 55-ft in diameter, receives a primary effluent flow of
1,887,000 gpd and a return sludge flow of 528,000 gpd. If the MLSS
concentration is 2640 mg/L, what is the solids loading rate in Ibs/day/sq.ft.
on the clarifier? (Round to the nearest tenth.)

SLR, los|daylfi? = (mLss,mgl Y PEA+RAS flow, MeRY8.24)

= (6185 D, £

— 2.4\
(2u40mqO)Y | 8T+ 0.528MEBYB34)

T(0T1REY55R)®

. 52172.54 lbslday = 204 lbsldoy| %
2374035 f * |
—_—

Sedimentation
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5. Acircular primary clarifier has a diameter of 60 feet. If the influent flow to
the clarifier is 2.62 MGD, what is the surface overflow rate in gpd/sq.ft.?

S0R, ged| @185)(@0‘%9%*

(%21 gpd A7)

6. A secondary clarifier, 70 feet in diameter, receives a primary effluent flow of
2,740,000 gpd and a return sfudge flow of 790,000 gpd. If the mixed liquor
suspended solids concentration is 2815 mg/L, what is the solids loading rate

in the clarifier in Ibs/day/sq.ft.? (Round to the nearest tenth.) . - 52—
SLR,los[daylf 2 = (2815 malt X2 % 07ameB 83D
(0185 X T10/D?
! 9‘87;*%‘;"36‘%3 day =|215 befd5e|

7. The flow to a secondary clarifier is 5.1 MGD. If the influent BOD
concentration is 216 mg/L and the effluent BOD concentration is 103, how
many Ibs/day BOD are removed daily?

Removed. = Tnfiuent - EHluent - 2 ILow8|L~ 103 (.B\L;— Lg%
lbsid = (Removed, mgl oY Flows, MDY 8.34)
. (1BrylL(B. MeBY(s. 3D~ |48 0L (bs|d]
8. The flow to a sedimentation tank 80 feet long, 30 feet wide and 14 feet deep

is 4.05 MGD. What is the detention time in the tank, in hours? (Round to
the nearest tenth.)

T hrs = (308X 3084 (T48) 2D
4,050,000 Spd
= i 1.D hrs \

Answers: : _

1. 2.4 hours 3. 927 gpd/sq.ft.

2. 1152 gpd/sq.ft. 6. 21.5 Ibs/day/sq.ft.

- 3. 17,752 gpd/ft- 7. 4806 Ibs/day
4. 22.4 Ibs/day/sq.ft. 8. 1.5 hrs

Sedimentation
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Applied Math for Wastewater Treatment
Sedimentation
Extra Problems

Detention Time, hours

1. The flow to a sedimentation tank is 70 ft long, 25 ft wide and 10 ft deep is
100,000 gph. What is the detention time in hours?

DT, hes~ (106.)(@5 £X108(T.48)
\OO oD 8Ph

=\\.3 hr5|

2. The flow to a sedimentation tank 90 ft long, 30 ft wide and 12 feet deep is
3.0 MGD. What is the detention time in the tank in hours?

T, hes= QoA 20412 $60(T 48Y 24)
3,0 OO 8Pd

3. A rectangular sedlmentatlon basin is 70 feet long by 25 feet wide and has
water to a depth of 10 feet. The flow to the basin is 2,220,000 gpd.
Calculate the detention time in hours for the sedlmentatlon basin.

T hes = (Tof(asf)io fY 748X ay)
R, 2R0, OOOgPo\

SEIA

4. A circular clarifier has a diameter of 80 feet and an average water depth of
12 feet. If the flow to the clarlf" ier Is 2,920,000 gpd, what is the detention
time in hours?

Dhhrs= (018580 R)2(12 KY748) 9D
| R,920,CUD ‘f)Pd

43ﬂh@’

Sedimentation
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5. A rectangular sedimentation basin is 60 ft long and 20 ft wide and contains
water to a depth of 10 feet. If the flow to the basin is 1,520,000 gpd, what
is the detention time in hours?

DT, hrs = (06206 o £e(148) a4)
\, 520, OTO 8Pd

Weir Overflow Rate, gpd/ft

6. Arectangular clarifier has a total of 120 feet of weir. What is the weir
overflow rate in gpd/ft when the flow is 1.5 MGD?

& = ISZSDO‘ODQDd
wORS@d‘ 120 £

:]_ | 2,500 ﬁpd“j"k

7. A circular clarifier receives a flow of 2.95 MGD. If the diameter of the weir is
70 ft, what is the weir overflow rate in gpd/ft?

2Aa5D,c0ged
10K, gpd [~ (3. \4)(70‘1%%

- 12421 gpd])

8. A circular clarifier receives a flow of 2,520,000 gpd. If the diameter of the
weir is 70 ft, what is the weir overflow rate in gpd/ft?

WOR = 9,520,000 pA
apdl# DGR
11,405 gpdf |

9. A rectangular sedimentation basm has a length of 50 ft and a width of 35 ft.
If the flow to the basin is 1,890,000 gpd, what is the weir overflow rate in

P 0R, gpd [ = 1,890,090
(2o )+(@)z5R)= 160 FT0=\T0

=it \8qpd]fr|

Sedimentation
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10. A circular clarifier receives a flow of 3.7 MGD. If the diameter of the weir is
70 ft, what is the weir overflow rate in gpd/ft?

. 3700000qgpd
UOOQ’SPdIQ (3\43(’704?#%

Surface Ovérflow Rate, gpd/sq.ft.

11. A circular clarifier has a diameter of 55 ft. If the primary effluent flow is.
2,075,000 gpd, what is the surface overfiow rate in gpd/sq.ft.?

2 . 9,015 ,0006pd
SOR ,gpd"p* 035X 55 57

-[874 gpd |

12. A sedimentation basin 70 ft by 15 ft receives a flow of 1.2 MGD. What is
the surface overflow rate in gpd/sq.ft.?

2~ {200 cﬁoqu
60(2,3;):\[@% TS

:mg 3(36]?% X

13. The average flow to a secondary clarifier is 2580 gpm. What is the surface
overflow rate if the secondary clarifier has a diameter of 70 ft?
(2530X1440)= 3,115,900 gpe

SOR ,apd |12 = 2/115,800 ged
| 9P| (0 TRBXOR)?
=19l apd#2 ]

14. A rectangular sedimentation basm is 60 ft long-and 25 ft wide. When the
flow is 510 gpm, what is the surface overflow in gpd/sq.ft.?(5\0Y 14u6) =7 34, Ll%g

OR ,ap[$? = 139,40 a0
S‘I}I (@O&X&)S%b)

=|HA0 qed |2

m
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15. A circular clarifier has a diameter of 70 ft. If the flow to the clarifier is 1610
gpm, what is the surface overflow in gpd/sq.ft.? (\bloY 1440)= Q313400 3Pd

SOR qpd [ £+ 2 = 9,318,4C0qpd
)Spd‘ (0 185X 10RD)*

{03 e

Solids Loading Rate, Ibs/day/sq.ft.

16. A circular secondary clarifier with a diameter of 100 ft treats a flow of 3.5
MGD inflow and 1.0 MGD return sludge flow. If the MLSS concentration is
4200 mg/L, what is the solids loading rate in Ibs/day/sq.ft.?

LR, lbs|daylf® = (4200my 35+ LOMEDYB34)
| ~(083Y 100 )7

. 5Tl eld _ W \
= - sld J&
350 {12 4]
17. A secondary clarifier handles a flow of 0.9 MGD and a suspended solids
concentration of 3600 mg/L. The clarifier is 50 ft in diameter. Find the
solids loading rate in Ibs/day/sq.ft.

QLR, Ibsld 2= (Ble0omel{ 0 SME DY 3.3W)

(0185 B0 f)*
- 9270LL\sld _ ' 2
- 2702LLIAc 3.8 ibsjd[#+*]

18. A secondary clarifier is 70 ft in diameter and receives a combined primary
effluent and return activated sludge (RAS) flow of 3.60 MGD. If the MLSS

concentration in the aerator is 2650 mg/L, what is the solids loading rate on
the secondary carifier in Ibs/day/sq.ft.?

AR bsid|fr7= (850 MILX B0 MEDYB.34)
(01510 £+)*

- 195630 lbs|d
28465

:@7 lbs)c\]%aj
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19. A secondary clarifier, 80 ft in diameter, receives a primary effluent flow of
3.10 MGD and a return activated siudge flow of 1.15 MGD. If the MLSS
concentration is 2825 mg/L, what is the solids loading rate on the clarifier in
Ibs/day/sq.ft.?

’ 2 - (2895 malY(3.) +1.15MED(B3Y)
LR, \bs|d| £t _,_fqg%_%axgo el

_ 100132125 lbs|d . a2 los|d[#t?

5094 £+

20. A secdndary clarifier, 60 ft in diameter, receives a primary effluent flow of
2,550,000 gpd and a return activated sludge flow of 800,000 gpd. If the

MLSS concentration is 2210 mg/L, what is the solids loading rate on the
clarifier in Ibs/day/sq.ft.?

SLR, bs|d| 2 = (9210md Y955 + 0.3 MEBY 8.34)
, | NG TN,

- 0174509 lbsld | 213 Ibs|d[A2)
2%l A* .
BOD and Suspended Solids Removed, Ibs/day

21. If 110 mg/L suspended solids are removed by a primary clarifier, how many
Ibs/day suspended solids are removed when the flow is 6,150,000 gpd?

Ro,mcg(_ed (110 mLX 615 MEDY(B 34)
bsld
<. 542 lbs|d |

22. If 125 mg/L suspended solids are removed by a primary clarifier, how many
Ibs/day suspended solids are removed when the flow is 5.16 MGD?

Removed, = (125 msld'{a“. lLMEDY B 34)

o
el =153719 lbsld

%
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23.The flow to a primary clarifier is 2,920,000 gpd. If the influent to the
clarifier has a BOD concentration of 240 mg/L and the primary effluent has a
200 mg/L BOD, how many Ibs/day BOD are removed by the clarifier?

Removed = 240 mylL- QCI)NEB\L =4omglL
\bs|d = G{Omgl Yoa2amen)(2.39) = [374 lbs/d)

24. The flow to a secondary clarifier is 4.44 MGD. If the influent BOD
concentration is 200 mg/L and the effluent concentration is 110 mg/L, how
‘many Ibs of BOD are removed daily?

Removed = 200 mglt- - 11Omg|L = QOMSIL
Ibs|d = QOmgIL{AH4 MGTYS.34) =[3333 Ibs[d

25.The flow to a primary clarifier is 980,000 gpd. If the influent to the clarifier
has a suspended solids concentration of 320 mg/L and the primary clarifier
- effluent has a suspended solids concentration of 120 mg/L, how many
Ibs/day suspended solids are removed by the clarifier?

Removed = 320 IYIS\L"’\&O mylL = oo mglL

A

Ibejd = (3comglL{0.a8 MEBYB3D= |35 Ibsld)

Unit Process Efficiency, %
N
26. The suspended solids entering a primary clarifier is 182 mg/L. If the out

suspended solids concentration in the primary clarifier effluent is 79 mgjL,
what is the suspended solids removal efficiency of the primary clarifier?

ELR cienakl = (i”—“'g-@ XIOD)
- (220 )
. %X\co) -|bas7 |
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27. The influent to a primary clarifier has a BOD content of 260 mg/L. If the

primary clarifier effluent has a BOD concentration of 54 mg/L, what is the
BOD removal efficiency? Out

7 - ES)[_()O»EL\ = 0L x 1O = 7(’?2070

28. The suspended SO|IdS entering a primary clarifier is 2?0 mg/L. If the  sut
suspended solids concentration in the primary clarifier effluent is 95 mg/L,
what is the suspended solids removal efficiency of the primary clarifier?

7- 2o - 1« - [5777)

29. The concentration of suspended solids entering a primary clarifier is 1%3
mg/L. If the concentration of suspended solids in the primary clarifier
effluent is 77 mg/L, what is the suspended solids removal efficiency of the
primary clarifier?

83V W sy L8907
%= gz a8 507

In
30. The influent to a primary clarifier has a BOD content of 280 mg/L. If the
primary clarifier effluent has a BOD concentration of 60 mg/L, what is the
BOD removal efficiency of the primary clarifier?

_ G80-LO . 920 8%
6="550" " o'® -

s e ————
Sed_imentation

181



TDEC - Fleming Training Center Section 6

Applied Math for Wastewater Treatment
Trickling Filter Math

1. A standard rate filter, 90 feet in diameter, treats a primary effiuent flow of 540,000
gpd. If the recirculated flow to the trickling filter is 120,000 gpd, what is the
hydraulic loading rate on the filter in gpd/sq.ft.?

HLR sz - PE.Q +Recirc, [D,»C\pd
| ‘SMI Acea,

. BUOED 4 120,000 103.% g | R
- (0 "'186)@(0%)7' J c“ﬂ J

2. Atrickling filter, 75 feet in diameter, treats a primary effiuent flow of 640,000 gpd.
If the recirculated flow to the trickling filter is 110,000 gpd, what is the hydraulic
loading rate in gpd/sq.ft. on the trickling filter?

HLR,q Pdl@t? (940,050 + LO@Dgpd
(0. 18515 fOF

A A gl |

3. Atrickling filter, 85 feet in diameter with a media depth of 5 feet, receives a flow of
1,200,000 gpd. If the BOD concentration of the primary effluent is 160 mg/L, what
is the organic loading on the trickling filter in Ibs BOD/day/1000 cu.ft.?

lbs|d[iotof > = (BOD)med Y@, MEBYR.34)
OLR) %l I [(0‘1)%5'-4)(‘:9_&02(61,@'_)3

oD

_ (1omg LY1,2M6 DY 8.34), Lol 28
) [Co.ﬁ%sxzb TP(5eD ] 233581

—

4. Atrickling filter, 80 feet in diameter with a media depth of 6 feet, receives a TIOW 0
3,240,000 gpd. -If the BOD concentration of the primary effluent is 110 mg/L, what
is the organic loading on the trickling filter in Ibs BOD/day/1000 cu.ft.?

OR = O\Om 12,20 MEDYE.24) ~ 472,31 Wb
[@' 5X80‘p1‘)2(10ﬂ+—)j 30 \qq loa@ﬂ?
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5. If a trickling filter removes 113 mg/L suspended solids, how many Ibs/day’
suspended solids are removed when the flow is 2,668,000 gpd?

los|d = (Rermoved, mglU{Flow, MGDY8.34)
- (1BmgIYD. LoBMETH 8.34)

e

48514 lbs|d|

6. 1If a trickling filter removes 177 mg/L BOD when the flow is 2,840,000 gpd, how
many Ibs/day BOD are removed?

losjd = (Mgl 2 YO MEDXB3D
{4192 \es[d]

L

' ' In

7. The suspended solids concentration entering a trickling filter is 210 mg/L. If the
suspended solids concentration in the trickling filter effluent is 67 mg/L, what is the
suspended solids removal efficiency of the trickling filter? ot

EQP\'Qianc,\l,"Zz iﬂi:{f_‘*i‘XKR))
- (Y o) (S Y )< [ 7]

WA
8. The influent to a primary clarifier has a BOD content of 252 mg/L. The trickling
filter effluent BOD is 20 mg/L. What is the BOD removal efficiency of the treatment
plant? out

= 96290 -/232 Y o) - 190,17
7 9_%%_5_<259 mo),]qwz,!

Answers:

1. 103.8 gpd/sq.ft.

2. 169.9 gpd/sq.ft.

3. 56.5 Ibs/day/1000 cu.ft.
4. 98.6 Ibs/day/1000 cu.ft,

2514.4 lbs/day
4192.4 Ibs/day
68.1%
92.1%

BN
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Applied Math for Wastewater Treatment
Trickling Filter Math
Extra Problems

Conventlonal filters
Ratating dis:ﬂbutar

Hydraulic Loading Rate

. 1. Atrickling filter 75 ft in diameter treats a primary clarifier effluent flow of 1.4 MGD.
- If the recirculated flow is 0.3 MGD, what is the hydraulic loading rate, gpd/sq ft?

CHLR= LHODCTD + 300 ,oOgpd
(618515 #)?

- (285 qpd |

2. The flow to a standard rate trickling fitter is 450,000 gpd. If the trickling filter is 80
ft in diameter and 5 ft deep, what is the hydraulic loading rate?

HLR= 45D, osoqu
(0B 30D

Trickling Filters
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3. Aftrickling filter, 80 ft in diameter, treats a primary effluent flow of 660,000 gpd. If
the recirculated flow to the trickiing filter is 120,000 gpd, what is the hydraulic
loading rate on the trickling filter in gpd/ft??

LR = LibO,Co0gpd + 120,0009p0
GRS

- [155 gpalfi* )

4. A high-rate trickling filter receives a fiow of 2360 gpm. If the filter has a diameter
of 90 ft, what is the hydraulic loading on the filter ‘i;i;pdlftz?

@3LOX 1H10)=339BH00q

- 33mAcogrd )55 goa P ]

(035X O D?

5. A trickling filter receives a flow of 2200 gpm with a BOD concentration of 125 mg/L.
If the filter is 95 feet in diameter, what is the hydraylic loading rate, gpd/sq ft?

(zzooX\UrLlO)‘-" 313, c00]G

HLR= 2,L8,000903 _ T4 god|Re
(67B A5 50?2 gzal

rganic Loading Rate (OLR)

6. A trickling filter 80 ft in diameter with a media depth of 4 ft receives a primary
effluent flow of 1.85 MGD with a BOD concentration of 110 mg/L. What is the
organic loading rate, Ibs BOD/day/1000 cu ft?

— . é
OLR~ (omglt 1835 MEDX8.3H) . 11T bl
R Egc?_’%%ggmz (4»(10] 90,09 1®

7. An 80 ft diameter trickling filter with a media depth of 7 ft receives a flow of
2,180,000 gpd. If the BOD concentration of the primary effluent is 139 mg/L, find
the organic loading rate.

(129 Y013 MEDYBAY) - 527138 Ibeld Y719 (bs|dom e
OLR= [ ©ESXEOERTIES | 25 LS 1ok

Trickling Filters
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8. A trickling filter, 100 ft in diameter with a media depth of 6 ft, receives a flow of
1,400,000 gpd. If the BOD concentration of the primary effluent is 210 mg/L, what
is the organic loading on the trickling filter in Ibs BOD/day/1000 t>?

_(Qoag(\amed 8. 30) . aystabledd 159 ) lbgld] oo i3
OLR= (0?’@61\01)&)%(9&2] 47, WoHs ,62 s ' J
\&>

9. A 90-ft diameter trickling filter with a media depth of 7 ft receives a primary effluent
flow of 3,400,000 gpd with a BOD of 111 mg/L. What is the organic loading on the

trickling filter in ibs BOD/day/1000 ft>? .
OLR- (MM 3 4MEDY8.3Y) - Bltl’T.'-S\Lo\bsldgt .:\707( \bsld‘lﬁm%

ECOT’?‘SSX‘?OQ)'Z("T 44,5095 03
oo

10. Calculate OLR for the following trickling filter:

Diameter: 75 ft Flow:(315 gpm)(l'—l L\O? = L}S%@O’O 8Pd
Media depth: 5 ft Influent BOD: 210 mg/L
OR- (20omel 0B MEDYBED - 19443504 tbsld
t (0?1%?)(755&)7(6410 "l 92,071 125 ot >

- [B.0 losjd] o042

11.7f 110 mg/L suspended solids are removed by a trickling filter, how many pounds
per day suspended solids are removed when the flow is 4.2 MGD?

\bs|d = (HomgLY(42metY8:34)
-[3852 lbgld |

12.A trickling filter receives a flow of 4,900,000 gpd. If the BOD concentration entering
the trickling filter is 160 mg/I and the effluent contains 30 mg/L, how many pounds

of BOD are removed daily? Removed = \LoOIYglL -30 “BI L=1{20 NS\L
Ibs|d = (130mgl (4 AME DY 834

-[5212 \bs|d |

m
Tricl_<ling Filters
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13.1f 122 mg/L suspended solids are removed by a trickling filter, how many lbs/day
suspended solids are removed when the flow is 3,240,000 gpd?

\bs|d = (\22mg\ (324 MEDYBRY)
 =|3AT tespd |

14.The flow to a trickling filter is 1.82 MGD. If the primary effluent has a BOD
concentration of 250 mg/L and the trickling filter effluent has a BOD concentration
of 74 mg/L, how many Ibs of BOD are removed?

F(emoved'- 950!‘(3\ L4 n}glL = 7o “}S\L
\beld= (o WS\LX\ 232 MNGD(S 34)
= |71 Ibs|d | |

15.1f 182 mg/L of BOD are removed from a trickling filter when the flow to the trickling
filter is 2,920,000 gpd, how many Ibs/day BOD are removed?

losjd = (182 gl LY 922 MEDY3.34)

Unit Process Efficiency

16.The suspended solids entering a trickling filter is 135 mg/L. If the suspended solids
in the effluent is 28 mg/L, what is the suspended solids removal efficiency, %? If
the flow to the filter is 1.5 cfs, calculate [bs/day suspended solids removed.

. 1
- g ' Q.5 cfs Y40 (1840
7 = l\i’%é_%x @ =~ [T923% | | q‘iﬁso%ﬂpd
los|d = (107 my| LY O Q9402 NEDYE3YD)= )%@5 \bsd j

17.The suspended solids concentration entering a trickling filter is 149 mg/L. If the
suspended solids concentration in the trickling filter effluent is 48 mg/L, what is the
suspended solids removal efficiency of the trickling filter?

= l.._—m-_l'\q—q% x oo = 10\ - o
% ey e <P = \19:7%:0@

Trickling Filters
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18.The influent to a primary clarifier has a' BOD content of 261 mg/L. The trickling
filter effluent BOD is 22 mg/L. What is the BOD removal efficiency of the treatment
plant?

. 192w . 23 xip Y967,
7= 222 i - 88 0 JALLT, |

19.The concentration of suspended solids entering a trickling filter if 201 mg/L. If the
~ concentration of suspended solids in the trickling filter effluent is 22 mg/L, what is
the suspended solids removal efficiency of the trickling filter?

_ 20132 e . V19 _
% = 2222 0 - o =[BT

20.The concentration of suspended solids entering a trickling filter is 111 mg/L. If 88
mg/L suspended solids are removed from the trickling filter, what is the suspended
solids removal efficiency of the trickling filter?

oo %%—.X\GD = 70\%2

—-—nm
Trickling Filters
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Applied Math for Wastewater Treatment '
Activated Sludge
BOD or COD Loading, lbs/day pq. 10 n form wla boolo

1. The flow to an aeration tank is 850,000 gpd; If the BOD content of the wastewater

entering the aeration tank is 225 mg/L, how many pounds of BOD are applied to
the aeration tank daily?

Ibs BOD[day = (80D, my|H(Flow, MEDYB34)
= (925 nglLY(0:35M e )XB24)

-\1595 Ibs|d]

2. The flow to an aeration tank is 1200 gpm. If the COD concentration of the
wastewater is 155 mg/L, what is the COD loading rate in Ibs/day?

Q203X . \ppe CoD|day= (coD ,WBILXFI ow,me>‘1>d(%\?>®
T ot0,0t0
=17128 MED - (@@YBJQO.”IQS M6 DY 8.24)

=[9a34 los|d |

Solids Inventory in the Aeration Tank, Jbs. MLSS or lbs. MLVSS

3. An aeration basin is 120 ft long, 45 ft wide and holds wastewater to a depth of 12
ft. If the aeration basin has an MLSS concentration of 2150 mg/L, how many
pounds of MLSS are under aeration?

devator velume ol = (10045 I fY7.48) = 484,704 gal

MLSS, bs = (NS, mg ) Aer:Yol, MeY3.24)
= (915D mgl Y0 HBHTOA ME (13D

-[3LA1 Ibs MLSS)

Activated Sludge
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4. The aeration tank of a conventional activated sludge plant has an MLSS
concentration of 2300 mg/L with a volatile solids content of 72%. If the volume of

- the aeration tank is 200,000 gallons, how many pounds of volatile solids are under
- aeration?

MLYSS, s =(MLSS, mgl LY Aer: Vol MEY8 34(Z Vs)
- (230 g LYo, 2MmeYB.24)0:72)

=172 Yos vassW

Food to Microorganism Ratio

5. An activated sludge aeration tank receives a primary effluent flow of 1.6 MGD with
a BOD concentration of 180 mg/L. The mixed liquor volatile suspended solids is

- 2200 mg/L. and the aeration tank volume is 420,000 gallons. What is the current
F/M ratio?

Fm= (20D or oD, mel LY Flow, MEDBY 8.34)
(MLVsS mg | YAer ol MEY(3.34)

_ (130mg (IMeNB 2D | 240192 15z

(2000 mglOfoH2me)8.34) ~ 1106:1b
6. The flow to a 195, 000 gallon oxidation ditch is 365,000 gpd. The BOD

concentration of the wastewater is 170 mg/L. If the MLSS concentration is 2550
mg/L with a volatile content of 70%, what is the F/M ratio?

Hm-= (170 mg] LY 0,365 METYB,34)
(9550 ma\ NONA5 MEYR. YO0

sS4 -

T 290248455

7. The desired F/M ratio of an extended aeration activated sludge plant is 0.5 Ibs

COD/Ib. MLVSS. If the 3.0 MGD primary effluent flow has a COD of 172 mg/L, how
many ibs of MLVSS should be maintained in the aeration tank?

- BOD or COD,lbs
Destred MLVSS, lbs e Fm caho

. (T2md Y 30MeDY8.34)
0.5

= [I60T lbs]

Activated Sludge
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Mean Cell Residence Time (MCRT), days P9 l\ 6r mula boolu

8. An activated sludge system has a total of 28,500 Ibs of mixed liquor suspended
solids. The suspended solids leaving the final clarifier in the effluent is 400 Ibs/day.
The pounds suspended solids wasted from the final clarifier is 2910 Ibs/day. What
is the solids retention time (MCRT), days?

33 in System, 1bS 9.0 \bs

MORT= 1S Toojd + SE 55 el ~ 210 losld + 40D Wbs|d

_ 23,50lbs
T 2310 lesld

—
Py

9. Determine MCRT given the following information:

Aeration Tank = 1,400,000 gal MLSS = 2650 mg/L
Final Clarifier = 105,000 gal S.E. SS = 22 mg/L
Flow = 3,000,000 gpd CCSS = 1890 mg/L
WAS Pump Rate = 68,000 gpd WAS = 6050 mg/L

MCRT, dayss= (LSS gL Aer. Vol MeY8:39) + (€SS, mg Y Final Clar. YolXB.39) B
) (0AS, &2y wg\l)(w AS Flow MEDB3D+ (SESSmgl Y Plant Flow)83D

_ (ausp 14X 8.2 + (g 0los (8.34)
(00Y0.068 X831+ (92)(3.6Y.3.3)

= 30U 4+ 55073 . 3WAL A5 ;Eg.z days l
3431.0 o+ 550,44 FR1.5 e

Wasting Rates

10. Using Constant F/M Ratio: The desired F/M ratio for an activated sludge system is
0.6 Ibs BOD/Ib MLVSS. It has been calculated that 3300 Ibs of BOD enter the

aeration basin daily. If the volatile solids content of the MLSS is 68%, how many
Ibs MLSS are desired in the aeration basin? ‘
Destrad MWSY, lbs = 3300 Yos BOD - 55C0 |bs

Cile A

Desired MUSS, lbs = 5500 Ibs MUSS - 2082 Ibs |
‘ O0.6%
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11. Using Constant MCRT: The desired MCRT for an activated sludge pfant is 8.5 days.
The secondary effluent flow is 3.16 MGD with a suspended solids content of 22
mg/L. There is a total of 32,100 Ibs SS in the system. How many Ibs/day WAS SS
must be wasted to maintain the desired MCRT?

(eSS, mg) Y Aer Yol GYB.3) (e 5, mg)dYPlant )B34)
(A3, \bg|dh = MCRT,davys A8€ s5i1mg

32,10 Ibs _ _ (gomg 3. IbMETB3D
?‘6(}&\/3 -

- 3776470 bjd = 5171908 lbs|d

2197 losid |
Answers:
1. 1595 Ibs BOD/day 7. 8607 Ibs MLVSS
2. 2234 |bs COD/day ' 8. 8.6 days
3. 8691 lbs MLSS 9. 8.2 days
4, 2762 lbs MLVSS 10. 8088 lbs MLSS desired
5 031 11. 3197 Ibs to waste
6. 0.18 -

.%
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Applied Math for Wastewater Treatment
Activated Sludge
Extra Problems

BOD or COD Loading, ibs/da

1. The flow to an aeration basin is 880,000 gpd. If the BOD content of the
wastewater entering the aeration basin is 240 mg/L, what is the Ibs/day BOD

loading? beld~ (qu%\txolgg Me DY 8.34)

|76 bs)d |

2. The flow to the aeration basin is 2980 gpm. If the COD concentration of the
wastewater is 160 mg/L, how many Ibs of COD are applied to the aeration basin
daily?

(28 1440 = 42 MED
\ 500,500

los|d= (1oo mglX 4.2912 m@DY&BLD:EL’%QE@

3. The BOD content of the wastewater entering an aeration basin is 165 mg/L. If the
flow to the aeration basin is 3,240,000 gpd, what is the Ibs/day BOD loading?

ls|d = (165 mg)Y 324 MEDYB.34)

i e

4. The daily flow to an aeration basin is 4,880 /000 gpd. If the COD concentration of
" the: mﬂuent wastewater is 150 mg/L, how many lbs of COD are dpplied to the
aeration basin daily?

Ibsld (15Dmgl F4 B3 MEDN®, 39)
| 1’\05 \bg\d |

 Activated Sludge
- 193



TDEC - Fleming Training Center Section 7

Solids Inventory in the Aeration Basin, Ibs. MLSS or Ibs. MLVSS

5. If the mixed liquor suspended solids concentration is 2110 mg/L and the aeration

basin has a volume of 460,000 gallons, how many Ibs of suspended solids are in
the aeration basin?

lbs = (10 604l MEYB3D

o

6. The aeration basin of a conventional activated sludge plant has a mixed liquor
volatile suspended solids (MLVSS) concentration of 2420 mg/L. If the aeration

basin is 90 ft long by 50 ft wide and has wastewater to a depth of 16 ft, how many
Ibs of MLVSS are under aeration?

vol.= QoY B0 1bE Y 79R) - 07285k Mo

| 500,000

b = (3420 mg|LYO 52850 %X%.gtbﬁlo,%“?o lba}

7. The aeration basin of a conventional activated sludge plant has a mixed liguor
volatile suspended solids (MLVSS) concentration of 2410 mg/L. If the aeration

basin is 80 ft long by 40 ft wide and has wastewater to a depth of 16 ft, how many
tbs of MLVSS are under aeration?

vol= (20440 £O(LEN(4R) - 0,33 29471 NG

\ G0, C00
\bs = (21omg OB 3827 T MEYB. 3D = 1698 lbs ?

An aeration basin is 110 ft long,30 ft wide and has wastewater to a depth of 16 ft.
If the aeration basin of this conventional activated sludge plant has a mixed liquor

suspended solids (MLSS) concentration of 2740 mg/L, how many |bs of MLSS are
under aeration?

vor= (O£ BRI EYXI4D) - 0. 274944 lps,
Fesoxess

los= (9o n\Cg\QLO‘BOMCI‘-M Ibé)(%.SLD =B995 lbs l

Activated Sludge
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9. An aeration basin is 110 ft long, 50 ft wide and has wastewater to a depth of 16 ft.
If the mixed liquor suspended solids (MLSS) concentration in the aeration basin is
2470 mg/L with a volatile solids content of 73%, how many Ibs of MLVSS are under
aeration? ' '

vol = (\\oﬂlﬁbﬁrﬁ(l_b-ﬂﬁ-q@ = 065884 MG
 OT0, 000 -

s = mﬂ@(o. bs8adY 8.3u)=(48% Ibs]

. 8\‘ ves \jou mﬁlL MmLYss
Food to Microorganism Ratio

10. An activated sludge aeration basin receives a primary effluent flow of 2.72 MGD
with a BOD concentration of 198 mg/L. The mixed liquor volatile suspended solids
(MLVSS) concentration is 2610 mg/L and the aeration basin volume is 480,000
gallons. What is the current F/M ratio?

Flm= Q9 1Y 272 MeTSY8.24)
(a1 mg o1 MEY3249)

44 L FA0 Wbs|d 8D\ o
bYug. 852 Yos MLVSS \:E

11. An activated sludge aeration basin receives a primary effluent flow of 3,350,000
gpd with a BOD of 148 mg/L.. The mixed liquor volatile suspended solids (MLVSS)
concentration is 2510 mg/L. and the aeration basin volume is 490,000 gallons.
What is the F/M ratio?

Flm = (14 mqld&?; 25 m@bj(g‘gq)

(95 ('6@ YO 4% MeY8.3¢)

= 4139472 \bsld BOD 1540
102573 bs MLVSS
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12. The flow to a 195,000 gallon oxidation ditch is 320,000 gpd. The BOD
concentration of the wastewater is 180 mg/L. If the mixed liquor suspended solids

(MLSS) concentration is 2540 mg/L with a volatile solids content of 72%, what is
the F/M ratio?

Flm= (180 mq (032 MEDYB.34)
@540”&8\ Yo D). 195 MEX 8.34)

. 480384 bsjd BOD  _Toiw
ATINTIH Tps MLVSS JE

13. The desired F/M ratio at an extended aeration activated sludge plant is 0.7 Ib
BOD/Ib MLVSS. If the primary effluent flow is 3.3 MGD and has a BOD of 181
mg/L, how many pounds of MLVSS should be maintained in the aeration basin?

Desiced MLVSY, Ibs= (BImgILY 33MGDYE34Y)

:\ Tl \bgm\u_vssj

14. The desired F/M ratio at a particular activated sludge plant is 0.4 Ibs BOD/Ib MLVSS.
If the primary effluent flow is 2,510,000 gpd and has a BOD concentration of 141
mg/L, how many Ibs of MLVSS should be maintained in the aeration basin?

Deslred MW, Yoe= {141 mg\dw\ MEDY8.24)
o4

-[1379 muvss 1bs)

Mean Cell Residence Time (MCRT), days
‘ 1N S\{sl—em
15. An activated sludge system has a total of 29,100 lbs of MLSS. The concentration of
suspended solids leaving the final clarifier in the effluent is calculated to be 400
Ibs/day. Suspended solids wasted from the clarifier are 2920 Ibs/day. What is the

MCRT in days? ‘ \&Vitg
NCRT,days= 89,1c0 lbs
400 tos|d + 2920 lbs|d

_ADbS  TE R days)
T 3220 \bsid L I)
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16. Determine the MCRT given the following data: aeration basin volume, 1,500,000
gallons; mixed liquor suspended solids, 2710 mg/L; final clarifier, 106,000 gallons;
waste activated sludge, 5870 mg/L; WAS pumping rate, 72,000 gpd; plant flow, 3.3
MGD; secondary effluent SS, 25 mg/L; average clarifier core SS, 1940 mg/L.

Aer. Basin= \,50Ctogol M= 3TN0 mglL
Clarifer = 106,000 gal WAS = B8O mﬁu.
oAS Pamp= T2,c06 gpd CESS= A5

Plont Flow = 3.2M6D ce S8 = 94 mglL

U Sth MCRT Formula A

meeT= (@10 Y15 830 + (JaUcY0. 106 8.34)
(52 710Y0.C12)X 3.3 +(25Y 2.3 8.3%)

- 23,909, + 715,087 . 3513l _[8.5 days)
35248+ 68%.05 0212, 860 1

17. An aeration basin has a volume of 460,000 gallons. The final clarifier has a volume
of 178,000 gallons. The MLSS concentration in the aeration basin is 2222 mg/L. If
1610 Ibs/day suspended solids are wasted and 240 Ibs/day suspended solids are in
the secondary effluent, what is the MCRT for the activated sludge system?

fer.Rasin= A0,T0D 3s wasted = \elo lbg|d
ClartRer= {18,000c¢ SESDS = o \bsld
ML = 092 NB\L

HUse Yop of 4th MCRT formula + bottom of_2nd formule

MCRTdlays = (S mgfAer Vol 4 Clarifier VA MEYB.3)

WAS , bsjd + SE SS tbs(d
e 0. 638 T
. (2502 mal 0 A0 + 0,11’ MEY B34

“lolo +240 tbs]d

= 11B23.0%424 Ibs ;T o days |
1850 eeld

m
Activated Sludge 197




TDEC - Fleming Training Center [ Section 7

18. Determine MCRT given the following information:

Aeration Basin = 350,000 gal MLSS = 2910 mg/L
Final Clarifier = 125,000 gal S.E. S5 = 16 mg/L
Flow = 1,400,000 gpd WAS = 6210 mg/L

WAS Pump Rate = 27,000 gpd
|k Use 4th MCRT formula? J

15 ~—

——")
MCRT = (910 m\@5-+ 0125 MEX8.34)
(L0 mgl 0097 MmeBY 8.3+ (o gl (! 4 MEDY8.34)

= 1587 S lbs | WBIALS _\ 7234

1268, TR + \Qb &l 1585183

Wasting Rates

19. Using Constant F/M Ratio: The desired F/M ratio for an activated sludge system is
0.5 Ibs BOD/Ib MLVSS. It has been calculated that 3400 Ibs of BOD enter the

aeration basin daily. If the volatile solids content of the MLSS is 69%, how many
Ibs MLSS are desired in the aeration basin?

Desired MVSS [be= 3400 Ibs BOD = (68RCO Ibs

05
Desired MLES, 1bs = (BOO {bs = |BSS Ibs
O.[ch ‘

20. Using Constant MCRT: The desired MCRT for an activated sludge plant is 9 days.
The secondary effluent flow is 3,220,000 gpd with a suspended solids content of 23
mg/L. There is a total of 32,400 Ibs SS in the system. How many Ibs/day WAS SS
must be wasted to maintain the desired MCRT?

WAS,lbs]d = 32400 b - (a3mg) Y3.50 MEDYB,34)
Gdays '

- 3000 sjd - 176604 (bsid

_ |aasa lbs|d)

198 Activated Sludge



TDEC - Fleming Training Center Section 7

21. Given the following data, determine the Ibs/day suspended solids to be wasted:

Aeration Tank Volume = 1.2 MG Desired F/M = 0.4
Influent Flow = 3,100,000 gpd MLSS = 2200 mg/L
BOD = 110 mg/L %VS = 68%

Desired MLVSS, Ibs|d = (110 mlg(s.tm.sbj(&gq)
0.4
N0 85 by

it

tf

Desiced MY, = LIS = (0455, bolol Tl 1bs
0%

Aohiad ML = (amoag\q(\,o_m@x%sq): 2201 o \bs

nesd o Waske = IROIT, Lo~ {0455 16 = |\, 562 lbs MLSS
o woste

Answers:

1. 1761 Ibs BOD/day 12. 0.16

2. 5726 Ibs COD/day 13. 7116 Ibs MLVSS

3. 4459 Ibs BOD/day 14, 7379 |bs MLVSS

4. 6105 Ibs COD/day 15. 8.8 days

5. 8095 Ibs MLSS 16. 8.5 days

6. 10,870 Ibs MLVSS 17. 6.4 days

7. 7698 |bs MLVSS 18. 7.3 days

8. 9025 Ibs MLSS 19, 9855 |bs MLSS desired
9. 9899 Ibs MLVSS 20. 2982 Ibs MLSS to waste
10. 0.43 21. 3977 Ibs MLSS to waste
11. 0.40 \1, S

“_%
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Applied Math for Wastewater
Pump Horsepower & Efficiency
Practice Quiz

A pump must pump 2,500 gpm against a total head of 73 feet. What horsepower
(water horsepower) will be required to do the work?

Whp = ¢ lOUD_\GPmY head #)
O

CJ

Ao
- (3,50gpmY 1340
30O

A pump is delivering a flow of 1,035 gpm against 46.7 feet of head. What horsepower
will be required?

Whe = (1635 gomYd6 £
290

g

If a pump is to deliver 630 gpm of water against a iotal head of 102 feet, and the pump
has an efficiency of 78%, what power must be supplied to the pump?

hp= G:Iou), m\LheCtd,‘G)
Bhe ngw)(%ﬁmpe%z, asdec)

- (L3230 mI\OQ—?-D
- (sqé&ong)
0.3 \np]

You have calculated that a cerfain pumping job will require 10.1 whp. If the pump is
84% efficient and the motor is 73% efficient, what motor horsepower will be required?

ho=Bhp Bho= Lh ‘
ogm P s motoreff. P Zpumpeft.

Mhe = Whpe - 10 1S h |
e (% motoc %%P (O.%LFIO 12 L‘\ﬁ'l
eff.

Pumps
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5. What is the overall efficiency if an electric power equivalent to 36 hp is supplied to the
motor and 16.3 hp of work is accomplished?

7 B, overlls Whe x 10D
- Mhe

_ Wehe 10

Sl hp_

—
-

6. A pump is discharging 1,250 gpm against 2 head of 71 feet. The wire-ito~-waier
efficiency is 82%. If the cost fo power is $0.028/kW hr, what is the cost of the power
consumed during a week in which the pump runs 126 hours?.

| Cos’rf’/ he = (M hpIO.“I% kw/hPXmsr,“/ ll-he)
- (122 - (21,33 X0 THY¥0.098Y 12 hr)
Mhp (}3%010.%'1 L P |

| =d1.33 he ,]ﬂ"[ 193 l

7. A wet well is 12 feet long and 10 feet wide. The influent valve to the wet well is closed.

If a pump lowers the water level 2.6 feet during a 5-minute pumping test, what is the
. gpm pumping rate?

(‘PIL m P R a_tc )SPm - (L.) HXUJ fGXd )'C‘\‘X'?- L|-8’)
Hime, min
- @%Ilopdawmc’l.q&)
5 min
=l gpm
ANSWERS
1 46 hp 5. 45.3%
2, 12.2 hp 6. $71.93
3. 20.8 hp _ 7. 467 gpm
4 16.5 hp

201
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Applied Math for Wastewater
Pump Horsepower/Efficiency/Cost/Motors

HORSEPOWER

1. A pump must pump 3,000 gpm against a total head of 25 feet. What
horsepower (water horsepower) will be required to do the work?

UJhp (5OZDQJQ_Y&5¢I')
28100

=L\8ﬂ hlo ?

2. A flow of 555 gpm must be pumped agaihst a head of 40 feet. What is the
horsepower required?

Whp= (655gomY40£)
2960

=\ Sl hp

3 Suppose a pump is pumping a total head of 76.2 feet. If 900 gpm is to be
pumped, what is the water horsepower requirement?

Whp = (G0gpmYTio.2f1)
31100

e

4. Suppose a pump is pumping against a total head of 46 feet. If 850 gpm is to
be pumped, what is the horsepower requirement?

Whp= (BEDgpm) o)
U0

::

5. A pump is delivering a flow of 835 gpm against a total head of 35.6 feet.
What is the water horsepower?

Whe= (335 gumias.to%)
P o

= |75 he )
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6. . What is the water horsepower of a pump that is producing 1,523 apm
against a head of 65 feet?

Whp = _Q§23>,q_pmxw6ﬁ'> -
0O

@5 ho |

1

EFFICIENCY

7. If a pump is to deliver 360 gpm of water against a total head of 95 feet, and
the pump has an efficiency of 85 percent, what horsepower must be supplied
to the pump?

= (B0apmIa6H)
Bhp (3od)0 -85)

SR

8. 1If a pump is to deliver 450 gpm of water against a total head of 90 feet, and
the pump has an efficiency of 70 percent, what horsepower must be supplied

to the pump?
RBh p= (45D SPMXQOQ')
(B0 X 0T10)
=|14.b_hp |
9. ‘The motor nameplate indicated that the output of a certain motor

How much horsepower must be supplied to the motor, if the motor is
efficient?

- [R3 hp)

10. The motor nameplate indicated that the output of a certain moator is 20 hp.
How much horsepower must be supplied to the motor if the motor is 90
percent efficient?

Mhp= %%(bal

=f@zhe|

203
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11, _Y'ou have caiculated that a certain pumping job will require 9 whp. If the
~ pump is 80 percent efficient and the motor is 72 percent efficient, what

motor horsepower will be required? QR =W 2125
m o= _(Jh_p # | Bhe pumpet 0.8
(mc\brew‘F.XPumpe D mh ) EHE . .2s_\i15.L
=9 =15l P forer 6~ 0712 | 1y

0.%0(071D) \ he ) >

12. You have calculated thata certain pumiping job will require 6 whp. If the -

pump is 80 percent efficient and the motor is 90 percent efficient, what
motor horsepower will be required?

lo h
Mhp= (o.‘zso%ﬁo)

=‘l%.3 h—é!

13. Based on the gallons per minute to be pumped and the total head the pump
must pump against, the water horsepower requirement was calculated to be

18.5 whp. If the motor supplies the pump with 21 hp, what must be the
efficiency of the pump?

Zoump = Whp - 8.5 hp . 0,88 XD BB Z |
et Bhp Al hp

14, What is the overall efficiency if an electric power equivalent to 35 hp is
supplied to the motor and 18.5 hp of work is accomplished?

Zeff. = Whp = 185hp - 0524 =169
oerall  Mhp  35hp

15. Suppose that 31 kilowatts (kW) power is supplied to a motor. If the brake -
horsepower is 19 bhp, what is the efficiency of the motor?

3Lk lhe _ 4s5 mh
1074 kWO A P

Zmetor = Bhp = A hp . 045745717

eff. Mhp ‘“55 hp
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6. Suppose that 10 kilowatts (kW) power is supplied to a motor. If the brake
horsepower is 12 bhp, what is the efficiency of the motor?

OXW| lhe 1340 h
1071dt kW) ™ P

%ipgkor = 12kp - 03952 {8457

134 hp
PUMPING COST

17. The motor horsepower required for a particular pumping job is 39 hp. If
your power cost is $0.08/kW hr, what is the cost of operating the motor for -

~one hour?
 pump cos, Y= (MnpY0T46Y cost ¥/ ku-ho)
= (83 hpX0. 146X #0.08)
= #2233 hr

18. The motor horsepower required for a particular pumping job is 30 hp. If

your power cost is $0.05/kW hr, what Is the cost of operating the motor for
one hour?

pump cosh, ¥he = (30 hpX0:T4)H0.08)

- |82 fhe \

19. You have calculated that the minimum motor horsepower requirement for a
particular pumping problem is 25 mhp. If the cost of power is $0.025/kW hr,
what is the power cost in operating the pump for 14 hours?

pump cost, %he = (a5hpY0TEY#0.095)
= 90 l-l’l/ hr
@ 14 hes 2 ($047/he )i hes)
= i*‘lo.5?> )
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20. A pump is discharging 1100 gpm against a head of 65 feet. The wire-to-
water efficiency is 70 percent. If the cost of power is $0.025/kW hr, what is
the cost of the power consumed during a week in which the pump runs 80
hours?

Mhy - (100gpmYUBH) = 9619 hp
" (2960)(0:10)

cost Whe = (357 X 0746 X40.039)= %048 he
)
@ W hs = (*04-/h)(80 he){ #3848 |

~ 21. Given a brake horsepower of 18.5, a motor efficiency of 88 percent and a
cost of $0.015/kW hr, determine the daily power cost for operating a pump.

- 1B5he - 91.02 h
Mhp = e ? : P

cost Bhe = (3102 NOTHEXH0.018)= #0.24/he
@M Ns=> (#0.04[ hr)94hrs) ?FﬁS.{OS/ dk

22. A pump is discharging 1500 gpm against a head of 80 feet. The wire-to-
water efficiency is 68 percent. If the cost of power is $0.035/kW hr, what is
the cost of the power consumed during a week in which the pump runs 90
hours?

Mhp= (1500 gomYB0 41 = 44T hp
| BD)OLR)
cost Fhe- (44,50 hpY0 THY*0.088) = #1Mhr

@G0 hes » (ALblhYaohes) #0412

MOTORS

23. What would be the horsepower on a motor that is rated at 36 amps and 440

T hp= (440 voltSYalb ampsS) (92 hp |

TG
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24, What would be the horsepower on a motor that is rated at 12 amps and 440

volts? hp= LLH_O volts X1 aYYlPS)
Ml |

[T ho |

25, What would be the horsepower on a motor that is rated at 16 amps and 440

volts? ,
hp = (440 voltsY(lle amps)
46

- [ad hp \

26. How many watts of power does a single-phase motor use if it pulls 12 amps
at 110 volts and has a power factor of 1?

wats = (vo\’rsXamstpower—?udvr)
= (ho volts1 ampsY 1 pf)
- 11390 UDGHSA

27. How many watts of power does a single-phase motor use if it pulls 12 amps
at 220 volts and has a power factor of 0.8?

watts = (220 voltsX 12 amPSXO.S pF D
= Eﬂ& UJG-"H%

28. How many watts of power does a single-phase motor use if it pulls 12 amps
at 110 volts and has a power factor of 0.3?

watts = (110 wohsXIx ampes)0.3pF)
= | 8% watis |

207
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29. How many watts of power does a three-phase motor use if it pulls 20 amps.
at 440 volts and has a power factor of 0.85?

uuaﬂs hiee-phase = (vol’rsXamp@(faﬁ)(HSi)

- (440 vt Y 20 ampY 0 25pF X 1132)
= [12555 watts |

30. How many watts of power does a three-phase motor use if it pulls 40 amps
at 440 volts and has a power factor of 0.9?

watts , three- phase = (440\(0\*53(40. amp%% of Y. 132)

27,435 wotts)

31. How many kilowatts of power does a three-phase motor use if it pulls 20
amps at 440 volts and has a power factor of 0.85?

YW = (440 votsX 20 ampsY0 85pE Y| 132)

1600
:ila\d,o!

32. What is the power factor on a system that uses 3872 watts and pulls 11
amps at 440 volts?

0 e _OOHS
fotwer tactar = (voltsXampsd
. 38Tawatts 1o
(440 voltsYitamps
33. What is the power factor on a system that uses 3960 watts and pulis 10

amps at 440 volts? : He

_ 290 wa =109 |
power Fadz)r "~ (4dovettsYioamp D

Pumps
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Applied Math for Wastewater

Pump Rates Problems

1. During a 60-minute pumping test, 9,456 gallons are pumped into a tank that has a
length of 10 feet, width of 8 feet, and depth of 6 feet. The tank was empty before
the pumping test was started. What is the GPM rate?

’Pump Rate, = Yolume ,gal
gpm Hme , min
. - O\Ha.o 80.(2_,
L0 min
=510 gom|

2. During a 30-minute pumping test, 3680 gaiions are pumped into a tank, which has
a diameter of 10 ft. The water level before the pumping test was 3 ft. What is the

GPM rate?.

@ump Rate = 819806@9_
gpm A0 min

=\125.7 Gpm \

3. A 50-ft diameter tank has water to a depth of 6 feet. The inlet valve is closed and a
2-hour pumping test is begun. If the water level in the tank at the end of the test
is 2.3 feet, what is the pumping rate in gallons per minute?

Pump Rate, =

Fime ,min

P _(oqse e a3 14E)

120 min

= 543U.\S el
6ft 120 My

=|452.lo gp™)

231t {
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4. Atank has a length of 12 feet, adepth of 12 feet a width of 12 feet, and has water
to a depth of 10 feet. If the tank can be emptied in 1 hour 37 minutes, what is the
pumping rate in gallons per minute?

PumpRate, = (L, WXw YA AXTdR) 1™
gpm Hime min
- a8 108 7.48)
91 min

:\ \\\Spmz

5. During a pumping test, water was pumped into an empty tank 10 feet by 10 feet by
- 5 feet deep. The tank completely filled with water in 10 minutes 30 seconds.
Calculate the pumping rate in GPM. ' 10.5 min

PumpPake = (104108 BAX748)
gpm 10 Min

=351 SEMS

6. During a 60 minute pumping test, 11,321 galions are pumped into & tank that has a
length of 15 feet, a width of 10 feet and a depth of 8 feet. The tank was empty
before the Eumping test was started. What is the GPM rate?

(‘P‘lmP ) — 1\‘.3,2\5\:“&&
8pm L0 min

= T\go( Lc‘pm;k |

ANSWERS
1. 157.6 gpm 5. 356.2 gpm

2. 122.7 gpm
3. 452.6 gpm . 6. 188.7 gpm

4. 111 gpm
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Applied Math for Wastewater Treatment
Chemical Dosage

» To convert between mg/L concentrations and % concentrations, use the
conversion of 1% = 10,000 mg/L
» mg/L is “parts per million” concentration or ppm

Chemical Feed Rate (Full Strength), lbs/da

1. Determine the chlorinator setting (Ibs/day) needed to treat a flow of 8.2 MGD with
a chlorine dose of 4.5 mg/L.

los|dl= (dose, mai(@, MEDX 8:34 bs|gat)
- (4s ng\q(fgtzméb)ﬁg.aq)

:@7 lbs| da |

2. The desired dosage for a dry polymer is 2.3 mg/L. If the flow to be treated is
4,236,800 gpd, how many Ibs/day of polymer is required?

logld = (2.3 mglt)(4.230% MEDY(3.34)
-|3).3 \bs\da\!}

Chemical Feed Rate (Less than Full Strength), Ibs/da

3. Atotal chlorine dose of 6.8 mg/L is required to treat a particular wastewater. If the
flow is 1.3 MGD and the calcium hypochlorite has 65% available chlorine, calculate
the lbs/day of hypochlorite required.

losld = (Jose,mg)L)(Q, M&DY8:39)

[

chem pur'\h/ &8 decimal

= (6 Fml1.3ME D &.34)
~ 05

1134 lbs|d |

Chemical Dosage 211
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4. Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite (65% available
chlorine). The recommended dose is 15 mg/L chiorine. If your flow is 69 gpm,
how much calcium hypochlorite is required, Ibs/day?

(AgerXtdiD) . 0,0936  lbsid= (15mglX0.0%136 MEDXE3Y)
0,080 MéD 05

=181 tesfd )

hlorine Dose, Demand and Residual, mg/L
Demand = Dose — Residual ¥ In formule Yocok ¥
Dose = Demand + Residual
Residual = Dose — Demand

5. A secondary wastewater effluent is tested and found to have a chlorine demand of
3.2 mg/L. If the desired chlorine residual is 0.5 mg/L, what is the desired chlorine

I :
dose, mg/L demand= dose- residual
| 2.2 =00%¢ - 0.5

2,240.5=cl oze

371 =dose

6. What should the chlormator setting be (Ibs/day) to treat a flow of 4.2 MGD if the
chlorine demand is 6 mg/L and a chiorine residual of 1.0 mg/L is desired?

dose = Lo+ los|d= (1 (YB]LYL‘ 2med)(8.34)

= \ ‘
BN -[a45 tbsld ]

Chemical Dosage, mg/L

7. A wastewater plant has a flow of 1,180 gpm. If the chiorinator is feeding 76
pounds per day, what is the dose in mg/L?

(8040) 11492 dose wglL= Noslday ed rate
1,60,0  M6D (O,M@DX%~3q)

Tl lbs]d :\53@ mglL
((.Lea2)(8.39)
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8. The chlorinator is set to feed 26.5 Ibs of chiorine per 24 hours for a plant flow of
1.2 MGD. Calculate the chlorine residual for a chiorine demand of 1.85 mg/L.

dose= _ASlbsld . 2,65 gll
(12 MEDYR2Y)

135= 2.5 - residual

@sid = 25—\ 35 t

Hypochlorination

9. How many pounds of HTH (65% available chlorine) will it take to make a 5%
solution when dissolved in enough water to make 25 gallons of hypochlorite?

H’TH)\bS - (’DQS“I fed %YD@SVG&C’ VD\)(QQL\)

. (0.05Y25@0)(8.34) |1 lbs
S5 - 1o tbs |

10. How many pounds of 65% HTH are used to make 10 gallon of 5% solution?

Answers:

308 Ibs/day
81.3 Ibs/day
113 Ibs/day
19.1 Ibs/day
3.7 mg/L

ML=

HTH, Ibs= (0.05)X16)(8.34)
oS

6. 245 Ibs/day

7. 5.36 mg/L

8. 0.8 mg/L

9. .19bs 1l ths
10..077 Ibs (.4 lbs

%
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Applied Math for Wastewater Treatment
Chemical Dosage
» To convert between mg/L cbncentrations and % concentrations, use the

conversion of 1% = 10,000 mg/L
mg/L is “parts per million” concentration or ppm

Chemical Feed Rate (Full Strength), Ibs/day P86 Fo(mulo. boob

1. Determine the chlorinator setting (lbs/day) needed to tréat a flow of 4.4 MGD with
a chlorine dose of 3.2 mg/L.

lbs{d = (dose mgI-(Flow, MEDY8 24 Ibs|gal)
~ =(32mglLX44 MGDYE.34)

-7 tbsjd |

The desiréd dosage for a dry polymer is 1.1 mg/L. If the flow to be treated is
1,660,000 gpd, how many tbs/day of polymer is required?

losld= Qv mglL)(Lks MGDY83M)

~=|15.2 1bgld)

3. To neutralize a sour digester, one pound of lime is added for every pound of volatile
acids in the digester sludge. If the digester contains 195,000 gallons of sludge with
a volatile acid level of 2,100 mg/L, how many pounds of lime should be added?

lbs = @ose gl Vol MEX 8 34)
(2100 mglL YoM 6Y8.24)

3415 lbs

i

1
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4. To control hydrogen sulfide (H,S) and odors in an 8-inch sewer, the chlorine dose
must be 10 mg/L when the flow is 0.37 MGD. Determine the chlorine feed rate in

T lbsld=UomgI(0.3T MeDY8:34)
-)209 lbs|d |

5. A wastewater flow of 3.8 ¢fs requires a chlorine dose of 15 mg/L. What is the
desired chiorine feed rate in Ibs/day?

(33 oY 742Xe0X1440) ~ 24558 MED
1,06500, T

los|d = (15 mglLY(2.4558MEDN8.34)

6. A company contends a new product effectively controls roots in sewer pipes at a
concentration of 150 mg/L if the contact time is 60 minutes. How many pounds of
chemical are required, assuming perfect mixing, if 450 feet of 6-inch sewer were to
be treated?

vol.= (6138058 ADRY1.4%)- b0 . 5115 qald
= 0.000LL 0578 M6

s = (lsofrglo(o.ooototoomg MeY 8. 24)

o e

Chemical Feed Rate (Less than Full Strength), Ibs/day

/7. Atotal chiorine dose of 10.8 mg/L is required to treat a particular wastewater. If
- the flow is 2.77 MGD and the calcium hypochlorite has 65% available chlorine,
calculate the Ibs/day of hypochlorite required.

sl = (©252,mal ) flow, METIB.34)
| %2 chem, Purt’r)y

s |
= 1384 lbs|d ]

Chemical Dosage
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8. The desired dose of a polymer is 4 mg/L.  The polymer literature provided indicates
the compound is 60% active polymer. If a flow of 4.2 MGD is to be treated, how
many Ibs/day of polymer compound must be fed?

Ibs|d = gl A2MED(B3E)

-|a3 lbs|d l

9. The effluent from a wastewater lagoon requires a chlorine dose of 18 mg/L. If the
average daily flow is 1,095,000 gpd and sodium hypochlorite (15% available
chlorine) is to be used to disinfect the wastewater, how many lbs/day of
hypochlorite are required?

Ibs|d= (18mgI1L.0IB5METN8.34)
T 05

-[1090 lks|d )

10. Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite (65% available
chlorine). The recommended dose is 15 mg/L chlorine. If your flow is 75 apm,
how much calcium hypochlorite is required, Ibs/day? e

(15aemYHU0) = 0,108 NGD

oot
\bsid = (15mg LY010% NeDYB.34)
7 Ols o

-120.3 lbs|d \

11. If sodium hypochlorite (15% available chiorine) is used instead in #10, how many
gallons must be fed daily? (Assume 1 gallon of solution weighs 8.34 Ibs.)

md  bleach,gpd = (Sose, gl flow, MED

Lornula &7, available. |
eoie = Ismgl(0 108 MED (0.8 gpd

OB \ :

Chemical Dosage
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'12. To inactivate and control slime in the collection system, sodium hydroxide (NaOH)
can be fed at about 8,000 mg/L over one hour. If the NaOH solution is used to
treat a section-of 12-inch sewer 800 ft long, calculate the volume in gallons of
NaOH solution required. (Assume 1 gallon solution weighs 8.34 Ibs)

vol,= (0185 A £DA(BCO A XTUHR) = 4?1 44 qal

= 0. 004 LA T4 M6
gpd= (8D MO, 0069 T44)

B0

=984 quJ

Chlorine Dose, Demgnd and Resudgal, mgqg/L PS q 'pOrmLL\G. boo]o

13. A secondary wastewater effluent is tested and found to have a chlorine demand of
4.8 mg/L. If the desired chlorine residual is 0.9 mg/L, what is the desired chlorine

dose, mg/L? Doz = Demand + Resldua
4.3+ 09

il 5.7 mé\\.}

~14. The chlorine dose for a secondary effluent is 8.4 mg/L. If the chiorine residual after
a 30 minute contact time is found to be 0.8 mg/L, what is the chlorine demand,

moL? 8¢ = demand+ 0.8
8\4——0‘%1 c\emand

15. What should the chlorinator setting be (Ibs/day) to treat a flow of 3.9 MGD if the
chiorine demand is 8 mg/L and a chlorine residual of 1.5 mg/L is desired?

:DOX-’—%*'LLS = Qr6
les|d = (@5 mg|L(3 N6 DYE-3D

-T80A Tbsld |

Chemical Dosage
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16. A secondary effluent is tested and found to have a chlorine demand of 4.9 mg/L. If
the desired residual is 0.8 mg/L, what is the desired chlorine dose (mg/L)?

Do = 4.9+40%

—_15"( &IL |

17 The chlorine dosage for a secondary effluent is 8.8 mg/L. If the chlorlne residual
after 30 minutes of contact time is found to be 0.9 mg/L, what is the chlorine

demand in mg/L?
%% = demand +
8%-08-= demand

18. The chlorine demand of a secondary effluent is 7.9 mg/L If the chlorine residual of
0.6 mg/L is desired, what is the desired chlorine dosage in mg/L?

= i8\6 mé_ L !

Chemical Dosage, ma/L P5‘6 femule. ool

19. The chlorinator is set to feed 31.5 Ibs of chlorine per 24 hours for a plant flow of
1.6 MGD. Calcuiate the chlorine residual for a chlorine demand of 1.85 mg/L.

Dose, ﬁB\L“ chemical feed, lbe/d
(Flow ,IYIGDXS. 24 \bs]%a.QD

315 lbsjd L
(L MEDYB 39 ~ .30 mgl

9.3 moll = ]_,‘56-\— ’RQ&dU.Q.O.J
93-1135 =[0G myL |

Chemical Dosage
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20. A wastewater plant has a flow of 2,570 gpm. If the chlorinator is feeding 93
pounds per day, what is the dose in mg/L?

(2570apmY(1HHO) ~ 31008 MGD

|, 00,0
L= 93 0bs{d - |3 melL
dose,mq| o

21. What should the chlorinator setting be in Ibs/day to treat a flow of 4.0 MGD if the
chiorinator demand is 9 mg/L and a chiorine residual of 1.7 mg/L is desired?

dO%a,nB\L*- CHYB\L‘\" \.’IWBIL =107 WBIL
los|d = (1o myl Y40 (YI@‘DB@,gq)
= @7 \bsld)

Hypochlorination Pﬁ‘o' formula beolc

22. How many pounds of HTH (65% available chlorine) will it take to make a 2%
solution when dissolved in enough water to make 15 gallons of hypochlorite?

lbs, HTH = (Z conc.h\'; po)(h\(po.}gaOI%.BLD |
% available
- (00915622 (83D . |33 s
O .5
23. How many pounds of 65% HTH are used to make 1 gallon of 3% solution?

. (0.08Y16e0Y®.2D
lbe Tt~ (0.05X1g0%

6T ]

24. How many pounds of 65% available HTH is needed to make 5 gallons of 18%
solution? B

Joe HTH= (o.\%xasgaﬁ.)(&eq)“
’ 0.65

-:—)\\."5 lbs l

Chemical Dosage
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Use the following information for problems 25 — 28:
At 8:00 a.m. on Monday morning a chlorine cylinder weighs 83 pounds. At 8:00 a.m.
on Tuesday morning the same cylinder weighs 69 pounds.

25. What is the chlorinator feed rate in pounds per day?

22 \bs ~169 1bs

26. Estimate the chlorine dose in mg/L for the chlorinator. The fiow totalizer reads
12,982,083 gallons at 8:00AM on Monday morning and 13,528,924 at 8:00AM on
Tuesday morning. (Note: This totalizer does not zero out each morning.)

13,52%,924-12,98 2,082 = 54, 34| SO'Q

dose = W lbsld
(0,463 MEYR.3U)

:iS.\mglL)

27. If the-setting on the chlorinator does not change, how many pounds of chlorine will
be left in the cylinder on Friday morning at 8:00 a.m.?

(4 lbs|dX8d) = 42 Tos

La-da =121 lbs

28. How many 150-ib chlorine cyiinders will this water plant need in a month (with 30
days) if the chlorinator setting remains the same?

(11 \bs |d Y(30d) = 420 \bs

% = A3 ‘F%;)Bcw\mders S

Chemjcal Dosage
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Use the following information for problems 29 — 31:

At 8:00 a.m. on Friday morning a chlorine cylinder weighs 298 pounds. That afternoon
at 4:00 p.m. the same cylinder weighs 216 pounds.

29. What is the chlorinator feed rate in pounds per day?
8 -9\ = B2 lby

315 > (10,5 bl (24 hes JeD - | 2400 lbs|d
(s

30. How many pounds of chlorine will be in the cylinder at 8:00 a.m. on Saturday
morning if the feed rate does not change?

098 - 24l =

2000 \os : _
31. What is the minimum number of ton cylinders the operator will need in a month
with 31 days (at this feed rate)?

(946 Vos) A Y31 ) = T2l los. ~ 3,3 a4 cylinders

2000 Hbs
Answers:
1. 117 ibs/day - 17. 7.9 mg/L
2. 15.2 ibs/day - 18. 8.5 mg/L.
3. 34151bs 19. 0.51 mg/L
4. 30.9 Ibs/day 20. 3.0 mg/L
5. 307 Ibs/day 21. 357 Ibs/day
6. 0.83Ibs 22. 3.8 lbs
7. 384 Ibs/day . 23.04 Ibs
8. 234 Ibs/day 24. 11.5Ibs
9. 1096 Ibs/day 25. 14 Ibs/day
10. 20.8 Ibs/day 26. 3.1 mg/L
11. 10.8 gpd 27. 27 ibs
12, 93.9 gpd 28. 3 cylinders
13. 5.7 mg/L 29, 246 lbs/day
14. 7.6 mg/L. 30. 52 Ibs
15. 309 lbs/day 31. 4 cylinders
16. 5.7 mg/L

%
Chemical Dosage
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Applied Math for Wastewater Treatment
Sludge Digestion

¢ Typical Aerobic Digester
o Detention time greater than 20 days

o Volatile solids loading = 0.1 — 0.3 Ibs VS/day/ft’
o DO=1.0
o pH=59-7.7

» Typical Anaerobic Digester

o Detention time = 30 - 60 days
Heated = 90-95°F , _
Volatile solids loading = 0.04 — 0.1 Ibs VS/day/ft?
pH=6.8-7.2

00 0

Volatile Solids to the Digester, Ibs/da

1. If a 8,250 Ibs/day of solids with a volatile solids content of 68% are sent to the
digester, how many Ibs/day volatile solids are sent to the digester?

V3, lbs|d = (sWudge Vos|d X% Solids X% vS)
- (8250 1bs|d)O 0B

2. A total of 3600 gpd of sludge is pumped to the digester. If the sludge has a 5.7%
solids content with 71% volatile solids, how many Ibs/day volatile solids are
pumped to the digester?

V3, lbs|d = (%ooﬁpd)(aaq)(o.om)(o.m) |

-)1215 Ibsid |

S!udge Digestion
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bigéster Loading Rate, Ibs VS gddéd [daﬂf:t3

- 3. What is the digester loading if a digester, 45 feet in diameter with a liquid level of
20 feet, receives 82,500 Ibs/day of sludge with 5.8% solids and 69% volatile solids?

Digester Loading = (Sludge,1bs|dX% Solids{ % VS)
%isldlﬁg 3 (0:T85XD, )7 (depth, )

50 IbPH0.058X0NR) e
O i Gory 00l ]

4. A digester, 40-ft in diameter with a liquid level of 18 ft receives 26,400 gpd of
sludge with 5.7% solids and 71% volatile solids. What is the digester loading in Ibs
VS added/day/ft>?

Diggster Loading = (QHa 8 2000570

(0T XA (BFD
8052927 :)Bfg'é‘ﬂbs/c\lgsj
22008

Volatile Acids/Alkalinity Ratio

e VA/Alk ratio is an indicator of progress of digestion and the balance between the
two stage process of anaerobic digestion
o First stage — facultative, acid forming organisms convert complex organic
matter to volatile (organic) acids
o Second stage — anaerobic methane-forming organisms convert the acids
to odorless end products of methane gas and carbon dioxide
e Normally less than 0.1, acceptable range is 0.1 — 0.2
o Increase indicates possible excess feeding of raw sludge to the digester or
removal of too much digested sludge
o pH decreases at less than or equal to 0.8

5. The volatile acids concentration of the sludge in an anaerobic digester is 170 mg/L.
If the measured alkalinity is 2150 mg/L, what is the VA/Alkalinity ratio?

VAlAlk= YAngll - TOmall 7508 ]

A\VL, @\L 2D Mgl

Sludge Digestion
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Percent Volatile Solids Reduction

s Aerobic digester. = 40-50%
* Anaerobic digester = 40-60%

' In
6. The raw sludge to a digester has a volatile solids content of 69%. The digested
sludge volatile solids content is 53%. What is the percent volatile solids reduction?

Tn-Ouk oD
Z V3 Red, = 00 x

= O-l.oq"0|62> CD\LO - O Ci%
aA-OuNo5D ~ 040 2051 O o5 =493

7. The digested sludge volatile solids content is 52%. The raw sludge to the digester
has a volatile solids content of 67% What is the percent vo!atlle solids reduction?

TV Red =0 (57-0 &a
OL7- (OB TNOSD

015 |
O~ 0. 343Y

A% au.67
| " 0,301k Cj
Volatile Solids Destroyed, Ibs VS/day/ft®

» Measure of digester effectiveness

8. A flow of 3750 gpd sludge is pumped to a 35,000-ft> digester. The solids
concentration of the sludge is 6.3% with a volatile solids content of 68%. If the
volatile solids reduction during digestion is 54%, how many Ibs/day volatile solids
are destroyed per ft> of digester capacity?

V8 Destroved, = (Sudge,qpd X 8:34X % Solids % VSXBVS Red )
lba\f%lo\\ﬁle (085X DA (A, &)

- (315D qul% A0 .00, L-Y06,5%)
355,000 13 |

-10.02 s vs|d |42

Sludge Digestion
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9. A 50-ft diameter digester receives a sludge flow of 2800 gpd with a solids content
of 5.8% and a volatile'solids concentration of 70%. The volatile solids reduction
during digestion if 54%. The digester operates at a level of 20 ft. What is the
Ibs/day volatile solids reduction per cu ft of digester capacity? Assume the sludge
weighs 8.34 Ibs/day.

VS Red,, = (ma)qm)(g3«0(0,053)(0:70)(054)

lbs Vald| £12 T loes Bod ) (200 |
- BIAAR - g 013 ks Vel
Frra .

Digester Gas Production, ft3 Gas Produced/Ib VS destroyed

» Indicator of the progress of digestion
» Normal range is 12 ~ 18 ft* gas produced / Ib VS destroyed
 Sharp increase indicates presence of high organic content of sludge

10. The anaerobic digester at a treatment plant receives a total of 10,500 gpd of raw
sludge. This sludge has a solids content of 5.3% of which 64% is volatile. If the
~digester yields a volatile solids reduction of 61% and the average digester gas
production is 22,300 ft°, what is the daily gas production in ft3/lb VS destroyed

daily? Gas Reduced, £3/day
'DEQ%*OF (cos¥rod,, = (Vs to digester, Wos{d X% VS Red )

3/ lb YS destroyed |
) 99,3000 ¥d
i (to,cajospdxa.?;L\é(o.osa)(o,bq)(o.@J

= 12.24r2/1bV2 destroyed |

11. A total of 2060 Ibs of volatile solids are pumped to the digester daily. If the percent
reduction of volatile solids due to digestion is 57% and the average gas production
for the day is 19,150 ft*, what is the daily gas production in ft3/Ib VS destroyed
daily?

'D'f%?sk:r ©asFroduad= 11,150 & 3_
(806 1bs VSYO ST)

163 B2 /b¥3 destroyad

m

Sludge Digestion

225



TDEC - Fleming Training Center Section 10

Digestion Time, days
» Flow through the digester

12. An aerobic digester 40-ft in diameter has a side water depth of 12 ft. The sludge
flow to the digester is 8200 gpd. Calculate the hydraulic detention time in days.

igestion Time, = OTRSXD£?(d G RD

davs sWdg ewgpd
_ (3540802128 748) . 1314 |
) BaC0 gpd T Sk

13. A 50-ft aerobic digester has a side water depth of 10 feet. The sludge flow to the
digester is 9500 gpd. Calculate the digestion time in days.

Diggsticn Ting, - (0185 E (166X 742)
da'\/s Q=D Spd

) )lasda{gs |

Answers:

1. 5610 Ibs/day 8. 0.021 Ibs VS/day/ft?

2. 1215 Ibs/day | 9. 0.013 Ibs VS/day/ft

3. 0.10 Ibs/day/ft> 10. 12.3 ft¥/Ib VS destroyed

4, 0.39 Ibs/day/ft> 11. 16.3 ft*/Ib VS destroyed

5. 0.08 - 12. 13.7 days -

6. 49.3% 13. 15.5 days

7. 46.6%
%

Sludge Digestion
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~Applied Math for Wastewater Treatment
‘Sludge Digestion |
Extra Problems

Digester Loading Rate, Ibs VS added/day/ft?

1. Adigester 50 ft in diameter with a water depth of 22 ft receives 86,100 Ibs of raw

sludge per day. If the sludge contains 5% solids and 70% is volatile solids, what is
the digester loading in Ibs VS added/day/ft>? | '

Digester - (8, (D bs|dY0.05Y0:70)

Loading (0 T8EXE0 R (A6

2U5S . (557 oY Sadded 5]

2. What is the digester loading in Ibs VS added/day/ft® if a digester that is 40 ft in -

diameter with a liquid level of 22 ft receives 28,500 gpd of sludge with 5.6% solids
and 72% volatile solids? Assume the sludge weighs 8.34 Ibs/gal.

Diggster .. (8,500 pd) 330056 X0T2)
Loadig (0 TssY 40F)2(22 )

- ASB2.008 = 10,35 bs)d| & *)
R o322

3. Adigester that is 50 ft in diameter with a liquid level of 20 ft receives 36,220 gpd of

sludge with 5.6% solids and 68% volatile solids. What is the digester loading in Ibs
VS added/day/ft*? Assume the sludge weighs 8.34 Ibs/gal.

Diggster = (2200gpdI83 4Y0O,056Y01R)

Loddioy (08B =D )7 (208)
- 11503.00838 - @QO‘ losid | {ltﬂ .
39250 -
4. Adigester that is 50 ft in diameter with a liquid level of 18 ft receives 16,200 gpd of

slud%e V\g;g 5. /10/30 solids and 72% volatiie solids. What is the digester loading in Ibs
VS added/day/ft>? '

Digester= (020gpdX8200.05007) - 4L165 10 {04

Loadisg (o eYEpR)?(18F) 35325 | luglo|ft®

Sludge Digestion

227



TDEC - Fleming Training Center Section 10

Volatile Acids/Alkalinity Ratio

5. The volatile acids concentration of the slu'dgé_,ih an anaerobic digester is 174 mg/L.
If the measured alkalinity is 2220 mg/L, what is the VA/Alkalinity ratio?

VARl = 1T - 0078
QR0

: 6 The volatile acids concentration of the sludge in an anaerobic digéster is 160 mg/L.
- If the measured alkalinity is 2510 mg/L, what is the VA/Alkalinity ratio?

_ 00 . o
VA[Alk BIG .o bt

/. The measured alkalinity is 2410 mg/L. If the volatile acids concentration of the
sludge in an anaerobic digester is 144 mg/L, what is the VA/Alkalinity ratio?

VAR = 4% - 0.0L0
| 3410

8. The measured alkalinity is 2620 mg/L. If the volatile acids concentration of the
sludge in an anaerobic digester is 178 mg/L, what is the VA/Alkalinity ratio?

VAR = 178 = Q00!
QL0

%
Sludge Digestion
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Lime Neutralization

9.

10. To neutralize a sour digester, 1 mg/L of lime is added for every mgjL of volatile

11.

12.

To neutralize a sour digester, 1 mg/L of lime is added for every mg/L of volatile
acids in the digester sludge. If the digester sludge contains 244,000 gallons of
sludge with a volatile acid level of 2280 mg/L, how many Ibs of lime should be
added? ' -

los = (830 mgl 0294 MEXB:24)
= 412477 bs)

acids in the digester sludge. If the digester sludge contains 200,000 gallons of
sludge with a volatile acid level of 2010 mg/L, how many Ibs of lime should be

o \bg:LQOIOnglqO-QmC’JX&SLD

o ee)

A digester contains 234,000 gallons of sludge with a volatile acid level of 2540
mg/L. To neutralize a sour digester, 1 mg/L of lime is added for every mg/L of
volatile acids in the digester sludge. How many Ibs of lime should be added?

lbs= (asqoag\g(o.aa%m@(g.stb

:i‘{ﬂ'%'ﬁ Ilos.i

A digester sludge is found to have a volatile acids content of 2410 mg/L. If the
digester volume is 182,000 gallons, how many Ibs of lime will be required for
neutralization? - - BRI | : :

R LQ%IO%\'Q(O-\S?MGX&S\D
-aw5R nas]

e e et ———————————————————

Sludge Digestion
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Percent Volatile Solids Reduction

13.

14

15.

16.

‘ : : In
Sludge entering a digester has a volatile solids content of 68%. Sludge leaving the
digester has a volatile solids content of 52%. What is the percent volatile solids

reduction? ’RQd D% 0 5o
o VS W WoT U _
“ O~ (CRY0.52)

Mo | CR O VR T
OR-0353, 0324

Sludge leaving a digester has a volatile solids content of 54%. Sludge entering the
digester has a volatile solids content of 70%. What is the percent volatile solids
reduction? o

7 V& Reds 0:10-0.64
O10-(010X05Y) |

- Ol . Ol _tag479
00-0.3180 03 D

The raw sludge to a digester has a volatile solids content of 70%. The digested
sludge volatile solids content is 55%. What is the percent volatile solids reduction?

7S Red=~ O0-055
070 - (010Y055)

- Ol _,_O.[S:i )
O0-0.285 015 %

The volatile solids content of a digested sludge is 54%. The raw sludge to a
digester has a volatile solids content of 69%. What is the percent volatile solids
reduction?

- TeRed.~ 0= 054

OA-(ousfosq)
- O‘l6 —_— = 0‘16 -7- 7. (o)
OMF-0.312 O3 @

230
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Volatile Solids Destroyed, lbs VS/day/ft>
17. A flow of 3800 gpd sludge is pumped to a 36,500 ft° digester. The solids

concentration of the sludge is 6.3% with a volatile solids content of 73%. If the
volatile solids reduction during digestion is 57%, how many Ibs/day volatile solids
are destroyed/ft> of digester capacity? Assume the sludge weighs 8.34 |bs/gal.
3 Destroyed, = (3800 pd )2 24Y0.062Y072Y05T)

los|d| & - Bl TDHS3

- [0Go3 s ¥ JdJA?)

18 A flow of 4520 gpd sludge is 'p.umped to a 34,000 ft* digester. The solids

19.

concentration of the sludge is 7% with a volatile solids content of 69%. If the
volatile solids reduction during digestion is 54%, how many lbs/day volatile solids
are déstroyed/ft® of digester capacity? Assume the sludge weighs 8.34 Ibs/gal.

N8 Destroyed = (4520 oA 83000 IFNOS4)
bsld|3 - T 34 cooH3

- o024 losvaa]f3]

A 50-ft diameter digester receives a sludge flow of 2600 gpd with a solids content
of 5.6% and a volatile solids concentration of 72%. The volatile solids reduction
during digestion is 52%. The digester operates at a level of 18 ft. What is the

Ibs/day volatile solids reduction/ft* of digester capacity? Assume the sludge weighs
8.34 Ibs/gal. '

Vg ‘D@sHoY@d = (900 ac3) 320 050 12Y0.52)

lbs|d| A= (s ) (B4
= 45q®554\L
- 35335

003 e ldjf]

Studge Digestion
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20. The sludge flow to a 40-ft diameter digester is 2800 gpd with a solids concentration
of 6.1% and a volatile solids concentration of 65%. The digester is operated at a
depth of 17 ft. If the volatile solids reduction during digestion is 56%, what is the
Ibs/day volatile solids reduction per 1000 ft> of digester capacity? Assume the
sludge weighs 8.34 Ibs/gal.

V8 Testioved = (28c0apd)YBRIY0 0010e)X0 Fo)
lb:;f)f a [S;/m%?’ & (018 4082 (1] ﬁ):{
- . oco

- SIBS0TE0Y - |0 3 Yos3)d|is0ft)
: ‘ 91\369\ T -
- Digester Gas Production, ft* Gas Produced/Ib VS destroyed

21. A digester gas meter reading indicates that, on average, 6600 ft* of gasare -
produced per day. If 500 Ibs/day volatile solids are destroyed, what is the digester
gas production in ft*/lb VS destroyed?

ot A3
b el T o

-=EQ Qr:”/ b \FSdes)m:ayea

22, A total of 2110 Ibs of volatile solids are pumped to the digester daily. If the percent
reduction of volatile solids due to digestion is 59% and the average gas production
for the day is 19,330 ft*, what is the daily gas production in ft*/Ib VS destroyed
daily? ' '

CasProd. = 19,330 42
GastHrod FEIDCEED

= [\:@6 £3] .\b Y3 des’rrc;\}ecﬂ

23. A total 6f'582 lbs/day of volatiles solids are destroyed. If a digester gas meter:
reading indicates that 8710 ft° of gas are produced per day, on average, what is the
digester gas production in ft*/Ib VS destroyed daily? | o

GosPod. =_3UOE> = 150 eIV desroyed |
S22 s - '

Sludge Digestion
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24, The percent reduction of volatile solids due to digestion is 54% and the average
gas production for the day is 26,100 ft>. If 3320 Ibs of volatile solids are pumped to
the digester daily, what is the gas productlon in ft*/Ib VS destroyed daily?

GGSCP(‘Odn = 9191 KI) _G'S
(2320 OA)

=|1hb 31 VSdesi‘rO\;ed\

| Digestion Time, days

25. An aerobic digester 40-ft in diameter has a side water depth of 10 ft. The sludge
flow to the dlgester is 8250 gpd. Calculate the hydraulic detention time in days.

- (o 7%@(40@2( 68 Y748)
Q%%ihg i FAED S\Od

=i|H dai&)

26. A 40-ft aerobic digester has a side water depth of 12 feet. The sludge flow to the
dlgester is 9100 gpd. Calculate the digestion time in days. ‘

ston = (018540 A (148D
(ﬁ 3100 gpa

~ 27. An aerobic digester is 80 ft long by 25 ft wide and has a side water depth of 12 ft.
The sludge flow to the digester is 7800 gpd, what is the hydraulic digestion time, in

e Digestien = (gofXasa X280, 48)
b ;}d.: | 75?@8@

[9% d&ﬁ& (

Sludge Digestion
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28. An aerobic digester is 90 ft long by 20 ft wide and has a side water depth of 10 ft.
The sludge flow to the digester is 7600 gpd, what is the hydraulic digestion time, in
days? o

"Digeshion = (QofY 204610 X798
Tune A L oo 8pd

Answers:

1. 0.07 Ibs VS added/day/ft® 15. 47.6%

2. 0.35 Ibs VS added/day/ft? 16. 47.3%

3. 0.29 Ibs VS added/day/ft? 17. 0.023 Ibs VS/day/ft>

4. 0.14 Ibs VS added/day/ft® 18. 0.029 Ibs VS/day/ft’

5. 0078. - ~19. 0.013 Ibs VS/day/ft>
6. 0.064 - . 20. 24.3 Ibs VS/day/1000 ft*: .
7: 0.060 S - - 21, 13.2 ft*/ Ib VS destroyed
8. 0.068 T | 122.'15.5 ft*/ Ib VS destroyed
9. 4640 lbs | 23.'15.0 ft*/ Ib VS destroyed
10. 3353 Ibs 24. 14.6 ft*/ Ib VS destroyed
11, 4957 Ibs 25. 11.4 days

12. 3658 lbs 26. 12.4 days

13. 49.0% 27. 23 days

14. 49.7% | 28. 17.7 days

—_“—&%ﬁ
Sludge Dige_stion
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Applied Math for Wastewater Treatment
Laboratory

Bacteriological, fecal coliform aﬁd E. coli

1. Calculate the geometric mean for the following fecal coliform test results: 60, 100,
0, 0, 40, 20, 20, 45, 55, 60, 20, 20

= (O COYA0Y 20 (@ X 45X G5 oY 26X 20)

- B5.7029x10% = Q00 =]\ ]

2. Calculate the geometric mean for the following fecal coliform test results: 0, 0, 50,
50, 25, 100, 100, 50, 75, 50 '

9 (evXsfas) l%Xla)X%IqSX 55)
T TTRTe 0" = 266 =[3b |

Solutions

: N| Vz_ MZ.
3. How many mL of 0.7 N NaOH is needed to get 750 mL of 0.05 N NaQH?
OHW=eosX1
V.= (6.061=0) - 315 - E53, lo MLX
L e Ot .
4. How many mL of Or'USN NaOH react with 8\({)0 mL of 0,1 N HCI?
_ l »

&YV = (0 BOmL) o
© EXYV)‘ fﬁo.&%@mb - 80 ._}\lo() mb |

05 0%
Settleable Solids (Imhoff Cone)

5. Calculate the percerit removal 'of_SettIeable solids if the settleable solids of the
sedimentation tank influent are 16.5 mL/L and the settleable solids of the effluent

are 0.6 mL/L. _ .
Z = l—nj___j—r?—l‘ﬂ-— X 10O

\bnS-OILD _ |6|cl = Y ’
= LS 7 WS loﬂo'ﬁv" l

% Laboratory
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6. The settleable solids of the raw wastewater is 18 mL/L. If the settleable solids of
the clarifier is 0.9 mL/L, what is the settleable solids removal efficiency of the

clarifier? - -
L9 18204 ) )gEe
-7", g \%“@'

7. The settieable solids of the raw wastewater is 20 mL/L. If the Settleable solids of
the clarifier is 0.8 mL/L, what is the settieable solids removal efficiency of the

cClarifier? - o
0-0.8 \ﬁ‘.’l_:[ )
b= Q0 T 20 W%
Settleability

8. The 's_ettleabiiity test is conducted on a sample of MLSS. What'is the percent
settleable solids if 410 mL settle in the 2000-mL graduate?

7, Seltleable = ML gettled solids 4 \epy
Selids 2ecoml. sample

o AD L __- &)
2 x 00=1Q0.5,

9.. A 2000-mL sample of activated sludge is pouréd into the 2000-mL gréduate. If the
. settled sludge is measured as 315 mL, what is the percent settleable solids?

7Seh.= 815 100 16169
Xlids Dowo

10. The settleability test is conducted on a sample of MLSS. What is the percent
settieable solids if 390 mL settle in the 2000-mL graduate?

L%t = Z0ml ¢ 1 =1]19.5%
o Slids SO

La_boratory
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Suspended Solids and Volatile Suspended Solids

11. Given the following information regarding a primary effluent sample, calculate (a)
the mg/L suspended solids and (b) the percent volatile suspended solids of the
sample .

After Drying After Burning

Sample Volume = 50 mL Before Burning Ash

Weight of Sample & Dish

Weight of Dish (Tare Wt.) .

TE3= (RS WS -25. W)\, 600,(2D) A0melL
, D ' T “8

ves = (25,5115 -25L10 ) GO0 238moll. o
= 80 | _b | | ﬂL\S AOW&\LFLB".“J?O

12. Given the following information regarding a primary effluent sample, calculate (a)

the mg/L suspended solids and (b) the percent volatile suspended solids of the
sample.

After Drying After Burning

Sample Vo_ll'ume = 25 mL Before Burning Ash

Weight of Sample & Dish -
Weight of Dish (Tare Wt.) 36.1477 g

TsS= (mem OOCTO) . 2108 mgll

vss = (Bl.4544 - 3(9.\3:030 m.oao) \qwn}g“_/ i ]&@
A5 A8 mg|L

36.1477 g

SVI and SDI

Values normally fall in the range of 50-150

A rise indicates young bulky sludge

A decrease below the range of 50-150 indicates old sludge

A good settling quality of activated sludge is a low SVI around 50-80

13. The settleability test indicates that after 30 minutes, there are 215 mL of suspended
solids in the 1-liter graduate cylinder. If the MLSS concentration in the aeration
tank is 2180 mg/L, what is the sludge volume index?

SV (Seled Sgge Vel X1,0). (15 e Y 16C | LY 1620)

mL L
2 V80
MLss | mell B
Laboratory
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14. The activated sludge settleability test indicates 380 mL settling in th

graduate cylinder. If the MLSS concentration in the aeration tank is 2260 mg/L, need
what is the sludge volume index? _ - Ml ( L
svr- (0 e ) 0,

15. The MLSS concentration in the aeration tank is 2050 mg/L. If the activated sludge
settleability test indicates 219 mL settled in the one-liter graduated cylinder, what is

the sludge density index? w1 (2D _ 10K
~r . 10D 205D |
SDL= VT

. 160 -,
L 108 L
Biochemical Oxygen Demand, BOD

¢ Blanks must not deplete more than 0.2 mg/L DO

» The sample must deplete at least 2.0 mg/L DO, if it does not, the dilution is too
weak and report as inadequate depietion -

*» After 5 days of incubation at 20°C + 1.0°C, the sample must have at least 1.0
mg/L DO, if less than, the sample was too strong

16. Given the following information, determine the BOD of the wastewater:

. . __ o o Di—Ds
Sample Volume = 5 mL . )P =2 = 0,0ll7 N~ '
20D Bottle Volume = 300 m./ 20 200 P
Initial DO of Diluted Sample = 6 mg/L D, lr-3.5
Final DO of Diluted Sample = 3.5 mg/L D, = m

—-il%@ éé\ L)

17. Given the following information, determine the BOD of the wastewater:

Sample Volume = 10 mL P= 1 = 00333 L O oT L
BOD Bottle Volume = 300 mL 2 | 3%0 BOO* 5 oz3s
Initial DO of Diluted Sample = 8.3mg/L D, =\ lL
Final DO of Diluted Sample = 4.2 mg/L Dy - |] 3 ”é b

Laboratory
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18. Given the following primary effluent BOD test results, calculate the 7-day average:

April 10 — 190 mg/L : April 14 - 210 mg/L
April 11 — 198 mg/L April 15 - 201 mg/L
April 12 = 205 mg/L April 16 - 197 mg/L ‘

April 13 — 202 mg/L
\Q0 +198+205+302+ 210 + QOV+ 17
B 7
= 1403 _1aco4 mglL

PR

- . -

Alkalinity

19. Calculate the total alkalinity in mg/L as CaCOs for a sample of raw wastewater that
required %;l mL of O.BZN H.S04 to titrate 100 mL sample from pH 7.2 to 4.5.

Ak = (BXY50,000)  (24Y002XS00TD)
mL ot cample. ™ D

.;)940@5&\

20. Calculate the total alkalinity in mg/L as CaCOj3 for a sample of raw wastewater that
required 10é>1 mL of 0.0’3N H,S04 to titrate 100 mL sample from pH 7.5 to 4.5.

Ak = GodXo0aXsp,a) - 1101 mal L
o2

Oxygen Un_take Rate

21. Dissolved air concentrations are taken on an air-saturated sample of digested

* aerobic studge at one-minute intervals. Given the following results, calculate the
g oxygen uptake rate, mg/L/hr. OUQ ; Sjrar,lrr\D“O_ Ead DO % lbOmin
E Elapsed Time, DO, , mia

= = o\~ 2.9 X O

= 3

0

& I gl

= Lihe

N "

‘j ..
X

Laboratory
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Temgerai:ure

22. The influent to a treatment plant has a temperature of 72°F. What is the
temperature expressed in degrees Celsius?

o¢ = S(°F-232)
= (.5550(72-32)

- 0.5550(40) < [FAZ0)

23. Convert 560 F to degrees Celsius.
oC =0, ’565(0(6@ 32)

- 0.5550(24) =13.2°C ;

24. The effluent of a treatment plant is 22°C., What is this temperature expressed in
degrees F?
| oF = Ys(°C) + 32

= (3(92) + 82
= 2900 +32

:l7l.to°F l

Answers:

1. 21 13. 98.6

2. 26 14, 168.1

3. 53.6mL 15. 0.936

4, 160 mL 16. 150 mg/L
5. 96.4% 17. 123 mg/L
6. 95% 18. 200 mg/L
7. 96% _ - 19. 240 mg/L
8. 20.5% ‘ 20. 101 mg/L
9. 15.8% : 21. 44mg/L/hr
10. 19.5% 22, 22.2°C
11. 90 mg/L SS; 68.9%VSS 23. 13.39C
12. 268 mg/L SS; 34.3% vss' : 24. 71.6°F
%

Laboratory
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Applied Math for Wastewater Treatment
Laboratory
Extra Problems

Bacteriological, fécgl coliform and £. cofi

1.  Determine the geometric mean for the following samples:

Sample #1 = 20.0 mg/L 4 —
Sample #2 = 20.0 mg/L \) (QOXQOIQ\OX?D&X))

Sample #3 = 210.0 mg/L 4
Sample #4 = 3,500.0 mg/L Y aad,ceo,000

=120.9= 131 mg|L.

2. Determine the geometric mean for the following samples:

Sample #1 = 45.0 mg/L — I
Sample #2 = 61.0 mg/L | /C) (4‘5)(LoDC%X\E?O)
Sample #3 = 98.0 mg/L ‘

Sample #4 = 150.0 mg/L

Y4035 1500

3. Determine thé bacteria colonies/100 mL for a'25 mL sample that had 50 colonies
grow on the membrane filter for fecal collforms

Packerio. \SOML” (=100 - |aoo cfu
(olontes 3‘5‘*1.1_

4. A membrane filtration test was performed for £. co// after 24-hours of mcubatlon
57 colonies were counted The sample volume used was 75 mL..

N .*,. :.
: TR
Y
Tl ¢ Pu

Laboratory
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Solutions |
vl ‘UI ; ' Vz, n)z- .
5. How many mL of.0.2N NaOH will react with 500 mL of 0.01N HCI?

(WX 0.2) = (=DM 0:01)
V. = E&0(00D - 25mL
O V. v,

Y, Y |
6. A 2—Iizfer volume of 0.0%N HCl solution is to be prepared. How many mL of 9N HCl
must be diluted with water to prepare the desired volume?

Snadsto® (v Yq) =(2000Y0.05) o
‘ U,Qdi)f“\' V. = ( 2@ D
2 A9
VI \Un V:L lUZ
7. It takes 8.2 mL of a solution of HCl to neutralize 10 mL of 4N NaQH. What is the
concentration of the HCl solution?

2 = (1oY4)

Settleable Solids (Imhoff Cone)

8. Calculate the percent removal of settleable solids if the settleable solids of the
sedimentation tank influent are 16.5 mL/L and the settleable solids of the effluent
are 0.6 mL/L. La

Out
LZ.: .I-—'—L'M‘?pé)‘ i\%% x 100 '.:.QLO-‘HL(Z,

9. The settleable solids of the raw wastewater is ;[Q mg/L. If the settleable solids of
the clarifier is 0.9__mL/L, what is the settleable solids removal efficiency of the

clarifier?  Out "
= 13208 _ 1 o 19509
| 70 g - g P "@

Laboratory
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, , In _
10. The settleable solids of the raw wastewater is 20mg/L. If the settleable solids of
the clarifier is 0.8 mL/L, what is the settleable solids removal efficiency of the
clarifier? Our '

% = 90;35 = ‘;&%‘LMODA%\O‘Z,

Settleabili

11. A settleability test is conducted on a sample of MLSS. What is the percent
settleable solids if 440 mL settle in a 2000-mL graduated cylinder?

‘Z=ﬂt{_<_>,xl®—_
CCCD

12. A 2000-mL sample of activated sludge is taken. If the settled studge is measured
as 320 mL, what is the percent settleable solids?

7, o)

13. A settleability test is conducted on a sample of MLSS. What is the percent
settleable solids if 410 mL settle in a 2000-mL graduated cylinder?

7= 40 00 T'&0'5GZ>)

Laboratory
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A wh. of dried vesidue + dish mg

] v
g ‘A-B)x 10D

‘Js}iDﬁCf—Se Ha enter B weigh‘}\ of dishlnr\lg dieh
£ (A-D) c=wi. of wel sample + dish,mq
' T VS (A-DYxXID ‘ . .
LE' wﬂ_@% D=wt. of vesidue+ dish after lgnr‘hm,mg

14. Given the following information regarding a primary effluent sample, calculate (a)
the percent total solids and (b) the percent volatile suspended solids of the sample.

Sludge ~ After Drying After Burning
Total Sample Before Burnin

Weight of Sample & Dish |

Weight of Dish (Tare Wt.) %:21.50 g :
~aet ”"’“’,2‘356 D{)@f .28 q 477 q
72,18 (AMOOe) D) | 7 <
0T 142% T

- (VA1)
LS ?4.11)0&53 1%

15. Given the following information regarding a primary effluent sample, calculate (a)
the percent total solids and (b) the percent volatile suspended solids of the sample.

Sludge After Drying After Burning

Total Sample

_Weight of S;r:'nple & Dish
Weight of Dish (Tare Wt.)

| ©=20.80¢g 2= 20.80 g 8:20.80 g
DI 5484 18714 0.054

L8 (LETEDY\D) |
AT s - 3RS

. (L2 te) (o) - X
&S (‘(\.%*B(mzb) @

Suspended Solids and Volatile Suspended Solids

16. Given the following information regarding a primary effluent sample, calculate (a)
the mg/L suspended solids and (b) the percent volatile suspended solids of the

sample.
After Drying After Burning

Before Burnin

Sample Volume = 50 mL

Weight of Sample & Dish
Weight of Dish (Tare Wt.) 25.6715 g 25.6715 g

T4 = (256813 - 85.157115 )(1,500, OD) :

S ml |
vas: (25,6018 - 25.0802X 160,50 | 2g mall :}
G Y may /2.%«3\1., 155% vss

244
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17. Given the following information regarding a treatment plant influent sample,
calculate (a) the mg/L suspended solids and (b) the percent volatlle suspended
solids of the sample.

. After Drying: C After Burning
Sample VoI'LJme = 25 mL (Before Burning Ash
Weight of Sample & Dish |} |
Weight of Dish (Tare Wt.) ~ 36.1496 g __36.149% g
T35~ (Bl 15%%- 3k, \4%)(1 ooo D) . Swgfrg\ L
V$s= (5@ 1588~ 20,1543 ) 1, @C@) |80r8|L/ tog - 14847
25 = ‘*t%

18. Given the following information.regarding a treatment plant inftuent sample,
calculate (a) the mg/L suspended SO|IC|S and (b) the percent volatlle suspended
solids of the sample

- After Drylng After Burmng

- (Before Burning _

Sample_Vqume = 25 mL -

Weight of Sample & Dish
Weight of Dish (Tare Wt.) 28.2981 g

Tss = (28,3196~ 28,2981, 00,000) . K0 mglL
25

vss = (28,319 - 28.3082)),XQAD) .

e —.

SVI and SDI

19. After 30 minutes, a settleability test resulted in 220 mL of séttleable solids in al-
liter graduated cylinder. If the MLSS concentration in the aeration tank is
2210mg/L what is the sludge volume index? .

V1 mL)8 (290 mL[LY 1,0D) - U 5 mr_ﬂ

%) \onggh,

20. An activated sludge settieablhty test resulted in 410 mL settiing in a 2- Ilter > ”‘Z
graduated cylinder. If the MLSS concentratlon in the aeration tank is 2310 mg/L

what is the sludge volume mdex? (—\___ _

Laboratory 245
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21. The MLSS concentration in an aeration tank is 2110 mg/L. If the activated sludge
- settleability test indicates that 222 mL settled in a 1-liter graduated cylinder, what is
the sludge density index?

S8V = (292 mL’L)(\Oa)D_ = 1052 mLB
o U0 "5‘L

105,22
22. Activated sludge in an aeration tank is found to have a concentration of MLSS of

2140 mg/L. If the settleability test results in 186 mL settleable solids in a 1-liter
. graduated cylinder after 30 minutes, what is the sludge density index?

SVI = (IBlo mU L@y
- 2090 mgll B m{g

w - —
SDT = 05 =[5 |

23. After 30 minutes, a settleability test resulted in 215 mL of settleable solids in a 1-
liter graduated cylinder. If the MLSS concentration in the aeration tank is 2510
mg/l., what is the sludge volume index?

VI = (50L|1600) JEgéj mq |
G IOmylL l

Biochemical Oxygen Demand, BOD

24. Given the following information, determine the BOD of the wastewater after 5 days:

Sample Volume = 7 mL . 0223 = -3

BOD Bottle Volume = 300 009233
Initial DO of Diluted Sample = 8 mg/L D\ . ,
Final DO of Diluted Sample = 3.7 mg/L D, -1\184.2 {chg’ L
25. Results from a BOD test are provided. Calculate the BOD of the sample after 5

days: : o

2 0.04 POD= ?&":‘i
Sample Volume = 12 mL 7 = 200 TV O.64
BOD Bottle Volume = 300 mL - 3'
Initial DO of Diluted Sample = 8.7 mgj/L A 1 IAS) mg\ L
Final DO of Diluted Sample = 4.4 mg/L |

Laboratory
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26. Given the following primary effluent BOD test results, calculate the 7-day average:

March 23 - 190 mg/L March 27 ~ 210 mg/L
March 24 - 198 mg/. - March 28 - 201 mg/L
March 25 - 205 mg/L - March 29 - 197 mg/L

March 26 — 202 mg/L _
A _ (1904 [98+ 305+302+ &10+ 201+ 191D
\(* Tk | = |

Il

_ Ho3z
- R = |80 “Y}%U

27. Given the following primary effluent BOD test results, calculate the 7-day average:

April 10 - 220 mg/L April 14 — 112 mg/L
April 11 — 315 mg/L April 15 - 255 mg/L
April 12 - 265 mg/L. April 16 - 279 mg/L

April 13 — 198 mg/L
Avg,= (BBO+B15 €25 118 +112+255+19 S
| 7

tyyg
et -|3R4a mgL )

%)

~ Alkalinity

B V) |
28. Alkalinity titration on a 100-mL sample resulted in 5.1 mL of 0.02N H,S0. to drop
the pH from 7.8 to 4.5. :

Atk = (8.1)o.0a)Y 506D
ICOmL

29. To drop the pH from 7.7 to 4.5 on a 100-mL sample 12.3 mL of 0.02N H,S0, was
used to determine the alkalinity.

Ak = (19.200.05X 50,68
\CO

:}\95 %\L |

Laboratorry |
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Oxygen Uptake Rate

30. Dissolved air concentrations are taken on an air-saturated sample of digested

aerobic sludge at one-minute intervals. Given the following results, calculate the
oxygen uptake rate, mg/L/hr.

) OUR=(L, T-.2) x O
Elapsed Time, DO, 5

= 0\6 Xbo
>

= (6T Y 150
)0 ma | L |

31. Dissolved air concentrations are taken on an air-saturated sample of digested

aerobic sludge at one-minute intervals. Given the following results, calculate the
oxygen uptake rate, mg/L/hr.

OUR = U’sz—* 52) X0

Elapsed Time, DO,

2 (0O
5)<

=(O Wb TY 60)

:[’—E} mﬂ\Llhr]

32. The influent to a treatment plant has a temperature of 709F. What is this
temperature expressed in degrees Celsius? -

20 =9(10-32D
= 0,5550(23)
RN
\

Laboratory

Temperature
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33. Convert 60°F to degrees Celsius.
o (.= 0556 00-32)

- 0.55L(2%)

- 15.°C ‘
34. The effluent of a Lﬁat’?ﬁ;ﬁlnt is 24°C, What is this temperature expressed in

degrees Fahrenheit?

'F=18(2ad) +32
= 4324 32

= ]'{5.2." Fj
35. What is 16°C expressed in terms of degrees Fahrenheit?

‘F: 1Y W) +22
. 8.3+ 32

Answers:

1. 131 mg/L 19. 99.5 mL/g
2. 79.7 mg/L 20. 88.7 mL/g
3. 200 cfu 21. 0.95

4, 76 cfu , 22, 1.15

5 25mlL 23. 85.7 mL/g
6. 11.1mL 24. 184.3 mg/L
7. 4.9N 25. 107.5 mg/L
8. 96.4% 26. 200 mg/L
9. 95.0% - 27. 235 mg/L
10. 96.0% 28. 51 mg/L
11, 22.0% 29. 123 mg/L
12. 16.0% 30. 10 mg/L/hr
13, 20.5% 31. 40 mg/L/hr
14, 7.4% TS; 41.1% VS 32. 21.19C

15. 3.4% TS; 65.2% VS 33. 15.6°C

16. 206 mg/L SS; 15.5% VSS 34. 75.2°F

17. 368 mg/L SS; 48.9% VSS 35. 60.89F

18. 860 mg/L SS; 53.0% VSS

249
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10.

1.

23.

24,

25.

Basic Lab for Water and Wastewater
- Metric Conversions

' - - 0,005
1m=f—cm ‘%-lw 12, 2.5 mg = g M%% 0
tkg=___ g 0097 14 85km= m 855576
tem=__ mm 1 G=O 15. 80 mL = L Mi_‘s/gﬂovog

=S
10cm = mm \&9& IO 16, 150 mm = cm l%o '
50cm=__ mm &0 6, =50 17. 5000m=___ km 500005

.- ) ’(, - . ’ _ . - _ - . . :\‘3
Skm=______m 8,00=8CC0 18. 13009 = kg 129
Bkm=______m lq%ﬂa"m’w. 17 mm = cm IEJ» =\

_ . -29 oD _ 5.0 =125
29L=___ mL2900B >4 20. 125 mm cm IQ\U -
8m=____ mm$3L0007835C 51 170L = mL | 70002~ 7
1.8cm=_ ___mmlg&= |& 22.155m=_________km @010'155

A particular pipe is delivered in sections 5 meters long. How many sections are
required to span a distance of 1 kilometer?

ao meters = EOO sechons
S meder] sec '

005~

You need to measure 34.6 milligrams of a chemical to make a solution. If the |

display on the scalé only shows grams, what will the reading be?

- k&,,tp = fé,osqto$

During your last visit to the doctor, the nurse told you that you weighed 98
kilograms. Assuming that a nickel weighs approximately 5 grams, how many
nickels would it take to equal your weight? If that were true, then how much is

your weight worth in nickels? - —~
L gg.coarams _ 19,600 nidkels
- BOER, mTBLE .

S grams [nickel (161;{9@3)66.05) :\@

250 Metric System
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26. Your favorite coffee mug at work holds about - a liter. If you average about 8
milliliters each time you take a sip, how many sips does it take to get to the bottom
of your mug? ‘

Y, L=05L 0550, =50 ml

BGDNQ.:>®9ESQPSS

%mL[S‘\P

Answers:

100 cm 10. 83,000 mm 19. 1.7 cm
1000 mg 11. 18 mm 20. 12.5¢cm
1000 g 12. 0.0025 g 21. 170,000 mL
10 mm 13. 2600 m 22. 0.155 km
100 mm 14. 8500 m 23. 200 sections
500 mm 15. 0.08 L. : 24. 0.0346 g
8000 m 16. 15 cm 25. 19,600 nickels, $980
19,000 m 17. 5 km 26. 62.5 sips
29,000 mL 18. 1.3 kg '

CONOUAWN -

Metric Systém _ 251
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